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ABSTRACT 

Sago solid waste is the by-product of sago starch production. This natural waste is distributed to the 
river nearby directly and causes severe river pollution. Therefore, this natural waste was treated by solid 
state fennentation with the aids of Aspergillus niger. The treated sago solid waste was utilized in this 
study to produce aquaculture feed according to the fonnula suggested. Two types of fonnulated 
aquaculture feed had been produced. The 10% feed contains 10% of treated sago solid waste in its 
content, while the 30% feed contains the 30% of treated sago solid waste in its content. These feeds 
were tested on Tilapia fish for 10 weeks. The results showed that the experimental feeds were 
significantly different (P < 0.05) compared to control feed in terms of growth performance of Tilapia. 
The control feed had greater production than experimental feeds, but the formulated aquaculture feeds 
were more economical efficient than control feed. The control feed produced the greatest Tilapia with 
length of 12.1 cm and weight of 39.619 g. While the 30% feed produced the smallest Tilapia with 
length of 8.1 cm and weight of 9.966 g. Our preliminary calculation showed that the 10% feed (RM 
2.09Ikg) and 30% feed (RM l.751kg) were cheaper than control feed (RM 6.50/kg). In this study, the 
sago solid waste was successfully biodegraded and bioconverted into a sustainable aquaculture feed. 

Keywords: Sago solid waste, solid state fennentation, Aspergillus niger, formulated aquaculture feeds, 
growth perfonnance of Tilapia 

ABSTRAK 

Sisa pepejal sagu adalah produk sampingan daripada pemprosesan kanji sagu. Sisa semulajadi ini 
seterusnya diedarkan ke dalam sungai berhampiran dan menyebabkan peneemaran sungai yang teruk. 
Oleh itu, sisa semulajadi ini telah dirawat oleh fermentasi keadaan pepejal dengan Asper~llus niger. 
Sisa pepjal sagu yang dirawat pula .~nakan dalam kajian ini untuk menghasilkan makanan 
akuakultur dengan mengikuti rumusan dieadangkan. Dua jenis makanan akuakultur rumusan telah 
dihasilkan. Makanan 10% mengandungi 10% sisa pepejal sagu dirawat dalam kandungannya, 
manakala makanan 30% mengandungi 30% sisa pepejal sagu dirawat dalam kandungannya. Makanan 
tersebut telah dikaji dengan ikan Tilapia selama 10 minggu. Hasilnya, makanan eksperimen 
menunjukkan perbezaan signifikasi (P < 0.05) berbanding dengan makanan kawalan dari segi prestasi 
tumbesaran Tilapia. Makanan kawalan mempunyai penghasilan lebih baik daripada makanan 
ek:iperimen, tetapi makanan akuakultur rumusan lebih efisien daripada makan kawalan dalam aspek 
economi. Makanan kawalan telah menghasilkan Tilapia terbesar dengan sepanjang12.1 em dan seberat 
39.619 g. Makanan 30% pula menghasilkan Tilapia terkecil dengan sepanjang 8.1 em dan seberat 
9.966 g. Pengiraan kami menunjukkan makanan 10% (RM 2.091kg) dan makanan 30% (RM 1. 751kg) 
lebih murah daripada makanan kawalan (RM 6.501kg). Dalam kajian in, sisa pepejal sagu telah 
berjaya dilupuskan dan ditukarkan menjadi makanan akuakultur yang mampan seeara biologikal. 

Keywords: Sisa pepejal sagu, fermentasi keadaan pepejal, Asper~llus niger, makanan akuakultur 
nmlusan, prestasi tumbesaran Tilapia 



1.0 INTRODUCTION 


Sago palm industry is one of the largest industries in Sarawak. Based on Awg-Adeni, Abd-

Aziz, Bujang, and Hassan (2010), the sago palm is an importance resource for the 

processing industry of starch extraction, especially in Asia-Pacific region and South East 

Asia. With the large scale production of sago starch, there are three major by-products 

produced such as bark of sago trunk, fibrous pith residue (the "sago hampas"), and the 

wastewater. Bark and the "sago hampas" are classified as the solid residue while the 

wastewater or the sago effluent is classified as the liquid residue (Awg-Adeni et aI., 2010). 

In this project, the "sago hampas" or the sago solid waste (SSW) is the main focus 

because tonnes of these by-products are produced daily. And they are directly disposed 

into the river after the starch extraction and cause severe river pollution (refer Appendix 

A). It pollutes the river with uncomforted smelly odor and also lowers its aesthetic value. It 

comes to the worst situation with the pollution of clean water channel and formation of 

sewage. Besides, disposal of untreated SSW also causes the disruption of domestic 

ecosystem and critically affects the novel flora and fauna. 

Meanwhile, the increasing trend on the price of local fish due to rising cost of 

aquaculture feed production brings out the stress to the society. Since the populations are 

increasing and thus with the food demand, a cheaper alternative local resource must be 
1i'" 

seeked out to replace the imported raw material in aquaculture feed production. The lower 

the cost of aquaCUlture feed production, the lower the price of fishes and hence relieves the 

society stress in food purchase. 

Therefore, as the solution of the problems mentioned above, this project aims at 

utilization of SSW as the alternative material for aquaculture feed production. Since the 

SSW is natural and an organic waste, thus it is reasonable to make this valuable 
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waste undergoes the bioconversion into effective aquaculture feed for the aquaculture 

industry. 

With the degradation of this natural waste, the environmental stress can be 

reduced. In addition with the formulations of aquaculture feed suggested, the SSW makes 

benefits from the production of low cost aquaculture feed. This biotechnically modification 

on SSW not only reduce the environmental pollution (especially the river pollution) and 

the cost of aquafeed production, it also will significantly prevents the nutrient loss in the 

nature of food chain. This biotechnically recycle of nutrients is believed can make an 

efficient transformation in our daily lives. 

To test for the viability and effect of the formulated aquaculture feed, the common 

10caLfish, Tilapia is chosen as the fish model in this project. Measurement of growth of the 

fishes, in terms of length and weight, is taken as the aspect in this project. The target of 

feed now is only set to those aquaculture organisms mainly the fishes. However, researches 

are working out so that the effective formulation of SSW can be discovered to transform 

into the feed for other kinds of farm animals such as avian, bovine and porcine which are 

mainly the meat supply of our current society. 

This project has three main objectives. First, to perform the bioconversion of the 

natural waste (SSW) into valu~ aquaculture feed for fish breeding industry. Second, 

perform the degradation of the natural waste (SSW). Third, produce the low cost 

aquaCUlture feed. 
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2.0 LITERATURE REVIEW 


2.1 Sago Palm 

Sago plant belongs to the palm tree family. This plant is a unique plant that can easily be 

found in majority on the Borneo Island. It is mainly utilized by indigenous people of 

Sarawak such as Penan, Melanau and etc. Based on Awg-Adeni et a1. (2010), the biggest 

sago growing areas and the world's largest exporter of sago in Malaysia are found in the 

state of Sarawak. In our country, this palm is an important economics species. In the year 

of 2007, it impacts the export businesses by exporting about 44700 tonnes of sago starch to 

Hong Kong, Taiwan, Singapore and other countries. Meanwhile, this palm species also 

grows commercially in other countries such as, Indonesia, Philippines and New Guinea. 

According to Awg-Adeni et a1. (2010), sago palm is a hardy palm which can thrive in 

swampy, acidic peat soils, submerged, and saline soils. And it has immunity towards fire, 

drought, floods, and strong wind (Awg-Adeni et aI., 2010). 

The main advantages of exploitation of this palm species are that the production of 

sago starch and conversion to animal food or fuel ethanol (Awg-Adeni et aI., 2010). At the 

same time, the sago palm also has multiple usages such as textile production, paper 

industry, pharmaceutical applications, food industry and even the residual biomass can be 

made use as the power and heat. Instead, the other parts of sago palm tree can also be used . .... 
For instances, the rachis, stem of palm frond can be use to weave baskets or braided to 

make a container for cooking rice. The leaves of sago can be used for house construction 

(roof thatch and wall siding) and designation for daily stuffs. The decaying trunks of sago 

palm are great source of protein. The bark of sago palm also can be used as flooring for 

crossing obstacles and firing in factory. In addition, the ground pith of sago palm can be 

used as animal feeds (Awg-Adeni et aI., 2010; Margeret, 2012). Hence, the sago palm is a 

potential plant species which is economically valuable (refer Figure 1). 
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Figure 1: The processing of sago palm (Varma, 2010). 

2.2 Sago Starch 

Sago is a starch extracted from the pith of sago palm stems, Metroxylon sagu. As stated by 

Ishizaki (2009), the sago is the photosynthetic product which forms from the starchy crops 

in trunk by fixing the natural solar energy. He also mentioned that the sago can be utilized 

in the fields of food production, plastic production, and alternative fuel production. 

Meanwhile, he believed that sago is the "green" solution for human crisis of food, energy, 

and industry (Ishizaki, 2009). 

According to Margaret (2012), the sago is referred to the spongy palm pith of 

certain species of palms. The cOJl\lDon source of sago for domestic and commercial uses is 

the true sago palm Metroxylon sagu. However, on the Borneo Island, there is some other 

sago palm such as Eugeissona utilis. Both of them are the member of palm family 

Arecaceae and subfamily Calamoideae. The sago starch is prepared from the soft internal 

stems of certain palms which act as the important carbohydrate source for traditionally 

nomadic people. First step is to harvest the selected large trunks for its starchy pith and 

then split them into quarters, lately chop out the pinkish sawdust-like pith. The starch is 
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washed out of the pith and then boiled generally or it can be baked and mixed with animal 

fat before baking as well (Margeret, 2012). 

Sago is produced commercially in the form of "pearls" which is similar in 

appearance to tapioca pearls. The sago starch can be either baked or mixed with boiling 

water to form a paste. In addition, the starch can also be used in sizing process to bind the 

fibre so that giving a predictable slip for running on metal and standardizing the level of 

hydration of the fibre. Besides that, the sago can be made into steamed puddings, used as 

dense flour, or used as thickener in powdered form (Sago, n.d.). 

2.3 Tllapia 

Tilapia is a common name for various cichlids from different genera such as Oreochromis, 

Sarotherodon and Tilapia. This tropical fish species originated from the Middle East and 

Afric;:a that mainly live in warm water ranged from 25 to 30 ·C (Tilapia fact sheet, 2006). 

Based on Pillay (1993), most of the Tilapia have been introduced into the tropical and sub

tropical countries around the world accidentally or deliberately. As stated by Berra (2001), 

the species of the "tilapiine" lineage which represented by Oreochromis niloticus are 

mainly herbivores or detritivores. Moreover, according to Bardach, Ryther, and McLarney 

(1972), most Tilapia are herbivor~ and some may be relatively omnivorous which are 

benefit from artificial feeding with vegetable materials or animal food. Tilapia is less 

aggressive in the behavior but it still has the undesirable habit of attack and nips the fins of 

other species. The favorable habitats of Tilapia are such as lakes, wetlands, marine 

habitats, water courses, estuaries, and manne environment. Most Tilapia 

are tolerant of brackish water, but some may better adapted to salinity and even breed in 

sea water (Bardach et ai., 1972). 
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Based on Bardach et al. (1972), there is at least 14 species of Tilapia have been 

cultured. All of them share the same characteristics, such as ease of breeding, toughness, 

rapid growth, and high quality of flesh. Hence, with those benefits of Tilapia, Josupeit 

(2010) stated that the world demand and production of Tilapia is increasing explosively as 

well. As usual, China is the main country which produces and exports the most quantity of 

Tilapia to US market. Meanwhile, the production of Tilapia from other countries such as 

Brazil, Philippines, Thailand and Indonesia is increasing. The world supply of Tilapia is 

booming and this is directly proportional to the total world trade, this shows the great 

potential of Tilapia in the market (Josupeit, 2010). 

2.4 Aquaculture of Tilapia 

Tilapja is one of the common food fish species due to its large population cause of its 

readily and rapidly reproducing ability. In addition, this fish species is also popular as 

specimen model in aquaculture demonstration projects and evolved to be one of the most 

important worldwide aquaculture commodities. Refer to the Pillay (1993), the most 

common culture system of Tilapia practiced is the pond culture system. The rice-field 

culture of Tilapia is also practiced with appreciable scale in some countries of South East 

Asia (pillay, 1993). .'
However, DeLong, Losordo, and Rakocy (2009) offer tank culture system due to 

some of its advantages. Firstly, the high density of fish in tanks can disrupt the breeding 

behavior which allows male and female Tilapia grows together. Midlen and Redding 

(1998) also mentioned that tank culture with recycle system provide the continuous flow of 

filtered and reconditioned water. The environmental parameters are controllable such as 

water quality, light regime, and temperature. The stock management is also assessable via 

the tank culture system, so that reproductive cycles can easily be manipulated. In addition, 
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the feeding and harvesting operations in tank culture system require less time and labor if 

compare to pond culture system. Meanwhile, the disease treatment by applying 

therapeutants to the culture water is more economical and practical in tank culture system 

(Delong et aI., 2009; Midlen & Redding, 1998). 

In contrast, DeLong et aI. (2009) also mentioned some circumstances that are 

needed to take into account with the tank culture system. Initially, the unit production cost 

of tank culture system is increasing with the cost of recirculating system and aeration 

devices. With that, the risks of mechanical or electrical failure also arise. And these power 

breakdown and equipment failures are directly contribute to the risk of major fish 

mortality. Besides that, tank confmement of fish in high densities can leads to stressful 

condition in tank and worst, it turns vulnerability to disaster (such as disease outbreak) 

instead of profitability (DeLong et aI., 2009). 

The Tilapia is suitable in tank culture system due to its potentials. The most 

significant one is that Tilapia is tolerance to crowding environment and poor or variable 

water quality. Next, it has heavy slime coat that gives protection against bacterial infection 

and resistance to fish disease. The feeding materials for Tilapia are more sustainable if 

compare to fish meal because Tilapia can be grown on diets rich in vegetable matter. Its 

flesh quality is better than other.A~h, so that it is marketable. Besides, Tilapia is easily 

reproduced. Thus, the breeding of Tilapia is simple and readily available year round 

(Delong et aI., 2009; Tilapia in aquaculture, 2005). 

Basically, mono-sex culture is strongly recommended because the overdrive 

reproduction of Tilapia can bring along some circumstances such as overpopulation, 

invasion as exotic species, retardation of growth, and competition for resources. But 

luckily there is an effective solution to this problem and it is to grow only one sex which 

preferably males due to hasten growth (DeLong et aI., 2009; Tilapia in aquaculture, 2005). 
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l.S Aspergillus niger 

Aspergillus niger belongs the group of mold. It is the most abundant species in nature 

because it can grow on most substances although there is a low amount of nutrients 

available. For examples, it is often found growing on damp walls in houses and may also 

be a common laboratory contaminant. Aspergillus niger is the third most common species 

associated with invasive pulmonary aspergillosis. It can eventually create a fungal ball in 

the lungs after it infects a person's lungs. The health effects include hearing problems and 

could result in hearing loss. Besides that, it is a causative agent of aspergilloma and is the 

most frequently encountered agent of otomycosis. 

Aspergillus niger is one of the most common and easily identifiable species of the 

genus Aspergillus, with its white to yellow mat later bearing black conidia. In simple 

explaination, it is black on the surface and white or yellow underneath (refer Figure 3). It 

can clearly be observed on Czapek dox agar. The colonies consist of a compact white or 

yellow basal felt covered by a dense layer of dark-brown to black conidial heads (refer 

Figure 2). The dark brown conidial heads are large, globose and radiating into several 

loose columns with age. Instead, they are biseriate with the phialides borne on brown, 

often septate metulae. Conidiophores are smooth-walled, hyaline or turning dark towards 

the vesicle (Aspergillus, n.d.; ASfl{gillus niger, n.d.). 

Based on the research of Omemu et al. (2005), Aspergillus niger has the highest 

amylase yield in the solid state fermentation (SSF) process, hence it was suggested to 

apply in this project for the purpose of hydrolyzation of SSW into reducing sugars. 

According to research of Jalil and Alimon (2009), the fungal species, Rhizopus sp. has 

improved the crude protein content of the sago pith meal. Therefore, the fungus, 

Aspergillus niger, was again chosen for the SSF process in this project. With the previous 
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researches, it is believed to have the potential in perfonning biodegradation and 

bioconversion of SSW. 

Figure 2: Culture ofAspergillus niger (Source: Mycology Online, n.d.). 

Figure 3: Conidial head ofA. niger (Source: Mycology Online, n.d.). 

2.6 Solid State Fermentation (SSF) 

Solid state fennentation is the fennentation process that involving solids with low water 

level or absence of water that provides enough moisture for the growth and metabolism of 

microorganism. It is also a biomolecule manufacturing process generated by the growth of 

microorganism on a moist solid. 

According to Pandey (2003), the SSF is credited as the beginning of the 

fermentation technique from ancient time. This technique requires the essential impacts 
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such as selection of suitable microorganism and substrate, and isolation and purification of 

the product. In addition, optimization of process parameters also an important aspect such 

as particle size, initial moisture, pH and pre-treatment of substrate, relative humidity, 

agitation and aeration, temperature of incubation, supplementation of nutrients or 

additional carbon source and inducers, age and size of inoculums, and extraction of 

product and its purification. The SSF also apply in the development of bioprocess such as 

bioremediation and biodegradation of hazardous compounds, biotransformation of crops 

and crop-residues for nutritional enrichment, biological detoxification of agro-industrial 

residues, and production of value-added products (Pandey, 2003). 

This fermentation technique was selected as the method to digest and degrade the 

SSW and transform this crop-residue into aquaculture feed for the sake of bioremediation 

and nutritional enrichment. Based on the previous research by Ibrahim et a1. (2012) and 

Jahromi et aI. (2010) on rice husk or rice straw, the SSF has great potential to be performed 

in this project because rice residue and sago residue they both are glucose rich materials. 

As stated by Jalil and Alimon (2009), the fungal SSF is also a protein enrichment processes 

towards agricultural residues such as SSW. In that case, the improved nutritive value of 

treated SSW can be a potential animal feed. 

Besides that, SSF has some advantages than Submerged Fermentation (SmF) that 

fermentation process performs under liquid state. As stated by Wadegaonkar (2012), SSF 

has higher volumetric productivity and easier downstream processing than SmF. SSF also 

usually simpler with lower energy requirements and aeration requirements. Moreover, the 

SSF resembles the natural habitat of microorganisms and promotes their growth efficiently 

(Wadegaonkar, 2012). 
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3.0 MATERIALS AND METHOD 

3.1 MaterlaJs 

The SSW was collected from the Pusa Sago Mill, Betong on 20 October 2013. A. niger 

was prepared to perform degradation of SSW during SSF process. The culture of A. niger 

was sub cultured from the stock of previous study in Molecular Genetic Laboratory. The 

MEA (Merck, Germany) was prepared as the platform to culture the A. niger prior for the 

SSF process. The MSM was prepared to serve as the basic nutrients for the cultivation of 

A. niger. The contents in MSM were included magnesium sulphate (MgS04.7H20), 

monopotassium phosphate (KlhP04), calcium chloride (CaCh), ferum (II) sulphate 

(FeS04), ammonium sulfate «(N~hS04), and sucrose. The formula for MSM utilized in 

this project was based on research of Omemu et a1. (2005). The formula was clearly stated 

in the table below. 

Table 1: The fonnula ofMSM (Omemu et al.,2005). 

Chemicals Concentration (%) 
MgS04.7H2O 0.1 

K.H2P04 0.1 
CaCh 0.1 
FeS04 0.1 

(N~)2S04 0.1 
Sucrose 1.0 

The hemacytometer (Hir~ann, Germany) was prepared to measure the 

concentration of spore suspension with the aids of light microscope equipped with screen 

monitor. The Tilapia was selected as the fish model for formulated aquaculture feed in this 

research. About 200 live Tilapia fries were bought from the fish shop at 7th mile. The 

average size of fry was approximately 5.0 cm and 6.000 g. Fish breeding equipments was 

prepared for the success of this project, such as aquariums, each equipped with pumps, 

aeration device filter system and water recirculating system (Brown, n.d.). The Kjedahl 

apparatus was prepared for the proximate analysis of crude protein content in the samples. 
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The Kjedahl apparatus used in this project were digestion block (Gerhardt Kjeldahlthenn, 

Germany), scrubber (Gerhardt Turbosog, Gennany), distillation machine (Gerhardt 

Vapodest 20, Germany), and titration unit. The Soxhlet extractor was prepared for the 

proximate analysis of crude lipid content in the samples. The apparatus involved in this 

project were heater, boiling flask, thimble, extraction chamber, and Liebig condenser. 

3.2 Methods 

3.2.1 The SampUng of SSW 

The SSW was sampled at the wastewater emission pipe which was located at the backyard 

of factory site along the river. The nets were used to filter the SSW out from the flow of 

wastewater or sago effluent and then the filtered SSW was squeezed to remove excess 

wastewater. Next, the SSW wrapped inside the nets was harvested into the large autoclave 

plastic bags. The large autoclave bags were then buckled up for smooth and effective 

transportation from the Pusa Sago Mill, Betong to Animal Biotechnology Laboratory, 

Unimas. Later, the SSW sampled was stored at -20 ·C for future use. 

3.2.2 Preparation of Spore Suspension 

The subculture of A. niger was done in one week. To ensure the freshness and activities of 

the spores, the spore suspension always prepared as fresh as possible after the subculture 

session. Adequate amount of 1 % Tween 20 solution was poured into the agar plate until 

the surface of agar plate was flooded. And then, shaked the agar plate gently to ease the 

suspension of spores into the 1 % Tween 20 solution. The blackish spore suspension 

solution was then transferred into the 50 ml Falcon tube via pipetting. 

Later, the spore suspension was then loaded onto the hemacytometer and observed 

under a light microscope equipped with screen monitor. With that, the quantities of spores 
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could be measured and concentration of spore suspension could be identified via 

hemacytometer cell count. The fonnula to detennine the concentration of spore suspension 

was stated in Equation (1). 

Concentration (spores/ml) = Mean x 1000 ---------- Equation (1) 
0.02 

3.2.3 Solid State Fermentation (SSF) 

The SSW was the optimum substrate or the solid support for the SSF in this project, while 

the A. niger was selected as the microorganism for the SSF in this project. The 1000 ml 

Erlenmeyer flask was utilized as the fennentation vessel of SSF. Prior to the SSF process, 

40 g of SSW were measured and filled into the flask. Then, the flask was plugged with 

cotton wool and sealed again with the aluminium foil cover. Later, the flask filled with 

untreated SSW substrate was sent to autoclave at 120 ·C for 15 minutes. Next, 8 ml of 

inoculums (with the concentration of 1.732xl07 spores/mI), 8 ml of MSM, and 12 ml of 

sterile distilled water were added into the flask to achieve 70% moisture content. The flask 

was then left in the fennentation room. The incubation temperature was set at room 

temperature (around 25 to 27°C) and the harvesting was done at the seventh day or 168 

hours. During harvesting, about 400 ml (in ratio of 1: 10) of distilled water was added into 

the flask. The flask was then rota!el at 120 rpm for two hours in room temperature. Lastly, 

the mixture was filtered with Muslin clothes and the filtrates (treated SSW) were dried in 

oven then ground into powder fonn. In this project, the SSF was conducted for four times. 

Therefore, about 910 g of raw SSW had been hydrolyzed to produce a suitable amount of 

treated SSW for the next stage of aquaculture feed fonnulation (refer Figure 4). 
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