(( Research Journal of Agricultural Sciences
CARAS ' Volume 14; Issue 02 (Mar-Apr 2023); pp 385-390

© 2023, Centre for Advanced Research in Agricultural Sciences

3

ISSN: 0976-1675 (P)
ISSN: 2249-4538 (E)

Full Length Research Article

Utilizing Agrowaste for Optimization and Production of Cellulase

Enzyme from Aspergillus Sp

D. Manimekalai' and G. Senthilkumar*2

12 AV.V.M. Sri Pushpam College (Autonomous), Poondi - 613 503, Thanjavur (District), (Affiliated to Bharathidasan University,

Tiruchirappalli - 620 024), Tamil Nadu, India

Abstract

The current study is focused on the production of cellulase enzyme from Aspergillus sp by using agrowaste. The usage of
agricultural wastes for enzyme production is considered an essential part in any approach to accomplish goals to reduce
environmental pollution and disposal of waste. Optimization of some nutritional and environmental factors like pH,
temperature (°C), incubation period (days), nutrient content (Carbon) (mg/g), nitrogen (mg/g), phosphorus (mg/g) and
potassium (mg/g) were studied under submerged culture conditions for cellulolytic enzyme production. Cellulase
production involves the use of two types of agricultural waste such as rice bran and sugarcane bagasse. The production
of cellulase from Aspergillus flavus, A. niger and A. terreus by liquid state fermentation. A. terreus had the highest
cellulase activity reached. Maximum celluloytic activity was observed in pH (8), temperature at (25 °C), Incubation period
at (4), Nutrient content (carbon at 3), Nitrogen at (75), Phosphorus at (75) and Potassium at (25) respectively. Sugarcane
bagasse showed maximum cellulase activity are presented respectively. From the current research, sugarcane bagasse
was proven as a cheap and easily available source throughout the year for higher production of cellulase.
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Several agricultural wastes are highly abundant in
celluloses and the effective cellulase enzymes do exist widely
among microorganisms. Accordingly, the cellulose degradation
using microbial cellulase to produce a low-cost substrate for
ethanol production has attracted more attention [1]. Microbial
cellulases find applications in many industries and constitute a
significant share of the world’s industrial enzyme market [2].
Enzyme production was evaluated by measuring enzyme
activities in the crude [3]. Microbial cellulases find applications
in many industries and constitute a significant share of the
world’s industrial enzyme market. In order to improve the cost
function of the cellulase producing processes with enhanced
yield and novel activities, superior bioprocesses are formulated
these days. Designed to isolate and identify superior cellulose-
degrading fungi from cellulosic waste and selection of different
cellulosic waste like paper waste, cotton ginning, wheat Bran
and sugarcane bagasse for cellulase production under solid state
fermentation [2]. The complete hydrolysis of cellulose to
fermentable sugar showing that the process is completed by the
cellulase enzymes synergistically break down the homogenous
polysaccharide. The complete hydrolysis of cellulose to
fermentable sugar showing that the process is completed by the
cellulase enzymes synergistically breakdown the homogenous

polysaccharide [4-5]. Agro wastes such as crop residues,
grasses, peanut husks, corn husks, coffee cherry husks, paddy,
wheat, jowar straws, etc., contribute major sources of ligno
cellulosic substances [6]. The production of cellulase by fungal
strains from Penicillium sp and choosing the best organism that
provides highest enzyme productivity, investigation of cellulase
production under the optimum conditions, purification of
cellulase, identification by high-performance liquid
chromatography [7].

Filamentous fungi are mainly interesting in view of the
fact that they secrete enzymes into the culture media and their
enzymatic activity level is significant in comparison with
bacteria and yeasts. For the production of xylanase from wastes,
filamentous fungi including Aspergillius sp and Trichoderma
sp, are extensively used [8]. Paenibacillus sp is strong xylanase
producers using sugarcane bagasse and involved in the
hydrolysis of hemicelluloses [9]. Fungi are important
microorganisms that produce cellulase and Aspergillus,
Trichoderma and Penicillium sp. are the ones that produce the
highest amount of cellulase [10].

Determine the optimum conditions in producing
cellulase enzyme under solid state fermentation using bagasse
as substrate with A. niger ITB CC L74. A statistical approach
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such as RMS and factorial experiment design is used to involve
a minimum number of experiments for a large number of factors
where these methods have also been demonstrated to improve
the cellulase production [11].

MATERIALS AND METHODS

The marine sediment soil samples were collected from
Arichalmunai, Dhanushkodi, Ramnadu District, Tamil Nadu,
India and also the substrates of Oryza sativa (Rice bran) and
Saccharum officinarum (sugarcane bagasse) from local market
Thanjavur Tamil Nadu India.

Isolation [12]

One gram of marine sediment soil samples was diluted
serially in distilled water and Potato Dextrose Agar medium
(PDA) was prepared and sterilized in an autoclave at 121°C for
15 minutes. The medium was incorporated with streptomycin
sulphate solution (1:1) and poured into the petri plates. After
solidification 0.1mL of serially diluted soil sample were
inoculated into the medium. The inoculum was spread
uniformly and kept undisturbed in dust free chamber at room
temperature for a period of 3-5 days. The fungal colonies were
counted. The pure cultures were maintained in the conventional
potato dextrose agar medium.

Identification and photomicrography [13]

Morphological features of fungi were photographed
using Nikon microscope. All the fungi were identified with the
standard manual.

Solid substrate [14]

Agricultural solid waste is most cellulose abundant in
nature. The agro solid waste like Rice bran and sugarcane
bagasse dust are obtained from local market of Thanjavur. The
present research work of cellulose production by solid state
fermentation process using microorganism Aspergillus flavus,
Aspergillus niger and Aspergillus terreus. Fermentation process
and fungal spore suspensions were made using sterile water and
were added to the sterile solid substrates. Flasks were incubated
for 5 days in the B.O.D incubator at 27 °C.

Cellulase production [15]

The cultures that made a zone of hydrolysis around its
colonies were inoculated in 250-ml Erlenmeyer conical flask
containing 50ml of CMC medium containing the following
(9/): (NH4)2S04 1.4 g; KH2PO4 2.0 g; urea 1.3 g; CaCl, 0.3 g;
MgS04.7H,0 0.3g; FeS04.7H,0 0.005g; MnSO4.H,O 0.0016
g; ZnS04.7H.0 0.0014 g; CoCl2 0.002 g; peptone 1.0 g; CMC—
Na salt 10 g; and tween 80 (1%) 2.0ml. The pH of the medium
was adjusted to 6.0. The inoculated flasks were incubated on a
rotary incubator shaker at 150 rpm for 7 days at 28+1 °C. The
mycelium of each isolate was collected by centrifugation at
4000-5000 rpm for 15 min at 4 °C. The cell-free supernatant
was used as a crude enzyme for further determinations.

Effect of pH [16]

The optimum pH for enzyme (cellulase) activity was
determined by running the assay activity between pH ranges of
4.0, 6.0 and 8.0. The pH was adjusted by addition of
hydrochloric acid (0.1N) and 0.1N sodium hydroxide to achieve
acidity and alkalinity respectively. The flasks were incubated at
37 °C for 48 h. Samples were taken at regular intervals and
analyzed for cellulase activity.

Effect of temperature °C [16]

The optimal temperature for activity was determined by
enzyme assay at different temperature ranges of 25, 30 and 35
°C for 48 h. Samples were taken at regular intervals and
analyzed for cellulase activity.

Effect of incubation period [17]

To study the effect of incubation period, the fungal
culture was inoculated in cellulase medium and incubated for
different incubation time 2, 4 and 6 days at 28 °C on an
incubator shaker at 150rpm under submerged conditions.

Effect of carbon sources [18]

The effect of different carbon sources such as rice bran,
and sugarcane bagasse on protease production was investigated.
Carbon source present in the production medium was replaced
with 10.0g of each of the carbon source under study.
Furthermore, for carbon source optimization, different
concentrations of the best carbon source (25, 50 and 75/100ml)
was used for cellulase production.

Effect of nitrogen source [18]

The influence of different nitrogen sources (5.0g) of
yeast extract, peptone, meat extract, skim milk, soyabean meal,
gelatin and ammonium nitrate was determined for protease
production to optimize the best nitrogen source at different
concentrations of 25, 50 and 759/100ml) was used for produce
cellulase.

Effect of phosphorous [18]

Aspergillius niger, Aspergillius flavus and Aspergillius
terreus were grown in Erlenmeyer flasks (250 ml) containing
50ml of liquid medium of phosphorous were added individually
to the basal medium in a 0.3% ratio. The flasks were sterilized
at 121 °C for 20 min and inoculated with two mycelia disc
(10mm) cut from 7-days fungal cultures grown on potato
dextrose agar medium. The inoculated flasks were incubated at
30 °C for 6 days when cellulase activity was determined.

Effect of potassium [18]

Aspergillius niger, Aspergillius flavus and Aspergillius
terreus were grown in Erlenmeyer flasks (250 ml) containing
50ml of liquid medium of potassium were added individually to
the basal medium in a 0.3% ratio. The flasks were sterilized at
121 °C for 20 min and inoculated with two mycelia disc
(10mm) cut from 7-day fungal cultures grown on potato
dextrose agar medium. The inoculated flasks were incubated at
30 °C for 6 days when cellulase activity was determined.

Statistical analysis
Analysis was performed on the collected data using the
statistical analysis software Microsoft Office Excel 2007.

RESULTS AND DISCUSSION

Cellulase production

Aspergillius niger, Aspergillius flavus and Aspergillius
terreus was initially grown on the surface of PDA slants at 30
°C for 7 days. The fermentation process was carried out in 250-
ml conical flasks. Separate flask was used for two substrates.
Each flask was filled with 5 g of solid substrates followed by
the addition of 3 ml of water. Then the flasks were plugged with
cotton and autoclaved at 121 °C for 15 min at 15 psi. Under
aseptic conditions fungal spores were transferred from culture
slants to the solid substrate and mixed thoroughly. Then the
flasks were kept in incubator maintained at 30 °C. The extra-
cellular enzyme was extracted by soaking the fermented solid
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material with 50 ml of sterile water over night at 40 °C and
filtering through muslin cloth. Two filtrates were centrifuged at
10,000 rpm for 30 min and temperature has been maintained 40
°C. The supernatant was analyzed for the amount of cellulase
produced. Optimization of incubation period influencing
cellulase yield. An experiment with different incubation periods
was executed in 250ml conical flasks at 30 °C. All experiments
were carried out in triplicate and the mean values are calculated.

Optimization conditions for production of cellulase
Optimization of the conditions of the culture for
producing cellulase by selecting the best environmental
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Fig 1 Effect of pH on cellulase production using different agro
waste

Results showed that, in sugarcane bagasse, cellulase
production increased as incubation and temperature increased,
maximum at A. terreus (19.2 IU/ml) at 25 °C and minimum at
A. niger (8.00 IU/ml) at 35 °C. They showed that A. flavus had
a maximum cellulase activity temperature of 25 °C at (7.69
IU/ml) and a minimum cellulase activity temperature of A.
niger 25°C at (6.60 1U/ml) for rice bran (Fig 2). These two
different substrates function well in cold temperatures because
high temperatures can alter membrane composition, promote
protein catabolism and inhibited the growth of fungi, there was
a reduction in enzyme synthesis as the temperature increases.
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Fig 3 Effect of incubation period on cellulase production using
different agro waste

Different agricultural wastes such as rice bran and
sugarcane bagasse were tested for the production of enzymes.
The carbon source was used at concentrations of 25, 50, and 75
mg/ml. According to the carbon source, the sugarcane bagasse
produced the largest amount of cellulase (3.65 IU/ml) at 75 in

conditions and increase the yield of the cellulase production.

The results are given in (Fig 1), where pH 8 was found
to be optimal for the largest production of cellulase by
Aspergillius terreus (18.2 1U/ml) and pH 4 was found to be
optimal for the lowest production of cellulase by Aspergillius
niger (10.2 1U/ml) in sugarcane bagasse. In rice bran, pH 4 was
found to be optimal for the lowest production of cellulase by
Aspergillius niger (1.52) and pH 8 was found to be optimal for
the highest production of cellulase by Aspergillius terreus (4.00
IU/ml). However, sugarcane bagasse showed higher cellulase
production activity as compared to rice bran.

25 4 W A.niger
20 | m A.flavus
A.terreus

Cellulase activity (IU/ml)

Rice bran

Sugarcane baggasse

Temperature (°C)

Fig 2 Effect of temperature (°C) on cellulase production using
different agro waste

Aspergillus terreus, A. flavus, and A. niger were all
capable of producing cellulase during the various tested
incubation durations, as shown by the results in (Fig 3). A.
flavus produced the lowest amount of cellulase activity on day
two of the incubation time (10.9 1U/ml), while A. terreus
produced the highest on day four of the incubation period (21
IU/ml) in sugarcane bagasse. In the rice bran substrate, the
maximum amount of cellulase production was showed after six
days of incubation in A. terreus (1.63 1U/ml), and the minimum
level of cellulase production was showed after two days of
incubation in A. flavus (0.23 IU/ml).
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Fig 4 Effect of carbon source on cellulase production using
different agro waste

Aspergillus terreus and the lowest amount (1.02 IU/ml) at 25 in
Aspergillus niger. The rice bran substrate had comparatively
less enzyme production. The maximum cellulase activity was
(1.85 1U/ml) at 75 in Aspergillus niger and the lowest cellulase
activity (0.79 1U/ml) at 25 in Aspergillus flavus (Fig 4).

CARAS

387

Res. Jr. Agril. Sci.



The results of this study showed that various sources
have different effects on enzyme activity. Sugarcane bagasse
extract had the highest level of enzyme activity among the
tested organic nitrogen sources. Aspergillus niger had the
maximum cellulase activity (2.97 1U/ml) at 75 and Aspergillus
flavus had the lowest cellulase activity in sugarcane bagasse
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Fig 5 Effect of nitrogen source on cellulase production using
different agro waste

The results of this study showed that phosphorus sources
have different effects on enzyme activity. Sugarcane bagasse
extract had the highest level of enzyme activity among the
tested organic phosphorus. A. terreus had the maximum
cellulase activity (3.69 IU/ml) at 75 and A. flavus had the lowest
cellulase production in sugarcane bagasse (1.20 1U/ml) at 25.
The maximum cellulase activities were obtained with
phosphorus A. flavus (2.03 IU/ml) at 75 in rice bran and
minimum cellulase activities were obtained with (0.96 1U/ml)
at 25 in A. niger. It was reported that good cellulase yield can
be obtained with sugarcane bagasse as the phosphorus (Fig 6).
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Fig 7 Effect of nitrogen source on cellulase production using
different agro waste

It is important to investigate about potassium effect
during fermentation process. According to the potassium
results, the sugarcane bagasse produced the largest amount of
cellulase activity (2.85 1U/ml) at 25 in A. terreus and the lowest
amount (0.87 1U/ml) at 50 in A. niger. The rice bran substrate
had comparatively less enzyme production. The maximum
cellulase activity was (2.06 IU/ml) at 75 in A. niger and the
lowest cellulase activity (0.60 IU/ml) at 25 in A. flavus (Fig 7).

(0.95 IU/ml) at 75. The maximum cellulase activities were
obtained with nitrogen source Aspergillus niger (2.00 1U/ml) at
75 in rice bran and minimum cellulase activities were obtained
with (0.67 IU/ml) at 25 in A. flavus. It was reported that good
cellulase yield can be obtained with sugarcane bagasse as the
nitrogen source (Fig 5).
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Fig 6 Effect of phosphorus source on cellulase production using
different agro waste

The treated bagasse with 2% NaOH (w/v) was analyzed
for its cellulose, hemicellulose, and lignin [19]. The content of
cellulose, hemicellulose, and lignin after pretreatment is 57.76
+0.49%, 12.44 + 0.35%, and 21.34 + 0.18% respectively. This
is compatible with the results of the research that has been done
[20]. The endophytic fungi with cellulase production would
have transparent circles around the colony. Furthermore, the
higher the ratio of transparent circle diameter to colony
diameter, the more cellulase activity is produced [21].
Penicillium has the ability to produce more cellulose-degrading
enzymes and has certain advantages in terms of enzyme system
degradation performance and strain [22] growth rate indicating
great potential for industrial applications.

The pH of the growth medium plays an important role in
enzyme secretion by fungi. Six different pH values ranged
between 3.0 and 8.0 were applied. Cellulase activity production
was low when P. oxalicum R4 was cultured in a medium with
an initial pH of 3.0 [23]. The cellulase production was optimum
(23.97 U/ml) by P. decumbens at an optimal pH of 4.07. The
production of exoglucanase (1.76 & 2.16 U/ml), endoglucanase
(1.25 & 1.94U/ml), and B-glucosidase (1.44 & 1.71U/ml) by
Aspergillus niger and Trichoderma sp. was found between 6-7
and 5-6 pH [24].

Maximum enzyme activity was recorded at 25 °C [25].
A Trichoderma strain in a recent paper preferred a temperature
of 35 °C for maximum growth [26]. The cellulase activity of
Acinetobacter sp. KKU44 was determined when grown in LB
medium at 37 °C, 150 rpm for 72 h. The bacterial culture of 36
h. showed the maximum of cellulase activity at 83, 93, and 46
U/ml when determined at 50 °C, 60°C and 70 °C, respectively
[1]. At 30 °C, B. megaterium had amylase activity of 0.47
mg/ml. When the temperature reached 40 °C, there was an
increase in amylase activity, which was followed by a sharp
decrease at 50 °C (0.39 mg/ml) [27].

The cellulase activity was measured at regular intervals.
However, the maximum yield of exoglucanase (1.64 U/ml) and
endoglucanase (1.84 U/ml) activity was obtained after 4 days
[24]. However, the maximum glucosidase activity (1.61 U/ml)
was observed after 3-5 days of incubation. Incubation periods.
P. decumbens gave the highest amount of cellulase activity
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(21.99 U/ml) on the sixth day of the incubation period [7].
However, after fermentation for 3 days, the highest activity
could be obtained. This is due to nutrient consumption and the
production of other components in the fermentation medium
[28]. Various concentrations of carbon sources were used to
replace 1% sugar which was the original concentration in
growth media, with 2 to 5%. The results of a 24-hour incubation
period revealed that a 5% carbon source produced the most
cellulase when compared to other % carbon sources [29]. We
compared Aspergillus niger cellulase production (filter paper
activity, endoglucanase, and glucanase) on three different
carbon sources. Glucose containing media gave the highest
mycelia weight of 1.294 mg/flask. The culture containing
cellulose showed the highest cellulose enzyme activity (filter
paper activity, endoglucanase, and beta-glucanase). The waste
cellulosic material can be used as a low-cost carbon source for
commercial cellulose production [30].

The peptone was used as the nitrogen source in the
Aspergillus niger growth medium, the cellulase yield reached
its peak (0.79 U moll) [31]. This data supports earlier results
[32]. Poptone is one of the best nitrogen sources for cellulase
production by Aspergillus niger 1433 [33]. Furthermore, that

maximum cellulase activity can be achieved by using yeast
extract or peptome as organic nitrogen sources [34]. Cellulase
production by Pycnoporus coccineus gave its maximum
activity when the growth medium nitrogen source was organic
[35].

CONCLUSION

The present study reached the conclusion that the
incubation period is the most significant element for
microorganism development as well as the quantity of cellulose
enzyme production. The work was to isolate and identify a
high-cellulase producer from soil fungi. The production of
enzymes uses two different agricultural byproducts, rice bran
and sugarcane bagasse. The fungi Aspergillus flavus,
Aspergillus niger and Aspergillus terreus were able to produce
cellulase. Sugarcane bagasse had the optimal pH, temperature,
incubation periods, and nutrient content (carbon, nitrogen,
phosphorus, and potassium) for its highest cellulase production.
The soil pathogen Aspergillus terreus is capable of producing a
significant yield of cellulase from wheat bran and sugarcane
bagasse containing cellulose.

LITERATURE CITED
1. Nutt P, Wilailak S, Surasak S. 2014. Cellulase enzyme production from agricultural waste by Acinetobacter sp. KKU44.

Advanced Materials Research 931-932: 1106-1110.

2. Komal C, Anjali P. 2020. Cellulase production by fungi from agro wastes under solid state fermentation. Biosc. Biotech. Res.

Comm. 13(3): 1495-1501.

3. Madyu MT, Pérez HY, Aymara VA, Maria JR, Zoraya RA, Yasmary RF, Diaz RA, Sonia JG, Camacho CC. 2020. Use of
agroindustrial residues for producing enzymes by Bacillus subtilis E 44. Cuban Journal of Agricultural Science 54(1): 35-

44,

10.
11.
12.
13.
14.

15.
16.

17.

18.

19.

20.

21.

. Srivastava N, Srivastava M, Manikanta A, Ramteke PW, Singh RL, Mishra PK, Upadhyay SN. 2018. Fungal cellulases

production for biodegradation of agriculture waste. for Green Revolution 75-89.

https://doi.org/10.1007/978-981-10-7146-1_4

Microorganisms

. Waill A, Elkhateeb, Daba Ghoson M, Thomas Paul W, Wen Ting-Chi. 2019. Influence of two extraction methods on essential

oils of some Apiaceae family plants. Egyptian Pharmaceutical Journal 18: 160-164.

. Vimalashanmugam K, Karuppaiya M. 2021. Optimization of process and conditions for enhanced xylanase production under

SSF using inexpensive agro-industrial waste. Journal of Applied Biology and Biotechnology 9(5): 157-165.

. Nehad EA, Yoness MF, Reem AA. 2022. Optimization and purification of cellulase produced by Penicillium decumbens and its

application. Egyptian Pharmaceutical Journal 18(4): 391-402.

. Khanahmadia M, Arezia I, Amiri M, Miranzadeh M. 2018. Bioprocessing of agro-industrial residues for optimization of xylanase

production by solid state fermentation in flask and tray bioreactor. Biocatal. Agric. Biotechnology 19: 272-282.

. Di Marco E, Soraire PM, Romero CM, Villegas LB, Martinez MA. 2017. Raw sugarcane bagasse as carbon source for xylanase

production by Paenibacillus species: A potential degrader of agricultural wastes. Environ. Sci. Pollut. Research 24: 19057-
19067.

Madhavan S, Mangalanayaki R. 2016. Effect of cellulase production by fungi cultured on banana waste. Int. Jr. Pure Applied
Bioscience 4: 256-262.

Abdullah, Hamid, Marcelinus C, Hadiyanto H. 2018. Optimization of cellulase production by Aspergillus niger ITBCC L74
with bagasse as substrate using response surface methodology. Hayati Jr. Bioscience 25(3): 115-125.

Warcup JH. 1950. The soil-plate method for isolation of fungi from soil. Nature 166: 118.

Gillman JC. 1957. A Manual of Soil Fungi. Revised 2" Edition.

Sharma HK, Burnwal PK, Dubey L, Rao RJ. 2013. Optimization and production of cellulase from agricultural waste. Res. Jr.
Agriculture and Forestry Science 1(7): 18-20.

Mandels M, Strenbery D. 1976. Recent advances in cellulose technology. Jr. Ferment Technology 54: 267-286.

Bertrand TF, Fredric T, Robert N. 2004. Production and partial characterization of a thermostable amylase from Ascomycetes
yeast strain isolated from starchy soil. McGraw-Hill Inc., New York. pp 53-55.

Ali S, Vadhale NN. 2013. Protease production by Fusarium oxysporum in solid state fermentation using rice bran. Am. Jr.
Microbiol. Research 1: 45-47.

Sharma KM, Kumar R, Vat S, Gupta A. 2014. Production, purification and characterization of alkaline protease from Bacillus
aryabhattai k3. Int. Jr. Adv. Pharm. Biol. Chemistry 3: 290-298.

Chesson A. 1981. Effects of sodium hydroxide on cereal straws in relation to the enhanced degradation of structural
polysaccharides by rumen microorganisms. Jr. Sci. Food Agric. 32: 745-748.

Sarkar N, Aikat K. 2012. Alkali pretreatment of rice straw and enhanced cellulase production by a locally isolated fungus
Aspergillus fumigatus NITDGPKA3. Jr. Microbiol. Biotechnol. Research 2: 717-726.

Miller GL. 1959. Use of dinitro salicylic acid reagent for detection of reducing sugars. Analytical Chemistry 31(3): 426-428.

CARAS

389 Res. Jr. Agril. Sci.



22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.
34,

35.

Jiang W, Chang S, Qu Y, Zhang Z, Xu J. 2016. Changes on structural properties of biomass pretreated by combined
deacetylation with liquid hot water and its effect on enzymatic hydrolysis. Bioresource Technology 220: 448-456.

Hongkun L, Meijia D, Xinyu W, Na G, Ping K, Jiao J, Fu Y. 2021. Optimization of cellulase production by a novel endophytic
fungus  Penicillium  oxalicum R4 isolated from Taxus cuspidate. Sustainability = 13(11): 6006.
https://doi.org/10.3390/su13116006.

Gautam SP, Bundela PS, Pandey AK, Khan J, Awasthi MK, Sarsaiya S. 2011. Optimization for the production of cellulase
enzyme from municipal solid waste residue by two novel cellulolytic fungi. Biotechnology Research International 2001:
Article ID 810425 | https://doi.org/10.4061/2011/810425

Goyal M, Soni G. 2014. Induction and optimization of celluase using various agro wastes by Trichoderma virdii: Effect of alkali
pretreatment. African journal of biotechnology 13(33): 3426-3432.

Leghimi H, Meraihi Z, Boukhalfa-Lezzar H, Copinet E, Duchiron F. 2013. Production and characterization of cellulolytic
activites produced by Trichoderma longibrachiatum (GHL). Afr. Jr. Biotechnology 12: 265-275.

Oyeleke SB, Auta SH, Egwim EC. 2010. Production and characterization of amylase produced by Bacillus megaterium isolated
from a local yam peel dumpsite in Minna, Niger State. Journal of Microbiology and Antimicrobials 2(7): 88-92.

Ali FU, EI-Den SSH. 2008. Production and partial purification of cellulase complex by Aspergillus niger and A. nidulans grown
on water hyacinth blend. Jr. Appl. Sci. Research 4:; 875-891.

Sonia S, Aparna D, Lal Gupta B, Saksham G. 2013. Optimization of cellulase production from bacteria isolated from soil. ISRN
Biotechnology 2013: 985685. doi: 10.5402/2013/985685.

Gautham A, Ghosh BK, Vazquez HT, Eveleigh DE, Montenecourt BS. 2010. Cellulase secretion from a hyper cellulolytic
mutant of Trichoderma reesei Rut —C30. Archives of Microbiology 140: 126-133.

Aboul-Fotouh GE, EI-Garhy GM, Azzaz HH, Abd El-Mola AM, Mousa GA. 2016. Fungal cellulase production optimization
and its utilization in goat’s rations degradation. Asian Jr. Anim. Vet Adv. 11(12): 824-831.

Mahalakshmi N, Jayalakshmi S. 2016. Cellulase production by Aspergillus niger under soild state fermentation using agro
industrial wastes. Int. Jr. Adv. Multidisciplin. Research 3: 78-83.

Enari TM, Markenan P. 1977. Production of cellulolytic enzymes by fungi. Adv. Biochemistry 7: 4147-4152.

Chuwech M, Rakariyatham N, Chandet N, Tinoi J. 2016. Utilization of pretreated corn-code for optimized bioproduction of
celllulase by Pycnoporus coccineus. KKU Res. Journal 22: 310-318.

Abou-Taleb KKA, Mashhoor WA, Nasr SA, Sharaf MS, Adble-Azeem HHM. 2009. Nutritional and environmental factors
affecting cellulase production by two strains of Celluloytic bacilli. Aust. Jr. Basic Applied Science 3: 2429-2436.

Res. Jr. Agril. Sci. 390 CARAS


https://doi.org/10.3390/su13116006
https://doi.org/10.4061/2011/810425

