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INTRODUCTION


Cellulose, a major component of plant cell wall is the most abundant polysaccharide in nature and virtually inexhaustible source of renewable bioenergy (Valjamae et al., 2001). At molecular level cellulose is a linear polymer of glucose, composed of anhydrous units coupled to each other by (‑1-4-glucosidic bonds. The number of glucose units in the cellulose molecules varies and degrees of polymerization ranges from 250 to well over 10,000 depending on source and treatment method. The nature of cellulosic substrate by it physical state factors into enzymatic hydrolysis (Klemm, 2005).


Cellulose is being an abundant and renewable resource is a potential raw material for microbial production of food, fuel and chemicals (Coughlan, 1985). Cellulose which forms about 40 per cent to 50 per cent of plant composition is most abundant organic matter on earth. The conversion of cellulosic mass to fermentable sugar through biocatalyst cellulose derived from cellulolytic organisms has been suggested as feasible process and offers potential to reduce use of fossil fuels and reduce environmental pollution.


Cellulose refers to a family of enzymes which act in consent to hydrolyze cellulose. Cellulases are widely distributed throughout the biosphere and are manifested mostly in fungal and microbial organisms. Cellulase enzyme complex converts crystalline, amorphous and chemically derived celluloses qualitatively to glucose. Cellulolytic enzymes are generally formed as multienzyme systems and have classified into three major groups. They are,

1. Endop-p-glucanase, 1, 4-(-D glucan glucanohydrolase, cm case, CX : “random” scisson of cellulose chains yielding glucose and cello digosaccharides.

2. Exo-p-glucanase, 1, 4-(-D glucan cellobiohydrolases, Avicelase, CI : Exo-attack on the non reducing end of factors such as inoculums size, carbon source, pH, temperature, presence of inducers or inhibitors, medium additives, batch size, aeration and growth time (Bisaria and Ghose, 1981 and Saddler et al., 1987). 

Cellulolytic Fungi


Although a large number of microorganism are capable of degrading cellulose, only a few of these produce significant quantities of cell free enzymes capable of completely hydrolyzing crystalline cellulose in in vitro. Fungi are the main cellulose producing micro organisms, though a few bacteria and actinomycetes have also been reported to yield cellulose activity. Many microorganisms, mostly fungi, degrade cellulosic and hemicellulosic materials and produce a complete set of cellulases for the hydrolysis of cellulose and hemicelluloses to respective sugars (Bisaria and Ghose, 1981 and Coughlan, 1985). Cellulose, a major constituent of paper can be degraded by wide range of organisms. Trichoderma viride and Aspergillus sp. have been the most studied organism, because of their capacity to produce cellulose enzyme which converts cellulose into soluble sugar glucose (Lata et al., 2002). Several studies were carried out to produce cellulolytic enzymes from biowaste degradation process by many organisms including fungi such as Trichoderma, Aspergillus spp., Penicillium etc. by Manders and Reese (1985), Brown et al. (1987), Lakshmikant and Mathur (1990) etc.


Enzymes are important for the functional properties of food products, modifying characteristics and increasing the quality. Cellulose have been applied in different sectors of food and cotton industries with prominence to the treatment of agricultural and industrial waste. Cellulose enzyme complex is suitable for cellulose hydrolysis. The most of the microbes, thus with simultaneous saccharification and fermentation (SSF) a lot of valuable products can be produced (Aguair, 2001).

Fungal Inoculant – Aspergillus niger (Plates – I and II)


Aspergillus niger is the most common species of the genus Aspergillus. It is ubiquitous and the soil contains the spores of the Aspergilli. It belongs to class – Ascomycetes of subdivision – Eumycotina. The hyphae are well developed, profusely branched, septate and hyaline and their cells are uninucleate. It produces microscopic spores inside elongated sacs called asci. Uncommon infection caused by A. niger can be found in areas such as wound, burns and lesions. 

Cassava as a Substrate (Plate – III)


Cassava is a very cheap source of carbohydrate and is the main carbohydrate source in the diet of the terming population of the world countries where it is largely grown (Aro, 2008).
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PLATE – I

PLATE CULTURE OF Aspergillus niger
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PLATE – II

MYCELIUM OF Aspergillus niger
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PLATE – III

AGRO INDUSTRIAL WASTE (CASSAVA)

Two types of cassava wastes are generated namely solid and liquid wastes. Solid waste include peeling sand thippi (baggasse). The processing of 250 to 300 tonnes cassava tubers resulted in about 1.6 tonnes of solid peelings and about 280 tonnes of thippi with high moisture content (85 per cent).


Cassava thippi is fibrous by product of cassava processing industries. It contains about 30 to 50 per cent on dry weight basis. Due to its rich oganic nature and slow ash content, it can serve as an ideal substrate for microbial process for production of value added product such as organic acids, flavours and aroma compounds and edible mushrooms. The hydrolysis of the starch present in cassava bagasse (thippi) produces a broth with available reducing sugars, chiefly glucose, which could be directly fermented by micro organisms. Thippi contains 11.6 per cent total moisture and 88.4 per cent total solids. Solid portion mainly contain 57.8 per cent starch, 2 per cent fibre, 1 per cent protein and 3 per cent pectin.


The availability of cassava waste was increased according to the tapioca production and left over for the production process cause environmental problems. The cassava waste contains cellulose, hemicelluloses and starch are hydrolysable carbohydrates which can be utilized to produce fermentable sugar by enzymatic hydrolysis. 


With the background the present investigation entitled “CELLULASE ENZYME COMPLEX PRODUCTION BY Aspergillus niger” was carried out with the following objectives :

· To assess the efficacy of cellulase enzyme complex production of Aspergillus niger on different nitrogen sources.

· To analyse the efficiency of cellulase enzyme complex production of Aspergillus niger in the substrate (cassava​). 

REVIEW OF LITERATURE


Cellulase refers to a group enzymes which, acting together hydrolyze cellulose (Emert et al., 1974). Alexopoulos and Mims (1979) reported that Aspergillus niger is one of the most common fungi in man’s environment. The Aspergilla were capable of utilizing an enormous variety of substrates for food because of the variety of enzymes they produced. 


Fujio and Young (1980) isolated four kinds of cellulolytic strains of fungi for the purpose of cellulose biodegradation. Among them, Aspergillus sp. No. 81 degraded more than 86 per cent of solka floc added as the substrate within three days cultivation. At the same time, the conversion rate of insoluble nitrogen from soluble nitrogen reached above 30 per cent based on the initial amount of soluble nitrogen in liquid medium. 


Several studies were carried out to produce cellulolytic enzymes from biowaste degradation process by many microorganisms including fungi such as Trichoderma, Penicillium, Aspergillus spp. etc. by Lakshmikant and Mathur (1990). According to Knowles and Carthy (1987) the decomposition of cellulose to soluble sugars requires the cooperative action of a number of enzymes. 


The production of cellulase by Trichodrema viride has been remarkably raised by means of fed batch fermentation with the addition of cellulose as the carbon source and ammonium sulphate as nitrogen source during cultivation (Gottvaldova, 1982). 


Kalra et al. (1984) observed that the highest production of extracellular cellulases (filter paper activity, carboxymethyl cellulase and (‑glucosidase) was obtained by Trichoderma harzianum on delignified wheat straw. 


Tan et al. (1986) investigatd the production of exoglucanase, endoglucanase and (‑glucosidase by Trichoderma haematum cultured on four different carbon sources, cellulose, cellobiose, carboxymethylcellulose (CMC) and starch. Cellulose gave the best overall mycelia growth and highest endoglucanase activity. Exoglucanase activity was best on CMC and (‑glucosidase was greatest on starch.


Ali et al. (1991) reported the maximum yield of cellulases from Aspergillus terreus GTC 826 grown at 40(C on water hyacinth after 120 h in a medium containing 0.5 per cent (w/v) water hyacinth, 0.25 per cent (w/v) NH4NO3 and 0.4 per cent (w/v) 20 with an initial pH 6.0. A. terreus produced two to three times more (‑glucosidase activity (arrayed at 60(C) than Trichoderma resei QM 9414 grown on the same substrate at 28(C but assayed at 50(C.


During the study of cellulase production by Pencillium janthinellum by Keskar (1992), the maximal carboxymethyl cellulose, filter paper (FP) cellulose and (‑glucsidase activities achieved by Penicillium janthinellum grown in a fermenter were 60, 5 and 9 U / ml, respectively. Enzymic hydrolysis of 5 M NaOH pre-treated straw, cotton and FP was 57 to 58 per cent in 48 h at 50(C with glucose as the major product. 


Kuhad and Singh (1993) obtained the production of cellulases by Penicillium citrinum in solid state fermentation of cellulosic residue. They used rice husks in a solid state fermentation and obtained maximum cellulose enzyme yields (37 U g-1) after 12 days with a cellulose utilization of more than 70 per cent. 


Lieckfeldt et al. (2000) reported that nitrate as not being suitable for Trichoderma recesei cultivation. (NH4) SO4 and NH​4H2PO4 were good nitrogen source for cellulase synthesis by Aspergillus niger YL 128. Rajoka (2004) reported that ammonium compounds were the most favourable nitrogen compounds for protein and enzyme synthesis.


Bhat (2000) in their study established that complete enzymatic hydrolysis requires synergistic action of 3 types of enzymes, namely cellobiohydrolase, endoglucanase (or) carboxymethylcellulase (CMCase) and (‑glucosidases. Aspergillus niger exhibited highest cellulolytic activity at 7th day. Maximum cellulolytic activity of about 1.7 FPU ml-1 of culture filtrate on Czapek – Dox medium at 7th day interval was recorded. The extracellular protein content in the culture filtrate followed the same pattern of growth with maximal values. Thus, the Czapek – Dox medium appeared to be superior for growth and cellulose enzyme production of A. niger.


Ojumu et al. (2003) studied the production of cellulase enzyme by Aspergillus flavus using bagasse, corncob and sawdust as substrates. Sawdust gave the best result with an enzyme activity of 0.0743 IU ml-1 while bagasse and corncob gave the enzyme activity of 0.0573 IU ml-1.


Vijayakumar and Subramanian (2004) observed rapid cellulose degradation by Pleurotus supplemented with cell crude extract. They recorded rapid cellulose degradation of coir pith when it was treated with Pleurotus and Trichoderma fungi extract and Bacillus cell extract. 


Studies on fungal cellulose production via solid-state fermentation by Vijay Antony et al. (2004) revealed that maximum enzyme production in a mixture of wheat bran and rice straw 1 : 1 at 55 per cent moisture content was observed on 4th day of incubation. 0.4 per cent yeast extract and pH 5.0 was found to be optimum for high enzyme production. 


Chinedu et al. (2005) isolated cellulolytic micro fungi from the wastes using minimal salt agar medium containing 0.2 per cent (w/v) crystalline cellulose, sugarcane pulp, corn cob or saw dust as sole carbon / energy source. The fungal isolates were two pathogenic Aspergilli (A II and A. niger III), Botrytis cinerea, Fusarium species and Penicillium species. There was a good prospect for cellulase production using the virgin strain of Penicillium species isolated from the wood wastes. 


Milal et al. (2005) studied the production of cellulolytic enzymes by Aspergillus niger in submerged culture with millet, guinea corn straw, rice husks and maize straw as substrates and also reported the effects of pH and substrate concentration. Optimal cellulase secretion by Aspergillus niger was achieved at a growth period of 73 hours in maize straw and in rice husk 96 hours and 120 hours were the growth period in millet and guinea corn straws (media respectively).


Ahmed et al. (2005) were of the opinion that glucose repressed the synthesis of the cellulosic enzymes where as carboxymethylcellulose (CMC) produced the enzymes in substantial amounts by the fungus Trichoderma harzianum (E-58 strain) grown on Vogel’s medium with different carbon sources. Maximal production of the enzymes was achieved at 28(C, pH 5.5 and under continuous shaking at 120 rpm for 5 days. Maximum activity of cellulases (exoglucanase, endoglucanase and (‑glucosidase) were found to be 2.764, 14.4 and 0.629 IU ml-1.


Singh et al. (2005) studied the efficacy of different microbes (viz., Bacillus polymyxa, Azospirillum spp., Trichoderma viride and Aspergillus awamori) in composting paddy straw. Highest per cent loss in dry weight at 90 days after inoculation was recorded in case of T. viride (61.49 per cent) followed by B. polymyxa (57.58 per cent), A. awamori (55.78 per cent) and Azospirillum spp. (54.12 per cent). Under sterilized conditions, the performance of T. viride (48.28 per cent) was found to be the best followed by Azospirillum spp., A. awamori and B. polymyxa with 41.03 per cent, 40.94 per cent and 39.01 per cent respectively.


Villena and Correa (2006) compared cellulase production by Aspergillus niger ATCC 10864 biofilms on polyester cloth and freely suspended cultures in shaken flasks and microbioreactors of bubble column type. Fungal biofilms developed on polyester cloth in both flasks and microbioreactors produced higher cellulase yields and volumetric productivities than free mycelium cultures at lower biomass levels. 


According to Pothiraj et al. (2006) the solid waste from sago industry, cassava tubers were solid state fermented by Aspergillus niger, Aspergillus terreus and Rhizopus stolonifer. The highest cellulase activity was observed in R. stolonifer mediated fermentation on the 10th day of incuation R. stolonifer was more efficient in bioconverting cassava waste into fungal protein (9 per cent) compared to A. niger and A. terreus. 


Chandra et al. (2007) investigated the production of cellulolytic enzymes by Aspergillus niger on lignocellulosic substrates groundnut fodder, wheat bran, rice bran and saw dust in solid state fermentation in a laboratory scale. Czapek Dox liquid broth amended with cellulose (0.5 per cent) was used to moisten lignocellulosic solid supports for cultivation of Aspergillus niger. The production of filter paperase, carboxymethyl cellulase and glucosidase were monitored at daily intervals for 5 days. The peak production of the enzymes occurred within 3 days of incubation. Among solid supports used in the study, wheat bran was the best solid matrix followed by groundnut fodder in production of cellulolytic enzymes in solid state fermentation. Groundnut fodder supported significant production of FPase (2.09 FPU / g), CMCase (1.36 U / g) and glucosidase activity (0.0117 U / g) in solid state fermentation. Considerable secretion of protein (5.10 mg / g) on groundnut fodder at peak time interval 1st day of incubation was recorded. 


Acharya et al. (2008) studied the factors relevant for improvement of enzymatic hydrolysis of saw dust by using Aspergillus niger. Different cultural conditions were examined to assess their effect in optimizing enzyme production. Alkaline pretreated (2 N NaOH) saw dust at 9.6 per cent concentration gave 0.1813 IU / mL cellulase activity. Optimum pH for cellulase production was between 4.0 and 4.5. Submerged fermentation at 120 rpm at 28(C gave higher yields of cellulase compared to static condition. Several other parameters like inoculum size, time duration, nitrogen source and its concentration were also optimized for the cellulase production by using saw dust as an substrate. 


Karboune et al. (2008) investigated the production of endo-1, 4-beta-D-glucanase, cellobiohydrolase and (‑glucosidase activities in a multienzymatic complex system from Penicillium fumiculosum. They reported the production of high levels of endo-1, 3-1, 4-(-D-glucanase, endo-1, 3-(-D-glucanase and pectinase activities in the multienzymatic cellulolytic complex system by the fungus and the activities were stable at pH ranging from 2.5 to 6.0 and at optimal temperature 60(C. 


Thu et al. (2008) isolated wild type A. niger strains from different vegetable sources. Among these, four strains exhibited a clear zone on Czapek-Dox medium supplemented with one per cent carboxymethyl cellulose. The cellulose production (reducing sugar released) was measured by DNS method with filter paper and saw dust on three different culture media. Among two different carbon sources, A. niger from sugarcane bagasse on Czapek-Dox medium at one per cent saw dust showed maximum cellulase producing activity. 


Chinedu et al. (2008) isolated wild type Aspergillus niger (ANL 301) from wood waste in Lagos, Nigeria that produced extra cellular proteins with cellulase. Three different carbon sources (Glucose, Cellulose and Sawdust) influenced the organism’s growth and the production of extracellular cellulase enzymes. The culture filtrates of the organism from cellulose and saw dust containing media yielded significant cellulase activities with maximum values of 105.6 U / L and 101.9 U / L. Saw dust served as a low cost substrate for cellulase production by the organism.


Sridevi et al. (2009) studied the growth of Aspergillus niger on Czapek‑Dox medium supplemented with native lignocellulosies like sawdust, wheat straw, sugarcane bagasse and rice bran used for the production of cellulase by A. niger. Of these Czapek-Dox medium with 0.5 per cent wheat straw had yielded more cellulase, FPase activity of (2.9 U / ml), CMCase showed higher activity of (2.9 U / ml) and (‑glucosidase activity (0.93 U / ml) after 14 days of incubation. The lignocellulosics after pre treatment improved cellulase production. Among the treated substrates, Czapek-Dox medium with 0.5 per cent saw dust had yielded FPase activity (6.3 U / ml), CMCase activity (7.2 U / ml) after 7 days of incubation and the medium with treated rice bran produced (‑glucosidase of 1.04 U / ml after 21 days of incubation. 


Alam et al. (2009) designed a media composition to produce optimum cellulolytic enzyme where palm oil mill effluent (POME) as a basal medium and filamentous fungus, Trichoderma reesei RUT-C30 were used in the liquid state bioconversion (LSB), 2 per cent (w/v) cellulose, 0.5 per cent (w/v) peptone and 0.02 per cent (v/v) tween 80 were added to the basal medium. The optimum CMCase activity of 18.53 U / ml were obtained through the statistical analysis followed by the faced centered central composite design. The probability values of cellulose and peptone indicated the significant effect on the production of cellulase. 


Jaafaru and Fagade (2010) isolated Aspergillus niger YL 128 from soil samples in Yola, Adamawa State, Nigeria. The organism produced cellulase enzyme optimally at 30(C and the least at 50(C. Production of the cellulase enzyme was best at pH 5.0 and at carboxymethyl cellulose concentration of one per cent. The lignocellulosic wastes saw dust, wheat bran and sugarcane bagasse were good inducers for the synthesis of enzyme. 


Sarsaiya et al. (2010) compared the production of cellulose (Filter paper activity, endo glucanase and (‑glucanase) by Aspergillus niger on three different carbon sources. Glucose containing media gave the highest mycelia weight of 1.294 mg / flask. Maximum cellulase enzyme activity (filter paper activity, endo glucanase and (-glucanase) were obtained from the culture containing cellulose. The waste cellulosic material can be used as low cost carbon source for commercial cellulase production. 


Lee et al. (2010) studied the production cost of cellulose by optimizing the production medium and using an alternative carbon source such as municipal solid waste residue. Municipal solid waste residue (4 – 5 per cent (w/v)) and peptone and yeast extract (1.0 per cent (w/v)) were found to be the best combination of carbon and nitrogen sources for the production of cellulase by A. niger and Trichoderma sp. Optimum temperature and pH of the medium for the cellulase production by A. niger were 40(C and 6 – 7, whereas those for the production of cellulase by Trichoderma sp. were 45(C and 6.5.


Bundela et al. (2010) studied the production cost of cellulase by optimizing the production medium by using an alternative carbon source such as municipal solid waste residue from two novel cellulase producing fungi (Aspergillus niger and Trichoderma sp.). The production of cellulase was found to be the best in the combination of carbon and nitrogen source of exoglucanase (1.76 and 2.16 U / mL), endoglucanase (1.25 and 1.94 U / mL) and (‑glucosidase (1.44 and 1.71 U / mL) by A. niger and Trichoderma sp. when compared to the nitrogen sources and carbon sources. 


Hammad et al. (2010) isolated twenty nine fungal strains from agriculture wastes and among them Aspergillus spp. was the predominant genera. The most potent cellulase producers were selected for studying their cellulase productivities on Wheat Straw (WS), Wheat Bran (WB), Rice Straw (RS) and Corn Cob (CC) as cheap, renewable agriculture wastes by Solid State Fermentation (SSF). Five Aspergillus spp. and standard strain Trichoderma viride were grown on the agriculture wastes and CMCase, FPase, Avicelase and soluble protein. T. viride produced the highest CMCase on WS (555 U / ml), while the highest FPase (141 U / ml) and Avicelase (46 U / ml) were produced on WB. The isolated strain Aspergillus MAM-F35 gave the highest CMCase (487 U / ml), FPase (79 U / ml) and Avicelase (35 U / ml) on WS. However, the isolated strain Aspergillus  MAM-F23 gave the highest CMCase (309 U / ml) on RS, while the highest Avicelase (45 U / ml) on WS. So the highest cellulases were produced on the agriculture wastes in the order WS > WB > RS > CC. 


Samuel (2010) in his study he isolated four bacterial colonies (Bacillus spp., two Pseudomonas spp. and Proteus spp.) and two fungal spp. (Aspergillus niger and Aspergillus fumigatus) by spread plate technique and checked for cellulase production (zone formation) with the help of congo red and NaCl / NaOH. In DNS assay method A. niger showed higher cellulase activity (0.1 (l / ml and 0.1 (l / ml) for coir waste and saw dust as substrate.


Ray et al. (2011) reported that Rhizopus oryzae PR7 MTCC 9642, a producer of endoglucanase was found to produce extra cellular exoglucanase or avicelase when grown on avicel or micro crystalline cellulose. Peptone was found to be the best nitrogen source for exoglucanase production under optimized condition at 96 hours of growth. The enzyme activity was enhanced in presence of Mn2+ and Fe2. The enzyme was found to saccharify avicel and the wastes into cellobiose. 


According to Chinedu and Okochi (2011) waste cellulosic materials (corn cob, saw dust and sugarcane pulp) and crystalline cellulose induced cellulase production in wild strains of Aspergillus niger, Penicillium chrysogenum and Trichoderma harzianum isolated from a wood waste dump in Lagos, Nigeria. Cellulose supplemented media gave the maximum cellulase activity of 0.54, 0.67 and 0.39 units mg protein-1 for A. niger, P. chrysogenum and T. harzianum respectively. The maximum enzyme activity for A. niger was obtained at 36 h of cultivation, while P. chrysogenum and T. harzianum gave their maximum enzyme activities at 12 h and 60 h respectively. For the cellulosic wastes, highest enzyme activity was obtained with saw dust where A. niger, P. chrysogenum and T. harzianum gave the maximum enzyme activity of 0.30, 0.24 and 0.20 units mg protein-1 respectively after 144 h of cultivation. A. niger recorded the highest enzyme activity with any of the three cellulosic materials followed by P. chrysogenum.


Chun Chang et al. (2011) reported that the cellulose production by Trichoderma viride was optimized using artificial intelligence based techniques under solid state fermentation. The ultimate process parameters of optimization were mass ratio of wheat straw to wheat bran 2.9 moisture content 69.6 per cent and fermentation time 123.3 h. The cellulase activity of 11.62 U / g, was the highest value among all the experimental results. To improve the cellulase production, a mixed culture system of Trichoderma viride and Aspergillus niger was also developed. The cellulase activity increased by 7.40 per cent with the addition of Aspergillus niger at 72 h. 


Amiery et al. (2011) observed the production of cellulase enzyme using Aspergillus niger and Trichoderma viride using sugarcane waste as a substrate. Sugarcane waste gave the best enzyme activity of 2.7 and 2.6 IU / ml (using A. niger and T. viride) respectively. It gave the maximum enzyme activity at about the 10 days of cultivation, suggesting that is the optimum time when the enzyme may be harvested. 

MATERIALS AND METHODS


The present study is conducted to assess the efficacy of amylase enzyme complex production of Aspergillus niger on different natural sources and also to estimate the production of cellulose enzyme complex exo, endo-( 1, 4 glucanases and filter paper activity in the substrate (cassava) at extracellular and intracellular level.

COLLECTION OF MATERIALS

Aspergillus niger was bought from Institute of Microbial Technology, Chandigarh, India. Fresh cassava substrate was collected from the Sago Industry, Salem District, Tamil Nadu. It was dried, coarsely grind to uniform size (5 mm) and was stored in gunny bags.

GROWTH MEDIUM FOR FUNGAL CULTURE

POTATO DEXTROSE AGAR MEDIUM (PDA) – (Riker and Riker, 1936)
· Peeled potato
-
 250 g

· Dextrose
-
20 g

· Agar
-
15 g

· Distilled water
-
1000 ml

· pH
-
6 to 6.5


Peeled potato was made into thin chips, boiled in 500 ml water and after extraction, dextrose was added into the extract. The agar was melted separately in other half of water and mixed with the above solution. The volume as made into 1000 ml. The medium was poured into sterile petriplates (15 ml/plate) and fungal cultures were inoculated in the centre of the petriplates. Agar slants were prepared to maintain the fungal (Aspergillus niger).

ENZYMOLOGY

CZAPEK-DOX LIQUID MEDIUM (Raper and Thom, 1949)

Cellulose


-
10 g


Sodium nitrate


-
2.0 g


Potassium chloride
-
0.5 g


Magnesium sulphate
-
0.5 g


Dipotassium hydrogen phosphate
-
1.0 g


Ferrous sulphate

-
0.01 g


Distilled water 


-
1000 ml


Trace metal solution
-
1.0 ml

TRACE METAL SOLUTION PREPARATION


Zinc sulphate

-
1.0 g


Copper sulphate
-
0.5 g


Distilled water

-
100 ml

PREPARATION OF CULTURE MEDIUM

Fifty ml of Czpek-Dox liquid medium was dispensed in 250 ml Erlenmeyer flasks and sterilized at 1 atm for 15 minutes. After cooling, one ml of streptomychin sulphate (10,000 ppm) was added. The pH of the medium was maintained at 6.5 after sterilization.


The fungal species Aspergillus niger grown on PDA medium for five days in petridishes was taken with the help of sterilized cork borer (10 mm dia) and were inoculated to the liquid medium. The flasks were incubated for 5-7 days.


The cellulolytic fungi, Aspergillus niger was assayed for its cellulose enzymes complex activity like exo, (C1) endo-( 1, 4 glucanases (Cx) and filter paper ((-glucosidase) activity in the culture filtrate of the fungi (extracellular) in the mycelium (intracellular) and in the substrate (cassava).

PREPARATION OF CULTURE FILTRATE AS ENZYME SOURCE (EXTRACELLULAR)

The mycelium was filtered through Whatman No. 40 filter paper using a Buchner funnel under suction and the clear filtrate was used as the source of enzyme (extracellular enzyme).

PREPARATION OF CELL FREE ENZYME SOURCE FROM FUNGAL MYCELIUM (INTRACELLULAR)

The fungal mycelium was washed with distilled water twice. A quantity of one g of the washed mycelial mat was macerated in five ml of (sodium acetate buffer, pH 5.2) in a pre chilled motar and pestle with a pinch of acid washed sand. The homogenate was centrifuged in a refrigerated centrifuge at 10,000 x g for 15 minutes. The supernatant served as enzyme source.

ESTIMATION OF EXOGLUCANASE ENZYME ACTIVITY (C1-CELLULASE) (EC 3.2.1.91) (Sadasivam and Manikam, 1996)

Principle

The production of reducing sugar (glucose) due to cellulolytic activity is measured by dinitrosalicylic acid method.

Reagents
· Sodium citrate buffer – 0.1 M (pH 5.0)

· Carboxy methyl cellulose (one per cent)

· About 1 g of carboxy methyl cellulose (CMC) was dissolved in 100 ml sodium citrate buffer 0.1 M (pH 5.0).

· Dinitrosalicylic acid reagent (DNS Reagent) : 1 g dinitrosalicylic acid + 200 mg crystalline phenol and 50 mg sodium sulphite were mixed in 100 ml of one per cent NaOH .

· 40 per cent Rochelle salt solution (potassium sodium tartrate).

Procedure
· About 0.45 ml of one per cent CMC solution and 0.5 ml of enzyme extract were pipette out in a test tube

· The mixture was incubated at 55(C for 15 min.

· Immediately after removing the enzyme extract mixture from the water bath, 0.5 ml of DNS reagent was added.

· The mixture was heated in a boiling water bath for 5 min.

· While the tubes were warm, 1.0 ml of potassium sodium tartrate solution was added and cooled to room temperature.

· The volume was made up to 5 ml with water.

· The absorbance was measured at 540 nm.

· A standard graph was prepared with glucose in the concentration range of 50 (g/ml.

Calculation

The enzyme activity was expressed as the mg glucose released min(1 mg(1 protein.

ESTIMATION OF ENDO-( 1, 4 GLUCANASE (EC 3.2.1.4) 

(Mahadevan and Sridhar, 1982)

Principle

Endo-( 1, 4 glucanase attacks the 1, 4 ( glucosidic linkages of cellulose molecule at random, releasing reducing sugars which can be measured with DNS reagent.

Reagents
· 0.5 per cent carboxy methyl cellulose (CMC) was dissolved in acetate buffer, pH 5.2.

· Sodium acetate : acetic acid buffer, pH 5.2

· Dinitrosalicyclic acid reagent (DNS reagent) : one gram dinitrosalicyclic acid + 200 mg crystalline phenol + 50 mg sodium sulphate were dissolved in 100 ml of one per cent NaOH.

· 40 per cent Rochelle salt solution (Potassium Sodium tartrate).

Procedure

· A quantity of 4.0 ml of 0.5 per cent CMC solution, 1 ml of sodium acetate – acetic acid buffer and 2 ml of enzyme extract were pipette out in a test tube and incubated in water bath at 30(C and one ml of aliquots was withdrawn from each tube at pre-fixed interval.

· After that 0.5 ml of DNS reagent was added and heated in a boiling water bath for 5 min.

· While the tubes were warm, 1.0 ml of potassium sodium tartrate solution was added and cooled to room temperature. The volume was made up to 5 ml with water.

· The absorbance was measured at 540 nm.

· Protein content of the enzyme was determined following the method of Lowry et al. (1951).

· A standard graph was prepared with glucose in the concentration range of 50 (g/ml.

Calculation

The enzyme activity was expressed as the mg glucose released min(1 mg(1 protein.

ESTIMATION OF (-GLUCOSIDASE (FILTER PAPER ACTIVITY) (EC 3.2.1.21) (Sadasivam and Manikam, 1996)

Principle

(-glucosidase acts on filter paper and hydrolyses the ( 1, 4 glucosidic bonds in  a random releasing reducing sugars which can be measured with DNS reagent.

Reagents
· Sodium acetate – acetic acid buffer. pH 5.8

· Filter paper disc (7 mm diameter)

· Dinitrosalicyclic acid reagent (DNS reagent) : 1 g dinitrosalicyclic acid, 200 mg crystalline phenol and 50 mg sodium sulphate were dissolved in 100 ml of one per cent NaOH.

· 40 per cent Rochelle salt solution (potassium sodium tartrate).

Procedure
· About 0.5 ml of enzyme extract were pipette out to 32 mg of dry Whatman No. 1 filter paper.

· The mixture was incubated at 55(C for 15 min.

· Immediately after removing the enzyme extract mixture from the water bath 0.5 ml of DNS reagent was added.

· The mixture was heated in a boiling water bath for 5 min.

· While the tubes were warm, 1.0 ml of potassium sodium tartrate solution was added and cooled to room temperature.

· The volume was made up to 5 ml with water.

· The absorbance was measured at 540 nm.

· A standard graph was prepared with glucose in the concentration range of 50 (g/ml.

Calculation

The enzyme activity was expressed as the mg glucose released min(1 mg(1 protein.

INFLUENCE OF NITROGEN SOURCES ON THE EXO, ENDOGLUCANASE AND (-GLUCOSIDASE ACTIVITY

Aspergillus niger inoculums disc (5 mm) was inoculated into the Czapek-Dox agar broth flask containing different concentrations 0.1, 0.2 and 0.3 per cent of natural nitrogen sources like ammonium sulphate, peptone and urea into the substrate (1.0 g of cassava). The cellulose enzyme complex activities at extracellular (culture filtrate) and intracellular level (mycelial mat) were measured spectrophotometrically at 540 nm for exo, endoglucanase and (-glucosidase activity.

PROTEIN ESTIMATION (Lowry et al. 1951)

Principle

The blue colour developed by the reduction of the phosphomolybdic phosphotungstic components in the folin-ciocalteau reagent by the amino acids tyrosine and tryptophan present in the protein plus the colour developed by the burette reaction of the protein with the alkaline cupric tartrayte are measured in the Lowry’s method.

Materials
· 2 per cent sodium carbonate was dissolved in 0.1 N sodium hydroxide (reagent A).

· 0.5 per cent copper sulphate (CuSo4.2 H2O) was dissolved in one per cent potassium sodium tartrate (reagent B).

· Alkaline copper solution : 50 ml of A and 1 ml of B were mixed prior to use (reagent C)

· Folin-ciocalteau reagent (reagent D).

PROTEIN SOLUTION (Stock-Standard)

About 50 mg of bovine serum albumin (fraction v) was weighed and dissolved in distilled water and the volume was made up to 50 ml with distilled water in a standard flask (one ml of this solution contains 200 mg protein).

Procedure
· Extraction was usually carried out with buffers used for the enzyme assay.

· About 500 mg of the sample was ground well with pestle and mortar in 5 ml of the buffer.

· The supernatant was centrifuged and used for protein estimation.

ESTIMATION OF PROTEIN
· About 0.2, 0.4, 0.6, 0.8 and 1 ml of the working standard were pipette out in a series of test tubes.

· About 0.1 ml of the sample extract was pipetted out in the test tubes.

· The volume was made up to 1 ml in all the test tubes. A tube with 1 ml of water served as the blank.

· About 5 ml of reagent was added to each tube including the blank, mixed well and allowed to stand for 10 min.

· Then, about 0.5 ml of reagent D was added, mixed well and incubated at room temperature in the dark for 30 min. The blue colour developed was read at 660 nm.

· The amounts of protein present in the sample was calculated by drawing a standard graph.

Calculation

The amount of protein present in the enzyme assay was expressed in mg(1. g(1 or 100 g.

STATISTICAL ANALYSIS (Panes and Sukhatme, 1978)

The data observed from various biochemical observations were subjected to statistical analysis and based on the results, inferences were drawn. Treatments were compared using Duncan’s Multiple Range Test (DMRT).
RESULTS AND DISCUSSION


The result pertaining to the production of the cellulase enzyme complex exo‑( 1, 4-glycanase, endo (, 1- glucanase and (-glucosidase (filter paper activity) exhibited by Aspergillus niger showed varying degrees of activities in different nitrogen sources like ammonium sulphate, urea and peptone on the 5th, 7th and 9th day of incubation in 0.1, 0.2 and 0.3 concentrations are presented here. 

Exo (‑1, 4 Glucanase Activity in the Presence of Substrate

Table – 1, Fig. 1a, 1b


The fungus Aspergillus niger on the 9th day of incubation exhibited highest rate of (2.972 Umg-1) exo‑glucanase activity in 0.3 per cent urea followed by ammonium sulphate (2.4610 Umg-1) at intracellular level when compared to extracellular exo (-1, 4 glucanase activity in 0.3 per cent ammonium sulphate (2.3907 Uml-1). The minimum intracellular activity was recorded in 0.1 per cent peptone (0.7267 Umg-1) and the extracellular enzyme activity of 0.9633 Uml-1 was observed in 0.1% ammonium sulphate and peptone.


Statistical scrutiny of data revealed that exoglucanase activity in the presence of substrate (cassava) 0.3 per cent urea was found to be significantly enhanced to P < 0.01 = 0.007.


The present finding is on par with the result of Madamwar and Patel (1992). They obtained highest enzyme activities by semi-solid state fermentation with A. niger, T. reesei and with co-culture of T. reesei and A. niger on different cellulosic materials. On the 5th day in the untreated bagasse. The activity of exo-glucanase were 8.2, 11.8, 16.2 U/ml, exo-glucanase activity were 16.6, 19.6, 25.3 U/ml and for (‑glucosidase were 6.8, 3.2, 10.3 U/ml respectively.


The present finding coincides with the result of Ray et al. (2011). They reported that Rhizopus oryzae PRT MTCC 9642, a producer of endoglucanase was found to produce extracellular exo-glucanase or avicelase of 1200 U/ml of peptone in the nitrogen source.

TABLE – 1

EXO-1, 4 GLUCANASE ACTIVITY IN THE PRESENCE OF SUBSTRATE

	Source 
	Control
	0.1 Conc.
	0.2 Conc.
	0.3 Conc.

	
	5
	7
	9
	5
	7
	9
	5
	7
	9
	5
	7
	9

	Intracellular*
	Urea
	0.0827
	0.1737
	0.3957
	0.5533
	0.7647
	1.0313
	0.5860
	1.6150
	1.8000
	2.6907
	2.7337
	2.9723

	
	Ammonium sulphate
	0.0827
	0.1737
	0.3957
	0.3753
	0.8613
	0.8823
	0.8252
	1.1823
	1.2170
	1.8737
	1.9247
	2.4610

	
	Peptone
	0.0827
	0.1737
	0.3957
	0.4963
	0.6947
	0.7267
	0.9613
	0.9660
	1.5430
	1.8267
	1.9313
	2.0257

	Extracellular**
	Urea
	0.2000
	0.5523
	0.8077
	0.3777
	0.8827
	0.9647
	0.7113
	1.0327
	1.0920
	1.2150
	1.4843
	1.7310

	
	Ammonium sulphate
	0.2000
	0.5523
	0.8077
	0.3533
	0.6047
	0.9633
	0.6730
	1.4560
	1.5843
	1.1537
	2.2147
	2.3907

	
	Peptone
	0.2000
	0.5523
	0.8077
	0.4773
	0.9420
	0.9633
	0.6360
	1.1253
	1.4627
	1.6267
	1.6347
	1.8617

	CD P < 0.01
	0.010
	0.007
	0.007
	0.010
	0.007
	0.007
	0.010
	0.0073
	0.007
	0.010
	0.007
	0.007

	SED
	0.0073
	0.003
	0.0025
	0.0073
	0.003
	0.0025
	0.0073
	0.6360
	0.0025
	0.0073
	0.003
	0.0025


* Enzyme activity expressed in U mg-1
** Enzyme activity expressed in U ml-1
FIGURE – 1a

EXO-GLUCANASE ACTIVITY IN THE PRESENCE OF SUBSTRATE AT INTRACELLULAR LEVEL
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FIGURE – 1b

EXO-GLUCANASE ACTIVITY IN THE PRESENCE OF SUBSTRATE AT EXTRACELLULAR LEVEL
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Endo (‑1, 4 Glucanase Activity in the Presence of Substrate

Table – 2, Figs. 2a, 2b


A significantly highest intracellular endoglucanase activity in the presence of cassava as substrate on the 9th day of incubation was exhibited maximally in 0.3 per cent ammonium sulphate (2.671 Umg-1) when compared to extracellular activity of 1.8020 Uml-1 in urea followed by ammonium sulphate and peptone (1.333 Uml-1). The endoglucanase activity was expressed minimally (0.8320 Umg-1) in 0.1 per cent urea at intracellular level and enzyme activity of 0.655 Uml-1 in ammonium sulphate at the extracellular level.


It may be inferred from the statistical analysis of the data in the endoglucanase activity in 0.3 per cent of ammonium sulphate was found to be significantly enhanced to P < 0.01 = 0.007 in the intracellular activity. 

The present finding is in accordance with the result of Sarsaiya et al. (2010) who revealed that MSW residue (4.0 per cent) was best carbon substrate for exoglucanase (1.19 U/mL), endoglucanase (1.504 U/mL), (‑glucosidase (1.39 U/mL) production by A. niger and Trichoderma spp. of exoglucanase (1.77 U/mL), endoglucanase (1.95 U/mL) and (-glucosidase (1.66 U/mL).


Similar result was obtained by Acharya et al. (2008) who reported that the maximum cellulase activity of 0.1196 IU/ml by Aspergillus niger at 0.125 per cent peptone concentration. Ojum et al. (2003) reported that A. flavus grown on saw dust gave highest cellulase activity of 0.0743 IU/ml at about 12 hours. 

TABLE – 2

ENDO-1, 4 GLUCANASE ACTIVITY IN THE PRESENCE OF SUBSTRATE

	Source 
	Control
	0.1 Conc.
	0.2 Conc.
	0.3 Conc.

	
	5
	7
	9
	5
	7
	9
	5
	7
	9
	5
	7
	9

	Intracellular*
	Urea
	0.1833
	0.4430
	0.8127
	0.5347
	0.6557
	0.8320
	0.9427
	0.9647
	1.0653
	1.830
	1.3720
	1.5527

	
	Ammonium sulphate
	0.1833
	0.4430
	0.8127
	0.1917
	0.7350
	0.9627
	0.6930
	1.3610
	1.6370
	1.9153
	2.5433
	2.6717

	
	Peptone
	0.1833
	0.4430
	0.8127
	0.5337
	0.8613
	0.9227
	0.9550
	1.0733
	1.3727
	1.5727
	1.8627
	1.9853

	Extracellular**
	Urea
	0.3140
	0.4710
	0.5723
	0.4220
	0.6410
	0.6643
	0.8053
	0.8713
	0.9907
	1.0860
	1.6137
	1.8020

	
	Ammonium sulphate
	0.3140
	0.4710
	0.5723
	0.5080
	0.5357
	0.7097
	0.6263
	0.8250
	0.9440
	1.0820
	1.1623
	1.3330

	
	Peptone
	0.3140
	0.4710
	0.5723
	0.5080
	0.5357
	0.7097
	0.6263
	0.8250
	0.9440
	1.0820
	1.1623
	1.3330

	CD P < 0.01
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007

	SED
	0.003
	0.003
	0.0025
	0.003
	0.003
	0.0025
	0.003
	0.003
	0.0025
	0.003
	0.003
	0.0025


* Enzyme activity expressed in U mg-1
** Enzyme activity expressed in U ml-1
FIGURE – 2a

ENDO-GLUCANASE ACTIVITY IN THE PRESENCE OF SUBSTRATE AT INTRACELLULAR LEVEL
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FIGURE – 2b

ENDO-GLUCANASE ACTIVITY IN THE PRESENCE OF SUBSTRATE AT EXTRACELLULAR LEVEL
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(‑glucosidase Activity in the Presence of the Substrate

Table – 3, Fig. 2a, 2b


Among the nitrogen sources, intracellular (‑glucosidase activity of fungus A. niger was very much pronounced in 0.3 per cent  urea (2.7420 Umg-1) on the 9th day of incubation using cassava as substrate and the extracellular (‑glucosidase activity of 2.9327 Uml-1 in urea. The least enzyme activity of 0.772 Umg-1 was recorded in 0.1 per cent ammonium sulphate at intracellular level and 0.8140 Uml-1 of the activity in peptone at extracellular level.


Statistical scrutiny of data revealed that (‑glucanase activity in the presence of substrate (cassava) in 0.3 per cent urea was found to be significantly enhanced to P < 0.01 = 0.007 in extracellular level.


The present study is on par with the result of Camassola and Dillon (2007) who evaluated the production of cellulose enzyme complex by Penicillium chinatum grown on pre-treated sugarcane bagasse and wheat bran in solid state fermentation. They obtained a highest amount of filter paper activity of 58.95 + 1.90 Ugdm-1, (‑glucosidase activity 58.95 + 2.58 Ugdm-1 and endoglucase activity of 282.36 + 1.23 U g dm-1 in the mixture of pretreated sugarcane bagasse on the 4th day.

TABLE – 3

(-GLUCANASE ACTIVITY IN THE PRESENCE OF SUBSTRATE

	Source 
	Control
	0.1 Conc.
	0.2 Conc.
	0.3 Conc.

	
	5
	7
	9
	5
	7
	9
	5
	7
	9
	5
	7
	9

	Intracellular*
	Urea
	0.3343
	0.5340
	0.6907
	0.7553
	0.8623
	0.8743
	1.4137
	1.4573
	1.6910
	2.3337
	2.6630
	2.7420

	
	Ammonium sulphate
	0.3343
	0.5340
	0.6907
	0.6460
	0.7260
	0.7720
	0.9353
	1.1913
	1.5127
	1.2730
	1.7443
	2.0620

	
	Peptone
	0.3343
	0.5340
	0.6907
	0.5157
	0.7213
	0.8713
	0.6830
	1.3750
	1.5730
	2.0807
	2.4743
	2.5260

	Extracellular**
	Urea
	0.5830
	0.6130
	0.6730
	0.6340
	0.6367
	0.9210
	0.6420
	1.0660
	1.6227
	2.0233
	2.2143
	2.9327

	
	Ammonium sulphate
	0.5830
	0.6130
	0.6730
	0.6330
	0.6327
	0.9610
	0.7520
	0.9677
	1.4123
	1.8740
	1.9743
	2.7143

	
	Peptone
	0.5830
	0.6130
	0.6730
	0.6167
	0.6353
	0.8140
	0.7617
	0.9080
	1.0237
	1.0140
	1.4100
	1.5350

	CD P < 0.01
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007
	0.007

	SED
	0.003
	0.0025
	0.0025
	0.003
	0.0025
	0.0025
	0.003
	0.0025
	0.0025
	0.003
	0.0025
	0.0025


* Enzyme activity expressed in U mg-1
** Enzyme activity expressed in U ml-1
FIGURE – 3a 

(-GLUCANASE ACTIVITY IN THE PRESENCE OF SUBSTRATE AT INTRACELLULAR LEVEL
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FIGURE – 3b 

(-GLUCANASE ACTIVITY IN THE PRESENCE OF SUBSTRATE AT EXTRACELLULAR LEVEL
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Exo-( 1, 4-Glucanase Activity in the Absence of Substrate

Table – 4, Fig. 4a, 4b


The fungus A. niger recorded a significantly highest intracellular exoglucanase activity in the absence of the substrate on the 9th day of incubation in 0.3 per cent peptone (2.731 Umg-1) when compared to extracellular exo (-1, 4 glucanase activity of 2.0237 Uml-1 in 0.3 per cent ammonium sulphate. The least activity of 0.5913 Umg-1 was expressed in 0.1 per cent urea in intracellular level and extracellular enzyme activity of 0.2850 U ml-1 in peptone.


It may be inferred from the statistical analysis of the data in the exo‑glucanase activity in the absence of substrate showed in 0.3 per cent of peptone was found significantly enhanced in P < 0.01 = 0.007 in intracellular activity.


Similar result was obtained by Ayesha (2007) obtained a significantly higher intracellular exoglucanase activity in T. viride 32.66 U ml-1 glucose as carbon source and 119.86 U ml-1 in 3 per cent urea as nitrogen source. The extracellular exoglucanase activity of 45.86 U ml-1 in T. viride and 45.53 U ml-1 in T. koningii.


The result was similar to the result of Jamil et al. (2009). They investigated on the production of cellulases by T. harzianum in liquid state fermentation and stated that CMC served as a powerful inducer that enhanced the cellulase yields where glucose repressed cellulose activities, 21.87 – 1.15 – and 1.74 – fold with a yield of 10.26 per cent, 90 per cent and 73.75 per cent and specific activities of 49.22 Umg-1, 0.63 Umg-1 and 0.35 Umg-1 of exo-glucanase, endoglucanase as (‑glucosidase respectively.

TABLE – 4

EXO-1, 4 GLUCANASE ACTIVITY IN THE ABSENCE OF SUBSTRATE

	Source 
	Control
	0.1 Conc.
	0.2 Conc.
	0.3 Conc.

	
	5
	7
	9
	5
	7
	9
	5
	7
	9
	5
	7
	9

	Intracellular*
	Urea
	0.3443
	0.3857
	0.530
	0.4740
	0.4757
	0.5913
	0.4820
	0.7233
	1.0533
	0.5263
	1.5600
	1.6023

	
	Ammonium sulphate
	0.3443
	0.3857
	0.5380
	0.4663
	0.6650
	0.6850
	0.5440
	0.9537
	0.9613
	0.7313
	1.4123
	1.5067

	
	Peptone
	0.3443
	0.3857
	0.5380
	0.6637
	0.6140
	0.7640
	1.2643
	1.3333
	1.8637
	1.8353
	2.3443
	2.7313

	Extracellular**
	Urea
	0.0563
	0.2827
	0.3330
	0.1617
	0.3760
	0.5240
	0.4230
	0.5103
	0.5343
	0.0563
	0.6990
	0.8637

	
	Ammonium sulphate
	0.0563
	0.2827
	0.3330
	0.2330
	0.5823
	0.6447
	0.6227
	1.1357
	1.7243
	0.8733
	1.7533
	2.0237

	
	Peptone
	0.0563
	0.2827
	0.3330
	0.2633
	0.4517
	0.2850
	0.3230
	0.9137
	1.2420
	0.5280
	1.6227
	1.8460

	CD P < 0.01
	0.017
	0.008
	0.008
	0.017
	0.007
	0.008
	0.017
	0.008
	0.008
	0.017
	0.008
	0.008

	SED
	0.0063
	0.003
	0.0030
	0.0063
	0.003
	0.0030
	0.0063
	0.003
	0.0030
	0.0063
	0.003
	0.0030


* Enzyme activity expressed in U mg-1
** Enzyme activity expressed in U ml-1
FIGURE – 4a

EXO-GLUCANASE ACTIVITY IN THE ABSENCE OF SUBSTRATE AT INTRACELLULAR LEVEL
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FIGURE – 4b

EXO-GLUCANASE ACTIVITY IN THE ABSENCE OF SUBSTRATE AT EXTRACELLULAR LEVEL
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Endo (‑1, 4 Glucanase Activity in the Absence of Substrate

Table – 5, Fig. 5a, 5b


A significantly highest intracellular endoglucanase activity shown by A. niger was very much pronounced in 0.3 per cent ammonium sulphate (2.7310 Umg-1) followed by peptone (2.3520 Umg-1) and extracellular endoglucanase activity of 2.6247 Uml-1 in 0.3 per cent peptone in the absence of the substrate. The minimum endoglucanase intracellular activity of 0.6000 mg-1 was registered in ammonium sulphate and the extracellular activity of 0.8903 Uml-1 in urea at the 9th day of incubation.


Statistical scrutiny of the data in the endoglucanase intracellular activity in the absence of substrate showed in 0.3 per cent ammonium sulphate was found to be significantly enhanced to P < 0.01 = 0.007.


The present result is in accordance with Vijay Antony et al. (2004) who found that avicel induced maximum endoglucanase production (i.e.) 5.516 (IU/ml) for T. viride SPC VII and T. harzianum SPCV 127 as against control 3.116 (IU/ml), 2.172 (IU/ml) and 1.174 IU/ml, 0.625 IU/ml for endoglucanase of T. viridae ACM4 and T. harzianum AVCMT respectively. (‑glucosidase secretion varied from 0.384 IU/mL to 0.237 IU/mL.


The present result is on par with the result of Alam et al. (2009) who reported that reesi cellulase activity was higher with the higher concentration of peptone and cellulose by the fungus T. reesi. The highest cellulase activity was predicted 18.53 U/ml CMCase with concentration of 0.5 per cent (w/v) is 2.7 times higher of peptone (0.02 v/v) indicate significant effect on the production of cellulase. 

TABLE – 5

ENDO-1, 4 GLUCANASE ACTIVITY IN THE ABSENCE OF SUBSTRATE

	Source 
	Control
	0.1 Conc.
	0.2 Conc.
	0.3 Conc.

	
	5
	7
	9
	5
	7
	9
	5
	7
	9
	5
	7
	9

	Intracellular*
	Urea
	0.1150
	0.1547
	0.7330
	0.3337
	0.3567
	0.9247
	0.5897
	0.7637
	1.6033
	0.8860
	0.7897
	1.7260

	
	Ammonium sulphate
	0.1150
	0.1547
	0.7330
	0.2647
	0.5107
	0.6000
	0.6913
	1.3343
	1.5323
	1.9240
	2.5220
	2.7310

	
	Peptone
	0.1150
	0.1547
	0.7330
	0.3813
	0.4713
	0.8237
	0.8070
	1.2153
	1.5843
	1.4560
	2.1103
	2.3520

	Extracellular**
	Urea
	0.1830
	0.4550
	0.8440
	0.2253
	0.6027
	0.8903
	0.2843
	0.9300
	1.0537
	0.6647
	1.0823
	1.3000

	
	Ammonium sulphate
	0.1830
	0.4550
	0.8440
	0.2847
	0.9517
	1.3840
	0.3810
	1.0623
	1.7067
	0.9657
	1.9550
	2.0057

	
	Peptone
	0.1830
	0.4550
	0.8440
	0.4463
	0.6000
	0.9740
	0.8557
	1.1327
	1.1530
	1.3763
	1.4657
	2.6247

	CD P < 0.01
	0.02
	0.007
	0.013
	0.02
	0.007
	0.013
	0.02
	0.007
	0.013
	0.02
	0.007
	0.013

	SED
	0.0062
	0.003
	0.005
	0.0062
	0.003
	0.005
	0.0062
	0.003
	0.005
	0.0062
	0.003
	0.005


* Enzyme activity expressed in U mg-1
** Enzyme activity expressed in U ml-1
FIGURE – 5a

ENDO-GLUCANASE ACTIVITY IN THE ABSENCE OF SUBSTRATE AT INTRACELLULAR LEVEL
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FIGURE – 5b

ENDO-GLUCANASE ACTIVITY IN THE ABSENCE OF SUBSTRATE AT EXTRACELLULAR LEVEL
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(‑Glucosidase Activity in the Absence of Substrate

Table – 6, Fig. 6a, 6b


The fungus Aspergillus niger exhibited highest rate on the 9th day of incubation in intracellular level in 0.3 per cent urea (2.2527 Umg-1) and in extracellular level ammonium sulphate (1.8113 Uml-1) was registered the maximum. The minimum intracellular activity was recorded in 0.1 per cent of urea (0.7330 Umg-1) and extracellular activity of 0.6833 Uml-1 was registered in peptone. 


Statistical scrutiny of the data revealed that (‑glucosidase activity in the absence of substrate in 0.3 per cent in peptone and ammonium sulphate was found to be significantly enhanced to P < 0.01 = 0.007 in both intra and extracellular activity.


The present result is on par with the finding of Okunowo et al. (2010) who evaluated the production of cellulolytic and xylanolytic enzyme from Myrothecium roridum tode (1m, 394934). They obtained the (‑1, 4 exoglucanase, (-1, 4 endoglucanase and xylanases maximum enzyme activity 3.70 + 0.43, 0.95 + 0.03 and 2.32 + 0.10, when grown on carboxymethyl cellulose. (‑glucosidase activity was highest 1.74 + 0.06 in M. roridium grown on saw dust (324.00 + 19.57 (g/ml).


The present result is accordance with the result of Al-amiery (2011) who reported that sugarcane waste was used as a substrate for the production of cellulase enzyme activity of 2.7 IU/ml and 2.6 IU/ml using A. niger and T. viride  respectively. 

TABLE – 6

(-GLUCANASE ACTIVITY IN THE ABSENCE OF SUBSTRATE

	Source 
	Control
	0.1 Conc.
	0.2 Conc.
	0.3 Conc.

	
	5
	7
	9
	5
	7
	9
	5
	7
	9
	5
	7
	9

	Intracellular*
	Urea
	0.2460
	0.3680
	0.5303
	0.5843
	0.7143
	0.7330
	0.7537
	1.0470
	1.3000
	0.9337
	1.9260
	0.2527

	
	Ammonium sulphate
	0.2460
	0.3680
	0.5303
	0.4820
	0.5833
	0.9543
	0.05207
	1.0350
	1.2837
	0.8630
	1.1027
	1.4137

	
	Peptone
	0.2460
	0.3680
	0.5303
	0.5843
	0.5907
	0.7333
	0.8247
	0.9327
	0.9830
	0.9133
	1.3140
	1.8113

	Extracellular**
	Urea
	0.3440
	0.5153
	0.5540
	0.5160
	0.5813
	0.8710
	0.6263
	0.6553
	0.9300
	0.8563
	0.9513
	1.0617

	
	Ammonium sulphate
	0.3440
	0.5153
	0.5540
	0.2067
	0.6373
	0.8860
	0.05520
	1.0563
	1.5720
	0.7210
	1.7523
	1.8113

	
	Peptone
	0.3440
	0.5153
	0.5540
	0.1253
	0.6257
	0.6833
	0.4157
	0.9440
	0.9530
	0.7827
	1.2067
	1.2310

	CD P < 0.01
	0.012
	0.021
	0.007
	0.012
	0.021
	0.007
	0.012
	0.021
	0.011
	0.012
	0.021
	0.007

	SED
	0.005
	0.0080
	0.0025
	0.005
	0.0080
	0.0025
	0.005
	0.080
	0.025
	0.005
	0.0080
	0.0025


* Enzyme activity expressed in U mg-1
** Enzyme activity expressed in U ml-1
FIGURE – 6a 

(-GLUCANASE ACTIVITY IN THE ABSENCE OF SUBSTRATE AT INTRACELLULAR LEVEL
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FIGURE – 6b

(-GLUCANASE ACTIVITY IN THE ABSENCE OF SUBSTRATE AT EXTRACELLULAR LEVEL
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SUMMARY AND CONCLUSION


Cellulose is the most common organic polymer and is considered to be an almost inexhaustible source of raw material for different products. It is the most abundant dominating waste material from agriculture. Microbial degradation of lingocellulose waste and the downstream products resulting from it is accomplished by a concerted action of several enzymes. The most prominent the cellulases are produced by a number of microorganisms. Cellulase hydrolyze cellulose ((‑1, 4‑D-glucan linkages) and produce as primary products glucose, cellobiose and cello oligosaccharides.


Cotton, flax and hemp are among the natural fibres used in the textile industry. Cellulose accompanied by pectins, hemicelluloses, lignin, waxes, fats and mineral compounds are the basic components of these natural fibres. Pectins and hemicelluloses contained in the outer layer of raw cotton fibre are to a high degree, soluble in alkaline baths the hence they can be removed from the process of traditional pre treatment. 


Cellulases are mutli enzyme complex made up of several proteins find extensive applications in food fermentation and textile industries. An economic process of enzymatic hydrolysis of cellulose would allow utilization of cellulose material for the production of easily fermentable low cost. The feasibility of enzymatic hydrolysis is possible in the conversion of cellulose waste material into useful biochemicals. 


The present investigation was undertaken to brighten the possibility of Aspergillus niger in the production of cellulase enzyme complex, exo (‑glucanase (EC 3.2.1.91), endo (‑glucanase (EC 3.2.1.4), (‑glucosidase (EC 3.2.1.21) in different nitrogen sources and also in the substrate (cassava). 

Enzymology

Enzyme Activity in the Presence of Substrate

At Intracellular Level

Exo(‑1, 4 Glucanase Activity (C1 – Cellulase)


Among the nitrogen sources, intracellular exoglucanase enzyme activity was reported maximally on the 9th day of incubation in 0.3 per cent urea (2.9723 U mg-1). The least enzyme activity was shown by 0.1 per cent peptone (0.7267 U mg-1).

Endo (‑1, 4 Glucanase Activity


The intracellular endoglucanase activity in the presence of cassava as substrate on the 9th day of incubation was exhibited maximally in 0.3 per cent 2.671 U mg-1 in ammonium sulphate and expressed minimally as 0.8320 U mg-1 in 0.1 per cent urea.

(‑Glucosidase (Filter Paper) Activity


Among the nitrogen sources, significantly higher activity of 2.7420 U mg-1 in 0.3 per cent in urea. The least enzyme activity was expressed in 0.1 per cent ammonium sulphate (0.772 U mg-1).

At Extracellular Level

Exo-(-1, 4 Glucanase Activity (C1 – Cellulase)


A significantly highest extracellular exoglucanase activity of 2.3907 U ml-1 was exhibited in 0.3 per cent of ammonium sulphate on the 9th day of incubation. The minimum activity of 0.9633 U ml-1 was expressed in 0.1 per cent ammonium sulphate and peptone.

Endo (‑1, 4 Glucanase Activity


Extracellular endoglucanase activity was much pronounced in 0.3 per cent nitrogen sources on the 9th day of incubation in the presence of cassava as substrate in urea (1.8020 U ml-1). The least activity was expressed in 0.1 per cent ammonium sulphate (0.655 U ml-1). 

(-Glucosidase (Filter Paper) Activity


A significantly highest extracellular (‑glucosidase activity of 2.9327 U ml-1 was obtained in 0.3 per cent urea in the presence of cassava as substrate. The least enzyme (‑glucosidase activity at extracellular level of 0.8140 U ml-1 was expressed in 0.1 per cent peptone. 

Enzyme Activity in the Absence of Substrate

At Intracellular Level

Exo-(-1, 4 Glucanase Activity (C1 – Cellulase)


In the absence of the substrate the fungus A. niger recorded a significantly highest intracellular exoglucanase activity on 9th day of incubation in 0.3 per cent in peptone (2.7313 U mg-1) and the minimum activity was registered as (0.5913 U mg-1) in 0.1 per cent urea. 

Endo (-1, 4 Glucanase Activity


The intracellular endoglucanase activity showed by A. niger was very much pronounced on the 9th day of incubation in 0.3 per cent ammonium sulphate (2.7310 U mg-1). The minimum was registered in 0.1 per cent ammonium sulphate (0.6000 mg-1) in the absence of cassava as substrate.

(-Glucosidase (Filter Paper) Activity


Intracellular (‑glycosidase enzyme activity of A. niger in the absence of substrate was significantly highest (2.2527 U mg-1) in 0.3 per cent urea on the 9th day of incubation and the least in 0.1 per cent urea (0.7330 U mg-1) on the 9th day of incubation.

At Extracellular Level

Exo-(‑1, 4 Glucanase Activity (C1 – Cellulase)


Extracellular exoglucanase enzyme activity of A. niger was very much pronounced (2.0237 U ml-1) in 0.3 per cent of ammonium sulphate and the least activity of 0.2850 U ml-1 in 0.1 per cent peptone was registered in the absence of the substrate on the 9th day of incubation.

Endo (-1, 4 Glucanase Activity


A significantly highest extracellular endoglucanase activity of A. niger was expressed maximally as (2.6247 U ml-1) in 0.3 per cent peptone. The minimum endoglucanase extracellular activity was expressed in 0.1 per cent urea (0.8903 U ml-1) in the absence of substrate on the 9th day of incubation. 

(-Glucosidase (Filter Paper) Activity


Extracellular (-glucosidase was much pronounced in 0.3 per cent ammonium sulphate (1.8113 U ml-1) and showed the least enzyme activity of 0.6833 Uml-1  in 0.1 per cent peptone in the absence of substrate on the 9th day of incubation.

CONCLUSION


The incorporation of cheap sources such as cassava waste into the media for the production of lignocellulolytic enzymes could help to decrease the production costs of enzymatic complexes that can hydrolyse lignocelluloses residues for the formation for economical productions of bioethanal.


Thus, it can be deduced from the present investigation that the cellulolytic fungi strains Aspergillus niger can be exploited as a candidate for production of cellulose enzyme complex which can be utilized for industrial applications. 
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