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Xylanase production by wild-type Aspergillus niger ANL301, newly isolated from wood-waste, was
monitored at 24 h intervals for a period 168 h in media containing different carbon sources. The carbon
sources were oat-spelt xylan (Fluka) and three agro-wastes (sawdust, sugarcane pulp and wheat bran).
Highest xylanase activity of 6.47 units/mL was obtained at 96 h in media containing wheat bran as sole
carbon source. Maximum activity value for the media containing sugarcane pulp was 0.95 units/mL
obtained also at 96 h. Sawdust and oat spelt xylan gave the peak enzyme activities of 0.65 and 0.80
units/mL respectively at 120 h. High protein yield was obtained in media containing the agro-wastes,
with wheat bran giving the highest value of 1.14 mg/mL at 96 h. The maximum specific xylanase
activities were 3.86, 3.37, 5.69, and 9.36 units/ mg protein for sawdust, sugarcane pulp, wheat bran and
oat spelt xylan, respectively. Out of the three agro-wastes used in this study, wheat bran holds greatest

promise for low cost production of the xylanase enzyme.
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INTRODUCTION

Large quantities of lignocellulosic wastes are generated
through forestry, agricultural practices and industrial
processes, particularly from agro-allied industries such as
breweries, paper-pulp, textile and timber industries.
These wastes generally accumulate in the environment
thereby causing pollution problem (Abu et al., 2000).
Most of the wastes are disposed by burning, a practice
considered as major factor in global warming (Levine,
1996). However, the plant biomass regarded as “wastes”
are biodegradable and can be converted into valuable
products such as biofuels, chemicals, cheap energy
sources for fermentation, improved animal feeds and
human nutrients (Howard et al., 2003).

Lignocelluloses are mainly secondary plant cell-wall
materials which consist of lignin, cellulose and hemicellu-
loses (Grant and Long, 1981). D-xylan is the major hemi-
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cellulose found in woods and accounts for 20 - 35% of
the total dry weight of hardwood and perennial plants
(Haltrich et al., 1996). The basic structure of xylan is a B-
D-(1, 4)-linked xylopyranosyl residue with a few branch
points (Kulkarni et al., 1999). The major backbone carries
relatively short side chains of variable lengths. Due to the
abundance and the structural heterogeneity of xylans,
xylan-degrading enzymes are diverse (Lee et al., 2003).
Typical xylan-degrading enzymes are endo-B-xylanases
(EC 3. 2. 1. 8) which attack the main chain of xylans, and
B-xylosidases (EC 3. 2. 1. 37) which hydrolyze xylooligo-
saccharides into D-xylose. These two enzymes, also
required for complete hydrolysis of native cellulose and
biomass conversion, are produced by many bacteria and
fungi. Potential applications of xylanase in biotechnology
include bio-pulping of wood (Eriksson, 1985; Eriksson
and Kirk, 1985), pulp bleaching (Jurasek and Paice,
1988; Kantelinen et al., 1988.), treating animal feed to
increase digestibility (Wong et al., 1988), processing food
to increase clarification (Biely, 1985), and converting lig-
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nocellulosic substances into feed stocks and fuels
(Eriksson, 1985; Jeffries, 1985; Kim et al., 2000).

Filamentous fungi are attracting greater attention than
bacteria as potential sources of plant cell wall hydrolyzing
enzymes such as xylanases because they secrete high
levels of the enzymes into the culture medium (Berry and
Paterson, 1990). In our search for microorganisms capa-
ble of efficiently degrading lignocelluloses, some cellulo-
lytic microfungi including a wild strain of Aspergillus niger
(ANL301) were isolated from decomposing wood-wastes
in Lagos, Nigeria (Nwodo-Chinedu et al., 2005). This
microfungus grows effectively in mineral salt medium
supplemented with sawdust or sugarcane as sole carbon
sources (Nwodo-Chinedu et al., 2007). The present study
was designed to investigate the potential use of some
agro-wastes as carbon sources for xylanase production
by the strain of A. niger ANL301. The aim is to evaluate
the capacity of the agro-wastes to serve as low-cost
substrates for xylanase production by the wild strain of A.
niger (ANL301) via submerged fermentation.

MATERIALS AND METHODS
Chemicals

All chemicals and reagents were of analytical grade. Potato Dext-
rose agar and crystalline cellulose were obtained from Merck,
Germany. Oat spelt xylan was from Fluka, Bioichemika, Germany.
All other chemicals and reagents were obtained from Sigma
Chemicals Company Limited, England.

Cellulosic materials

Sawdust of Abora wood (Mitragyna ciliata) was collected from
Okobaba Saw-mills, Ebute-Metta, Lagos, Nigeria. Mature Sugar-
cane (Saccharum offinarum) and dry maize (Zea mays) were
purchased from Oshodi market in Lagos, Nigeria. Fibrous pulp of
the sugarcane was obtained by crushing and washing the pulp
repeatedly in water to remove all residual sugars. Wheat bran was
obtained at Mushin market in Lagos, Nigeria. The samples were
dried in the oven at 80°C for 2 h, ground with Marlex Exceller
Grinder (Mumbai, India) and passed through a sieve (about 0.5 mm
pore size) to obtain the respective fine powder used for the study.

Organism and growth studies

Isolate of A. niger ANL301 (Nwodo-Chinedu et al., 2005) maintain-
ed at 4°C on Potato Dextrose Agar (PDA) slants was sub-cultured
on fresh sterile PDA plates and incubated for 72 — 120 h.

Media preparations and enzyme production

The media contained (per liter of distilled water): NaNOs, 3.0 g; KCI,
0.5 g; KH2PO4, 1.0 g; MnSO4.7H.04, 0.5 g; FeS0..7H.0, 0.01 g;
and a carbon source (Sawdust, Sugarcane pulps, Wheat bran and
Oat spelt xylan), 10.0 g. One liter (1 L) of the media was supple-
mented with 1.0 mL of trace solution containing (per liter of distilled
water) ZnSQq, 1.0 g and CuS04.5H20, 0.5 g. The pH of each media
was adjusted to 5.6. Then, 100 mL of the respective liquid medium
was placed in 250 mL Erlenmeyer flask and sterilize by autoclaving
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at 121°C for 15 min. This was cooled and inoculated with 10 discs
of 5.0 mm diameter of the organism from PDA culture plates using
a sterile cork borer. Cultures were harvested in triplicates at 24 h
intervals by centrifugation at 1000 X g over a period of 168 h. The
supernatants were the crude extracellular enzyme source.

Protein assay

Protein contents of the culture supernatants were assayed by the
folin ciocalteau method of Lowry et al. (1951) using Bovine Serum
Albumin (BSA) as standard.

Xylanase assay

A modification of the reducing sugar method described by Khan
(1980) was used for the assay of xylanase (EC 3. 2. 1. 8) activity.
Oat spelt xylan (Fluka) was used as enzyme substrate. The
reaction mixture contained 0.5 mL of 0.1% (w/v) substrate in 0.1 M
sodium acetate buffer (pH 5.0) and 0.1 mL of cell-free culture
supernatant. The mixture was incubated at 40°C in water bath with
shaking for 30 min. The reducing sugar released was measured
using 3,5-dinitrosalicylic acid (Miller, 1952) and xylose as standard.
The colour was developed by boiling in water bath for 5 min.
Absorbance was read at 540 nm using spectrophotometer
(Spectronic Genesys TMS, USA). The released reducing sugar was
expressed in units mL™. One unit of activity was defined as amount
of enzyme required to liberate 1 pmol of xylose per minute under
the assay conditions. The xylanase activities of A. niger ANL 301
cultivated on agro-wastes (sawdust, sugar pulp, and wheat bran)
and oat spelt xylan was monitored at 24-h intervals for a period of
168 h under submerged fermentation condition.

RESULTS

Figure 1 shows the xylanase activity of the culture
supernatant of A. niger ANL301 from the different media.
Xylanase activities of the culture supernatants from the
different media increased as incubation progressed to a
peak value after which they declined. A very high xyla-
nase activity peak of 6.47 units/mL was obtained at 96 h
for the culture supernatant from media containing wheat
bran. This is about 7 times the maximum activity obtained
with any of the other carbon sources. The media contain-
ing sugarcane pulp gave a peak xylanase activity value of
0.95 units/mL at 96 h. Media containing sawdust and oat
spelt xylan showed two activity peaks, the major peak at
120 h and a minor peak at 72 h, and a depressed activity
in-between them at 96 h. The maximum xylanase activi-
ties in media containing sawdust and xylan were 0.68
and 0.80 units/ mL, respectively.

The protein released by A. niger ANL 301 in the media
containing the respective carbon sources is shown in
Figure 2. Cultures containing the agro-wastes gave
higher protein levels compared to that containing oat
spelt xylan. The highest value was obtained with wheat
bran cultures which gave a maximum protein concen-
tration of 1.14 mg/mL at 96 h. Protein peaks of 0.68 and
0.50 mg/ mL were obtained respectively from cultures
containing sawdust and sugarcane pulp at 144 h. The
least protein peak value of 0.38 mg/ mL was obtained
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Figure 1. Xylanase activity of Aspergillus niger ANL301 cultured at 30°C
in modified Czapek-Dox broth containing sawdust (-¢- ), sugarcane pulp (
-m-), wheat bran (- A-) and oat spelt xylan ( -e-) as sole carbon sources. (1
Unit of xylanase activity = 1 umol xylose min ')
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Figure 2: Protein content of culture supernatant of Aspergillus niger
ANL301 incubated at 30°C in modified Czapek-Dox broth containing
sawdust (-#- ), sugarcane pulp ( -m-), wheat bran (-A-) and oat spelt
xylan ( -e-) as sole carbon sources.

from cultures containing xylan at 120 h.

containing oat spelt xylan. Maximum specific activities of

Figure 3 shows the specific xylanase activities of A. 3.86 and 3.37 units/mg protein were obtained at 72 h for
niger ANL301 cultured in the different carbon sources. cultures containing sawdust and sugarcane pulp respec-
The highest specific xylanase activity value of 9.36 tively. The maximum specific activity from the culture
units/mg protein was obtained at 48 h from the culture containing wheat bran was 5.69 Units/ mg Protein. This
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Figure 3. Specific xylanase activity of Aspergillus niger ANL301
cultured at 30°C in modified Czapek-Dox broth containing
sawdust (-#- ), sugarcane pulp ( -m-), wheat bran (- A-) and oat
spelt xylan ( -e-) as sole carbon sources. (1 Unit of xylanase
activity = 1 umol Xylose min ™)

Okafor et al.

1713

was obtained at 96 h of incubation.

DISCUSSION

The results show that A. niger ANL 301 produces
xylanase enzyme (EC 3. 2. 1. 8) when cultured in media
containing the different agro-wastes (sawdust, sugarcane
pulp and wheat bran) as sole carbon sources. Extra-
cellular proteins with significant xylanase activity were
obtained from the cultures of all the different carbon
sources (Figures 1 and 2). Most members of the A. niger
group are notable producers of extracellular enzymes
including important plant cell-wall hydrolyzing enzymes
such as xylanases (de Vries and Visser, 2001). The
protein levels and xylanase activities of the crude enzyme
preparations from the different carbon sources however
differed significantly. The highest level of xylanase acti-
vity was obtained with wheat bran. The level of protein
secreted by the organism in media containing wheat bran
was also the highest compared to the media containing
any of the other carbon sources (Figure 2). The lowest
protein level was found in media containing xylan. This is
the basis for the high specific xylanase activity obtained
in xylan containing media (Figure 3). The organism gave
the highest specific xylanase activity value in xylan-
containing media. In spite of the high protein level of the
media containing wheat bran, the maximum specific
xylanase activity obtained with the substrate was very
close to that obtained with pure xylan. The period of

optimum xylanase activity also varied with the different
carbon sources. The time was shorter for wheat bran and
sugarcane pulp (96 h) than for oat spelt xylan and
sawdust (120 h). This shows that of the three agro-
wastes, wheat bran is the best prospective carbon source
for the production of the enzyme.

High cost of production of plant cell-wall hydrolyzing
enzymes is a limiting factor in their commercial produc-
tion and industrial applications (Spano et al., 1978). One
area currently considered as cost-reduction strategy is
the use of waste plant materials as carbon sources for
the production of the enzymes. In a recent research
carried out by Villas-Boas and his colleagues (2002),
xylanase production by Candida utilis using apple
pomace was found to be comparatively low. In another
study, xylanase was produced from Pleurotus sp. using
banana (agricultural) wastes (Reddy et al., 2003). In a
similar research carried out with different agro-wastes
(orange pomace, orange-peel, lemon pomace, lemon
peel, apple pomace, pear peel, banana peel, melon peel
and hazelnut shell), melon peel followed by apple
pomace and hazelnut shell gave the best xylanase
activity (Seyis and Aksoz, 2005). Some other fungal
species had also shown promising results in terms of
xylanase yield with different agro-wastes (Atev et al,
1987; Kadowaki and Souza, 1997).

Our data has shown that the wild-type A. niger ANL301
can produce extracellular proteins with significant xyla-
nase activity when cultivated in media containing different
agro-wastes as sole carbon sources. It also reveals that
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wheat bran, compared to the other agro-waste materials
studied, is a very promising substrate for xylanase pro-
duction. The use of agro-wastes in the production of such
enzymes as xylanases will ultimately bring down their
production cost and at the same time reduce environ-
mental pollution due to the wastes.
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