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Bioconversion of sago waste using Aspergillus sp. for the production of reducing
sugars
Tan Wei Ling
Resource Biotechnology Programme
Faculty Resource Science and Technology
Universiti Malaysia Sarawak

ABSTRACT
The purpose of this study was to explore the possibility of utilizing sago hampas to convert them into
reducing sugars using microbes in solid state fermentation (SSF) . Microbial consortium represents a crucial
new frontier for biotechnology. Hence, in this study three different types of Aspergillus sp. was used to
investigate their production of reducing sugars and soluble proteins. Mono cultures, co-cultures and mixed
cultures of Aspergillus niger PANI, Aspergillus flavus NSH9 and Aspergillus versicolor FP13 were
evaluated for their potential performance in producing reducing sugars. This was then followed by further
optimization of the selected cultural conditions with the following variables such as incubation period (days),
pH, effect of nitrogen supplementation and temperatures, :C. Supernatants of extracted were used to estimate
reducing sugars using dinitrosalycilic acid (DNS) and crude protein using Bradford methods. Among the
seven different culture combinations, co-culture of Aspergillus niger PAN I and Aspergillus vesicolor FP 13
produces the highest amount of reducing sugars of (0.786±0.05 mg/mL) and soluble protein of (0.070±0.00
mglmL). The optimum incubation period, temperature and pH for maximum reducing sugar and soluble
protein production were at 6 days, pH 4.0 and 35:1C. Among the four different nitrogen sources used,
ammonium nitrate 0.1% (w/w) gave the highest production of reducing sugars and soluble protein. From this
study, it was deduced that, co-cultures of Aspergillus sp. gives higher yields of reducing sugars then
compared to pure and mix cultures. Apart from that there is a significant increase in the reducing sugars
production under the optimized conditions as compared to control.
Keywords:
proteins.

Solid state fermentation (SSF), Sago hampas, Aspergillus sp., fermentable sugars, soluble

ABSTRAK
Tujuan kajian ini dijalankan adalah untuk meneroka potensi sisa sagu hampas sebagai substrat yang dapat
ditukar kepada gula penuntn menggunakan mikrob dalam Jennentasi Jase pepejal. Konsortium mikrob
adalah penting dalam penyelidikan bioteknologi masa kini. Oleh yang demikian, kajian telah dijalankan
untuk memilih kombinasi mikrob daripada tiga jenis Aspergillus sp. berlainan secara individu dan gabungan
antara Aspergillus niger PAN1, Aspergillus Flavus NSH9 dan Aspergillus vesicolor FP13 telah diuji
keberkesanan dalam me'!ghasilkan gula penurun. Selain itu, kandungan protein juga telah direkodkan.
Ujikaji dilakukan menggunakan kombinasi mikrob terpilih dengan cara mengkaji tempoh Jennentasi, pH,
kesan nitrogen dan suhu terhadap penghasilan gula penurun. Supernatan yang diperoleih daripada
pengekstraktan hasil Jennentasi diuji kandungan gula penurun dengan menggunakan kaedah DNS dan
kandungall protein dengan kaedah BradJord. Hasil ujikaji daripada tujuh jenis kombinasi mikrob, didapati
gabungan antara Aspergillus niger PAN1 dan Aspergillus vesicolor FP13 menghasilkan Jennentasi gula
yang paling tinggi dengan (0. 786±0.05 mglmL) dan kandungan protein (0.070±0.00 mglml). Manakala
keadtwn optimum tempoh imkubasi, pH, kesan nitrogen dan suhu bagi penghasilan gula penurun dan
kandungan protein larut adalah pada hari keenam, pH 4 dan pada suhu 35:C masing-masing. Hasil
daripada empat jenis nitrogen yang digunakan didapati ammonium nitrate 0.1% (w/w) mencatatkan hasil
[ennentasi gula penurun dan kandungan protein yang paling tinggi. Justeru, hasil daripada kajian ini
didapati gabungan Aspergillus sp. mencatatkan gula penurun yang lebih tinggi berbanding dengan
kombinasi yang lain serta individu. Selain itu, terdapat peningkatan hasil gula penurun selepas ujikaji
dijalankan dibawah keadaan optimum optimum berbanding dengan ujikaji kawalan.
Kata kunci: Fennentasi Jase pepjal (SSF), hampas sagu, Aspergillus sp., gula penurun, kandungan protein.
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1.0 INTRODUCTION

Metroxyton sagu is one of the important economic species throughout Southeast Asia for
their role in both agricultural as well as industrial economy of the country. In Malaysia
particularly in the state of Sarawak sago processing industry exports has generated a large
amounts of25000 to 30000 tons of sago flour each year. Furthermore, statistics has shown
that sago production in Malaysia increases from 15-20% each year (Awg-Adeni et at.,
2009). In Malaysia, agricultural wastes such as sugar cane bagasse, paddy straw, palm
kernel cake rice husks and also sago wastes have generate approximately 5 million tons of
wastes per year (Kheng & Omar, 2005). In addition, the amount of waste (fiber and water)
collected from sago processing is about 20 times greater than the total starch production
(Auldry et at., 2009). As a consequences of improper handling of sago wastes have cause
numerous environmental problems to our countries. Therefore, an alternative approach was
to utilize these wastes effectively and economically. In this study, the sago hampas waste
was used as the main substrate in SSF for the production of reducing sugars, glucose. This
is due to sago hampas is a rich source of lignocellulosic agro industrial wastes. Hence, it
can be a good substrate for solid state fermentation that can provides carbon sources,
sufficient nutrients and act as support systems for microbial conversion via SSF into other
value added products. Application of waste residues in SSF can be a viable option to solve
environmental pollution in addition to that also improves SSF process to gain an
economical advantage over submerged fermentation.

Sago hampas constitutes of major starchy and lignocellulosic biomass. The composition of
sago hampas is in the proportion of 66% of starch, 25% of lignin and 14% fiber on dry
weight basis (Chew & Shim, 1993). However, the protein content in sago hampas is low
with only about 0.6 to 0.7% (Vikineswary et at., 1993). Hence, with its low protein content
2

makes them unfavorable for most ofthe animals (Vikineswary et aI., 1993). However, with
fungal pretreatment of sago hampas seems possible and it can be further improved. This is
due to majority of the cellulose and hemicelluloses in the sago hampas biomass can be
hydrolyzed into simple sugars with the aid of hydrolytic enzymes such as cellulase,
xylanase and lignininase produced by fungi. For example, a research has been done on the
production of reducing sugars from sago hampas using Trichoderma KUPMOOOJ under
solid state fermentation, SSF (Shahrim et at., 2008).

The productions of fermentable sugars are important raw material for a number of
biotechnological processes such as in bio-fuel industries, and also in the food processing
industries. Moreover, they are widely used in the fermentative process to produce bulk
chemicals together with bioactive compounds (Chen et

at., 2011). Other high value

byproduct of products such as ethanol (Lawford & Rousseau, 2003) lactic acid (El
Hawary et

at, 2001), citric acid production (Torrado

(Abd-Aziz, 2002), bio hydrogen (Kaparaju et

et

at., 2011), amino acids, acetone

at., 2009), vitamins and other secondary

metabolites are produced by fermentation using glucose as the base substrate (Pothiraj et

at., 2006).

Solid state fermentation (SSF) processes are of special economic interest especially for
countries that are rich with agro industrial wastes. Laboratory scale SSF have reported to
efficiently convert agricultural wastes for the production of several value added products.
Furthermore, the use of fungi is better adapted organisms for SSF, since hypha 1 from
filamentous fungi can able to penetrate through the inner particle substrate and colonize the
substrate better. Microbial consortium is known to be responsible for

many

biotransformation in natural environment. For example, microbial consortium have been

3
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applied in the production of enzymes, composting, food industries, enzymes, alcohol
production including other secondary metabolites such as antibiotics (Alam et aI., 2001).

The objectives of this study are to:
1. Perform SSF of sago hampas using Aspergillus sp.
2. Evaluate and compare the efficiency of glucose production using Aspergillus sp.
individually or in combination.
3. Study the optimal parameters for glucose production usmg the best type of
Aspergillus sp. either individually or in combination.

4. Quantify the soluble protein concentration produced by Aspergillus sp. m sago
hampas.

4
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2.0 LITERATURE REVIEW
2.1 Aspergillus sp.

Aspergillus sp. is a genus Aspergillus that belongs to the phylum Ascomycota. Majority of

the Aspergillus sp. are mesophilic type which grows well at temperature of 27-37°C.
However some of the Aspergillus sp. grows at higher temperature of 55-60°C. In addition
to that, most of the Aspergillus sp. can able to grow well under low pH of5.0. However, in
certain cases some of the Aspergillus sp. can grow optimally at higher pH of 7.0.
Lockington et al. (2002) describes Aspergillus sp. as a class of fungus that has the high
capacity of producing and secreting extracellular enzymes. Previous studies have shown
the ability of Aspergillus sp. to produce different types of enzymes such as cellulase (Ilyas
et aI., 2011) including exo-glucanase, endo-glucanase and also (3-1, 4-glucosidase (Sohail
et al., 2009), amylase (Chimata et ai, 2010), glucoamylase (Anto et ai, 2006), lipase

(Falony et al., 2006) and protease (Paranthaman et ai, 2009). Since most ofthe Aspergillus
sp. is major agents of decomposition and decay (Ilyas et al., 2011) therefore, Aspergillus
sp. has the capability to produce various industrial important enzymes. Furthermore,
Aspergillus sp. has also reported to have the potential to produce lignocellulosic enzymes

that can degrade lignocelluloses components (Tuan et aI., 2009). In this study, among the
Aspergillus sp. used are Aspergillus niger PANl, Aspergillusjlavus NSH9 and Aspergillus
versicolor FP13. All the Aspergillus sp. were locally isolated and kept from as UNIMAS

microbial stock culture collection.
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2.1.1 Aspergillus niger

Aspergillus niger is an asexual filamentous ascomycete species that belongs to the member
of the genus Aspergillus group. Aspergillus niger is commonly found as a saprophyte
growing on dead leaves, stored grain, and compost piles. Aspergillus niger colonies on
Malt Extract Agar appeared to be dark brown and the colour was more intense at the centre
(Adeniran & Abiose; 2009) as shown in Figure L In this study, the Aspergillus niger
PANI was locally isolated from sago hampas. Pandey (1999) has reported that Aspergillus

niger is one of the members ofthe genus A!Jpergillus group that is capable of producing 19
different types of enzymes. In conjunction with that, Aspergillus niger is also well studied
for their production of lipase enzyme (Falony et al., 2006) and peptinase production
(Kumar et al., 2010). Apart from that, Aspergillus niger is also known for their efficiency
as producers of plant-cell wall degrading systems. Based on previous research shown that

Aspergillus niger able to grows well at optimum temperature of 30°C - 37°C and grows
well at a pH range of pH 4.0-5.0 (Acharya et al., 2008; Ilyas et al.,. 2011). Aspergillus

niger strain is also widely known for their importance in food industry especially in citric
acid production (Isqal, 2008). Moreover, in France Aspergillus niger has been officially
approved for their enzyme production in food industry (FouIy et al., 2010). Moreover, this
genus of Aspergillus sp. has been recognized as safe for specific uses by the U.S food and
Drug Administration.

Figure 1: Growth of Aspergillus niger PAN I on malt extract agar (MEA)

6
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2.1.2 Aspergillus flavus
Aspergillus flavus colonies in Malt extract agar commonly have the yellowish green
(Adeniran & Abiose, 2009) as shown in Figure 2. It is also a type of saprophyte that can
grows on dead plant and animal tissue in the soil. In this study, the Aspergillus flavus
NSH9 was locally isolated from sago humus. Aspergillus flavus is considered as a type of
species that is important in nutrient recycling. One oJthe properties of Aspergillus flavus is
their ability to tolerate at high temperature and at low water volume than other types of
filamentous fungi. In addition to that, Aspergillus flavus also grows rapidly at optimum
temperature of 37°C. However, there are some other Aspergillus flavus species that can
grows at higher temperature of 42°(. Based on previous fmdings, Aspergillus flavus has an
optimum enzymatic production ranging from pH 3 to pH 7. For example, Aspergillus

jlavus has optimum pH 7 for cellulase enzyme (Olama & Sabry, 1989), CMCase, FPase
and Avicelase at pH 4.0-4.5 (Abo-state et al., 2010) and similar results obtained for
protease production with optimum pH 4 (Muthulakshmi et al., 2011). .

Figure 2: Growth of Aspergillusjlavus NSH9 on malt extract agar (MEA)
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2.1.3 Aspergillus versicolor
Aspergillus versicolor is a type of xerophilic fungi that wi1l obtain moisture from the air if

the relative humidity is lower or higher than 60%. Furthermore, Aspergillus versicolor can
able to grow well in a wide range of water activity and has the ability to produce various
kinds of extracellular enzyme. Initially, Aspergillus versicolor belongs to the subgenus
Nidulantes. Aspergillus versicolor is one of the thermophile fungal that can withstand
living in high density and in high temperature. A report has also revealed the isolation of
Aspergillus versicolor at high density from sugar cane bagasse for their xylanase enzyme

production (Aboellil & Geweely, 2005). Initially, the colonies of Aspergillus versicolor in
Potato Dextrose Agar appear to be pale dull green in colour to greenish-beige and dark
green (Figure 3). Aspergillus versicolor can isolated from plant materials and soil. In this
study, the Aspergillus versicolor FP13 was isolated from oil sludge. Aspergillus versicolor
has also used to study their optimization efficiency in degradation of petroleum oil sludge
at different pH, temperature and also nitrogen sources (Garapati. & Mishra, 2012).
Aspergillus versicolor has the optimum pH of 4.0 and also it has an optimum amylase

production at moderate temperature of 30°C (Jayaramu et al., 2011).

Figure 3: Growth of Aspergillus versicolor FP13 on potato dextrose agar (PDA).
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2.2 Sago hampas
Sago hampas is commonly known as a starchy lignocellulosic fibrous residue (Fig. 4)
collected from the pith of Metroxyion sagu after starch processing process (Awg-Adeni et
ai, 2009). For every 100kg of starch contained inside sago pith approximately 70-90kg of
starch can be extracted out while the remaining 10kg still left inside the sago hampas
residues (Auldry et ai., 2009). However, the quantity of starch extracted will depend on the
efficiency of starch extraction process (Auldrey et ai., 2009). The remaining sago hampas
recovered from sago pith can be used as a potential substrate for fermentation as they are
not only cheap but also abundantly available especially in East Malaysia. Sago waste
composition is made up of66% of starch 25% lignin of the 14% fiber on dry weight basis
(Chew & Shim, 1993). Since most of the proportion of sago hampas consists of carbon
sources, nutrients, and moisture (Table 1) hence sago hampas can be a potential substrate
that provides carbon sources for growth of microbes during fermentation either in SSF or

SmF.

Figure 4: Sago hampas grOlU1d and sieved.
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Table 1: Component analysis of dried fibrous sago waste (Kumoro et ai. , 2008).

Components

Content (% w/w)
.
-

-

.

-

:

;

-

--

-

-

~

-

.
-

-

-- 

-

15.00

Crude fiber
-

-

-

I

,"

-.--

Fat

Not Detected

Moisture

6.10

-

~

-

-

•

~

.~

2.2.1 Value added products from sago hampas.

Previously sago hampas has not been utilized for any significant potential uses except as
animal feed supplement and also for the production of chipboard (Kumoro et ai, 2008).
However, recently much of the studies have been carried out to investigate the potential
ability of sago hampas as a substrate used in Solid state fermentation (SSF). There are
other potential utilization of sago hampas such as for the production of potassium, calcium
hydroxide, compost and humid acid from this sago wastes fiber (Auldry et aI., 2009).
Apart from that there ,are also many other potential uses of sago hampas for instances, the
waste residues may be used as potential feedstuff for animal feed, compost for mushroom
culture, and for particleboard manufacture (Phang et aI., 2000). Sago hampas has also
utilized for their potential use as adsorbents for the removal of wastes in water containing
heavy metal such as lead and copper ions (Quek et al., 1998). Furthermore, sago wastes
can also used to reduce environmental problems caused by heavy metals (Quek et aI.,
1998). In recent years, studies have done to enhance the production of valuable products
from sago hampas. For example, a recent study by Bernard et al (2011) that uses sago
hampas as one of the agricultural wastes for the absorption of ions such as a~monium to

10

be converted into activated carbon, (Ae). This is due to their high cellulose and lignin
content. Sago hampas has also reported as a potential substrate for their ability in their
production of laccase enzyme using Pleurotus. sajor-caju (Kumaran et al., 1997) and
Pycnoporus sanguineus (Vikineswary et ai., 2006) via solid state fermentation. In addition
to that another studies conducted on sago hampas for the production of laccase has also
shown that Pycnoporus sanguine us also showed good growth on sago hampas during solid
state fermentation (Rifat et ai., 2003).

2.2.2 Reducing sugars

Reducing sugar are members of the carbohydrate family. Some of the examples of
fermentable sugars are glucose, fructose and sucrose. In recent years many of the
agricultural wastes that consist of lignocellulosic have been converted into products of
commercial interest such as fermentable sugars. The key element in bioconversion of
lignocellulosic materials to reducing sugars involved the use of hydrolytic enzymes mainly
cellulase (Juhasz et al., 2005), xylanolytic enzymes (Kheng & Ibrahim, 2005) and also
lignocellulolytic enzymes (Immanuel et al., 2006). According to Almazan (1998) in his
report stated that the world sugar production has a total of 12 million tones and
consumption was 8kg per capita. Therefore, this shows that sugar is a crucial raw material
for various foods processing industry. Besides that, there are several other advantages of
fennentable sugars. For instances, reducing sugars can be a potential raw material for the
production of enriched animal feed in order to reduce problems caused by malnutrition
problems and also to improve the animal health condition (Hossain et al., 2009).
Furthermore, it has also reported that the recovered sugars from agricultural wastes can be
used as an efficient feedstock's for microbial growth and also for the production of ethanol
(Binder & Raines, 2009). In addition the produced reducing sugars can also useo as a feed

11

stock for bio ethanol and bio buthanol (Lei Xu & Tschirner, 2012). In recent studies, the
production of glutathione a biologically active tripeptide requires the use of reducing
sugars, glucose as the basic raw materials and it is used widely in a number of industries
such as in medicine, food and cosmetic industries (Xue-Dong et aI., 2011). Moreover,
several studies have reported that the remaining starch inside the fibrous sago waste can be
hydrolyzed into useful reducing sugars such as glucose that can be usable for
biotechnology industry (Pei-Lang et aI, 2006).

2.2.3 Lignocellulose

Lignocellulose is one of the major structural components of woody and also non woody
plants. It can also be found abundantly in the stems, leaves, husks, stems, and cobs of
plants. Lignocelluloses biomass represents a major source of inexpensive, renewable and
abundantly available organic matter that has become an important source of biofuels
production (Khalil et al., 2010). Most of the agricultural residues are the major source of
lignocellulosic biomass. Some examples include sugarcane bagasse, saw dusts, paddy
straws, rice husks, and com fibers. Lignocellulose is a heteropolymer that formed from
three different types of polymers knows as cellulose, hemicelluloses and lignin in the
proportion of 40-50% cellulose, 9-} 2% hemicelluloses and also 10-15% lignin on a dry
weight basis (Joshi et aI., 2011). Both the cellulose and hemicelluloses fractions are
polymers of sugars thereby they can be a potential source of fermentable sugars. Among
the three polymers, cellulose stands the highest proportion in lignocelluloses. Apart from
the three polymers other compounds such as water, minerals and other polysaccharides
such as peptin, protein and starch were also present inside the lignocelluloses composition
(Hossain et al., 2009). Due to the chemical properties of lignocellulosic materials therefore
they can be used as a potential substrate for enormous biotechnological value such as

12
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substrates for fennentation, potential animal feeds, biofuels and chemical compounds
(Sangkharak et ai., 2011). Much of the agroindustrial wastes containing lignocelluloses
have been reported as a major carbohydrate source to produce commercially important
products such as ethanol and single cell protein (Immanuel et ai., 2006). Other examples
include, coir pith with major component of lignocelluloses has been converted to bio
fertilizers using microbial enzyme from Phanerocheate chrysosporium and Rhizopus

stoionifer under SSF (Kanmani et ai., 2009). Apart from that, cassava waste a major
lignocellulosic components has also converted into reducing sugars and subsequently for
the production of ethanol using co culture of Aspergillus niger and Trichoderma ressei
under SMF (Fungsin et ai., 2009).

2.3 Solid State Fermentation

Solid state fermentation (SSF) is defmed as a fennentation process involving cultivation of
microorganisms under moist solid substrates in a relatively low amount of free water
(Perez et ai., 2003). SSF is one type of bioconversion methods that can transfonn raw
material into various different value added products including a wide variety of chemica ~ ,
primary and also

se~ondary

metabolite. One of the major differences between SSF and

SmF is their availability of free water content in the substrate. Recently, Solid state
fermentation has gained renewed interest due to their significant importance in solid wastes
treatment, aromatic compounds, in the production of funga~ microbial enzyme, secondary
metabolite production and also biomass conservation (Pushpa et ai, 2010). Furthermore,
SSF has been used widely in bioremediation, bio pulping, bio bleaching, and also
biological detoxification of agro-industrial residues (Benkun et aI., 2008). Solid state
fermentation has reported to have greater advantage over submerged fermentation (SmF)
process especially in the utilization of agro industrial residues and also reduction of
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environmental problems. Some of other advantageous of SSF are their requirement for
simpler equipments, superior volumetric productivity, negligible effluent and wastes
generated, low energy demand, low capitai investment, and they are more environmental
friendly. In addition, the desired collected from Solid state fermentation (SSF) such as
enzymes are more concentrated compared to submerged fermentation (Chutmanop et al.,
2008). Due to the culture conditions of SSF is more similar to those in the natural habitat
hence it able to enhance superior filamentous fungi growth and their high enzyme yields
(Salariato et al., 2010). SSF has contributed enormously to the reutilization of agro
industrial waste using filamentous fungi as the major conversion technology (Bhattacharya

et al., 2011). For examples, reports have revealed the successful bioconversion of complex
cellulosic materials such as bagasse, com cob, saw dust for the production of more value
added products (Immanuel et al., 2006). For instances, wheat bran (WB), wheat straw
(WS), rice straw (RS) and com cob (CC) was potentially used as substrates for the
production of cellulase enzymes using solid state fermentation (Abo-State et aI., 2010). For
example, sugar cane waste has possessed to be a potential substrate for cellulase
production (Juwaied et ai, 2m 1), protease enzyme production from rice mill wastes
(Paranthaman et a!, 2009), xylanase enzymes from soya oil cake using Penicillium

canescens 10-1 Oc glucoamylase and amylase production from wheat bran and rice powder
(Anto et al., 2004; Sivaramakrishnan et al., 2007). Apart from enzymes, glucose as
primary metabolite was also produced from rice husk waste for the production of ethanol
using Solid state fermentation (Ghadi et al., 2011). Lastly, another study was done on the
conversion of orange wastes for the production of secondary met abo lite such as protein
and fungal biomass using Aspergillus niger KA06- and Chaetomium spp KC06 under SSF
(Yalemtesfa et al., 2010).
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3.0 METHODS AND MATERIALS
3.1 Microorganisms and culture maintenance

The parental strains used in this study such as Aspergillus niger PAN 1, Aspergillus flavus
NSH9 and also Aspergillus versicolor FP13 were all locally isolated and obtained from
Molecular Genetic Microbial Collection, Universiti Malaysia Sarawak. Aspergillus flavus
NSH9 and Aspergillus niger PAN 1 were grown on MEA media whereas Aspergillus

versicolor FP 13 grown on PDA media. These agar media is crucial to provide sufficient
amounts of nutrients to enhance growth and sporulation of the cultures. The freshly grown
cultures at room temperature was subsequently used for future work and stored at 4°(
(Sherief et al., 2010). The stock cultures was maintained on potato dextrose agar (PDA)
and Malt extract agar (MEA) plates and stored at 4°( with regular sub culturing (Shafique
et al., 2009).

3.2 Spore inoculum preparation

Spore suspension was prepared in 10mL of 0.1 % Tween-80 (Kheng & Omar, 2004) with
sterile distilled water·from seven days old culture of Aspergillus sp. The surface was gently
shaken in order to collect the spores. The stock suspension was then serially diluted in
order to prepare a spore suspension of 1xl0 7 spores per mL-1concentration (Suraini et al.,
2008). The number of spores in the suspension was quantified by direct microscopic
counting using hemacytometer (Pau & Ibrahim, 2004). The spore's images of Aspergillus
sp. were showed as in appendix 2.
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3.3 Substrate preparations

As for the preparation of substrates, 250 g of the sago hampas was grinded and later was
sieved to a standard size of I

ITIlTI.

Five grams, of grinded hampas was then transferred to

each of the 250 ml flasks and autoclaved.

3.3.1 Determination of % of moisture content

This method is basically to detennine the percentage, (%) of water in the sago hampas by
drying the sago hampas to a constant weight. Firstly, five grams of sago hampas was
weighed and the substrate was taken in a moisture detennination bottle (Wi) and kept in
oven for overnight at 55°C. The next day, the sago hampas was then weighed again and the
process was repeated until a constant weight after drying was obtained (Wz ) and the % of
moisture content detennined by the following fonnula (Ahmed et at., 2010).

3.4 Screening of microorganisms

Screening of microorganisms was carried out to detennine the best combination of cultures
according to (Table 2) that could produce the highest amount of reducing sugars, glucose
by using sago hampas as substrate and applied as inoculums in the solid state fennentation
of sago hampas. Each of the combination of cultures was screened using the same amount
of substrate, media composition and also process fermentation condition. Overall, the
media composition of solid state fermentation consists of 5 g of sago hampas.
Approximately 1 ml of spore suspension was added as inoculums with 3.5 ml of minimal
salt media adjusted to achieve a moisture content of 70%. A flask with the addition of
MSM (Minimal salt media) but without any fungal inoculation was served as the control. It
was used to analyze the efficiency of reducing sugars, glucose production without fungal
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