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Production of High Protein Fungal Biomass in Shrimp Pond Water: Effects of Initial 
Sterilization 

Nur Syafiqah binti Mohamad Nasir 

Resources Biotechnology 
Faculty of Resource Science and Technology 

University Malaysia Sarawak 

ABSTRACT 

Bioremediation process by using Rhizopus oligosporus is a potential method for shrimp pond water 
treatment. This approach seems to be a practical and inexpensive means of reducing the inorganic nitrogen in 
the pond. Through the subsequent uptake of nitrogen by the R. oligosporus, high protein fungal biomass 
(HPFB) can be synthesis and manufactured. Nitrogen control also induced by the addition of carbohydrates 
as a carbon added materials in SPW. The growth rate of R. oligosporus in SPW via submerge fermentation 
(SmF) with supplementation of 1.8% glucose solution as a carbon added materials was constantly increase in 
a6 days of fermentation. Based on the phenol-sulphuric analysis, there are 60% of total carbohydrate added 
being consumed by R. oligosporus. The study also showed that total nitrate and nitrite in SPW was reduced 
gradually for every 24 hours of fermentation. There are 98% of nitrate reduction and 100% of nitrite 
reduction by R. oligosporus in the sample during the fermentation stage. Effects of initial sterilization in 
SPW for HPFB production was tested using filtration, UV light and boiling method. The highest biomass 
production was notable at filtration parameter which is 2.96 g/L. This result may be explained that media pre- 
treated with filtration method has no obvious effects in the substrate changes and nutrient reduction. 

Keywords: Rhizopus oligosporus, shrimp pond water (SPW), submerge fermentation (SmF), high protein 
fungal biomass (HPFB). 

ABSTRAK 

Proses bioremediasi menggunakan kulat Rhizopus oligosporus adalah satu kaedah yang berpotensi dalam 

merawat air kolam udang. Operasi kaedah ini adalah sangat praktikal dan tidak menelan belanja yang 
mahal. Protein tinggi biomass kulat (HPFB) dapat dihasilkan dengan menggunakan komponen nitrogen di 
dalam air kolam udang sebagai sumber nutrisi bagi pertumbuhan R. oligosporus. Penambahan karbohidrat 
di dalam substrat air kolam udang sebagai sumber karbonjuga dapat mengawal kandungan toksik nitrogen. 
Kadar pertumbuhan kulat R. oligosporus adalah meningkat secara stabil di dalam substrat air kolam udang 
dengan penambahan 1.8% glukosa sebagai sumber karbon sepanjang tempoh fermentasi dualankan. 
Bedasarkan unalisis feno! sulfurik, sebanyak 60% karbohidrat telah digunakan oleh R. oligosporus sehagai 
sumber nutrien. Selain itu, kajian inijugak mendapati bahawa jumlah nitrat dan nitritjugak berkurang pada 
setiap 24 jam proses fermentasi. Sebanyak 98% nitrat dan 100% nitrit berkurang di dalam substrat air 
kolam udang. Kesan steriliti awal terhadap substrat air kolam udang dikaji dengan menggunakan kaedah 

penapisan, cahaya UV dan jugak pendidihan.. Kaedah steriliti awal menggunakan penapisan menghasilkat: 
biomass yang paling tinggi iaitu sebanyak 2.96 g/L. Kaedah ini menjelaskan bahawa kaedah penapisan tidak 

mengganggu dan mengurangkan nutrisi yang sedia ada di dalam media. 

Kata kunci: Rhizopus oligosporus, air kolam udang, fermentasi tenggelam, rawatan air dan biomass kulat 

tinggi protein. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Aquaculture plays an important role in providing food stock for human being. In 2002, 

aquaculture worldwide produced a total of 51.4 million metric tons (mmt) valued at US$60 

billion (Food and Agriculture Organization, 2002). Even though Asia known to be 

predominantly country for aquaculture harvests, due to the increasing population that may 

reach up to 9 billion by 2050, the world is now facing a problem in deficiency of protein to 

nourish the humankind (Challinor et al., 2014). The problem led many scientists to start a 

new alternative way in producing protein from biomass originating from different 

microbial sources mainly yeast, fungi, bacteria and algae (Nassen, 2011). Hence, the ideas 

whereby single cell protein (SCP) can represent an option for food-production as it can 

produce food reliably even under harsh climate conditions. SCP is a cheap protein source 

that can be used for animal feed (Ravindran & Anupama, 2000). 

The fungus such as R. oligosporus can be used for conventional source of food and value- 

added product for animal feed as supplement protein sources. Anupama and Ravindran 

(2000) studied SCP production from a low cost industrial wastes offers a potential 

substrate for producing a microbial protein. Fungi can be used for SCP production because 

of its high productivity, fast growth rate and independence of seasonal factors (Nassen, 

2011). In order for fungi to growth optimally sufficient carbon sources, nitrogen, 

phosphorus and other nutrients are needed. Sterility and hygienic conditions of 

fermentation process also important in producing high protein fungal biomass. According 

to Nasseri (2011), fungal biomass is highly aerobic except algae, therefore, adequate 

aeration must be provided. 
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Shrimp farming is known to be a biggest and popular aquaculture industry in Asian 

countries that contribute 91% of the world shrimp production (Food and Agriculture 

Organization, 2001). However, shrimp farming have been reported to give the negative 

impacts toward the environment because of the poor management of effluents (Lee et al., 

2011). In addition, discharging of untreated shrimp pond effluent rich in nutrients and 

organic matter with other chemicals can have several consequences as water is the main 

resource used for daily life. Mainly, untreated shrimp pond effluent contain wastes 

generated from faeces and unconsumed feed that settle on the bottom. Mineralization of 

this accumulated of organic matter under anaerobic conditions leads to formation of toxic 

metabolites like NH4 and N02 (Hopkins et al., 1994; Avnimelech and Ritvo, 2003). 

Moreover, it is also known that environmental impacts related to shrimp culture play a 

significant role in outbreaks of disease now affecting shrimp ponds in Asia (Taw, 2011). 

To avoid more consequences, the effluent of shrimp pond should be retained for treatment 

as it is harmful and cause the environmental pollution. As a solution, many researchers 

nowadays are working on bioremediation process where fungi or other microorganisms are 

used to treat the agriculture wastewater and subsequently use the nutrient sources from the 

wastewater to produce high protein fungal biomass (HPFB) (Lennartson et al., 2014). 

In this research, the growth rate of R. oligosporus for the production of high protein fungal 

biomass (HPFB) in shrimp pond water was investigated. Shrimp pond water will be used 

as a medium to provide nutrients for the R. oligosporus to growth. 

The specific objectives of this research are: 

1. To determine the most efficient sterilization methods on the shrimp pond water. 

2. To optimize the production of high protein fungal biomass of R. oligosporus. 

3. To determine the effect of R. oligosporus in treating shrimp pond water. 
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1.2 Problem statement 

Shrimp pond effluent contains enormous concentration of organic substances and minerals 

that contributes to water pollution. In order to minimize the effects toward the 

environment, further research was conducted to eliminate and reduce the organic material 

by using bioremediation through submerge fermentation (SmF). Higher organic 

metabolites dispose along the effluent may lead to other circumstances and harmful the 

people that live nearby water resources. R. oligosporus was used as an alternative for high 

protein fungal biomass (HPFB) production and shrimp pond water (SPW) act as their 

medium for nutrient resources. Along this fermentation, fungal biomass can be used as a 

protein source for animal feed at the same time toxic metabolites such as NH4' and N02 

present in shrimp pond water (SPW) can be reduce and minimize. 

4 



Pusat Khicirmat A'takturr! at A k^dmik 
UNIYERSITI MALAYSIA SARAWAK 

CHAPTER 2 

LITERATURE REVIEW 

2.1 Shrimp pond water (SPW) 

Shrimp aquaculture is a popular industry around the world where a lot of crops could be 

produced per year (Lee et al., 2011). Furthermore, Malaysia has wide coastal zones for 

shrimp aquaculture and this industry will expand further with existence of aquaculture 

industrial zone. Shrimp aquaculture requires high maintenance of water quality for the 

growth of shrimp and typically inorganic suspended solids (ISS), total suspended solids 

(TSS), biochemical oxygen demand (BOD), dissolved oxygen (DO), and nitrogen are the 

important common water quality that needs to be taken care for shrimp aquaculture 

(Sansanayuth et al., 1996; Paez-Osuna, 2001). 

Figure 1: Shrimp aquaculture located at shrimp farm Kuala Santubong, Sarawak. 
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Waste of shrimp farms is the main problem in developing intensive shrimp culture because 

of detrimental to environment, closed system with limited water exchange is the alternative 

way to reduce the problem (Panjaitan, 2011). In addition, the major problem associated 

with this system is the rapid deterioration in pond, resulting high ammonia and nitrite 

production. Moreover, water quality is the most important factor for the aquaculture 

process and the requirement continuously increases as shrimp farming is expanded in Asia 

especially Thailand (Leungprasert and Chanakul, 2010). Lack of water resources in the 

field of shrimp farming leads to the alternative way of reuse shrimp culture wastewater by 

treated it with high efficiency treatment system. Approaching to the problems, nitrification 

and denitrification processes were used on the shrimp culture wastewater. 

According to Leungprasert and Chanakul (2010), shrimp pond wastewater has high amount 

of ammonia nitrogen that is very toxic to shrimps. Because of that, aerobic and anoxic 

recirculation systems were used in shrimp pond water treatment by removing the ammonia 

nitrogen to the lower level than the toxic level. Based on study by Boopathy et al. (2006) 

sequencing batch reactor (SBR) was used as a system that treats wastewater from intensive 

shrimp raceway production system. Other than that, accumulation of toxic inorganic 

nitrogenous compound such as NH4 and NO2 are also the major problems in aquaculture 

system (Colt and Armstrong, 1981). Protein rich feed for aquatic animals such as fish and 

shrimp was the major source of ammonium accumulated in the aquaculture farm. In highly 

aerated ponds, ammonium is typically oxidised by bacteria to nitrite and nitrate compound 

and there is no effective mechanism to release the nitrogenous metabolites out of the pond 

unlike the carbon dioxide (Avnimelech, 1999). 
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2.2 Rhizopus oligosporus 

R. oligosporus is a type of fungi from the genus Rhizopus, family of Mucoraceae and order 

of Mucorales. This fungus is commonly used to make tempeh, a fermented food based on 

soybean (Jennesen et al., 2007). In addition, R. oligosporus belongs to Rhizopus 

microsporus group consisting of morphologically similar taxa, which associated in food 

fermentation and pathogenesis. Babu et al. (2009) stated that R. oligosporus is the 

dominant fungus used in tempeh production compare to other fungus such as Mucor spp. 

and R. oiyzae. The study shown R. oligosporus is able to grow at high temperature 

between 34 to 45 °C and exhibit proteolytic and lipolytic activities that enhance desirable 

substances in tempeh. According to Nitayavardhana et al. (2013), production of protein 

rich fungal biomass using R. oligosporus in an airlift bioreactor based on vinasse as 

substrate contain approximately 50% of crude protein and the essential amino acids 

contents were comparable to commercial protein sources for aquatic feeds with the 

exception of methionine and phenylalanine. 

Figure 2: Morphology of R. oligosporus CBS 112586 under LT-SEM (Jennessen et a!., 2008) 
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2.3 High protein fungal biomass (HPFB) 

High protein fungal biomass (HPFB) can be defined as a dried cells of microorganism 

which used as a protein supplement in human foods and animal feeds (Nassen et al., 

2011). Increasing demand for food and feed especially, protein based food to feed the 

growing world population has led many efforts to explore and alternate protein from 

microorganisms such as yeast, fungi, bacteria and algae. Microbial biomass has been 

considered as a conventional protein sources because of high productivity, derived from 

fast growth rate of microorganisms and it is independence of seasonal factors (Parajo et al., 

1995). In addition, microorganisms has unique enzymes to utilize a variety of substrate like 

agriculture wastes and effluents, industrial wastes, natural gas like methane and also can 

decomposing any pollutants such as oil (Huang and Kinsella, 1986). 

Figure 3: Dry cell biomass of R. oiigosporus after accumulation process. 
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Protein biomass and ethyl alcohol are an example of high value product from 

microorganism activity (Zakaria and Soerianegara, 1984). According to Steinkraus (1986), 

single cell proteins (SCP) have various applications in nutrition value as fattening calves, 

poultry and fish breading. Moreover, it also acts as vitamin and aroma carrier in the 

foodstuffs area. The production of the SCP takes place in the fermentation process by 

select the strains of microorganisms which are multiplied and grow on suitable raw 

materials in technical cultivation process. Raw materials used in the cultivation process are 

substances containing mono and disaccharides, since all microorganisms can digest 

glucose (Oura, 1983). 

2.4 Submerge fermentation (SmF) 

Fermentation is the biological technique to convert the complex substrate into simple 

product that is highly valuable by microorganisms (Subramaniyam and Vimala, 2012). 

According to Subramaniyam and Vimala (2012), submerge fermentation (SmF) is a 

technique to utilize the liquid substrates by the active microorganisms. Hence the 

substrates are utilized quite faster, the nutrients need to be constantly replaced for the 

microorganisms to be grown and produce desire products. The benefit of using this 

technique is the purification of products is easier and normally SmF is being applied to 

produce enzyme due to high water potential requirement (Subramaniyam and Vimala, 

2012). Commonly, soluble substrates in SmF are soluble sugars, molasses, liquid media, 

fruit and vegetable juices also the waste water. According to Holker et al. (2004), the 

metabolic differences between Solid State Fermentation (SSF) and SmF have direct impact 

on productivity of fungus. 
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2.5 Sterilization 

Sterilization can be defined as a process of removing and destroying any microorganisms 

and living cells including spores, viroids and prions from an object that cause 

contamination and infection (Bhana et al., 2013). Bhana et al. (2013) stated that various 

methods are used to achieve the sterility procedure. The objects are exposed to chemical 

and physical agent for specific time. It was shown that high temperature, ionizing 

radiation, chemical liquids and gases are the example of agents used in sterilization 

methods. Bhana et al. (2013) described, it is important to differentiate sterilization and 

disinfection. Sterilization process causes destruction of all forms of microbial life while 

disinfection results in destruction of specific pathogenic microorganisms. 

Filtration is one of the sterilization method operates by separating the particles in solution 

based on pore size and normally the microfiltration membranes have pore sizes that vary 

from 0.075 micron to 3 microns (Mourato, 1995). New field of application for a membrane 

in drinking water sector was uncovered by occurrence of Cryptosporidium and other 

parasites in drinking water sources (Mourato, 1995). Moreover, the advantages of using 

membranes in drinking water treatment are low energy requirements, absolute barrier 

effect to microorganisms and low chemical use (Mourato, 1995). According to Bhana et al. 

2013, filtration sterilizations are used in biological products, air and other gases for supply 

to aseptic areas. Moreover, it is widely being used in industry as part of fermenter systems 

and the membrane filters are used for sterility testing. 

Boiling pre-treatment at 100 °C also one of the sterilization process that can sterilise the 

surgical instruments. Turigas et al. (2013) studied the boiling experiment by using 3000 W 

lidded electric kettle in capacity of 1.7 L, a 14 cm diameter saucepan with Bunsen burner 

and 800 W in microwave oven. The volume of water to be treated is depended on capacity 
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of device. In addition, boiling are common activities in the household that modify 

disinfection by-product (DBP) exposure through ingestion normally by using the Bunsen 

burner and microwave (Turigas et al., 2013). However, effects of boiling towards DBP 

levels remain unknown. 

UV irradiation has emerged as a proven treatment technology for the treatment of process 

water and wastewater in industrial applications and has been established as a low cost and 

environmental-friendly treatment method. It is provides exceptional disinfection benefits 

which is worked by inactivation of all types of microorganisms including bacteria, viruses, 

yeasts, molds, and spores (Atlantic Water Treatment Technologies, 2015). The article 

mentioned rays from UV light change the DNA of the bacteria and other microorganism. 

UV light is probably the most lethal component in ordinary sunlight used in sanitation of 

garments or utensils (Bhana et al., 2013). Moreover, according to Sambrook and Russell 

(2001), UV is beneficial mutagenic agent that cause mutation in various microbial species 

by changing the structure of pyrimidine resulting distorted the DNA structure and block 

further replication process. Even though UV mutation is harmful, but sometimes it may 

lead to better adaptation of microbial organism to its environment with improved 

biocatalytic performance (Oladipo et al., 2015). 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Materials 

The materials used in this study were: 

1. Shrimp pond water 

2. Rhizopus oligosporus 

3. Yeast Malt Broth (Hi Media Laboratories Pvt. Ltd., India) 

5.98% Sulphuric acid, H2SO4 (Emsure, USA) 

6.5% Phenol (Nacalai Tesque, Inc. Japan) 

7. Standard Glucose Stock, C6H1206 (Daejung Chemicals & Metals Co, Ltd., Korea) 

8. API Nitrate Test Kit (Mars Fishcare North America, Inc. USA) 

9. API Nitrite Test Kit (Mars Fishcare North America, Inc. USA) 

10. Luria Bertani Broth 

11. Standard Glycerol Stock Dextrose Anhydrase (Daejung Chemicals & Metals Co, Ltd., 

Korea) 
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3.2 Methodology 

3.2.1 Sampling and substrate preparation 

Shrimp pond water (SPW) was obtained from a prawn farm (Aqua Santubong Sdn Bhd) in 

Kuala Santubong, Sarawak. SPW was kept in the freezer at -20 °C for further use. Before 

fermentation take place, three different method of sterilization which are filtration, UV and 

boiling was performed to the SPW. Lastly, the SPW was dispended into 2L bottles (Schott 

Duran Laboratory glass bottle, Schott, Germany) as a medium to provide nourishment for 

the R. oligosporus growth. 

3.2.2 Culture stock preparation 

Culture stock was prepared by adding 2 vials of R. oligosporus into 100 ml of YMB 

prepared in a Schott bottle. R. oligosporus was obtained from Lab Microbiology 2 of 

Faculty Resources Science and Technology University Malaysia Sarawak (UNIMAS). 

After the culture incubated in the incubator shaker for 72 hr, 750 µl of the culture was 

transferred into the 0.2 ml eppendorf tubes containing 750 µl glycerol stocks. The 

eppendorf tubes were then sealed with parafilm and stored in freezer at -20 °C for further 

use. 

3.2.3 Propagation of R. oligosporus in YMB 

The propagation stage was performed to observe the optimal growth of R. oligosporus. 2 

vials of culture stock were added into sterile Schott bottle containing 1.8 L of Yeast Malt 

Broth (YMB). The 2.0 L Schott bottle was connected with fermentation set up. 150 ml of 
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