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ABSTRACT

Xylanase enzyme production has been reported in several microorganisms including bacteria, fungi and actinomycetes. Filamentous fungi are
unique for extracellular enzyme production and ease of cultivation. Fungal isolates were obtained from decomposing saw dust and screened for
their abilities for producing xylanase enzyme by using Remazole Brilliant Blue R-D-xylan dye diffusion method. Aspergillus niger, Aspergillus
terreus, Chrysosporium sp., Fusarium moniliforme and Penicillium sp. showed positive results. These fungal strains were employed further for
production of xylanase enzyme. Submerged fermentation was carried out under varying pH of culture media and  different agro-industrial
substrates as carbon source. Aspergillus niger and Aspergillus terreus showed maximum xylanase enzyme production at pH5 (204.686 U/mL and
320.985 U/mL respectively). Aspergillus terreus produced maximum xylanase (2095.71 U/mL) when sugarcane bagasse was used as a sole carbon

source in the culture medium.
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INTRODUCTION

Xylan the major component of hemicellulose present in plants
accounts for 20- 35% of the total tropical plant biomass [5, 8]. Xylans
consists of backbone of f-D-1, 4-linked xylopyranoside units
substituted with acetyl, glucuronosyl, and arabinosyl side chains [11].
The breakdown of xylans to xylose and xylo-oligosaccharides is
facilitated by xylanases. Xylanase (E.C 3.2.1.8) are a group of five
enzymes that degrades f-1, 4 xylan by cleaving f-1,4glycosidic
linkages randomly to form the products [24]. Due to their industrial
and biotechnological applications xylanases have gained widespread
importance [21]. They are used in the manufacturing of bread, food
and drinks, clarification of juices, improving the nutritional properties
of agricultural silage and grain feed, textile industries, paper pulp and
bio-bleaching industries, pharmaceutical and chemical applications
[12, 18]. Several microorganisms such as bacteria, fungi and
actinomycetes have been reported to be the sources for xylanase
enzyme [8]. Filamentous fungi are unique and more preferred due to
their capabilities for extracellular enzyme production and higher
enzyme level than those of yeast and bacteria [22, 23]. White rot
basidiomycetes like Phanerochaete chrysosporium and Coriolus
versicolor also produce xylanolytic enzymes [1]. Species of
Trichoderma, Aspergillus, Penicillium etc. have been utilized for the
production of commercial xylanases [12, 2]. Industrial applications
require large scale enzyme production and hence involve high cost.
Therefore, the use of agro-industrial residues as low- cost substrates
for enzyme production by fungal strains can be a significant way for
reducing the production cost[15].

The present study was carried out to screen highly potent xylanase
enzyme producers at their optimum pH and using cheap
lignocellulosic substrates.

MATERIALSAND METHODS:

1. Isolation of fungi:

Fungi were isolated from decomposing saw dust using a tenfold serial
dilution-plating technique on potato dextrose agar (PDA) plates. The
plates were incubated at 28° + 2 ° C. The pure cultures were then
transferred to PDA slants and maintained at 4°C and sub-cultured till
further use.

2. Identification of Fungi

The isolated fungi were identified by observing their macroscopic
characters such as  colour, appearance and diameter of colonies and
microscopic characteristics [4] and the results were confirmed from
Agharkar Research Institute, Pune, Maharashtra, India.

3. Qualitative screening for xylanolytic activity:

The fungal isolates were screened for their abilities to produce
extracellular xylanase enzyme using Remazole Brilliant Blue R-D-
xylan dye diffusion method with slight modifications [17]. 10 ml of
xylanolysis basal medium supplemented with 1.6% w/v agar were
autoclaved in test tubes and allowed to solidify. To these tubes, 0.2 ml

of separately autoclaved and slightly cooled basal medium that was
supplemented with 0.5 % RBB-xylan was added as an overlay and then
allowed to solidify. These tubes were then inoculated with the fungal
isolates and incubated at 27° C and examined daily for 15 days for the
migration of the dye.. The uninoculated tube was retained as Control.

4. Preparation of fungal inoculums for submerged
fermentation:

The fungal isolates showing comparatively more migration of the
RBB-xylan agar dye were selected for further studies. Four mycelial
plugs (8mm diameter) were made on 7 day old culture PDA plate and
the mycelial mats on the plugs were carefully scraped so as to remove
agar and aseptically added to the flasks containing 10ml of Sabouraud's
dextrose under aseptic conditions. The flasks were incubated at 28°+
2°C on an orbital shaker at 150 rpm for 48 hrs. to obtain large quantity
ofactive mycelia.

5. Preparation of substrate:

The agro- industrial substrates like sugarcane bagasse, mixed sawdust
and coconut fruits were procured from the local market, Thane. These
lignocellulosic substrates were cut into pieces and repeatedly washed
with distilled water, sundried and grinded into powder. The powders
were then sieved, autoclaved and stored in a sterile airtight container
till further use.

6. Submerged Fermentation

Mandel and Weber's medium [13] was used for the production of
enzyme by submerged fermentation which was modified by adding
Tween 80 0.1% v/v and beech wood xylan 1% as carbon source.

25 ml of the media was dispensed into 250 ml of Erlenmeyer flask and
sterilized at 121°C for 15mins. The flasks were then inoculated with
Sml of fungal inoculums and then incubated for 6 days at 28°C on
rotary shaker at 150 rpm. The contents of each flask were filtered
through Whatman's filter paper no.1. The filtrate was centrifuged at
5000 rpm for 20 minutes and the supernatant was used as crude
enzyme extract. The experiments were performed in triplicates.

7. Measurement of Xylanase activity:

Xylanase activity was determined by measuring the release of
reducing sugars from xylan with the DNSA method [14].The reaction
mixture tube containing 0.5ml of 1 % beech wood xylan in 0.5M
sodium citrate buffer pH 4.8 and 0.5 ml crude enzyme extract was
incubated at 50° C for 30 minutes [3]. The reaction was stopped by
addition of 3ml of DNSA and then kept in boiling water bath for 5 mins
and then cooled [14]. The colour developed was read at 540 nm on
spectrophotometer. Xylanase activity was expressed as the amount of
enzyme that releases 1xmol of reducing sugar (xylose equivalent) per
minute per milliliter under the assay conditions.
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8. Optimization of culture conditions for xylanolytic enzymatic
activity

a. EffectofpH

The culture flasks containing 50 ml of the culture medium were
inoculated with the active mycelia. The range of pH of the culture
medium used for xylanase enzyme production was 4,5,6,7 and 8.

b. Effect of carbon sources (agro-industrial wastes) on enzyme
production:

Submerged fermentation of the selected fungal strains was carried out
by using various lignocellulosic substrates like sugarcane bagasse,
fibrous mesocarp of coconut and saw dust as carbon sources. 1% w/v of
carbon sources were then added to the fermentation media replacing
xylan.

RESULTSAND DISCUSSION

1. Isolation and identification of fungi:

Seven different fungal species were isolated and identified as
Aspergillus niger, Aspergillus terreus, Chrysosporium sp., Fusarium
moniliforme., Paecilomyces sp. Paecilomyces variotii and
Penicillium sp.

2. Qualitative screening:

The screening of the fungal isolates for their xylanase producing
capabilities was studied by Xylan- agar dye diffusion method [17]. The
diffusion of the dye to the lower clear zone indicated the xylanolytic
activity of the fungi was observed in the tubes inoculated with the
fungal isolates with varying degrees (Fig.1). Aspergillus niger and A.
terreus showed high degree of migration of dye; Chrysosporium sp.,
Fusarium moniliforme and Penicillium sp., showed moderate
migration whereas Paecilomyces sp., Paecilomyces variotii showed
very less migration of the dye.

3. Xylanase enzyme production:

The comparative study for xylanase production by submerged
fermentation was carried out using Aspergillus niger, A. terreus,
Chrysosporium sp., Fusarium moniliforme and Penicillium sp.

a. EffectofpH

The pH of the culture medium greatly influences the growth of the
microorganisms as well as its enzyme production. Xylanase enzyme
production by fungal isolates at different pH range (4-8) was studied.
The highest activity was reported by Aspergillus terreus at initial pH
5.0 (320.985U/mL), followed by 4. niger (204.686 U/mL) at pH 6.0.
Optimum pH for Chrysosporium sp. and Penicillium sps. was found
to be 4 and for Fusarium moniliforme , it was pH 6 (166.889 U/mL)
(Table 1). The endoxylanases show high activity between pH 4.0 and
pH 6.5, but optimal conditions have been found outside these ranges
also [18]. Various studies have reported acidic pH (5-6.5) as most
appropriate for maximum production of enzyme from fungi [7]. Knob
etal.[10] has reported Penicillium glabrum highly potent in the range
of4.5t06.5.

b. Effectof carbon sources

As shown in the Table 2, sugarcane bagasse as a carbon source was
found to be the best inducer for xylanase production. Aspergillus
terreus produced maximum xylanase (2095.71 IU/mL) which was
almost double than that of Penicillium sp. (1062.393 TU/mL). Various
lignocellulosic materials like wheat bran, corn cobs, paddy straw,
cocoa husk etc. have been reported to be efficient sources for
production of xylanase. Wheat bran has been reported as a promising
carbon source [9, 16]. Studies on xylanase production by few
Aspergillus species have been carried out [20]. Xylanase production in
shake flasks was carried out by using the mineral salt medium
supplemented with 1% w/v birch wood xylan. Aspergillus niger MS80
and A. flavus MS 172 showed highest and similar xylanase activity
(1.243IU/mL) and the least was observed in Aspergillus terreus MS
105(0.317 IU/ml).This difference in xylanase production may be due to
the variable nature and degradation of the hemicellulosic material [19].
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Fig.1 : Remazole Brilliant Blue-dye degradationby fungal isolates
from decomposing saw dust

SD1: Aspergillus niger; SD6:Aspergillus terreus;
SD2 & SD3: Paecilomyces variotii; SD7: Paecilomyces sp.,
SD4: Penicillium sp.; SD8: Chrysosporium sp.,
SDS5: Aspergillus niger; SD9: Fusarium moniliforme

Table 1 : Xylanase enzyme activities (U/mL) of selected fungal
isolates at varying pH of the culture medium

Sr. No.|Fungi 4 5 6 7 8

1 Aspergillus 151.189|204.68** (172.122(102.92(120.36
niger

2 Aspergillus 290.748|320.98*%%|279.118|265.16{190.14
terreus

3 Chrysosporium |179.682(148.863  [125.021{100.59|77.920
sp.

4 Fusarium 131.418|154.678 [166.889(120.36|88.968
moniliforme

5 Penicillium sp. 165.709 195.946 102.924]123.27/93.620

Table 2: Effect of lignocellulosic substrates in the culture
medium on Xylanase enzyme activities (U/mL) of selected
fungal isolates

Sr. |Fungi Sugarcane |Saw dust  |Coconut coi
No. bagasse

2 |Aspergillus niger 1650.27 479.152 1109.494

3 |Aspergillus terreus 2095.71** |648.94%*  [1395.59**
4 |Chrysosporium sp. 1393.846  |446.589 826.887

6 |Fusarium moniliforme [1294.410  |441.355 675.698

7 |Penicillium sp 1062.393  |294.815 523.346
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