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Abstract:Banana a major cash crop of Maharashtra is cultivated over 46900 hectares generating large amount of
agro waste after the harvest. Attempts were made to utilize these agro wastes for production of cellulases. Of the 127
fungi isolated from the soil of banana field, 12 fungi were found to utilize cellulose as source of carbon. Trichoderma
lignorum showed appreciable cellulolytic activity. It produced C

1
, C

x
 and β   glucosidase in Carboxymethyl Cellulose

Peptone medium as well as on agro waste based medium containing leaves, stem and rhizome powders. T. lignorum

(0.45U/ml) produced maximum enzymes on leaf based medium

Keywords: Banana plant waste - Trichoderma lignorum - Cellulases.

Introduction

Celluloses, Hemicelluloses, Pectin, starch etc.

form bulk of agricultural wastes. Hydrolysis of these

substrates yields fermentable sugars that can be

processed further as chemical feedstock or fuel.

Conversion of these wastes to compost had been

reported by many workers (Subbarao, 1982; Catton,

1983). The recent stress on renewable energy resources

demands a proper utilization of these waste generation

understanding of role of microbial enzymes in

biodeterioration. A number of fungi such as species of

Trichoderma reesei (Reese et al., 1950), Chaetomium

cellulolyticum (Chahal and Hawksworth, 1976),

Aspergillus versicolor (Deshpande and Gurucharanam,

1985), Penicillium sp., Myrothecium sp. (Reddy et al.,

1998) etc. have been reported to possess cellulolytic

activity.  The search for new cellulolytic organisms still

continues.

Banana is major cash crop of this region. In

Maharashtra, it occupies an area of 46900 hectare with

an average production of 53.95 ton /hectare

(Anonymous, 2000). After the harvest of the fruits the

whole plant- leaves, stem and rhizome is left in the field

for natural degradation, which takes months together.

However, these wastes can be utilized for

cellulase production.  In the present paper, the suitability

of these wastes for use as carbon source in the medium

has been defined. Utilizing the agro waste available in

the region and isolating the soil fungi for the synthesis

of cellulolytic enzymes had been attempted.

Material and Methods:

Organism: The organisms used in the study were

isolated from soil (Black Cotton) of the fields at Nanded,

Maharashtra. Soil samples were collected from the fields

where Banana was cultivated as ratoon crop for

continuously seven years. Fungi were isolated and

enumerated by serial dilution method after growth on

the Carboxymethyl Cellulose (CMC) Peptone and

Banana waste base medium. The fungal isolates were

identified comparing the characteristic with already

described ones (Domsch et al., 1980).

Substrate:The initial screening and selection was made

by their ability to utilize Carboxy methyl Cellulose (CMC)

in the CMC Peptone Medium. CMC: 10 gm.   Peptone:

2.5 gm.  KH
2
PO

4
: 1 gm. MgSO

4
: 0.5 gm. Distilled water:

1000 ml.  pH:  5.5.
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Agricultural waste based medium was used

for isolation of fungi and production of cellulolytic

enzymes. CMC was replaced by dried finely powdered

(40 mesh – 120µ ) leaf waste, stem and rhizome separately.

The dried leaves, the stem and the rhizome were used as

substrate for the production of cellulases. The leaves,

stem and rhizome were washed thoroughly with water,

dried in the oven at 70°C and grinded into fine powder.

This powder was supplemented to the basal medium.

Cultural studies:The isolated fungus was grown in

Erlenmeyer flasks (250 ml) containing the liquid medium

(50 ml) and then were autoclaved at 20 lbs for 20 min.

The flasks containing medium were inoculated with 5-

mycelial disc (7 mm dia) punched out from the edges of

its 8 days old colonies in petriplates. The flasks were

incubated at 27 ± 2 °C for 10 days. The culture filtrate

was collected, centrifuged at 2000g for 30 minutes to

remove all spores.  The supernatant was filtered through

Whatman no.1.  This preparation was used as crude

cellulolytic enzyme solution during the course of study.

Cellulases activity:Assay for cellulases was done

following method of Berghem and Petterson (1973) with

slight modifications.  For C
1
 enzyme: 100 mg of filter

paper dust was suspended in 1 ml of 0.01 M Sodium

acetate buffer of pH 4.8 was incubated with 2 ml of

crude enzyme solution.   For C
x
 enzyme: 2ml of crude

enzyme solution was mixed with 4 ml of CMC and   1ml

of the 0.01 M Sodium acetate buffer of pH 4.8 and were

incubated at 27±2 °C.

Aliquots were drawn from the mixture at regular

time interval and the release of glucose due to the enzyme

activity was assayed by 3 5 Dinitro salicylic acid method

(Miller, 1959) using D glucose as standard.

Assay method for βββββ glucosidase: Activity of b

glucosidase was assayed by the method of Eberhart et

al., (1963) using p-nitro β glucoside as substrate.  The

reaction mixture consist of 50 mg of p-nitro β glucoside

in 2 ml of 0.01 M acetate buffer at 4.8 pH and 1 ml crude

enzyme preparation incubated at 27±2 °C. At regular

time intervals aliquot were drawn and added with 0.1 N

NaOH and the release of p-nitro phenol from substrate

was estimated for absorbance at 420 nm in a

spectrophotometer.

Soluble reducing sugars (equivalent to

glucose) were released from filter paper was estimated

and the cellulase activity was expressed in enzyme units.

Enzyme activity is expressed in Units (U). 1 enzyme unit

is equivalent to amount of enzyme required to release 1

ì mole of D glucose (for C
1
 and C

x
) or P nitro phenol (For

b glucosidase) per minute from respective substrate.

Results and discussion:

The fungal population in the soil from the

banana field is shown in the Table 1. Soil samples from

the field yielded   Aspergillus niger, A. flavus, Curvularia

lunata, Alternaria tenuis, Fusarium roseum and

Trichoderma lignorum   on petriplates. The fungal

cultures isolated from the soil were identified by

comparing the characteristic from already reported ones.

Trichoderma lignorum was dominant fungus colony

with 28% appearing on plates.  So it was preferred for

the study of enzyme secreted by T. lignorum. The

dominance on the medium indicates the relative

secretion of cellulases by the fungi. This indicates the

suitability of substrate for the secretion of cellulases.

The utilization of glucose from the substrate as sole

carbon source can be correlated with the ability of

cellulases secretion. (Reese, 1956)

T. lignorum in liquid cultures produced cellulases with

CMC as well as banana biomass as carbon source. It

can be concluded that production of cellulases complex

can be achieved using banana biomass as source of

carbon designing a cheap medium containing simple

constituent. However, it is clear from the Table 2 banana

powders of leaf, stem and rhizome were effectively

utilized as carbon source with slight difference in the

production of cellulases. T. lignorum showed highest

activity on dried leaf powder closely followed by stem

powder whereas it was least with that of rhizome powder.

However the cellulases secretion on the leaves was

slightly more than on CMC medium. In natural habitat
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availability of a single substrate as carbon source is not

guaranteed.  Thus cellulose and other polysaccharides

in any selected habitat would be contaminated with

other carbohydrates, minerals, growth factors etc.

Enzyme production under these conditions would

certainly be better whenever additional nutrient are

available. This can be attributed to the presence of

mineral and other nutrients present in the leaves followed

by stem and rhizome. The source of carbon used in

growth medium of cellulolytic fungi has two effects. It

stimulate the growth and enzyme production or only

growth is favored with reduction of enzyme activity

(Reese and Mandel, 1960)

Thus a plant biomass in a simplified medium

supplemented with simple salts proved to cost effective

substrate for cellulase production as well as cellulolytic

hydrolysis.  This may be of practical importance in large-

scale enzymatic hydrolysis of lignocellulosic plant waste

during bio-ethanol production.
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Table - 1: Quantitative distribution of Cellulolytic Fungi in the soil from Banana fields.

     CMC medium Banana leaf medium
Fungi Nos of  Colonies/gm %appearance Nos of Colonies/gm %appearance

X 1000 X 1000

Aspergillus niger 15 12.39 28 15.68

A. flavus 11 09.08 15 08.4

A. fumigatus 07 05.78 07 03.92

Alternaria tenuis 06 04.95 11 06.16

A. humicola 07 05.78 11 06.16

Chaetomium sp. 05 04.13 03 01.68

Cladosporium herbarum 06 04.95 13 07.28

Curvularia lunata 07 05.78 11 06.16

Fusarium roseum 04 02.47 09 05.04

Penicillium citrinum 05 04.13 11 06.16

Trichoderma lignorum 35 28.92 39 21.84

Non-sporulating form 13 10.74 24 13.94

Table - 2: Production of Cellulases by Trichoderma lignorum on CMC and Banana waste based medium.

Time Cellulase activity (U/ml)
(Days) Banana Leaf Medium Banana Stem Medium Banana Rhizome Medium CMC medium

C1 Cx β C1 Cx β C1 Cx β C 1 C x β
        Glucosidase         Glucosidase         Glucosidase                          Glucosidase

3 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00

4 0.02 0.10 0.03 0.03 0.07 0.01 0.01 0.04 0.00 0.03 0.08 0.02

5 0.05 0.19 0.07 0.04 0.14 0.06 0.03 0.09 0.01 0.05 0.18 0.07

6 0.09 0.26 0.12 0.08 0.20 0.10 0.06 0.14 0.05 0.09 0.23 0.11

7 0.14 0.31 0.13 0.11 0.27 0.12 0.08 0.19 0.08 0.12 0.29 0.13

8 0.15 0.39 0.14 0.13 0.33 0.11 0.10 0.25 0.10 0.14 0.36 0.13

9 0.15 0.45 0.13 0.12 0.39 0.10 0.10 0.29 0.09 0.14 0.42 0.12

10 0.13 0.42 0.12 0.11 0.38 0.10 0.08 0.28 0.10 0.12 0.41 0.11

175Cellulases production using banana agro wastes
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