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ABSTRACT 

 

 

 

 

 Effective microorganisms or EM have been actively used for various reasons but 

mainly in the waste water treatment, as plant growth initiators and fertilizers. In this 

study, fermentations of local tiger prawn waste (Panaeus monodon) by EM were 

conducted. At the early screening stage, fermentations were carried out at various 

temperature conditions (25°C, 37°C and 60°C), using various starter inocula (EM/Lactic 

Acid Bacteria) and different sources of carbon (glucose/brown sugar (BS)). Their pH 

values, total titratable acidities and lactic acid bacterial growth were examined. The 

results showed that, all samples were successfully fermented after three days of 

fermentation process except for fermentation at 60°C. Temperature at 60°C had affected 

the fermentation considerably where the pH did not rapidly decrease. Various levels of 

carbon source and inoculum were also investigated during screening. The results showed 

that, acid production in the fermented sample were dependent on glucose concentration 

but less dependent on the inoculum level. Based on the screening results, fermentation of 

prawn waste was carried out using 10% EM inoculum, 10% BS and fermented at 37°C 

for three days and the produced protein liquor contained 46.67% (w/v), dry weight 

protein. In the optimization phase using central composite design (CCD), four factors 

were selected which are temperature (30°C – 50°C), incubation time (3 – 9 days), 

inoculum size (v/w) (1 - 3%) and carbohydrate level (w/w) (5 - 15%). The processing 

result was protein content. The results showed that, to obtain high protein content from 

fermented sample, the most significant factor was the interaction between temperature 

and % of sugar, and the least was the interaction between % of sugar and % inoculum. 

High protein content and lower pH value were obtained with the suggested conditions 

given by the software Design Expert
®

 which are temperature of 30°C, 5% sugar, 1.05% 

inoculum and incubated for 3 days. After optimization studies, the liquor protein content 

was increased to 86.35%.  

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

ABSTRAK 

 

 

 

 

 Mikroorganisma berkesan atau EM telah digunakan dalam pelbagai bidang 

terutamanya dalam rawatan air sisa, pertumbuhan pokok dan baja. Dalam kajian ini, 

fermentasi sisa tempatan udang harimau (Panaeus monodon) menggunakan EM telah 

dijalankan. Pada peringkat awal, fermentasi telah dijalankan pada pelbagai suhu (25°C, 

37°C dan 60°C), menggunakan pelbagai mikroorganisma atau inokulum (EM / Bakteria 

Asid Laktik) dan pelbagai sumber karbon (glukosa / gula merah (BS)). Semasa proses 

fermentasi, nilai pH, jumlah keasidan dan pertumbuhan bakteria bakteria asid laktik 

telah dianalisa. Hasil kajian menunjukkan bahawa, semua sampel telah berjaya 

difermentasi selepas tiga hari kecuali sampel yang difermentasi pada suhu 60°C. Suhu 

60°C memberi kesan yang ketara kepada proses fermentasi di mana pH tidak menurun 

dengan cepat. Pelbagai jumlah sumber karbon dan inokulum juga dikaji diperingkat 

awal ini. Hasil kajian menunjukkan, penghasilan asid sangat bergantung kepada jumlah 

sumber karbon yang dimasukkan dan kurang bergantung kepada jumlah inokulum yang 

digunakan. Berdasarkan hasil yang diperolehi di peringkat awal penyelidikan, proses 

fermentasi dilakukan menggunakan 10% EM sebagai inokulum, 10% BS sebagai 

sumber karbon dan difermentasi pada suhu 37°C selama tiga hari dan cecair protein 

yang mengandungi sebanyak 46.67% berat kering (b/i) telah berjaya diperolehi. Bagi 

fasa pengoptimuman menggunakan „central composite design‟(CCD), empat faktor yang 

telah dipilih iaitu suhu (30°C - 50°C), masa pengeraman (3 – 9 hari), saiz inokulum (i/b) 

(1% - 3%) dan jumlah karbohidrat (b/b) (5% - 15%). Kandungan protein dianalisa dalam 

setiap sampel. Keputusan telah menunjukkan bahawa untuk mendapatkan nilai 

kandungan protein yang tinggi, faktor yang paling memberi kesan adalah interaksi 

antara suhu dan jumlah karbohidrat dan yang paling kurang memberi kesan ialah 

interaksi antara jumlah karbohidrat dan saiz inokulum. Kandungan protein yang tinggi 

dan nilai pH yang lebih rendah telah diperolehi berpandukan cadangan yang diberikan 

oleh perisian Design Expert ® iaitu melalui proses fermentasi selama tiga hari pada suhu 

30°C, menggunakan 5% karbohidrat, dan 1.05% inokulum. Dengan melakukan proses 

pengoptimuman, kandungan protein meningkat kepada 86.35%.  
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Chapter 1 

 

 

 

 

Introduction 

 

 

 

 

1.1 Background Study 

 

 

 Aquaculture constitutes a vital and growing segment of agriculture worldwide. 

The increased demand for fish as a result of rapid population growth, and preference of 

fish over other animal proteins for personal, cultural or health reasons further accelerates 

the industry‟s growth. Economics, environmental issues and fish health are some of the 

important factors vital for the sustainability of the aquaculture industry. These factors 

increase the pressure on fish nutritionist to develop cost-effective, nutritionally balanced 

and low pollution diet as well as to improve feeding strategies (Briones et al., 2004). 

 

 

 Asia is the world leader in aquaculture sector and Malaysia as one of the Asian 

countries had been requested to engage in a project on “Fish Supply and Demand in 

Asia”. This project was supported by Asian Development bank and began in 2000 

(Briones et al, 2004). In the aquaculture sector, the two most important things needed to 

be considered are nutrition and feeding strategies. At present, commercial diet 

containing imported fishmeal as the main protein source are the most commonly used 

diet for aquaculture purposes to maintain fish health and growth especially at the early 

growing stage. However, prices of fish feed pellet is increasing due to the escalating 

increase in fishmeal price around the world. The price of fishmeal from October 2006 to 

October 2011 is shown in Figure 1.1 (International Monetary Fund, 2011). Therefore, 



finding alternative resources to replace fishmeal has become a very important and urgent 

issue as the cost for aquaculture activities will increase since 50-60% of the whole 

operation cost comes from feeds. 

 

 

 

 

 

 

Figure 1.1: Prices of fishmeal from October 2006 to October 2011 (International 

Monetary Fund, 2011) 

 

Description: Fishmeal, Peru fishmeal/pellet 65% protein, US$ per metric tonne 

Unit: US Dollars per Metric Ton 

 

 

 

 

 One of the potential protein sources widely available in Malaysia is prawn waste 

from seafood processing industries where the waste generally contains 15-40% protein, 

and 14-30% chitin (Zakaria et al., 1998). Protein from prawn waste has been proven to 

contain high quality amino acid content important both as i) feed attractant, and ii) easily 

digestible protein (Nwanna, 2003). The use of extracted protein as opposed to using 

whole waste is to avoid using a high fibre protein in the fish diet which will make the 

feed highly indigestible (Oduguwa et al., 2004). Fermentation involving lactic acid 

bacteria (LAB) for protein and chitin recovery has been proven successful (Zakaria et 

US 

Dollar 



al., 1998). A lactic acid bacterial fermentation using glucose as a substrate has been 

adopted in our laboratory with success and protein rich liquor is produced after 3 days. It 

has a protein content of 47.3 % (Nor et al. 2011) and has been preliminary tested for 

making fish feed. However, a complete study on digestibility was not done thus 

effectiveness of such fermented protein was not fully assessed. At present, a more stable 

EM technology which feeds on carbohydrate has been widely used and it is envisaged 

that the same technology can be applied to ferment prawn waste with expected similar 

success. Since EM is widely available with a reasonable price and also feeds on cheap 

carbohydrate, this is an added advantage and therefore adopted for this project. A full 

scale study on the best condition to obtain protein from fermented prawn waste was 

determined. The extracted protein can be added as an ingredient in fish or aquaculture 

diet formulation since prawn waste is generally reported to have good amino acid profile 

such as tryptophan and lysine which is important for growth of fish (Fanimo et al., 

2004). The probiotic-rich fish pellet is also an added advantage in combating diseases 

and survivability.  

 

 

 Since prawn waste protein is cheaper to obtain, it is expected to be economically 

viable to be used in diets for carnivorous fish such as Siakap (Lates calcarifer) which 

requires about 45% protein-based diet (Mohammed Suhaimee, 2005). To date, no work 

has been reported on fermentation of prawn waste using EM to obtain protein for the use 

in aquaculture diet to replace the more expensive fishmeal as the main protein source. 

This study was therefore designed to provide an optimum condition for the production of 

high quality protein through EM-fermented prawn waste which has the potential to be 

used as an ingredient in aquaculture feed. Optimization was done using design of 

experiment (DOE) which are fractional factorial design and central composite design 

(CCD). 

 

 

At present, aquaculture industry uses commercial diet in the form of pellets for 

feeding especially for the first two months. Commercial diets contain among others 

animal protein such as fishmeal which is usually imported for its high quality grade. 

Cost of fishmeal has escalated and many local farmers are highly dependent upon such 



diets for fear of high fatality rate if they use a lower quality product especially in the first 

two months. Malaysia has been blessed with marine products and frozen food industries 

involving processing of prawn species such as tiger prawn and in return the industry is 

also producing about 50% of waste materials (Cira et al., 2002). This waste has been 

reported to contain valuable amounts of protein (15-40%) and chitin (Zakaria et al., 

1998) and if protein can be extracted in good form, it can be used to replace the costly 

fishmeal.  

 

 

 

 

1.2 Statement of Problem 

 

 

 Previous study (Nor et al, 2011) had shown that prawn waste was fermented by 

LAB in order to obtain protein liquor for aquaculture purpose. However, since LAB is a 

single culture, it‟s resistance to current environment is limited, which may reduce the 

performance of LAB during fermentation processes. In order to improve this problem, 

EM technology was applied since it contains a consortium of organisms that can work 

together to enhance the population of beneficial organisms. Furthermore, EM is simple, 

inexpensive, versatile and easy to use (Higa et al., 1994). 

 

 

 

 

1.3 Objectives of the Study 

 

 

This study embarks on two main objectives: 

 

 

(i) To investigate the effectiveness of EM to ferment prawn waste to obtain high 

quality, probiotic rich-protein liquor. 

 

(ii) To optimize the fermentation for production of protein liquor. 

 

 

 



 

1.4 Significance of the Study 

 

 

 The result of this project is hoped to create awareness amongst farmers to use 

updated technologies and at the same time saving production cost. By providing basic 

understanding of the working of these microorganisms proposed by this project, it will 

promote further useful applications especially in the agricultural and environmental 

sectors. The results of this work can be used in the larger laboratory scale fermentations 

involving suitable bioreactors. 

 

 

 

 

1.5 Research Scopes 

 

 

 In order to achieve the research objectives, the following scopes of study have 

been drawn: 

 

1. Fermentation study on tiger prawn waste using effective microorganisms and 

lactic acid bacteria. Characterization of fermentation products namely protein 

liquor. 

2. Optimization study on the fermentation conditions using Response Surface 

Methodology which is factorial design and central composite design. 
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