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Abstract:

The present study involves production of
cellulolytic enzymes by a newly isolated strain of
Aspergillus niger isolated from decaying sugarcane
bagasse. Solid-state-fermentation was employed
using sweet sorghum bagasse as the substrate for
the production of enzyme. One factor at a time
approach was used to optimize the process
variables like moisture content, pH, temperature,
and incubation period. A maximum of 19.2 FPU/g-
ds of cellulose and 384.5 1U/g-ds of B-glucosidase
activity of were obtained at 70% moisture content,
a temperature of 30 °C, pH of 5 and incubation
time of 96 h. This study showed an effective
utilization of sweet sorghum bagasse for the
production of cellulolytic enzymes which could be
effectively used for hydrolysis to simple sugars for
production of bioethanol.

Keywords: Aspergillus niger, sweet sorghum
bagasse, wheat bran, Solid state fermentation,
cellulase, B-glucosidase.

Introduction:

Lignocellulosic waste residues obtained from
energy crops, wood and agricultural residues
represent the most abundant sources of renewable
biomass ™. It is estimated that the photosynthetic
process produces about 150 billion tons of dry
material annually with respect to carbon, of which
about 50% is cellulose ™. Cellulase enzymes are
the key drivers for biomass utilization through the
bioconversion of the most abundant cellulosic
wastes into its monomeric forms 1. Researchers
have strong interests in cellulases because of their
applications in industries such as, starch
processing, grain alcohol fermentation, malting and
brewing, extraction of fruit and vegetable juices,
pulp and paper industry, and textile industry M. A
potential challenging area where cellulases would
have a central role is the bioconversion of
renewable cellulosic biomass to commodity
chemicals ©!. In recent years, some important agro-
industrial residues such as sugarcane bagasse,
kinnow waste, wheat bran, rice straw, leaves, corn
stover etc. have been used as substrates by solid
state fermentation (SSF) for the production of
enzymes (7. Cost reduction of the process can be
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achieved by the use of high enzyme producers and
use of cheaper substrates . Reduction in the
production cost and improvement in cellulase yield
could also be achieved using appropriate and low
cost carbon and nitrogen sources in the formulation
of fermentation medium ™ . Thus, the use of
rice straw for production of cellulases which have
the potential of bioconversion of cellulosic biomass
to sugars seems to be a good alternative. Microbial
degradation of lignocellulosic wastes and the
downstream products resulting from it is due to the
concerted action of several enzymes, the most
prominent of which are cellulases.

Cellulase is a multienzyme system composed of
three  main enzymes viz., Endoglucanase,
Exoglucanase and pB-Glucosidase which act
synergistically and catalyze the hydrolysis of
cellulose and cello-oligosaccharide derivatives.
Cellulolytic enzymes comprise of endoglucanase
(EG; 1,4-B-D-glucan-4-glucano-hydrolases;
EC3.2.1.74), exoglucanase (EC 3.2.1.91 and EC
3.2.1.74) and B-glucosidase (BGL; EC 3.2.1.21).
Endoglucanases cleave glycosidic bonds randomly
within the interior of cellulose polymer chain.
Exoglucanase acts progressively on the reducing
and non-reducing ends of cellulose chains,
releasing cellobiose and glucose respectively as
major products. The pB-glucosidase hydrolyzes
soluble cellodextrins and cellobiose to glucose ™.

In addition, auxiliary enzymes, such as,
glucuronidase, acetylesterase, feruloyl esterase,
xylanase, B-xylosidase, galactomannanase and

glucomannanase attack hemicelluloses, thereby
releasing pentose sugars, such as xylose and
arabinose. Media for cellulase enzyme production
with components like cellulose, glucose, yeast
extract, peptone, urea, KH,PO,, (NH,),SO,,
MgSO,, FeSO4; MnSO,, CoCl,, CaCl, etc have
been reported previously ™). As large number of
basal ingredients are screened and optimized in
fermentation processes, experiments based on
multi-factorial design are difficult, thus statistics-
based experimental methods have been designed
for media optimization 8 *°!,

Solid-state fermentation (SSF) holds tremendous
potential for production of commercially important
enzymes because of several advantages, such as
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higher  fermentation productivity, higher
concentration of end product, higher product
stability, lower catabolic repression and cultivation
of microorganisms specialized for water-insoluble
substrates ™. The present study reports the
optimization and validation of process parameters
using one factor at a time method in SSF.

Materials and Method:

Materials:

Sweet sorghum bagasse was procured from Punjab
Agricultural University, Ludhiana, and Punjab,
India. Wheat bran was used as co-substrate and it
was procured from local wheat flour mill. The
dehydrated media and media ingredients and
analytical grade chemicals were obtained from Hi-
Media Laboratories Pvt Ltd (Mumbai, India) and
Fisher Scientific (Mumbai India), respectively.
The fungal isolate used for the cellulase production
was isolated from decaying sugarcane bagasse. The
substrates used for enzymes assays were obtained
from Sigma-Aldrich (St.Louis, MO, USA).

Methodology:
Inoculum preparation

Fungal culture was inoculated onto PDA medium
in a petri dish and after 72 hr; the spores were
harvested using sterilized water. The spore count
was determined with haemocytometer (Marienfeld,
Germany) and the spore concentration of 1 x 108
spores/ml was used for inoculating sweet sorghum
bagasse, which was used as substrate for enzyme
production purpose (Smith et al. 1996).

Enzyme Production

Solid state fermentation using sweet sorghum
bagasse and wheat bran in the ratio 5:0, 4:1, 3:2,
and 1:1 was employed for production of cellulases.
All the enzyme production experiments were
carried out in 250-ml Erlenmeyer flasks containing
10 gm substrate. Effect of moisture content (50%,
60%, 70%, and 80%) was studied for maximum
cellulase production with Mandel Weber medium
(201 and effect of pH on cellulase production was
determined at pH values of 3.0, 4.0, 5.0, and 6.0.pH
using either 2.5 M sodium hydroxide or 2.5 M
hydrochloric acid. The flasks were autoclave-
sterilized for 15 min, cooled, inoculated with 1 ml
fungal spore suspension and incubated in an
incubator at 30 °C,35 °C ,40 °C and 45 °C for 24
hr, 48 hr, 96 hr and 120 hr.

Enzyme extraction

Enzyme extraction from the flasks was done by
addition of a suitable volume of citrate buffer
(0.1M, pH 4.8). The flasks were incubated at 30° C
for 30 minutes at 125rpm in an orbital shaking
BOD incubator (Macro Scientific Works Pvt. Ltd.,
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Delhi) to have the complete enzyme extract in the
solution form and the contents were then filtered
through rough filter paper and then centrifuged at
5000 x g at 4 °C for 10 min. Supernatant was
collected and analyzed for filter paper cellulase
(FPase), pB-glucosidase activities and protein
concentration.

Enzyme Assays

Filter paper activity

Filter paper activity was used to estimate total
cellulase activity and endogluconase activity % in
crude enzyme preparation. Filter paper activity was
estimated using 1.0x6.0 cm (50 mg) Whatman no.1
filter paper strips. Filter paper strip placed in assay
tube was saturated with 1 ml 0.05 M sodium citrate
buffer of pH 5.0 and 0.5 ml of an appropriately
diluted enzyme. These were incubated at 50 °C for
60 min. Controls were also run along with reaction
mixtures. The reaction was stopped with the
addition of 3 ml of 3, 5-dinitrosalicyclic acid
reagent in tube. The tubes were kept in boiling
water bath for 5 min to develop color. Then 1ml of
sodium potassium tartarate (40% wi/v) was added in
to the reaction mixture. The reaction mixture was
diluted appropriately and was measured against a
reagent blank at 540 nm in a UV-VIS
spectrophotometer (PG Instruments Ltd, UK). The
concentration of glucose released by enzyme was
determined by comparing glucose concentration
against standard curve constructed in similar way.
One International unit (1U) of filter paper activity is
defined as the quantity of enzyme required to
liberate 1 pmol of glucose equivalent liberated per
minute of culture filtrate under standard assay
conditions.

Cellobiohydrolase (CBH), f-glucosidase, f -
xylosidases, a-L-arabinofuranosidase and xylan
esterase activity

EGI & CBHI activities were measured against 4-
methylumbelliferyl-p-D-lactoside (5 mM) 2!, The
activity obtained without cellobiose was referred as
EGI & CBHI activity, while the activity in the
presence of cellobiose was considered as EGI
activity, since cellobiose is a competitive inhibitor
for CBH I. CBH | activity was calculated by
subtracting EGI activity from EGI & CBHI
activity. p-Glucosidase, pB- xylosidases, a-L-
arabinofuranosidase and xylan esterase activities
were  determined  using  nitrophenyl  B-D-
glucopyranoside (pNPG), 4-nitrophenyl- p-D-
xylanopyranoside, 4-nitrophenyl-a-L-
arabinofuranoside  and  4-nitrophenyl-acetate
substrates, respectively (Poutanen K et al. 1987).
The assay mixture containing 50 pl of substrate and
50 ul of appropriately diluted enzyme in sodium
acetate buffer (50 mM, pH 5.0) was incubated at 50
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°C for 30 min. At the end of incubation, reaction
was stopped with the addition of 100 pl Glycine
NaOH buffer (0.4 M, pH 10.8). The reaction
mixture was analysed in ELISA reader (Multiscan
Ascent, Thermo Scientific, USA) at 405nm. The
concentration of p-nitrophenol released by enzyme
was determined by comparing against standard
curve constructed in similar way. One International
unit (IU) of enzyme activity was defined as the
quantity of enzyme required to liberate 1 pmol of
p-nitrophenol per millilitre of crude filtrate per
minute under standard assay conditions.

Protein estimation

Protein concentration was determined by protein
dye binding method of Bradford (1976). 3ml of
Bradford reagent was added to 0.1ml of crude
enzyme in a test tube. Reaction mixture was
incubated at 30 °C for 15 min. It was then
measured against a reagent blank at 595 nm in a
UV-VIS spectrophotometer (PG Instruments Ltd,
UK). The concentration of protein was determined
by comparing against Bovine Serum Albumin
(BSA) standard curve constructed in similar way.

Validation studies

Validation experiments and scale-up studies were
carried out in stainless steel trays of size 36 cm
length x 25 cm width x 2.5 cm height. Two
hundred grams substrate described previously was
impregnated with 440 ml mineral solution
containing optimized mineral concentrations
mentioned previously in conical flasks. Flasks were
autoclave-sterilized as mentioned previously for
statistically designed experiments. The contents
after cooling were spread uniformly up to 2 cm
height in each tray and inoculated with inoculum
concentration of 1 x 10% spores/ ml in the laminar
flow bench using sterilized air draft. The trays were
covered with muslin cloth and were incubated in
the fumigated environmental chamber at optimized
temperature 30°C and 95% humidity for optimized
incubation period of 96 h.

Results and discussions:

1. Effect of Substrate Ratio on Cellulase
production:

In this study, different ratios of carbon sources SSB
and WB at 5:0, 4:1, 3:2, 1:1 were evaluated for
maximum cellulase production. The maximum
filter paper activities were as shown in Table 1. The
maximum B-Glucosidase activities and Protein
content were as shown in Tables 2&3. The
substrate composed of sweet sorghum bagasse
(SSB) and wheat bran (WB) in the ratio of 4:1.
This substrate concentration proved to yield higher
contents of enzymes F-pase, B- glucosidase, and
Protein content which is shown in Tables 1,2&3:
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15.8 FPU/g-ds, 344.5 1U/g-ds, and 6.2 mg/ml
respectively.

Such similar types of studies were performed by
using various cultures for the production of
different metabolic enzymes as reported in the
literature ? 21 Previous studies showed that
supplementation of four parts of soyabean hulls
with one part of wheat bran resulted in high titres
of enzymes with balanced proportion of various
activities 24,

Table 1- Filter paper activity (FPU/g-ds):
Aspergillus niger at 35 °C, moisture 60%, pH 5.0,
Substrate (Sweet sorghum baggase: wheat bran)

Subs | o | aghr | 720r | 96hr | 120hr
Ratio e
50 |22 28 | 42 | 741 6.8
41 |52 65 | 99 | 158 14.9
32 (53] 7.3 | 102 | 16.0 151
11 [49] 95 | 108 | 149 143

Table 2- B-glucosidase  activity  (1U/ml):
Aspergillus niger at 35 °C, moisture 60%, pH 5.0,
Substrate (Sweet sorghum baggase: wheat bran)

Subs 24

Ratio hr 48hr 72hr 96hr 120hr

50 | 218 | 259 | 1365 | 192.2 184.4

4:1 98.7 | 118.7 | 213.6 | 344.5 350.2

3:2 98.9 | 1325 | 256.1 | 338.2 345.9

1:1 96.3 | 965 | 1764 | 2815 259.9

Table 3- Protein content (mg/ml):  Aspergillus
niger at 35 °C, moisture 60%, pH 5.0, Substrate
(Sweet sorghum baggase:wheat bran)

Subs 24

Ratio hr 48hr | 72hr 96hr 120hr
5:0 1.4 1.7 2.5 3.9 35
4:1 2.2 2.9 4.4 6.2 5.2
3:2 1.9 2.2 3.7 5.9 5.0
1:1 1.4 1.9 2.8 4.1 4.6

2. Effect of Moisture content on cellulase
production:

Effect of moisture contents 50%, 60%, 70%, and
80% were studied on cellulase production. The
maximum filter paper activities were as shown in
Table 4. The maximum B-glucosidase activity and
protein content were as shown in Table 5&6.
Similar types of observations were made in
cellulolytic enzyme production 4. Moisture
content is important and SSF can be viewed as
discrete solid phase in which micro- organisms
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grow on the moist, discrete particles as well as
inside and between them.

Maximum cellulase activity was observed at pH
4.5, moisture content of 70% and temperature of 30
°C in the study of SSF of soyabean hulls for
cellulolytic enzymes production . Increase in
temperature beyond 34°C showed reduced cellulase
activity and maximum activity exhibited around the
70% of moisture content and 33 °C.

Our results are also in agreement with the results of
25 wherein which reported that moisture content
had a significant effect on cellulase production
using T. reesei strains and maximum activity was
observed at 70% of moisture content. The
maximum response for [- glucosidase was
observed at 70% of moisture content at pH of 4.5
and temperature of 30 °C I In the present
Investigation higher yields of cellulase enzyme,
both FPase, B- glucosidase activities, and protein
content as shown in Table 4,5&6 were found to be
17.2 FPU/g-ds, 362.2 1U/g-ds, and 7.0 mg/ml
respectively at pH 5.0 , and Moisture 70% .

Table 4- Filter paper activity (FPU/g-ds):
Aspergillus niger at 35 °C, pH 5.0, Substrate ratio
(4:1)

MOISIUI® | aanr | 48hr | 720r | 96hr | 120hr
50% | 25 | 31 | 59 | 81 | 90

60% 3.8 6.4 9.0 14.7 154

3. Effect of pH on cellulase production:

The effect of pH on cellulase production was
determined at pH values of 3.0, 4.0, 5.0, and 6.0.
The maximum filter paper activities obtained at
different pH values are shown in Table 7. The
maximum [B-Glucosidase activities and Protein
content were obtained at different pH values are
shown in Tables 8 and 9. The results presented in
the Tables 7, 8&9 shows the effect of pH on
enzyme production. Similar types of studies were
conducted by using different microbial cultures for
the production of significant enzymes in general
and cellulolytic enzymes in particular as mentioned
elsewhere in the literature “. An optimal pH with
a value of 5 for cellulose production by using
Aspergillus niger reported in literature . Further
increase in pH level reduced the enzyme activity at
pH 6.5 " have also reported a similar result for
other fungal cellulases. Thus, as shown in Tables
7&8, the maximum cellulase activities were
observed at pH 5.0. In the present investigation
maximum enzyme production observed for FPase
activity, B- glucosidase activity, and Protein content
are 18.9 FPU/g-ds, 355.2 1U/g-ds, and 7.8 mg/ml
respectively at pH 5.0 by using cultures of
Aspergillus Niger.

Table 7- Filter paper activity (FPU/g-ds):
Aspergillus niger at 35 °C, moisture 70%, substrate
ratio (SSB: WB) 4:1

70% 6.2 8.1 10.7 17.2 16.8

80% 4.8 55 8.7 14.0 14.3

Table 5- pB- glucosidase activity (1U/g-ds):
Aspergillus niger (M.C.Black) at 35°C, pH 5.0)
substrate ratio (SSB:WB) 4:1

pH | 2% | aghr | 72hr | gshr | 120hr
3 | 12| 18 | 28 | 32 3.0
4 45| 70 | 101 | 167 | 165
5 | 68 | 89 | 109 | 180 | 182
6 |58 76 | 111 | 171 | 169

Moisture
level 24 hr | 48hr | 72hr | 96hr | 120hr

50% 375 | 465 | 153.2 | 187.1 | 1844

60% 75.8 | 123.5 | 224.5 | 348.9 | 350.2

Table 8- B-glucosidase activity (1U/g-ds):
Aspergillus niger at 35°C, moisture70%, substrate
ratio (SSB:WB) 4:1

70% 125.7 | 145.6 | 256.1 | 362.2 | 359.1

80% 98.6 | 102.5 | 192.1 | 226.5 | 203.6

Table 6- Protein content (mg/ml): Aspergillus
niger(M.C.Black) at 35°C, pH 5.0, and substrate
ratio (SSB:WB) 4:1

oH f\f aghr | 72hr | 96hr | 120hr
3 | 257 | 325 | 872 | 1274 | 1178
4 | 785 | 1085 | 2005 | 3325 | 3154
5 | 935 | 1447 | 2447 | 3552 | 344.8
6 | 845 | 1125 | 2205 | 341.2 | 3258

Moisture o4

level hr 48hr | 72hr | 96hr 120hr

50% 04| 09 15 2.2 2.4

Table 9- Protein (mg/ml): Aspergillus niger
(M.C.Black) ) at 35°C, moisture 70%, substrate
ratio (SSB:WB) 4:1

60% 06 | 21 4.9 6.6 6.7

70% 18| 26 5.9 7.0 6.8

80% 15] 19 3.6 4.9 5.1
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pH ﬁi 48hr | 72hr 96hr 120hr
3 0.1 0.2 1.1 2.9 2.3
4 18 2.3 5.1 7.3 7.4
5 2.4 2.8 6.5 7.8 7.5
6 18 2.0 4.6 7.0 7.1
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4. Effect of temperature on cellulase production:
Optimization was carried out by incubating the
fermentation flasks at 30, 35, 40, and 45 °C at
different carbon sources SSB and WB in 4:1 ratio.
The maximum filter paper activities obtained at
different temperatures are shown in Table 10. The
maximum B-glucosidase activities and Protein
content obtained are shown in Table 11 and12.
Thus, as shown in Table 10, 11&12, maximum
degradation of SSB and WB was observed at 30°C.
It is reported in literature that temperature and pH
have a crucial effect on cellulase production by
many fungi.The positive significance of temperature
on cellulase enzyme production by several
Aspergilli was recorded with temperature optima
between 28 °C — 35 °C. In the present investigation
maximum enzyme production observed for both F-
pase activity, p- glucosidase activity, and protein
content are 17.5 FPU/g-ds, 359.1 1U/g-ds, and 6.9
mg/ml respectively at 30 °C by using cultures of
Aspergillus niger.

Table 10- Filter paper activity (FPU/g-ds):
Aspergillus Niger (M.C.Black)) substrate ratio
(SSB: WB) 4:1, pH=5.0, moisture 70%

Temperature(°C) 24hr | 48hr | 72hr | 96 hr | 120 hr
30 4.8 6.9 103 | 175 | 16.8
35 4.1 6.5 99 | 16.6 | 16.9
40 2.2 2.8 4.7 7.1 7.6
45 0.8 1.1 2.0 1.8 0.7

Table 11- B-Glucosidase activity (1U/g-ds):
Aspergillus  niger(M.C.Black)) substrate ratio
(SSB:WB) 4:1, moisture 70%, pH =5.0

Temperature(°C) | 24 hr | 48hr | 72hr | 96hr | 120hr
30 125.2 | 146.5 | 248.5 | 359.1 | 370.1
35 1154 | 133.9 | 226.7 | 328.9 | 330.2
40 455 | 52.4 |162.1 ] 182.2 | 179.1
45 375 | 291 | 705 | 79.0 | 623

Table 12-  Protein  (mg/ml):  Aspergillus
niger(M.C.Black) ), substrate ratio (SSB:WB) 4:1
moisture 70%, pH =5.0

Temperature (°C) | 24hr | 48hr | 72hr | 96hr | 120hr
30 2.6 2.9 5.1 6.9 6.4
35 2.4 2.2 4.6 6.5 6.5
40 0.5 1.0 1.9 2.2 2.0
45 0.1 0.2 0.9 1.1 1.1
Conclusion:

In the present study optimal process parameters for
enzyme production by Aspergillus niger ,were
found to be pH of 5.0, moisture content of 70%, a
Temperature of 30 °C, and a substrate ratio
(SSB:WB)- 4:1 and Incubation time of 96h.
Similar kind of work has been done by ™, on
cellulase enzyme production. Work was performed
on 2 levels of bagasse (2 and 5%) and it was
reported that the optimal variables as mixed
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substrate (RB: WB 1:4, 3:2), temperature 30°C,
initial culture pH 5.5. Optimal conditions for the
endogluconase production by T. viridae strain was
reported 97 U/ml and 95 U/ml 1,

It is reported in the literature that solutions with
higher desirability gave optimum temperature of
30°C, pH of 5 and moisture content of 70% . Our
results are also in agreement with the observations
recorded in the previous studies. In the present
investigation enzyme activities under the optimized
conditions for both the F-pase and B-glucosidase,
and Protein content were maximized.
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