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Abstract

Objective: There has been much concern and immense importance on xylanase due to its potential industrial
applications in the manufacturing of pulp and paper, baking, food and beverages, textile and animal feeds
production. There are continuously endeavors to turn xylanase into a profitable market with lower production costs
using optimum fermentation medium and growth conditions. Thus, the main objectives of this study were to
determine the optimum medium formulation and growth conditions for the production of xylanase by Aspergillus
brasiliensis ATCC 16404 and to elucidate the correlation of xylanase synthesis with biomass, pH and protein
concentration in submerged fermentation (SmF).

Methods: The effect of various carbon sources: sucrose, glucose, maltose, galactose, glycerol, lactose and
ethanol and nitrogen sources: yeast extract, urea, peptone, ammonium sulphate, ammonium nitrate, ammonium
chloride and sodium nitrate on xylanase activity were examined to obtain the optimum medium formulation for
xylanase activity by A. brasiliensis. In addition, growth temperatures of 28 to 36oC and initial pH medium of 3 to 11
were also examined to elucidate the optimum growth conditions for the production of xylanase.

Results: The highest xylanase activity of 39.567 U/mL at 72 h was obtained using sucrose and yeast extract as
the optimised carbon and nitrogen sources. Our results also showed that 30°C and pH 6.5 were the optimum growth
condition of A. brasiliensis for xylanase synthesis. 38.528 U/mL of xylanase activity was observed at 72 h when the
initial pH medium was adjusted to 5.0. Nevertheless, when the initial pH medium was increased to 6.5, the xylanase
synthesis increased almost 3% at 72 h.

Conclusion: Hence, in our study, the optimum medium formulation and growth conditions for the production of
xylanase by A. brasiliensis in SmF was achieved by growing the fungi in medium containing sucrose and yeast
extract with the initial medium pH 6.5 at 30°C.

Keywords: Submerged fermentation (SmF); Aspergillus brasiliensis;
Xylanase; xylan

Introduction
In recent years, considerable attention has been paid to the use of

microorganisms in industrial fermentation processes, especially
enzyme production. Usage of xylanase in industry has increased
significantly over the years [1]. Several reports were studied on
microorganisms producing xylanase in nature and these include yeast,
bacteria and fungi [2]. Filamentous fungi, such as Aspergillus [3],
Penicillium and Trichoderma [4,5] have been most extensively
studied. They have established a great capability of producing a wide
range of xylanase where Aspergillus spp remains the fungi of choice
for production of xylanase [6]. Filamentous fungi are industrially
important producers of xylanase due to the fact that they secrete
xylanase into the medium, thus cell disruption is not required.
Moreover, xylanase production yield from fungi culture is apparently
higher as compared to that of yeast and bacteria cultures.
Furthermore, the production of microbial xylanase is also preferred
over plant and animal sources because of their availability, structural
stability and genetic manipulation [7].

Xylanase (Endo-1,4-β-xylanase) as the major enzyme involved in
the degradation of the hemicelluloses backbone of xylose has been
isolated extensively from various microorganisms. Xylanases are
known to be inducible enzymes [8]. They are genetically single chain
glycoproteins, ranging from 6 to 80 kDa, and active between pH
4.5-6.5 [9]. Xylanases are recognized due to their potential roles in
biotechnology field such as pulp and paper industry and daily
application of bread making. Application of xylanase in the pulp and
paper industry has increased significantly during the past few years
[10]. Xylanase is used in the pre-bleaching process to phase out and
replace toxic chlorine-based chemicals that are commonly used during
the serial processing of bleaching in pulp and paper industry. As a
result, this eco-friendly technology involving enzymatic pre-bleaching
process of xylanase is able to produce better pulp quality gain of
brightness and to minimise the costs of chlorine-based chemicals by
reducing the usage of chlorine in the bleaching process. Thus, xylanase
plays an effective role in pulp and paper industry due to its simplicity
and economical properties.

Due to the potential applications of xylanase in the industries and
environment, it is essential to minimize the cost of production by
optimising medium formulation and growth conditions of
microorganism in submerged fermentation (SmF). SmF is the
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preferable culture method of microorganisms in liquefied medium.
This fermentation is able to produce higher enzymes yield and
productivity which it involved lower cost of maintenance and lesser
risk of contamination compared to solid state fermentation (SsF).
Several studies have been reported on xylanase production involving
yeast, bacteria and fungi [2]. Nonetheless, filamentous fungi, especially
Aspergillus spp [3] produced higher xylanase activity compared to
those of bacterial strains of Bacillus spp [11] and Trichoderma spp
[4,5]. As a result, Aspergillus spp have been greatly established with
the capability for the synthesis of xylanase. Aspergillus spp is
considered as one of the mesophilic microorganisms which require the
growth temperatures between 25 to 35oC. Aspergillus spp are also
produced xylanase at the initial pH medium lower than 7.0.

Even though, Aspergillus spp is preferable microorganism for
xylanase production but the study on this enzyme production by
Aspergillus brasiliensis was not comprehensive. Therefore in this
study, the elucidation of xylanase activity was carried out in “SmF”
using A. brasiliensis. In order to obtain the optimum production of
xylanase by A. brasiliensis, this study attempts to elucidate the
medium formulation using various carbon sources (sucrose, glucose,
maltose, galactose, glycerol, lactose and ethanol) and nitrogen sources
(yeast extract, urea, peptone, ammonium sulphate, ammonium nitrate,
ammonium chloride and sodium nitrate) at the growth temperatures
of 28 to 36oC with the adjusted initial pH medium of 3 to 11 using
SmF in shake flasks culture. Hence, the objectives of the study are to
determine the optimum carbon and nitrogen sources for the
establishment of medium formulation followed by determination of
the optimum initial pH medium and growth temperature in order to
maximize the production of xylanase by A. brasiliensis.

Materials and Methods

Microorganism and inoculum preparation
Aspergillus brasiliensis ATCC 16404 was maintained on Potato

Dextrose Agar (PDA) with pH 6.5 at 4oC. The inoculums of A.
brasiliensis was obtained from PDA (pH 6.5) incubated at 30oC up to
96 h. Spore suspension was harvested by pouring 0.1% sterile Tween
80 onto PDA plates. Spore concentration was determined using
haemacytometer. Serial dilutions were conducted to obtain spore
suspension of 2.0 × 107 spores that used as the standard inoculums size
for growth of A. brasiliensis in 200 mL culture medium.

Culture medium and submerged fermentation (SmF)
The composition of culture medium used for xylanase production

by A. brasiliensis in SmF was consisted of (g/L): carbon source, 200;
nitrogen source, 20; KH2PO4, 1.52; MgSO4.7H2O, 0.52; and KCl, 0.52.
The pH of culture medium was adjusted to 6.5 before autoclaved.
Then, A. brasiliensis was cultured at 30oC for 120 h at 150 rpm. All of
the experiments were duplicated and the mean value was generated
from analysis.

Optimisation of medium formulation for xylanase
production by one parameter at a time method

To elucidate the potential use of synthetic defined carbon and
nitrogen sources for xylanase production, the study of optimisation for
medium formulation was conducted in stepwise manner in this study,
starting from the determination of optimum carbon source followed
by optimisation of nitrogen source for the production of xylanase by

A. brasiliensis. To determine the optimum carbon source for xylanase
production, reducing sugars of glucose, sucrose, galactose, maltose,
lactose, glycerol and ethanol were added into the culture medium,
respectively. Subsequently, after the parameter of the optimised carbon
source was identified, various organic nitrogen sources of yeast
extract, urea, peptone and inorganic nitrogen sources of sodium
nitrate, ammonium chloride, ammonium sulphate and ammonium
nitrate were investigated to determine the optimum nitrogen source
for xylanase production, respectively.

Optimisation of growth conditions for xylanase production
by one parameter at a time method

To determine the optimisation of growth conditions, different
growth temperatures and pH medium were investigated for xylanase
production by A. brasiliensis in SmF. After the optimised medium
formulation was obtained, different growth temperatures from 28 to
36oC were examined to determine the optimum temperature for the
production of xylanase by A. brasiliensis. Thereafter, using the
optimised medium formulation and the optimum growth
temperature, different initial pH medium from 3 to 11 were elucidated
to determine the optimum pH medium for the production of xylanase
by A. brasiliensis.

Sampling and analysis
The samples from the culture flasks were harvested at every regular

time interval of 24 h which started at h-24 and ended at h-120 for
analysis throughout the experiments. The sample was centrifuged and
cell pellet was used to determine cell growth. Clarified supernatant was
collected and used for xylanase and protein assays. The pH of the
culture medium was measured using pH meter with a glass electrode.

Quantitative of biomass concentration
Dry cell weight was used to quantify the biomass concentration.

The cell pellet was dried in the oven at 80oC until constant weight was
achieved. Additionally, the spore count of A. brasiliensis was
determined using haemacytometer. In our study, it is crucial to
identify the correlation of xylanase synthesis with the production of
biomass involving dry cell weight and spore count, respectively.

Xylanase activity assay
Xylanase activity was assayed using the method of Bailey et al. [12].

1% of xylan in 0.05 M sodium phosphate buffer, pH 5.3 was used as
the substrate for xylanase activity. 0.9 mL of substrate was pipetted
into 0.1 mL of supernatant. The mixture was incubated at 50oC for 30
minutes. After incubation, 1.5 mL of 3, 5-dinitrosalicylic acid (DNS)
reagent was added and incubated at 90oC for 5 minutes. Color changes
were observed when xylose was liberated from the reaction occurred
between xylan and xylanase. This reducing sugar of xylose was reacted
with DNS to form coloration. Then, 0.5 mL of 40% Rochelle salt was
added to the mixture. The amount of xylose released by the reaction is
determined by measuring its absorbance at 575 nm. To quantify the
xylanase activity, one unit of enzyme activity corresponds to the
amount of enzyme required to release one micromole of xylose per mL
of enzyme extract per minute of reaction under the assay condition.
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Protein assay
Soluble protein produced by A. brasiliensis during xylanase

synthesis was determined according to Lowry et al. [13] using Bovine
Serum Albumin (BSA) as the standard. The absorbance reading of
samples was measured using a spectrophotometer at 750 nm.

Results and Discussion

Xylanase production by Aspergillus brasiliensis in
submerged fermentation (SmF)

The aim of the present study is to elucidate xylanase activity from
A. brasiliensis by optimising their parameters in medium formulation
and growth conditions. This study was carried out using SmF over a
fermentation period of 120 h. The addition of carbon and nitrogen
sources is a general practice to improve the nutritional requirement for
the growth and production of xylanase by A. brasiliensis. Therefore, in
the study, various carbon and nitrogen sources were investigated to
obtain the optimum medium formulation. These exerted a
momentous effect on xylanase synthesis. Likewise, xylanase synthesis
by A. brasiliensis was also highly affected by the growth conditions
including growth temperature and pH medium.

Effect of different defined carbon sources on xylanase
production

The profile of xylanase activity by A. brasiliensis was observed from
24 to 120 h from different carbon sources of glucose, maltose, sucrose,
galactose, lactose, glycerol and ethanol and the mean values are
presented in Figure 1. It is obvious that at the beginning of
fermentation period, A. brasiliensis produced small amounts of
xylanase from all carbon sources, and as the time of fermentation
proceeded, majority of xylanase synthesis from different carbon
sources were increased gradually up to 72 and only a few were
extended to 96 h. Thereafter, a decreasing trend was observed. The
maximum xylanase activity for sucrose, maltose, lactose, galactose and
glucose was detected at the end of logarithmic phase until stationary
phase of growth up to 96 h. Apparently, our research findings
indicated that the majority of xylanase production by A. brasiliensis
commenced at the lower rate during the logarithmic phase of growth,
however, it exerted its maximum synthesis during the stationary phase
of growth. Thus, the complete time course study of xylanase activity
and biomass production is necessary to determine the efficacy of
growth and subsequently the xylanase formation and their correlation
with biomass production.

In our study, the growth of A. brasiliensis was slower at the
beginning of fermentation process with lower productivity of xylanase,
but, the enzyme secretion was speeded up after prolonged
fermentation until it reached its stationary phase. Using sucrose as the
carbon source, the xylanase activity reached to 32.940 U/ml at 24 h of
SmF, thereafter it increased to 34.877 U/mL at 48 h and achieved its
maximum activity of 39.567 U/mL at 72 h as shown in Figure 1.
Among the different carbon sources studied, sucrose was found to be
the best preferred and most easily consumable carbon source for the
production of xylanase. This result was similar to that reported by
Seyis and Aksoz [5], when different carbon sources of sucrose, maltose
and lactose were added separately to the medium to determine their
effects on xylanase production. Nevertheless, they reported that the
maximum peak of xylanase activity was observed in the medium
containing sucrose. The high yield of this enzyme in sucrose was

probably because of the ease absorption of sucrose to the fungi [14].
Sucrose is more preferable sugar compared to others especially for
Aspergillus spp because they have an extra potent cellular mycelium-
bound invertase that is actively and rapidly hydrolysed sucrose [15].

Figure 1: Time course of xylanase production of Aspergillus
brasiliensis in SmF using different carbon sources. Xylanase activity
was measured in the culture supernatant and the values are means
of duplicated determination. Sucrose (♦); maltose (▪); ethanol (▲);
glycerol (×); galactose (○); glucose (•); lactose (+).

As the fermentation prolonged, the xylanase activity dropped
gradually to 38.278 U/mL at 120 h using sucrose as the carbon source.
This was due to the fact that A. brasiliensis attained to the death phase
of its growth as it moved towards 120 h after the nutrients depletion
and accumulation of toxic products occurred in SmF. In other study
conducted by Sati and Bisht [16], the production of xylanase by fungi,
Tetracladium marchalianum was examined using sucrose and glucose
as carbon sources. Interestingly, sucrose exerted higher xylanase
activity compared to glucose, producing 107 U/mL of xylanase
activity. They also reported xylanase activity of 90 U/mL was observed
when Tetracheatum elegans cultured at the optimum conditions.

The maximum xylanase activity from maltose, glucose, galactose
and lactose was 38.670, 34.951, 30.706 and 25.031 U/mL, respectively.
It was possible that these carbon sources were utilised rapidly for the
synthesis of cellular materials in metabolism. Thereafter, little would
be available as carbon and energy source for xylanase synthesis.
According to Simoes et al. [2], both maltose and lactose possessed
lower production of xylanase, producing 17.8 and 19.5 U/mL by
Aspergillus niger and Penicillium implicatum, respectively. On the
other hand, the microorganism was in the least efficient of the
xylanase activity when it was grown on culture medium containing
ethanol as the carbon source. Therefore, the lowest xylanase activity of
only 4.407 U/mL at 48 h was observed in medium formulation
containing ethanol. This was due to the least biomass production of A.
brasiliensis occurred using ethanol. Based on our results, we
anticipated that glycerol was one of the least easily consumable carbon
sources (Figure 2). Even though, glycerol showed slightly higher
enzyme activity of 5.443 U/mL as compared to ethanol, yet the activity
was still unfortunately considered very low for xylanase production as
a result of poor metabolism ability of A. brasiliensis in glycerol-
containing medium. Practically, very less xylanase was produced when
glycerol, soluble starch and cellulose were used as the carbon sources.
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Hence, in our study, both glycerol and ethanol were not the suitable
substrates for the xylanase synthesis in A. brasiliensis.

Therefore, it could be concluded that the optimised carbon source
for medium formulation to produce xylanase by A. brasiliensis is
sucrose. These results were similar to those reported by Rifaat et al.
[17] when various carbon sources were investigated to obtain the
maximum xylanase activity by Streptomyces species. According to
Rifaat et al. [17], they obtained the maximum xylanase activity of 15.52
U/mL by Streptomyces chromofuscus when sucrose was used as the
carbon source compared to only 10.26 U/mL of xylanase activity in
glucose-containing medium. In addition, Streptomyces albus
produced lesser xylanase activity of 9.01 U/mL using glucose
compared to 12.22 U/mL of activity when observed in medium
containing sucrose according to Rifaat et al. [17].

During fermentation process, different carbon sources exhibited
different significant effects on biomass concentration as shown in
Figure 2. Apparent most of the logarithmic phase of growth started
from 24 up to 72 h, thereafter, stationary phase occurred shortly to 96
h before depleted subsequently. Dried cells reached a maximum
weight of 190.500 g/L at 72 h using sucrose followed by 145.5, 107.0,
90.0 and 60.5 g/L from maltose, glucose, galactose and lactose,
respectively (Figure 2A). An obvious decrease in the dry cell weight
was observed after 96 h. This was confirmed by the study of Asha
Augustine et al. [18], who observed a decrease in dry cell weight of
Aspergillus niger as the fermentation progressed as a result of gradual
utilisation of substrate for biomass and energy production. On the
other hand, very low dry cell weight of only 32.5 and 17.5 g/L were
attained at 72 h of fermentation for medium containing less accessible
carbon sources of glycerol and ethanol, indicating the growth of A.
brasiliensis was extensively poor where these carbon sources were less
preferable to utilise and hydrolyse for cell metabolism and xylanase
formation. Thus, both produced only 5.443 and 4.346 U/mL of
xylanase activity at 72 h, respectively.

In Figure 2B, the maximal spore count of 7.5 × 108 spores/mL was
observed in medium containing sucrose after 72 h. The remaining
carbon sources of maltose, glucose, lactose and galactose produced 5.6
× 108, 4.7 × 108, 2.9 × 108 and 2.5 × 108 spores/mL, respectively.
Conversely, glycerol and ethanol possessed again, the lowest spore
count in our study. This explains why very little of xylanase was
produced throughout the fermentation. Based on the result findings,
xylanase synthesis was apparently increased according to biomass
production. In our study, the higher the production of biomass, the
larger amount of xylanase produced. Altaf et al. [19] confirmed that
the production of metabolites by different microorganisms was greatly
influenced by their growth, which was determined by the presence of
different carbon sources that provide the nutritional requirement for
the growth of microorganisms. Moreover, our results also indicate the
medium preference of A. brasiliensis was depending on their carbon
sources and this was confirmed by the study of D’Souza-Ticlo et al.
[20]. The scientists observed high concentrations of an easy
consumable carbon source such as glucose resulted in a positive effect
on biomass accumulation. In addition, the study by Carlsen et al. [21]
also stated that enzyme production was closely connected to the
growth of the fungi that required energy from the oxidation of
medium components consisted of carbon and nitrogen sources.

Figure 2: Growth profile of Aspergillus brasiliensis using different
carbon sources in SmF: dry cell weight (A) and spore count (B).
The values are means of duplicated determination. Sucrose (♦);
maltose (▪); ethanol (   ); glycerol (×); galactose ( ○); glucose ( •);
lactose (+).

Filamentous fungi have been well known for the secretion of huge
amounts of extracellular protein thus making them to be well accepted
as the important microbial strain for the industrial production of
various enzymes. Lowry method was used to investigate the
concentration of extracellular protein by A. brasiliensis in culture
during xylanase synthesis. By using sucrose as the carbon source, the
maximum protein concentration of 0.028 g/mL was observed after 96
h as shown in Figure 3(A). The lowest protein concentration of 0.003
g/mL at 72 h was obtained for both ethanol and glycerol due to the
retarded growth of the fungi. There was not much difference in the
remaining carbon sources with that of sucrose. Maltose, galactose,
glucose and lactose produced 0.029, 0.027, 0.021 and 0.020 g/mL of
protein concentration, respectively. In the experiments, the pH
medium decreased rapidly from an initial pH of 6.5 as shown in Figure
3(B). Sucrose which produced the highest xylanase activity decreased
the pH medium from 6.5 to 4.52 at 72 h, where the maximum
production of xylanase was observed. Similarly, maltose, glucose,
galactose, lactose and glycerol decreased their pH medium to 4.51,
4.83, 5.9, 4.83 and 6.16, respectively during their optimum xylanase
activity. However, the pH medium of 6.55 in the medium containing
ethanol remained constant up to 120 h.
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Figure 3: Time course of protein production by Aspergillus
brasiliensis (A) and pH medium profile (B) of Aspergillus
brasiliensis using different carbon sources in SmF. The values are
means of duplicated determination. Sucrose (♦); maltose (▪);
ethanol (▲); glycerol (×); galactose (○); glucose (•); lactose (+).

On the other hand, urea as the organic nitrogen source did not
seem to significantly enhance the xylanase activity by A. brasiliensis in
our study. Urea has been reported by many studies as one of the
organic compounds with the chemical formula of (NH2)2CO that
produced the lowest xylanase activity. Bakri et al. [28] investigated
xylanase production by Cochliobolus sativus using different nitrogen
sources including potassium nitrate, sodium nitrate, urea, peptone and
yeast extract. Nevertheless, urea produced the lowest xylanase activity.
Similar finding were also found by Goyal et al. [29] where urea was
detected to produce the lowest xylanase activity of 1280 U/L by
Trichoderma viride, compared to 1599, 2026, 2239 and 2506 U/L from
ammonium nitrate, ammonium chloride, ammonium sulphate and
sodium nitrate, respectively. Likewise, in our study, the lowest
xylanase activity of 11.348 U/mL at 120 h was also observed when urea
was used in the medium as the nitrogen source.

Effect of different nitrogen sources on xylanase production
Different organic and inorganic nitrogen sources exert critical

influential impact on their ability to enhance growth of
microorganisms as well as enzymes production. The optimisation of
nitrogen source in the fermentation is equally essential as carbon
source. Thus, the optimisation of nitrogen source was studied for its

effect on xylanase activity. By maintaining the carbon source at the
optimized condition, various organic nitrogen sources: yeast extract,
peptone, urea and inorganic nitrogen sources: sodium nitrate,
ammonium chloride, ammonium sulphate and ammonium nitrate
were elucidated from 24 to 120 h for its optimum xylanase production
as shown in Figure 4. In case of organic nitrogen sources, the
maximum xylanase activity of 39.567 U/mL at 72 h was obtained from
yeast extract. This might be due to better utilisation of nutrients by A.
brasiliensis. Moreover, nitrogen source resulted in the efficient growth
of Aspergillus niger and its enhancement of xylanase activity [22].
Then, the xylanase activity from the medium containing yeast extract
was slowly decreased and reached to 38.278 U/mL at 120 h. On the
other hand, peptone resulted in considerable increase of xylanase
activity up to 35.997 U/mL at 72 h. Among several organic and
inorganic nitrogen sources used for production of xylanase by
Aspergillus flavus, yeast extract and peptone were observed to be the
most recommended nitrogen sources [23]. These results were similar
to those reported by Kumar et al. [24]. When they investigated
different organic nitrogen sources for xylanase synthesis by Bacillus
pumilus, yeast extract was found to be the best nitrogen source for
xylanase activity, producing 128.07 U/mL. Aqeel and Umar [25]
reported that organic nitrogen sources such as peptone and yeast
extract usually had the stimulating effect on the production of enzyme.
Pal and Kaushik [26] studied the effect of various nitrogen sources on
the growth of Rhizoctonia solani and the highest xylanase activity was
observed from the organic nitrogen sources of yeast extract and
peptone. According to Li et al. [27], appreciable xylanase activity of
42.54 U/mL was obtained by Streptomyces chartreusis when cultured
in medium containing yeast extract as nitrogen source.

Figure 4: Time course of xylanase production of Aspergillus
brasiliensis using different nitrogen sources in SmF. Xylanase
activity was measured in the culture supernatant, and values are
means of duplicated determination. Ammonium chloride (♦);
ammonium nitrate (▪); ammonium sulphate (▲); sodium nitrate
(×); yeast extract (○); urea (•); peptone (+).

On the other hand, NaNO3 as the inorganic nitrogen source in the
growth medium obtained a slightly lower xylanase activity of 36.22
U/mL compared to that of yeast extract. This value was obtained at 48
h and the activity gradually decreased starting from 72 h, unlike yeast
extract where the highest activity was observed at 72 h. This could be
the strongest reason for favoring yeast extract as the optimum and
most suitable nitrogen source for xylanase production by A.
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brasiliensis in our study. Based on our results, all inorganic nitrogen
sources produced reasonable xylanase activity but lower than the
organic nitrogen sources. Abdel-Naby et al. [30] stated that
ammonium compounds such as NH4NO3, (NH4)2SO4 and NH4Cl
showed the moderate levels of xylanase production. In addition, some
studies even show a very low amount of enzyme produced in the
presence of inorganic nitrogen [24]. Thus, in our study, inorganic
nitrogen sources of NH4NO3, (NH4)2SO4 and NH4Cl produced
xylanase activity of 29.809 U/mL at 72 h, 25.591 U/mL at 48 h and
22.824 U/mL at 48 h, respectively. Rifaat et al. [17] investigated and
compared various organic and inorganic nitrogen sources for xylanase
activity by Streptomyces species. Likewise, the highest activity of
xylanase was produced using yeast extract followed by inorganic
nitrogen sources. According to Rifaat et al. [17], they reported that
xylanase activity from Streptomyces albus and Streptomyces
chromofuscus was the highest when yeast extract was used as the
nitrogen source, producing 79.21 and 90.01 U/mL followed by 76.56
and 87.31 U/mL from (NH4)2SO4; 74.49 and 84.26 U/mL from
NaNO3; 69.50 and 80.45 U/mL from NH4NO3, respectively.

Based on our findings, xylanase activity using inorganic nitrogen
sources started reducing their activity after 48 h whereas culture
medium with organic nitrogen sources continued producing xylanase
up to 72 h and gradually decreased from 96 h which corresponds to
the fact that organic nitrogen sources stimulate xylanase activity [31].
Precisely, many scientists recommended yeast extract and peptone as
the optimised nitrogen sources [32-34]. The observations of high
xylanase activity obtained could be due to their enormous amount of
amino acids, peptides, vitamins, trace elements and mineral salts
available in these nitrogen sources [14]. In conclusion, yeast extract is
the optimised nitrogen source of medium formulation for xylanase
production by A. brasiliensis. Furthermore, our results agreed with
many studies that carried out to identify the optimum xylanase activity
by different microorganisms. Tallapragada and Venkatesh [35] studied
the effect of beef extract, meat extract, peptone, yeast extract,
ammonium sulphate, ammonium nitrate and sodium nitrate on
growth of Aspergillus niger and hence, yeast extract produced higher
xylanase activity of 14.37 U/mL. Likewise, Bajaj et al. [36] observed the
optimum xylanase activity of 6500 U/L by Streptomyces spp from the
medium containing yeast extract when compared to peptone and
soybean meal. Similarly, Singh et al. [37] also reported that yeast
extract showed the highest xylanase activity of 723.78 U/mL by
Coprinellus disseminates when compared to the other complex
nitrogen sources such as beef extract, malt extract, peptone and
soybean meal, respectively.

Dry cell weight of 190.5 g/L at 72 h was obtained in medium
containing yeast extract followed by NH4NO3, peptone, NaNO3,
(NH4)2SO4 and NH4Cl which produced 156.5, 147.5, 135.0, 131.0 and
117.5 g/L, respectively (Figure 5A). The lowest dry cell weight of 57.5
g/L was observed when cultured with urea at 96 h. Based on our
results, we anticipated that when urea dissolved in aqueous medium, it
formed ammonium bicarbonate and hydroxide ions: (NH2)2CO +
2H2O → NH4HCO3 + OH-. Once the pH medium was adjusted to 6.5
with acid, NH4

+, Cl-, H2O and HCO3
- were formed abundantly in the

medium. At the very beginning of the fermentation at 0 h, the pH
medium obtained after autoclaved was already as high as 9.5, due to
the present of bicarbonate ion (HCO3

-) that was alkaline, shifted the
pH medium upward until it reached the circumstances where the
enormous degree of alkalinity became too toxic to some
microorganisms including A. brasiliensis. Furthermore, small amount
of ammonium ion in the medium was tended to convert to other

chemical constituents such as ammonia, which was one of the basic
molecules. This gas volatilized to the empty space in the culture flask.
As the fermentation prolonged, ammonia gas that dissolved in the
liquid medium was continuously maintained a solution rich with
alkaline condition, resulting the pH 9.5 throughout our study (Figure
7). As a result, the fungi struggled to grow, hence it produced the
lowest dry cell weight and the minimum xylanase production when
cultured in medium containing urea.

On the other hand, Arrizon and Gschaedler [38] compared the
production of biomass with and without nitrogen source and hence,
higher production of biomass was obtained by adding nitrogen source
compared to medium without nitrogen source. Oshoma et al. [22]
confirmed that higher biomass of Aspergillus niger was obtained with
nitrogen supplementation and yeast extract gave the highest biomass
yield. This indicates that nitrogen source is essential in the medium
formulation where it influences the growth of microorganisms.
Similarly, the  optimum  spore  count of   7.5 × 10     spores/mL  was
observed in yeast extract at 72 h as shown in Figure 5B. However, the
lowest  spore count of  1.6 × 10  spores/mL at  72 h  was  found  when
urea was used as the nitrogen source. The spore count for the
remaining nitrogen sources of peptone, NaNO3, (NH4)2SO4, NH4NO3
and NH4Cl were found to be 5.8 × 108, 4.1 × 108, 3.5 × 108, 3.0 × 108

and 3.0 × 108 spores/mL, respectively. These results agreed with Pal
and Kaushik [26] who studied the maximum growth of Rhizoctonia
solani. This fungi showed the maximum biomass growth in medium
containing yeast extract followed by peptone and sodium nitrate
whereas the lowest growth was observed using ammonium chloride
[26].

According to Abdel-Naby et al. [30], xylanase activity was
apparently optimum during the active growth of Aspergillus niger.
They detected that there was a close linear relationship between
xylanase formation and the increase of extracellular protein produced
by A. niger [30]. In our study, the highest protein concentration of
0.028 g/mL were secreted by A. brasiliensis in medium containing
yeast extract at 96 h followed by peptone, NaNO3, NH4NO3,
(NH4)2SO4 and NH4Cl, producing 0.015, 0.009, 0.007, 0.005 and 0.003
g/mL, respectively. However, protein concentration of 0.002 g/mL
with medium containing urea was very low as compared to the
medium containing other nitrogen sources. This might due to the
insufficient nutrients in urea such as amino acids, peptides, vitamins
and other nutrients required for growth and enzymes formation.
Figure 6 illustrates the protein concentration obtained from organic
and inorganic nitrogen sources during xylanase synthesis by A.
brasiliensis.

The pH medium of inorganic nitrogen sources as shown in Figure 7
reduced more rapidly as compared to the organic nitrogen sources
even though, the xylanase activity remained low. Furthermore,
nitrogen sources influence the pH of the medium during fermentation
process [39]. The results obtained in our study were corresponded
with Ikenebomeh and Chikwendu [40] where the nitrogen
supplements were managed to increase enzymes production in the
medium. The pH of the culture medium, initially adjusted to pH 6.5,
reduced to pH 4.52 at 72 h using yeast extract as the nitrogen source
where the maximum xylanase activity was achieved. Towards the end,
the pH decreased to 3.26. Medium with peptone decreased the pH
medium gradually. At its highest xylanase activity, the pH value was
5.38. On the other hand, pH of medium with urea increased instead, to
9.49 at 120 h from the initial pH of 6.5. It was also observed in the
previous study that increase in pH of the medium solution was
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accompanied by decrease in production of xylanase [41]. Hence, this
explains why xylanase activity was the lowest when the pH medium for
urea increased up to 9.49. As for inorganic nitrogen sources, pH at the
optimum xylanase activity were 3.72, 2.705, 2.61 and 2.135 with
respect to NaNO3, (NH4)2SO4, NH4Cl and NH4NO3, respectively. It
was reported by Stanbury et al. [42] that sometimes, ammonium salts
such as ammonium sulfate produce and enhance gradually the acidity
in the medium as fermentation prolonged.

Effect of different growth temperatures on xylanase
production

Different Aspergillus spp were grown at different growth
temperatures. The growth temperature is one of the important
parameters to determine the performance of xylanase in SmF. Most
filamentous fungi are mesophilic. They require the optimal growth
temperatures between 25 and 35°C, although some species thrive at
50°C [43,44]. Aspergillus niger was reported to grow best at 25 to
30oC. At the higher temperatures than the optimum, the heat transfer
between molecules is high and thus, it leads to enzymes denaturation
and inhibition. In addition, heat destroys the properties of the
nutrients in raw materials and therefore, it decreases the productivity
of enzymes in fermentation. Meanwhile, the lower temperatures lead
to the lower metabolic activity [45]. In our study, the determination of
the optimum growth temperature for xylanase activity by A.
brasiliensis at temperature ranges of 28 to 36°C from 24 to 120 h of
SmF is shown in Figure 8. Rahman et al. [46] reported the best
temperature range for the production of xylanase by fungi is usually
occurred from 20 to 30°C. However, other studies indicated that the
optimal temperatures for the production of most fungal xylanases
occurred at the range between 30 and 50°C [34-47]. When
experimented at these temperatures, xylanase showed its maximum
activity occurred at 30oC. This observation coincides with those
reported in a previous study where xylanase activity was found to be
optimum at 30°C [48]. Moreover, at temperature above 30°C, the
fungi showed a declining trend in xylanase activity [48].

In this study, the optimum xylanase activity at 30°C reached 38.528
U/mL after incubating for 72 h and gradually decreased to 33.946
U/mL at the end of fermentation period. In addition, Ahmad et al. [9]
reported that Aspergillus niger is mesophillic in nature and thus
performed best at 30°C, while higher temperatures exerted negative
impact on the growth of the fungi, resulting in reduced xylanase
synthesis. At the higher or lower than the optimum temperature, the
growth of Aspergillus niger was inhibited and hence, the xylanase
activity was decreased [46-49]. Similarly, various studies proved that
30oC was the best growth temperature for xylanase activity by
Aspergillus spp [50-52]. The highest xylanase activity of 276 U/mL
reported by Bailey et al. [53] was observed when Aspergillus foetidas
incubated at 30oC. Moreover, Aspergillus niger produced the xylanase
activity of 69.88 U/mL when incubated at 30oC [54]. In addition, other
fungi was also produced high xylanase activity as observed by Gupta et
al. [54] where 69.88 U/mL of xylanase activity was achieved when they
cultured Fusarium solani at 30oC.

At the temperature of 32°C, the xylanase activity was found to be
slightly lower than that at 30°C. Xylanase activity of 36.409 U/mL was
achieved after incubating for 48 h then started to reduce to 32.562
U/mL at 120 h when incubated at 32oC. On the other hand, a yield of
35.241 U/mL at 96 h and 33.723 U/mL at 72 h of xylanase activity was
obtained with the respect to 28oC and 34oC. The highest xylanase
activity of 38.528 U/mL was being obtained at growth temperature of

30°C and the lowest value of 32.245 U/mL achieved at growth
temperature of 36°C, confirms the observations obtained by Prasertsan
et al. [55] that xylanase production decreased as the temperature
increased. In addition, the rise in temperature may cause the protein
denaturation and hence, leading to the reduction of xylanase activity.

Figure 5: Growth profile of Aspergillus brasiliensis: dry cell weight
(A) and spore count (B) using different nitrogen sources in SmF.
The values are means of duplicated determination. Ammonium
chloride (♦); ammonium nitrate (▪); ammonium sulphate (▲);
sodium nitrate (×); yeast extract (○); urea (●); peptone (+).

Therefore, the lowest xylanase activity at 72 h was observed in
culture medium incubated at 36oC. These observations coincide with
those in a previous study reported by Gupta et al. [54] when they
investigated Fusarium solani for xylanase production at different
growth temperatures. According to Gupta et al. [54], the maximum
xylanase production of approximately 60 and 70 U/mL were obtained
at 30°C by free and immobilised cells of Fusarium solani. However,
when growth temperature increased to 35°C, the xylanase activity
dropped to 40 and 20 U/mL by free and immobilised cells of Fusarium
solani, respectively [54].
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Figure 6: Protein production by Aspergillus brasiliensis using
different nitrogen sources in SmF. The values are means of
duplicated determination. Ammonium chloride (♦); ammonium
nitrate (▪); ammonium sulphate (▲); sodium nitrate (×); yeast
extract (○); urea (•); peptone (+).

Figure 7: pH medium profile of Aspergillus brasiliensis using
different nitrogen sources in SmF. Ammonium chloride (♦);
ammonium nitrate (▪); ammonium sulphate (▲); sodium nitrate
(×); yeast extract (○); urea (•); peptone (+).

As mentioned earlier, biomass concentration is proportional to the
xylanase activity in our study. The optimum growth temperature
produces the highest biomass concentration of dry cell weight and
spore count. In contrast, the growth temperature that produces the
lowest xylanase activity is obtained from the lowest biomass
concentration. Therefore, dry cell weight increased according to
xylanase activity as shown in Figure 9(A). It is obvious from the graph
that the optimum dry cell weight of 259.272 g/L at 72 h was obtained
when the culture medium was incubated at 30oC, more precisely when
the xylanase activity was optimum. Growth of A. brasiliensis at 28oC,
32oC and 34oC produced dry cell weight of 97.7, 109.2 and 95.2 g/L,
respectively. The lowest dry cell weight was 74.4 g/L at 72 h when
incubated at 36oC. Figure 9(B) illustrates the spore production of A.
brasiliensis at various growth temperatures reported in the study.
Growth of A. brasiliensis at 30oC produced more spores of 6.9 × 108

spores/mL at 72 h as compared to 28oC, 32oC and 34oC which
produced 5.0 × 108, 4.5 × 108 and 3.7 × 108 spores/mL, respectively.
However, the growth of A. brasiliensis at 36°C produced the least
number of spores, 2.8 × 10    spores/mL at 72 h.

Figure 8: Effect of different growth temperatures on xylanase
production by Aspergillus brasiliensis in SmF. 28oC (×); 30oC (♦);
32oC (▪); 34oC (▲); 36oC (•).

Figure 9: Effect of different growth temperatures on growth of
Aspergillus brasiliensis: dry cell weight (A) and spore count (B) in
SmF. 28oC (×); 30oC (♦); 32oC (▪); 34oC (▲); 36oC (•).

The response of A. brasiliensis at different growth temperatures for
the production of protein in culture medium is shown in Figure 10(A).
A. brasiliensis was able to produce protein concentration of 0.016
g/mL after incubated at 30oC for 120 h. The same yield was reached
when A. brasiliensis was incubated at 28oC. The lowest protein
concentration of 0.014 g/mL at 72 h was obtained when incubated at
36oC. Based on our results, the more the cells of A. brasiliensis
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produced, the lower the pH medium was achieved especially at 30oC.
Aspergillus spp is commonly used to produce citric acid in the
industry. Thus, citric acid was produced in the medium as
fermentation prolonged. As a result, it lower the pH of the medium
when A. brasiliensis grown maximum at 30oC as shown in Figure
10(B). The pH that depicted in Figure 10(B) illustrates the impact of
different temperatures of 28, 30, 32, 34 and 36°C on xylanase activity
and biomass production by A. brasiliensis. At 30oC, the pH reduced
rapidly to 3.02, where the xylanase activity was optimum at 72 h, then,
continued to decrease to pH 2.16 at 120 h. At 28oC, 32oC, 34oC and
36oC, pH reduced gradually to 3.86, 3.98, 4.22 and 4.30 at 120 h,
respectively. The results clearly exhibited that the yield of enzyme was
significantly affected by growth temperature. Therefore, according to
the results obtained at different growth temperatures, it can be
concluded that the optimum temperature is 30oC. This observation
coincides with those of Ahmad et al. [9] whereby they studied the
effect of growth temperatures on xylanase production by Aspergillus
niger and they found out that the optimum xylanase activity of 64.47
U/mL was obtained at 30oC.

Figure 10: Effect of different growth temperatures on protein
production by Aspergillus brasiliensis (A) and pH medium profile
of Aspergillus brasiliensis (B) in SmF. 28 C (×); 30 C( ♦ ); 32  C (▪);
34  C (   ); 36  C (•).

Effect of different pH medium on xylanase production
The activity of xylanase depends strongly on the pH of the medium.

The initial pH influences many enzymatic systems and their transport
across the cell membrane [56]. Previous studies investigated various
initial pH medium for xylanase production by different strains of
fungi. Most fungi are reported to produce xylanase at initial pH lower

than 7.0 [47-57]. Similarly, Grag [58] specified that most of the fungal
produced the highest xylanase activity at the pH range of 6 to 6.5. In
contrast, some other reports shown that the initial pH range of 4 to 7 is
the optimal pH for xylanase production by Aspergillus spp [59-62]. In
our study, the effects of xylanase activity under different pH medium
were recorded starting from 24 to 120 h as shown in Figure 11. Based
on our results, when the culture medium with the initial pH adjusted
to 6.5, it produced the highest xylanase activity of 39.567 U/mL at 72 h.
From Figure 11, it can be seen that the xylanase activity of pH 6.5
increased significantly from 24 to 72 h of fermentation and decreased
slightly to 38.393 U/mL and 38.278 U/mL at 96 and 120 h, respectively.
On the other hand, substantial xylanase activity was observed starting
from 24 to 72 h on medium with initial pH adjusted to 5.0. The
xylanase activity reached a peak of 38.528 U/mL at 72 h which then
declined to 33.946 U/mL at 120 h. The decrease in xylanase activity
might due to the action of proteolytic enzymes produced by the fungi.
Similarly, when the pH medium for A. brasiliensis was maintained at
pH 3.0, 4.0, 6.0 and 7.0 through the fermentation process, moderate
level of xylanase activity was detected. The cultures with initial pH
medium of 3.0 and 4.0 reaching 31.199 U/mL and 32.636 U/mL both
at 72 h, respectively were also among the moderate level xylanase
activities observed. According to Chidi et al. [63], moderate
production of xylanase by Aspergillus terreus was observed, producing
28.6 U/mL when pH medium was adjusted to 6.0.

In our study, lower xylanase activity of 27.912, 24.329, 7.339 and
5.453 U/mL was observed when the initial pH medium was set to
alkaline condition at 8.0, 9.0, 10.0 and 11.0, respectively. Likewise,
Tallapragada and Venkatesh [35] also observed the maximum
xylanase production of only 5.51 U/mL when pH medium was initially
adjusted to 8.0. This indicates that the fungi was not able to grow at
high alkaline condition and hence, xylanase synthesis was inactivated.
In our study, the xylanase activity at various pH increased with the
fermentation time up to a certain period and started showing a slow
decline after 72 h. This might be due to the exhaustion of nutrients
occurred in fungi during fermentation. However, almost no xylanase
activity was detected when the culture medium was adjusted to the
initial pH 10 and 11. This might due to the inability of A. brasiliensis
to grow at the alkaline pH condition. This is further confirmed by the
studies observed on xylanase production by different fungi such as
Cochliobolus sativus [28] and Fusarium solani [54]. Hence, less
xylanase activity was observed in the alkaline pH medium. Our
findings agree well with the earlier studies that proved the xylanase
production by bacteria and fungi was remarkably dependent on the
pH medium [64]. In conclusion, pH 6.5 is the optimum initial pH for
xylanase activity by A. brasiliensis.

Different pH values showed a significant increase in xylanase
activity as well as its biomass concentration. Even though the highest
dry cell weight of 259.2 g/L at 72 h was observed when the initial pH
medium was adjusted to 5.0, however the xylanase activity was only
38.528 U/mL (Figure 12A). In contrast, when the pH medium was
adjusted to 6.5, the highest xylanase activity of 39.567 U/mL at 72 h
was obtained even with 190.5 g/L of dry cell weight. Therefore, at pH
medium near to neutral, our study showed that the production of
xylanase was the highest even with slight lower amount of dry cell
weight of A. brasiliensis. This indicates that the xylanase synthesis was
not only influenced by biomass concentration but the initial pH
medium as well. The number of spores in culture medium at pH 6.5 as
shown in Figure 12(B) was found to be the highest, producing 7.5×108

spores/mL at 72 h. The spore count decreased to 4.2×108 spores/mL at
120 h. Meanwhile, the impact of pH medium on biomass
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concentration at pH 5.0 was also high. The highest spore count of
6.9×108 spores/mL was obtained at 72 h which decreased to 4.5×108

spores/mL at 120 h. On the other hand, the lowest dry cell weight of
75.2 g/L was observed at culture medium adjusted to pH 11.0 (Figure
12A). The lowest spore count of 2.0×10   spores/mL was also observed
when culture medium was adjusted to pH 11.0. This might be due to
the fact that alkaline pH has inhibitory effect on the growth of A.
brasiliensis and xylanase production.

 

Figure11: Effect of different pH medium on xylanase production by
Aspergillus brasiliensis in SmF. pH 3 (♦); pH 4 (▪); pH 5 (   ); pH 6
(×); pH 6.5 (◊); pH 7 (); pH 8 (+); pH 9 (); pH 10 (○); pH 11 (∆).

Figure 12: Effect of different pH medium on growth of Aspergillus
brasiliensis: dry cell weight (A) and spore count (B) in SmF. pH 3
(♦); pH 4 (▪); pH 5 (▲); pH 6 (×); pH 6.5 (◊); pH 7 (•); pH 8 (+);
pH 9 () ; pH 10( ○); pH 11 (∆).

The optimum protein concentration of 0.028 g/mL at 96 h was
produced by the initial pH medium adjusted to pH 6.5 as shown in
(Figure 13). The protein concentration obtained at this pH medium is
extremely high as compared to the other remaining pH medium. pH
medium at 5.0 obtained its highest protein concentration of 0.016

g/mL at 120 h followed by pH 3.0 and 4.0 which produced 0.015 g/mL
at 120 h. Similarly, pH medium at 6.0, 7.0, 8.0 and 9.0 produced lower
protein concentrations of 0.014, 0.014, 0.013 and 0.012 g/mL at 120 h,
respectively. Low protein concentrations of 0.012 g/mL were also
observed in both pH medium 10 and 11 at 72 h. However, for culture
medium at pH 6.5, it gradually decreased to 4.52 at 72 h when the
optimum xylanase activity was observed. These observations indicated
that xylanase activity in acid condition was higher than the alkaline
conditions. In addition, Jin et al. [65] investigated the optimised
culture conditions for Aspergillus flavus Mtcc 9390. They observed
80% of xylanase activity occurred from pH 3.0 to 9.0 and even higher
at 90% of xylanase activity was attained when the medium cultured
from pH 3.0 to 7.0. Hence, it can be concluded that in our study, pH
6.5 was found to be the optimum pH for xylanase activity by A.
brasiliensis. Our results coincide with those of Knob and Carmona
[66], whereby the optimum xylanase production by Penicillium
sclerotiorum was obtained in medium adjusted to pH 6.5 and cultured
at 30ºC.

Figure 13: Effect of different pH medium on protein production by
Aspergillus brasiliensis in SmF. pH 3 (♦); pH 4 (▪); pH 5 (   ); pH 6
(×); pH 6.5 (◊); pH 7 (•); pH 8 (+); pH 9 (); pH 10 (○); pH 11 (∆).

Optimisation of medium formulation and growth conditions
for production of xylanase by Aspergillus brasiliensis in
submerged fermentation (SmF)

Xylanase production can be improved by optimising the medium
formulation and growth conditions of A. brasiliensis. In our study, A.
brasiliensis synthesized the highest xylanase production at 72 h of
fermentation. The xylanase production increased gradually with the
constant progress of fermentation time, but after 96 h, a decrease in
xylanase activity was observed. This might due to the exhaustion of
nutrients from the medium that affected the growth of fungi and
hence, decreasing the enzyme activity. Furthermore, towards the end
of fermentation period, the formation of thick suspension medium
with biomass was observed, leading to the improper mixing of
nutrients in the shake flask. As a result, lesser oxygen was available,
and thus, creating the poor gas transfer for A. brasiliensis. This is
probably another major reason for the decrease of xylanase activity in
the culture medium.

In the present study, xylanase yield increased gradually with time
where A. brasiliensis produced the maximum xylanase at 72 h of
fermentation. Thereafter, the depletion of nutrients from the culture
medium caused the negative impact on fungal growth or might due to
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proteolysis [67], thus resulting in reduced xylanase synthesis. Likewise,
Cai et al. [68] and Senthilkumar et al. [69] also observed the maximum
xylanase activity at 72 h of fermentation. Several other studies were
also found that the optimum incubation period for xylanase activity
was at 72 h by a wide variety of microorganisms such as Arthrobacter
spp. [70], Aspergillus spp. [71] and Aspergillus niger [72]. According
to Seyis and Aksoz [5], the production costs are directly proportional
to the production time. In order to minimize the production costs,
xylanase should be produced in the shortest possible time. Thus, it was
interesting  to  report that                             in  our  study  was  able  to
produce the maximum production of xylanase at shorter fermentation
period to reduce the cost of production when scaling-up is performed.

In contrast, there are many studies show the optimum xylanase
activity observed at the longer time of fermentation. Palma et al. [73]
and Kohli et al. [74] reported the maximum xylanase production after
96 h. The optimum activity of xylanase was also observed at 120 h by
Kansoh and Gammel [75], Park et al. [76] and Agnes et al. [77],
respectively. The differences of these results are probably due to the
variation of fermentation parameters including medium formulation,
pH medium, agitation speed as well as inoculation size. Apparently, in
the industrial point of view, it is very crucial to have the maximum
enzyme production in the shortest production time possible in order
to reduce the cost of production as well as to lessen the risk of
contamination especially in batch culture. Thus, the optimisation of
medium and growth conditions is the fundamental study of our
research to fabricate mass production of xylanase for purification and
recovery in the future.

The growth of A. brasiliensis was highly affected by their xylanase
activity. However in some culture medium, the growth stimulates a
higher yield of biomass concentration even though the xylanase
activity is low. Tippani et al. [78] reported that the production of the
enzyme was not always directly proportional to the biomass
concentration. This indicates that a specific medium composition and
culture condition which produces the optimum xylanase activity does
not necessarily produce the higher biomass concentration. Different
species of fungi require specific medium formulation as well as culture
condition. In this study, A. brasiliensis was found to grow optimum at
30oC using the initial pH medium 6.5 when sucrose and yeast extract
were used as the optimized carbon and nitrogen sources.

Conclusion
The present study provides the direct comparison of different

fermentation parameters to produce the optimum xylanase activity by
A. brasiliensis using SmF. SmF is preferred due to the efficient
aeration, better distribution of nutrients, sufficient gas exchanges and
supply of oxygen during fermentation process. Xylanases produced
from A. brasiliensis was found to be satisfactory in terms of activity
and its biomass concentration. Various carbon sources were
investigated and sucrose was found to be the optimum carbon source
in medium formulation for xylanase activity by A. brasiliensis. Besides
sucrose, glucose and maltose were also showed a positive correlation
with xylanase production as well. However, ethanol had a negative
effect on xylanase activity most likely because it did not enhance the
growth of A. brasiliensis in the medium. Besides that, the
supplementation of nitrogen sources in the culture medium was also
influenced the growth of A. brasiliensis. Thus, much higher xylanase
activity was achieved when yeast extract was supplied in the medium.
Nevertheless, medium with peptone also provided appreciable
xylanase activity. Inorganic nitrogen sources such as NaNO3 and

NH4NO3 produced high yield of xylanase activity as well. In
conclusion, the maximum xylanase activity was preferable in medium
containing yeast extract as compared to the other nitrogen sources in
this study.

The control of fermentation parameters such as growth
temperature and pH medium affects the xylanase activity significantly
at various levels. Based on our result, from all the growth temperatures
used for the optimisation study of  culture  conditions, 
produced the optimum xylanase activity at 30oC. However, an increase
in growth temperature led to the decrease in the xylanase activity.
Besides that, xylanase activity was also decreased in the higher pH
medium compared to the lower pH medium. In other words, xylanase
activity was observed from the pH range of 3.0 to 6.5. More precisely,
the maximum xylanase activity by                             was observed when
the pH medium was initially adjusted to 6.5. Therefore, in our study,
the optimum fermentation period occurred at 72 h, where the highest
xylanase activity by                           was achieved at 30oC with the initial
pH medium adjusted to 6.5. In conclusion, the maximum xylanase
synthesis by                                was achieved at 30°C with the initial pH
medium 6.5 using sucrose and yeast extract as the optimised carbon
and nitrogen sources in SmF.
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