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Abstract: Present study was initiated to choose the significant solid state fermentation parameters that
contribute to the highest xylanase production using oil palm leaves as substrate by Aspergillusniger ATCC
16404. The design of experiment for this research was established and conducted based on 5  Full Factorial Two3

Level (Minitab 14) with a total of 64 runs. All the run order was randomly implemented without blocks and there
were five variables or factors (parameters), namely fermentation temperature, fermentation time, inoculum size,
initial moisture content and ratio of carbon and nitrogen source as fermentation supplements were investigated.
They were denoted by high level (+1) and low level (-1) where their actual code are 28-32°C, 4-6 days, 0.8-1.2
ml, 65-75% and 0.5-2.5, respectively. The enzyme activity obtained were fitted into the response, namely,
enzyme activity (EzAct) for statistical analysis. Enzyme activity response was found to significant in terms of
model  (F-value  =  49.77),  the  regression  coefficient,  R   =  0.9168  and adjusted regression, adj R  = 0.8362.2 2

The scrutiny revealed that the enzyme activity was attained between 55 to 62 U/ml. It was suggested that, only
three significant parameters which were fermentation temperature, fermentation time and ratio of carbon
(sucrose) and nitrogen (peptone). 

Key words: Full Factorial Two Level  Enzyme activity  Statistical analysis

INTRODUCTION frontline of industries practicing solid state fermentation
(SSF) [2]. According to Norazlina, et al. [3] with the total

Recently, a great quantity of agricultural and agro- oil palm cultivation area in Malaysia which is over 2.65
industrial residues is generated every year from diverse million hectares and producing over 8 million tonnes of oil
agricultural and industrial practices. These residues annually, Malaysia has a great prospect in transforming
represent one of the most energy-rich resources on the the abundant source of oil palm industry by-products into
planet. Moreover, it can be one of the best reservoirs of value-added products. Thus, Malaysia is in the top
fixed carbon in nature. The degradation of this ranked of oil palm producers by supplying 59% of world’s
macromolecular structure by microbial enzymes is a vital requirement yearly. Consequently, an enormous amount
of biological process that is central to the carbon cycle, of biomass from oil palm namely the oil palm shell,
herbivore nutrition and host invasion by mesocarpfiber, empty fruit bunch, oil palm frond, oil palm
phytopathogenicfungi and bacteria [1]. Such resources trunk, palm kernel cake and oil palm leaves can be found
also known as wastes are particularly attractive as they effortlessly. At present, most of these oil palm wastes are
provide an inexpensive industrial substrate and either left at the plantation to provide organic nutrients to
concurrently offer elimination or reduction of large-scale oil palm trees or burned illegally which caused global
accumulation of biomass. Thus, the exploitation of warming, or used as solid fuel in the boiler to generate
agricultural and agro-industrial residues has been in the steam or  electricity  at  the  mills  [4].  From  a  commercial
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viewpoint, Katapodis, et al. [1] highlighted that xylanase MATERIALS AND METHODS
is  important  group  of  carbohydrolase   and   has a
world-wide market of around 200 million dollars. Microorganism: A strain of Aspergilllusniger ATCC
Xylanases have attracted considerable research interest 16404 was used for the present study. It was maintained
because of their potential industrial applications, on  potato  dextrose  agar  (PDA). As suggested by
including hydrolysis of lignocellulose to fermentable Astolfi, et al. [10], the subculture process was carried out
sugars for  fuel ethanol production, bread making and once in every 3 weeks and the stock cultures were stored
clarification of beer and juices. Xylanase are also believed at 4°C.
to be essential in improving the nutritive quality of animal
feed [1]. As a result, the importance of microbial xylanases Oil Palm Leaves: Oil palm leaves (OPL) were used as the
has increased in present scenario due to its immense substrate for the solid state fermentation. They were
biotechnological applications. However, as stated by obtained from the oil palm plantation in Selangor,
Ibrahim [5] Malaysia’s enzyme industry is considered as Malaysia. They were soaked in water for 1 h to clean the
almost not exist even though the import values are large. oil palm leaves from dirts, pesticides, herbicides and sand.
This is due to the high cost of substrate which is around Next, the OPL was washed for several times and sun-dried
40% in synthesizing enzyme. for 2 weeks-time and cut into small size of 1-3 mm by using

Xylan is an integral part of lignocellulosic structure, a kitchen blender [11].
which is the major constituent of hemicellulose that is the
second most abundant renewable resource on earth. It is Preparation of Inoculum: The spores of Aspergillusniger
an heterogeneous polysaccharide consisting of -1,4- ATCC 16404 were grown on PDA for 5 days were displace
linked d-xylosyl residues along with a small fraction of into 25 ml of sterilized distilled water for every petri dish.
arabinose,  glucuronic  and  arabinoglucuronic  acids There were all together four petri dishes of spores of
linked to the d-xylose back bone [6]. As suggested by Aspergillusniger ATCC 16404 [12]. This would make up
Chapla, et al. [7] microbial xylanase (E.C. 3.2.1.8) is the around 100 ml of spore suspension and would be used as
favoured catalyst for xylan hydrolysis due to their high master or stock suspension. The master suspension was
specificity,  mild  reaction conditions, negligible substrate diluted to 1 x 10  spores/ml for the subsequent
loss and side product generation. It is firstly, attack the experiments.
internal main-chain linkages and subsequently releasing
xylosyl residues by endwise attack of Preparation of Fermentation Medium: According to
xylooligosaccharides [6]. This xylanase enzyme has lately Norazlina, et al. [3], a total of 10% fermentation weight
attracted significant attention due to their application was used in this experiment and placed into a 250 ml
potential in hydrolysis or bioconversion of Erlenmeyer flask. The weight of the oil palm leaves varies
lignocelluloses to sugars [6]. However, as highlighted by depending on the initial moisture content range. The
Kang, et al. [8] the cost of enzyme is one of the main amount of mineral/salt solution was also depending on
factors  determining  the  economics of any process. the initial moisture content. The composition of
Efforts on cost reduction have been directed towards salt/mineral solution were as follows (in g/L), NH NO :
increasing enzyme production by developing better 32.4; CaCl : 1.34; MnSO .H O: 0.0124. The contents were
microbial strains, efficient fermentation techniques and thoroughly mixed and autoclaved at 121°C for 15 min.
recovery systems. Therefore Shah and Madamwar [9] and
Chapla, et al. [7], suggested that solid state fermentation Solid State Fermentation: The sterilized solid
(SSF) is one technology that allows the development of fermentation medium which consists of oil palm leaves,
microorganisms on moist substrates in the absence of free sucrose,  peptone,  distilled water and mineral/salt
or flow water. Production of enzyme via solid state solution was inoculated with 1 ml of inoculum with
fermentation deliver numerous benefits like no concentration of 1 x 10  spores/ml. The mixture was
requirement for complex and sophisticated machinery, incubated at range between 28 to 32°C. The fermentation
simple product recovery, abundant and inexpensive time was between 4 to 6 days. The combination of the
substrates for the fermentation, low energy demand, high fermentation parameters  were  according  to  the
volumetric productivity and often a high yield of statistical  design  by 5   Full Factorial Two Level
products. (Minitab 14).
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Xylanase Enzyme Extraction: The crude enzyme from the
fermented material was extracted with as demostrated by
Norazlina and Puvanesvaran [13] with some modifications.
It was via simple contact method which was distilled water
at  volume  of  70 ml was mixed with fermented material.
The mixture were mixed thoroughly and homogenized by
shaking  them  on  a  rotary  shaker at 180 rpm at 30°C for
30 min. Then, the mixture or suspension was centrifuged
at 12000xg at 4°C for 20 min (Sartorius Sigma). The
supernatant which was filtered by using Whatman No. 1,
was used as crude enzyme for further analysis.

Xylanase Assay: Xylanase activity which was reported by
Tony, et al. [14]was assayed in 1.5 mL of a reaction
mixture, containing 0.5 mL supernatant and 1 mL solution
of  1 %  (w/v)  birchwoodxylan  in  0.05 M citrate buffer
(pH 5.3). The mixture will be incubated in a water bath at
50°C for 20 min. After the incubation period, the reaction
was terminated by boiling the mixture at 100°C for 5 min.
Buffer solution without the extracted enzyme is used as
the control for the xylanase assay during taking values of
optical  density.  The reducing sugar was determined at
540 nm by 3, 5-dinitrosalycylic acid reagent (DNS) method
adapted from Miller [15] using D-xylose as standard [16].

Design of Experiment: The experimental design was
created using Minitab 14 software. Two-level factorial
design was employed to assess the effect of the selected
fermentation parameters. The fermentation parameters are
known as variables and they called fermentation
temperature (°C), fermentation time (day), inoculum size
(ml), initial moisture content (%) and ratio of carbon and
nitrogen source as fermentation were investigated during
the experiments. This present study was accomplished in
total of 64 base runs which without block. Each variable
was represented at two levels i.e. high and low, denoted
by (+) and (–) signs, respectively. In addition, the
response model was fitted into response variables, viz.
amount of enzyme activity, (EzAct). Table 1 illustrates the
actual factor levels corresponding to uncoded factor
levels for two-level factorial design.

RESULTS

Experimental design matrix and results of xylanase
activity can be obtained from Table 1. It indicates the
actual factors levels correspond to the respond, namely
enzyme activity (xylanase activity) in unit U/ml.

Table 1: Experimental design matrix and results of the 5 factorial design2

Run Order MC CN Temp Time Inoc EzAct

1 65 0.5 28 4 0.8 10.8827
2 65 0.5 32 6 1.2 33.4294
3 75 0.5 28 4 0.8 13.27
4 75 2.5 28 4 1.2 26.8888
5 65 2.5 28 6 1.2 1.2597
6 65 0.5 28 4 1.2 15.2249
7 75 0.5 32 4 0.8 6.268
8 75 0.5 32 6 0.8 2.1196
9 75 0.5 28 4 0.8 22.3831
10 75 0.5 32 4 1.2 10.1136
11 65 0.5 28 6 0.8 17.1992
12 75 2.5 28 4 1.2 21.1356
13 75 2.5 28 4 0.8 1.2112
14 65 0.5 28 4 0.8 10.9372
15 65 2.5 28 6 1.2 7.0856
16 65 2.5 32 6 0.8 62.2562
17 75 2.5 32 6 1.2 2.1802
18 65 0.5 28 6 1.2 30.9101
19 75 2.5 28 6 0.8 13.396
20 75 0.5 28 6 0.8 37.499
21 75 2.5 32 6 1.2 5.1779
22 65 0.5 32 4 1.2 9.3748
23 75 2.5 32 4 0.8 10.9009
24 65 2.5 28 6 0.8 6.4557
25 65 2.5 32 6 0.8 60.3182
26 65 2.5 28 4 1.2 5.4202
27 75 2.5 28 6 0.8 12.5481
28 75 2.5 32 6 0.8 10.3558
29 65 0.5 28 6 0.8 24.76
30 65 2.5 32 4 0.8 0.3028
31 75 2.5 28 6 1.2 31.2008
32 75 0.5 32 6 1.2 6.1469
33 75 2.5 28 6 1.2 31.7095
34 75 2.5 32 4 1.2 13.0811
35 75 0.5 32 6 1.2 8.0545
36 75 2.5 28 4 0.8 1.39
37 75 0.5 28 4 1.2 46.3651
38 65 2.5 32 6 1.2 15.2612
39 75 0.5 28 6 0.8 44.4029
40 65 0.5 32 6 0.8 30.038
41 75 0.5 28 6 1.2 55.3038
42 65 0.5 28 6 1.2 28.9721
43 65 2.5 32 6 1.2 6.2983
44 65 0.5 32 6 1.2 32.9449
45 65 2.5 28 4 0.8 1.3626
46 65 0.5 32 4 0.8 6.1772
47 65 2.5 32 4 0.8 1.0295
48 65 2.5 28 4 1.2 4.7237
49 65 0.5 32 4 1.2 7.5398
50 75 2.5 32 6 0.8 7.6306
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Table 1: Continued Table 2: Analysis of variance fit the model regression xylanase production
51 75 0.5 28 4 1.2 41.5687
52 65 2.5 28 4 0.8 1.514
53 75 0.5 28 6 1.2 55.1585
54 65 0.5 32 6 0.8 28.8268
55 65 2.5 32 4 1.2 5.0568
56 65 0.5 32 4 0.8 4.5239
57 75 2.5 32 4 1.2 3.997
58 75 0.5 32 4 0.8 3.0583
59 65 0.5 28 4 1.2 12.8267
60 75 0.5 32 6 0.8 1.0598
61 75 2.5 32 4 0.8 16.3513
62 65 2.5 32 4 1.2 0.212
63 65 2.5 28 6 0.8 7.8729
64 75 0.5 32 4 1.2 13.505
MC, Initial Moisture Content (%); CN: ratio of carbon and nitrogen; Temp:
Fermentation Temperature (°C); Time: Fermentation Time (day); Inoc:
Inoculum Size (ml); EzAct: Enzyme Activity (U/ml)

DISCUSSION

The results from the full factorial two-level model
fitting which is in the form of analysis of variance
(ANOVA) are given in Table 2. The ANOVA of the
regression model reveals that the model is highly
significant, as is evident from Fisher’s F-test. The
computed F-value (49.77) is much higher than the critical
F-value (2.51 at the 5% level), indicating that the
differences in fermentation parameters are highly
significant; R  = 0.92, so 92% of the total variation is2

explained  by  the  model.  This   findings   are  parallel
with  a  study demonstrated by Su, et al. [17] where the;
R  = 0.9767 indicated 9767 that 97.67% of the total2

variability in the response could be explained by this
model. In addition, the F value also not much difference
compared to our research which is 46.48 which Su, et al.
[17] claimed that their model was significant. P value in
both Su, et al. [17] and this research is less than 0.0500
indicated that model terms were significant.

According to Table 2, the model is significant
because the F-value of 49.77 is greater than the critical
value of 2.51. This suggests a satisfactory representation
of the process model, which is also similar to a study done
by [18] where he demonstrated 2  central composite3

design (CCD) to determine the optimal conditions for
cultivation time and temperature. Furthermore, due to the
residual error, the sum of squares value is 797.30, which is
less than half of the total value (4790). This also shows
that the model is acceptable because the residual error is
less than 50%.

Figure 1 shows that only three parameters illustrate a
drastic increment or decrement: the ratio of carbon to
nitrogen   (CN),    fermentation temperature   (Temp)  and

by Aspergillusniger ATCC 16404

Source SS DF MS F-value Critical value P-value

Model 6200.27 5 1240.05 49.77 2.51 0.000
Residual error 797.30 32 24.92
Total 9581.67 63

R = 0.92; SS, sum of squares; DF, degrees for freedom; MS, mean square;2

significance level 95%

fermentation time (Time). The other two parameters, which
are initial moisture content (MC) and inoculum size (Inoc),
both indicate a slight and gradual increment. This means
that the most significant factors that contribute to the
maximum xylanase production are the ratio of carbon to
nitrogen (CN), fermentation temperature (Temp) and
fermentation time (Time).

Figure 2 is another type of illustration known as a
Pareto chart. This Pareto chart also has been used by
Maciel, et al. [16] in studying the effect of different kind
of salts in solid state fermentation. From Figure 2, the
alpha value is 0.05 and any values of factors that lie
beyond the red line (value = 2.011) are the significant
factors in determining the most influential fermentation
parameters in producing the highest yield of xylanase.
These findings suggest that the ratio of carbon to
nitrogen (CN), fermentation temperature (Temp) and
fermentation time (Time) are the significant factors in the
production of xylanase. The other two factors, the initial
moisture content (MC) and the inoculum size (Inoc), are
not significant factors because the bar lines of these two
factors are within the red line. Consequently, Figure 2 can
be used to support the abovementioned statement
because it yields the same results as Figure 1.

Figure 3 shows the interaction among initial moisture
content, ratio of carbon to nitrogen, inoculum size,
fermentation time and fermentation temperature. It shows
that fermentation temperature is dependent on the ratio of
carbon to nitrogen, while the fermentation time affects the
initial moisture content. In addition, fermentation
temperature is also reliant upon inoculum size and initial
moisture content. Nevertheless, the values of inoculum
size and initial moisture content were constant in the
subsequent optimisation experiment due to their lessened
contribution to producing the maximum xylanase yield,
62.2562 U/ml which is higher compared to Merchant and
Margaritis (1988) with Thielaviaterrestris(18.8 U/mL).
Apart from that, Pang and Ibrahim [19] with A. Nígeralso
achieved only (25.40 U/ml), less than our research which
is 62.25U/ml. There are cases like Solórzano et al. (2008)
using Aspergillusawamori (100U/ml), Katapodis, et al. [1]
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Fig. 1: Main Effects for the Enzyme Activity

Fig. 2: Main Effects for the Enzyme Activity

Fig. 3: Interaction among fermentation parameters
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with Sporotrichum  thermophile   (56   U/mL)  and 5. Ibrahim,  C.O.,  2008.  Development   of  applications
Okafor, et al. [20] with P. chrysogenum(47 U/mL) which in of   industrial    enzymes    from  Malaysian
good agreement with activity from this research which indigenous  microbial  sources. Bioresour Technol.,
was 62.2562 U/ml. Among others, the never been used oil 99: 4572-4582.
palm leaf as as natural carbon source for the solid state 6. Lakshmi,  G.S.,  C.S. Rao, R.S. Rao, P.J. Hobbs and
fermentation, Aspergillusniger still can be considered as R.S. Prakasham, 2009. Enhanced production of
an excellent xylanase enzyme producer. xylanase by a newly isolated Aspergillus terreus

CONCLUSION waste: A statistical optimization, 2009.Biochemical

After the screening process designed by the Two 7. Chapla, D., J. Divecha, D. Madamwar and A. Shah,
Level Factorial, it can be concluded that there are only 2010. Utilization of agro-industrial waste for xylanase
three parameters that significantly contributes to the production by Aspergillus foetidus MTCC 4898
maximum xylanase yield. There are fermentation time, under solid state fermentation and its application in
fermentation temperature and ratio of carbon and saccharification, 2010.Biochemical Engineering
nitrogen. Thus, in the subsequent experiment for the Journal, 49: 361-369.
optimization process will only include these three 8. Kang,  S.W.,  Y.S.  Park,  J.S.  Lee,  S.I.  Hong and
fermentation parameters. As of now, none of any research S.W. Kim, 2004. Production of cellulases and
which performing screening fermentation parameters hemicellulases by Aspergillus niger KK2 from
using Minitab 14 except for this present study. lignocellulosic  biomass, Bioresource  Technology,
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