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Abstract: The production of xylanase from palm kernel cake as a substrate was studied in solid substrate
fermentation. The simultaneous effects of three independent variables, namely mcubation temperature, mitial
moisture content of substrate and air flow rate on xylanase production were evaluated by response swface
methodology using central composite face centered design. A total of 18 experiments were carried out in which
Aspergillus miger FTCC 5003 was cultivated on palm kernel cake in a column bioreactor for 7 days under
incubation temperature, moisture level and aeration rate determined. Test results showed that the hughest
xylanase activity of 174.88 U g~ was produced at incubation temperature, initial moisture level and aeration rate
of 25°C, 60% and 1.5 T. min~", respectively. The statistical analysis of the experimental results revealed that the
linear effect of incubation temperatire and quadratic term of initial moisture content had highly significant
effects on xylanase production (p<0.01). Statistical results also showed that interaction effect between
incubation temperature and wutial moisture content as well as interaction effect between moisture level and
aeration rate influenced the yield of xylanase at probability levels of 95%. Optimum conditions determined by
statistical model for attaining maximum xylanase production were incubation temperature of 25°C, initial
moisture level of 63% and aeraticn rate of 1.76 L min~". The xylanase activity of 192.50 U g ' was obtained when
solid substrate fermentation was performed under the optimal circumstances.
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INTRODUCTION

Kylan is the main hemicellulosic substance which
exists as a structural compound 1n plant cell wall. Xylan
constitutes 20-35% dry weight of wood and agricultural
wastes. Xylan backbone 1s composed of ¢-1, 4-linked
B-D-xylopyranosyl residues (Senthilkumar et al., 2008).
Kylanase is a xylanolytic enzyme which cleaves the xylan
backbones of hemicellulosic materials. Xylooligomers
released are further hydrolyzed by P-xylosidase. Xylan
degrading enzymes are applied in various sectors such as
animal feed, bread-baking process and juice industry.
However, xylanases are extensively used m pulp and
paper industry (Polizeli et al., 2005).

Palm Kernel Cake (PKC) is a tropical agro-industrial
by-product of palm cil industry. The fiuit of the palm tree
Elaeis guineensis contains kernels which are processed
for the extraction of oil. The solid residue left after o1l
extraction process constitutes PKC. Generally, PKC
contains 12 to 18% crude fiber and 15 to 18% crude

protein. Thus, PKC 1s largely used as a nutritive
ingredient in feeding farm ammals (Awaludin, 2001,
Keng et al, 2009). Dusterhoft et al. (1992) reported that
PKC components are comprised of a total of non-starch
polysaccharides which consist of 6% xylan compounds.

A variety of microorgamsms including bacteria,
yeasts and filamentous fungi are capable of producing
xylanase. However, fungi have been of great interest to
workers owing to high levels of xylanase produced by
fimg1 compared with those produced by bacteria or yeasts
(Haltrich et al., 1996). Aspergillus species are well known
for their high potency in the production of wide range of
microbial enzymes (Gao et af., 2008). Among different
Aspergillus species used 1n xylanase biosynthesis,
Aspergillus niger has received great attention to be used
in industrial production of xylanase (Wu et al, 2005;
Xuet al., 2008).

A large munber of agro-industrial residues have been
utilized in the synthesis of xylanase by fermentative
Among  fermentative solid

processes. processes,
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substrate fermentation (SSF) has been found to be an
appropriate process for the production of xylan degrading
enzymes using agro-industrial residues (Haltrich et al,
1996). The bioprocess of agro-industrial residues by SSF
provides some economic and engineering advantages
including high productivity per unit of volume, low capital
mvestment and low downstream processing cost
(Pandey et af., 2001).

Various environmental factors such as temperature,
moisture content of substrate and air flow remarkably
affect the fermentation process, which m tun influences
the fermentation products (Rammbault, 1998). Since, the
cost of enzyme production is of critical importance
determining the economy of process, the use of highly
available and cost-effective carbon sources as well as the
selection of microorgamsm producing high level of
enzyme will reduce the cost of industrial enzyme
production (Gao et al., 2008; Senthilkumar et al., 2008).

Although, several studies have been fulfilled to
produce xylanase in SSF process using shake flask
(Ghanem et ai., 2000, Park et al., 2002; Senthilkumar et al.,
2005; Liuet al., 2008; Xu et al., 2008), few investigations
have been conducted mto xylanase synthesis under
SSF process using bioreactor (Panagiotou et al., 2003;
Kiros et al., 2008). This study was carried out to find out
the feasibility of xylanase production using PKC as a
cheap and highly available agricultural by-product in a
laboratory column bioreactor under SSF process. Since,
Aspergillus niger produces highly active xylanase, it was
selected in this study. This study also aimed to enhance
xylanase yield by the control of the three mdependent
variables including temperature, initial moisture content
and aeration rate in optimum conditions. Statistical
approach of Response Surface Methodology (RSM) on
the basis of central composite face centered (CCF) design
was applied to determine the optimum level of variables
for maximum xylanase production.

MATERIALS AND METHODS

This study began on 10 Tuly 2006 and lasted till 10
July 2008. The preparation work of microorganism,
substrate and medium was carried out in Malaysian
Agriculture Research and Development Institute
(MARDI). All experiments related to SSF process were
also performed in MARDI. Analytical experiments and
enzyme assay were conducted in Department of
Microbiology, Faculty of Science and Technology,
Universiti Kebangsaan Malaysia.

Microorganism: Aspergillus niger FTCC 5003 which was
obtained from the culture collection of the livestock

research center in MARDI was used in this study. The
stock culture was grown on Potato Dextrose Agar (PDA)
slant at 30°C for 7 days. Spore suspension was prepared
by adding 50 mL of sterile Tween-80 (0.1%) into each slant
culture whose surface was gently scraped with a sterile
wire loop. The spore suspension obtained was kept at
4°C.

Substrate and medium: Palm kernel cake was supplied by
MARDI and used as a solid substrate in SSF process.
PKC was ground to 2 mm particle size and dried m an
oven at 60°C for 48 h. Mandels medium was used to
moisten PKC (Sternberg, 1976). The composition of
Mandels medium was as follows (ing L™"): (NH,),80,, 1.4;
KH,PO,, 2.0; CaCl,, 0.3, MgSO,.7H,0, 0.3; MnSO, H,0,
0.0016; FeS0,.7H,0, 0.005; ZnSO,.7TH,0, 0.0014; CoCl,,
0.002; protease peptone, 0.75; wrea, 0.3; and Tween 80, 1.0
The initial pH of Mandels medium was adjusted to 5.0 by
the addition of 1.0 M HCl or 1.0 M NaOH.

Experimental design: A 2° full factorial central composite
face centered (CCF) design for three independent
variables, each one at three levels with six star points and
four replicates at the central point was used to fit a
second-order polynomial model in which a total of 18
experiments were required to be carried out (Haaland,
1989). The behavior of fitted model was explained by the
following quadratic model equation (Eq. 1):

Y=a,+a X +a, X;+a, X, + a”11Xlz tay Xz2
1
ta, X ha, XX, X X, X X M

where, Y is the response measured; a, is the intercept; a,,
a,, a, are linear coefficients; a,, a,, a,; are squared
coefficients and a,, , a,, , a,, are interaction coefficients.
¥, X, and X, represent the independent variables in the
form of coded values.

The experimental vanables selected, 1.e., temperature,
initial moisture and aeration rate were coded at three
levels of -1, 0 and +1 which represented the low, the
middle and the high level of variables. The coded setting
and actual level of variables studied are given in

Table 1: Independent variables and levels used in the centeral composite
face centerd design

Levels

Actual range Coded value
Variable Symbol Low Middle High Low Middle High
Temperature (°C) X, 250 325 400 -1 0 +1
Moisture content (%) X 400 60.0 80.0 -1 0 +1
Aeration (L min_") Xz 0.5 1.5 2.5 -1 0 +1
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Table 2: Centeral composite face centered design and experimental results
of xylanase production by Aspergilius niger FTCC 5003 using
palm kemel cake in SSF process for 7 days

Specific activity of

Run X, X X Xylanase (Ug™H xylanase (Umg™!)
1 -1 0 0 174.880 24223
2 -1 -1 +1 72377 1.7064
3 0 0 0 106.793 1.4211
4 0 -1 45113 1.1915
5 0 0 +1 93.682 1.4938
[\] -1 +1 -1 84.743 3.9501
7 +1 +1 +1 34.088 0.9187
8 +1 1 1 32151 0.8010
9 -1 +1 +1 131.525 3.9487
10 0 +1 Q 65524 1.4180
11 0 0 0 93384 1.1433
12 0 Q0 Q0 109.773 1.3283
13 -1 -1 -1 99.642 2.5298
14 +1 -1 +1 34.535 0.9809
15 0 0 0 112.753 1.4476
16 +1 Q Q 70.292 0.9251
17 +1 +1 1 17.10 0.7037
18 0 0 1 105.899 1.3597

Table 1. Design-Expert software (version 6.0.6 Stat-Ease,
Tnc.) was used for the regression analysis of data and the
graphical design of response surface.

Solid substrate fermentation: A glass column bioreactor
which consisted of a jacketed vessel with 50 cm height
and 16 cm mner diameter was loaded with 100 g of PKC.
Imitial moistwe of PKC was adjusted by addition of
Mandels medium. Bioreactor was sterilized at 121°C for
30 min. After cooling, PKC was inoculated with 1.0 mIL of
spore suspension containing 10° spores per gram of dry
substrate (PKC) and then incubated for 7 days.
Incubation temperature was controlled by water
circulation through the jacket of bioreactor. Humid air was
forced through the bed of cultwe at different rates to
achieve both heat removal and oxygen supply. Incubation
temperature, initial moisture content and aeration rate
were adjusted according to levels determined by
experimental design (Table 2).

Enzyme extraction: Enzyme was extracted from the
fermented PKC by adding 100 mL of 0.05 M sodium citrate
buffer (pH 5.0) into each 10 g of PKC and shaking
(170 rpm) for 24 h at 4°C. The suspended materials and the
fungal biomass were then separated by filter paper
(Whatman No. 1) at the temperature of 4°C. The clarified
extract was used as the source of enzyme.

Analytical methods: Xylanase activity was determined by
mixing 0.2 ml of an appropriately diluted enzyme sample
with 1.8 mL of 1.0% (w/v) birchwood xylan (Sigma X0502)
mn 0.05 M sodium citrate buffer (pH 5.3) as substrate at
50°C for 5 min (Bailey et al., 1992). Three milliliter of
3, 5-dinitro salicylic acid reagent was added to stop the

reaction. The amount of reducing sugar released (as
xylogse) was
measuring absorbance at wavelength of 540 nm
(Miller, 1959). One wut () of enzyme activity was defined
as the amount of enzyme required to liberate 1.0 umol of

estimated  spectrophotometrically by

xylose from birchwood xylan per minute under the assay
conditions. The activity of xylanase produced was
expressed as unit per gram of dry substrate (U g~'). The
soluble protein of culture extract was measured using
bovine serum albumin (Fluka 05488) by Lowry method
(Lowry et al., 1951).

RESULTS

Statistical analysis: Expernimental results of xylanase
production according to CCF design are shown in
Table 2. The second-order polynomial equation (Eq. 2)
was obtained by multiple regression analysis of test
results.

Y=2.03-0.25 X, +7.131E-003 3,+0.0333, +0.015X%, @)
-0.293,% -0.0323,7 -0.059%, X,+0.035K, X+ 00753, X,

where, Y is the xylanase yield (U g™, X; the incubation
temperature (°C), X, the imtial moisture content (%) and
¥, the aeration rate {1 min™). The Analysis of Variance
(ANOVA) for response swface quadratic model and the
coefficients estimated of the model equation 1s given in
Table 3. As observed, the model F-value (29.76) with a
very low probability value revealed that the quadratic
model was significantly fitted to experimental data
{(p<0.01). The lack of fit related to F-value (4.49) implied
the lack of fit was not significant.

The quadratic term of moisture content (X;*) was
significant at 99% probability level (p=<0.01). The quadratic
model showed sigmificant interaction effect of X, X,
(p<0.05) and X, X; (p<0.05) on xylanase activity.
Statistical analysis also indicated that the linear effect of
temperature was significant at 99% probability level
{p<0.01). The multiple ccefficient of determination (R*)
with a satisfactory value of 0.9737 unplied that 97.37% of
the variability in response could be explained by the
statistical model. High value of adjusted determmation
coefficient (Adj R* = 0.9442) also corroborated statistical
significance of the fitted model.

Effect of culture conditions on xylanase production

Effect of incubation temperature: According to test
results shown in Table 2, the highest xylanase activity of
174.88 U g~ was produced at incubation temperature of
25°C under initial moisture content and aeration rate
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Tahle 3: Snabeeis of wariance snd coefficiets edtivate df o the quadratic equation of xelanace production by Adsperglis sger FTCC 5003

Soumce Pobrwanial ¢ oefficierts Aon of squate oF Dleat squares Farahie Brob=F
Tlodel Q.170 9 1020 33,96 =00001 *
Frtercept 3250 1

] -0F10 5020 1 5020 163,37 =00001 *
% 006G 004z 1 0043 1.39 0271s
% 0069 o047 1 o047 1.53 0251a
oy 0.140 oo 1 onrn 2.26 01712
b -0910 2260 1 2260 73.29 =00001 *
ooy -0 0026 1 0026 0.85 03820
X -0.150 0.170 1 0.170 544 0.04 7 7o
M 004s onla 1 onls 0.59 04649
XN 0210 RIS 1 NI 11.45 0 009G
Feacidnal 0250 2 o0zl

Lack of Fit 0.190 5 ooz 2.12 02852
Phure Frror 0n0ss 3 onis

#Staticti ally significant at 9% probalilin kwvel, **fatisticaly signifiant at 95% probabiliy kvel, B 09737; Adj RS 05442
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determined by experimental design. From the results in
Tahle 2, itis evident that the lowest x Wanasze production
(171010 2" was ohserved at incubation temperature of
40°C. Ag shown in Fig 1, a decrease in xylanase saeld was
ohzerved when incubation temperabare inereased higher
that the lewvel of 25°C. 3imilarly, Fig 3 shows that the
lineat teduction it rylanase production was directly
propottionsl with the increase of tem perature from 25 to
40°C.

Effect of initial moisture content: As caty be seen from
Tahle 2, the pedk level of xylanase was produced during
tun 1, in which 33F process was petformed at initisl
moisture of 60%. Experimentd resdts also show that the
minithn activity of xylanase was obtained when 35F
process was concacted at B0% moishare lewel (runl7
Figure 1 and 2 depict the effect of moistare content on
rlanase production As shown in Fig 1 and 2, the
inereaze of indtial moisture content from 409 to the
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optimum level of 63%, concomitantly brought about the
marked rigse in xylanase yield. However, xylanase activity
declined at higher levels of moisture content (70-80%0).

Effect of aeration rate: Experimental results revealed that
the lowest xylanase yield was obtained at 0.5 T, min™
aeration rate in treatment 17, while the peak level of
xylanase activity was produced under 1.5 L min ™" aeration
rate in run 1 (Table 2).

As shown in Fig. 2 and 3, the increase of air flow rate
from 0.5 L min~" to optimum rate of 1.76 L min~"' brought
about a rise in xylanase production. However, the three
dimensional response surface graphs plotted in Fig. 2
and 3 indicate that the rise in xylanase yield was not
considerable as air flow rate increased.

Optimal level of parameters and verification of statistical
model: Tn order to determine optimum conditions for
attaming the highest xylanase production, three
dimensional response surface graphs (3D) of the
simultaneous effects of variables studied on xylanase
production were constructed by RSM (Fig. 1-3). The
analysis of 3D graphs indicated that the optimal level of
mncubation temperature, nitial moisture of substrate and
aeration rate were 25°C, 63% and 1.76 L min™,
respectively. In order to verify the accuacy of the
statistical model, Aspergillus niger FICC 5003 was
cultivated under optimum conditions in the column
bioreactor for 7 days. Test result revealed that the
xylanase activity of 192.50 U g~ was produced. This
finding showed that the production of xylanase through
SSF process under optimum circumstances determined
was well reproducible.

DISCUSSION

The SSF is an excothermic process where
environmental temperature dramatically influences the
growth of microorganism and product formation. The
study showed that the increase of incubation temperature
higher than optimum level (25°C) led to the reduction of
xylanase yield. The decrease of xylanase production
following the rise in mcubation temperature can be
attributed to the adverse effect of high temperature on
microbial growth and metabolic activities, resulting in
the reduction of enzyme production by fungi
(Venkateswarlu et al, 2000, Pandey et al, 2001).
Comparable results with the present study were obtained
by Azin et al. (2007), who reported that the maximum
xylanase production by Trichoderma longibrachiatum on
the mixture of wheat straw and wheat bran was measured

at mcubation temperatiwe of 25°C. Contrary to our

findings, Wu et al. (2005) showed the peak level of
xylanase production by Aspergillus riger on the mixture
of comceobs, wheat bran and wheat straw was obtained at
temperature range of 28-32°C. Sumilar trend was observed
when Aspergillus foetidus was cultivated on corn cob in
SSF process so that the highest xylanase level was
achieved at mcubation temperature of 30°C (Shah and
Madamwar, 2005). The diversity of optimal mncubation
temperature can partially be explained by the effect of
other process parameters such as the moisture content of
substrate, air flow and oxygen level on the environmental
temperature, allowing growth at various temperatures
(Prior et al., 1992).

Since, SSF deals with the biological processes in
which microorgamsm grows on solid material with limited
moisture level, moisture content of the substrate 15 a
crucial factor which drastically influences fermentation
process (Pandey et al., 2001). As shown n Fig. 1 and 2,
the production of xylanase was poor at 40% moisture
level. The low level of moisture content leads to the
reduction of substrate swelling, solubility of solid
substances and nutrient diffusion. These facts result in
wnsufficient nutrient supply for microorgamsm, which in
turn causes the decrease of microbial growth and enzyme
production (Prior et al., 1992; Venkateswarlu et ol., 2000).
Although, a rise in moisture up to optimum level (63%)
enhanced xylanase yield, too high level of initial moisture
content had unfavorable effect on xylanase production.

The adverse effect of high moisture level on xylanase
production might be attributed to the reduction of
substrate porosity, low heat and mass transmission
through the culture and the decrease of air exchange,
which in turn result in the decrease of microbial growth
and product formation (Venkateswarlu et al., 2000). The
results obtained mn this study were in accordance with
those were obtained by Liu et of. (2008), who showed that
the cultivation of Aspergillus niger on apple pomace and
cotton seed meal triggered the highest level of xylanase
activity at 62% moisture content. In similar observation
the maximum production of xylanase by Aspergillus niger
on rice straw was attained at the moisture level of 65%
(Park et al., 2002), contrary to what has been found by
Panagiotou et al. (2003), who reported that the growth of
Fusarium oxysporum on corn stover with initial moisture
of 80% resulted in the production of the highest yield of
xylanase within 5 days of solid cultivation. The results
obtained in the current study was also in contradiction to
findings of Souza et al. (1999), who showed that the
culture of Thermoascus aurantiacus using sugar cane
bagasse as solid substrate produced the highest level of
xylanase at 81% moisture content.
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The multiplicity of optimum moisture content could
be due to the fact that optimum moisture greatly depends
on the water-binding characteristics of substrate,
temperature and selected microorgamsm. Hence, varying
conditions provide different optimum moisture for
microorganisms (Prior et al., 1992).

Microbial activity of aerobic cultures is markedly
affected by the air supply to the system. Durand et al.
(1988) mentioned varying aspects of aeration function in
SSF processes including maintenance of oxygen supply
and removing carbon dioxide from the system, heat
transfer and the control of moisture level. The current
study showed that aeration rate improved the production
of xylanase. The favorable effect of air flow on xylanase
production could be attributed to the enhancement of
product formation by microorgamsm under forced
aeration (Shojaosadati and Babaeipour, 2002). The
optimum aeration rate obtained in the present study
(1.75 L min™") contrast with the those observed for the
cultivation of Thermoascus aurantigcus on sugar cane
bagasse in a glass-column fermentor for 10 days, where
maximum xylanase activity was achieved at 0.6 L min " air
flow rate (Milagres et al., 2004). Similarly, Heck et al.
(2005) demonstrated that the highest yield of xylanase
produced by Bacillus circulans grown on Industrial
fibrous soy residue (IFSR) was obtamed under
0.5 L min~’ aeration rate. However, the considerable effect
of high rate of aeration on xylanase biosynthesis has been
shown by Ridder et al (1999), who found that the
maximum level of xylanase production by Trichoderma
longibrachiatum was determined at the aeration rate of
2.9 L min~' using an aerated tray fermentor. These
variations in optimumn level of aeration rate can be related
to the selection of microorganism, the particular aniount
of oxygen for product synthesis, the level of heat
evolution to be removed, the quantity of carbon dioxide
and other volatile metabolites which would be dissipated,
the thickness of substrate layer and the volume of pore
space in the substrate (Lonsane et al., 1985).

CONCLUSION

This study investigates the potency of PKC in
mnduction of xylanase production by Aspergillus niger
FTCC 5003. This work reveals that incubation
temperature, untial moisture content of substrate and air
flow affect xylanase synthesis and hence the control of
variables tested in optimal level enhances xylanase yield.
Further research is recommended to study on
unprovement of xylanase production by combination of
PKC with agro-industrial residues inducing high level of
xylanase activity i1 defined ratio and supplementation of
nitrogen sources to culture.
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