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1.1 Introduction 

 

Environmental biotechnology has been primarily focusing  on the development of 

sustainable technologies to manage different waste streams (Grommen and Verstrate, 

2002). As new challenges in waste management continue to evolve, it is a thumb 

rule that it should be tackled in an holistic way. In spite of the major preconception 

that the development of cost effective cleaner technologies will take decades rather 

than years (Hamer, 1997), know-how on sustainable biotechnological processes for 

pollution mitigation is being acquired at a faster pace. The focus now shifts to the 

development of ‘best available technology not entailing excessive costs’ 

(BATNEEC) using feasible biotechnological interventions to handle waste 

(Grommen and Verstrate, 2002). The perception of advancement in the field of 

environmental biotechnology is now invariably linked to the development of cost 

effective technologies to manage wastes and to reduce the negative impacts on the 

environment. Several, biotechnological interventions are being developed, evolved 

and inducted in many fields to curb the negative effects of wastes. Aquaculture is 

another broad field were sustainable biotechnological interventions can infuse more 

sustainability as it is poised to be an important component in global food security 

(FAO, 2010). Biotechnology and microbiology are two important tools that could 

lead to better quality and higher yield in aquaculture production (Farzanfar, 2006). 

 

Farming of aquatic organisms under controlled conditions is termed as ‘aquaculture’ 

and is a significant source of global food production (Williams and Crutzen, 2010). 

Aquaculture has evolved as the fastest growing food-producing sector (Panigrahi 

and Azad, 2007) and this fast growth is aimed at two important purposes: food 

security and income generation (Amirkolaie, 2011). Aquatic products are the 

primary sources of protein to world population and with the rapid economic 

development and population increase; the demand for aquatic products is constantly 

increasing (Peng et al., 2009). The capture fishery sector is currently unable to meet 

increasing demand due to ‘leveled off’ natural stock (Rosenberg, 2008) and over 

exploitation. This has led to the rapid development of aquaculture activities adding 

new coastal stretches for aquaculture and intensifying existing activities (Funge-

Smith and Briggs, 1998). Anthropogenic modification of ecosystems in the name of 

aquaculture alters the overall bundle of goods and services that the ecosystem 
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provides (Gichuki et al., 2009) leading to negative environmental impacts. In the 

case of aquaculture, trade-offs arise because of the sole motif to improve production 

by intensive practices and of the fact that when an improvement in production is 

generally achieved at the expense of surrounding environment. As the aquaculture 

industry developed, environmental problems were increasingly apparent and 

negative impacts escalated with increase in demand for environmental resources. 

(Beveridge et al., 1997). Pollution caused by large-scale and highly-intensive 

aquaculture practices escalated with the rapid growth of aquaculture sector and the 

ecological cost of such rapid expansion is still a serious concern (Rosenberg, 2008). 

Habitat change, aquaculture waste, aquaculture wastewater, and salinization of soil 

and water have been summarized as the major environmental impacts of aquaculture. 

Aquaculture practices have the capacity to alter coastal ecosystems and is a major 

downside of the industry in many Asian countries. Aquaculture activities is one of 

the main sources of marine pollution as intensive aquaculture practices increases 

nutrient impacts on the coastal environment (Funge-Smith and Briggs, 1998). 

Aquaculture pollutants are mainly organic nutrient materials such as remnant of feed, 

excretion from aquaculture stock, biological debris, dissolved nutrients and salts. 

The main impacts are related to the uncontrolled discharge of organic and inorganic 

wastes arising from unconsumed feeds, fertilizers and other management inputs/ 

additives used to increase the natural productivity of the aquaculture systems (Pena-

Messina et al., 2009). Nutrients, organic matter, and suspended solids in aquaculture 

effluents can cause eutrophication and sedimentation in receiving water bodies 

(Boyd et al., 2007; Amirkolaie, 2010). These pollutants ultimately contribute to 

decrease in dissolved oxygen, and can even increase the occurrence of aquaculture 

diseases, which impairs the sustainable development of aquaculture (Peng et al., 

2009). The major challenge of world aquaculture sector is to increase productivity 

with less resources/ space without negative impact on the environment (Pena-

Messina et al., 2009). It is important for the aquaculture sector to adopt more 

ecologically sound management practices to sustain its contribution to world fish 

supply (Neylor et al., 2000). 
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1.1.1 Aquaculture: Socio-economic perspective 

 

Husbandry of aquatic organism or aquaculture has been practiced for ages and now 

it is the fastest growing food-producing sector (Cole et al., 2009). Aquaculture in the 

global context is a young food production sector that has grown rapidly in the last 50 

years. World aquaculture output has increased substantially, from less than 1 million 

tonnes of annual production in 1950 to the 52.5 million in 2008 (FAO, 2010). Food 

and Agriculture Organization of United Nations has defined aquaculture as “the 

farming of aquatic organisms, including fish, molluscs, crustaceans and aquatic 

plants. Farming implies some form of intervention in the rearing process to enhance 

production, such as regular stocking, feeding, protection from predators, etc. 

Farming also implies individual or corporate ownership of cultivated stock” (FAO, 

1998). As per the recent reports of FAO, aquaculture remains a vibrant, fast growing 

production sector for high-protein food (FAO, 2010). Recent report on the status of 

world fisheries and aquaculture (FAO, 2010), indicates that capture fisheries and 

aquaculture supplied the world with about 142 million tonnes of fish in 2008. Of this, 

115 million tonnes was used as human food, providing an estimated apparent per 

capita supply of about 17 kg (live weight equivalent), which is an all-time high 

(FAO, 2010). The reported global production of food fish from aquaculture, 

including finfishes, crustaceans, molluscs and other aquatic animals for human 

consumption, reached 52.5 million tonnes in 2008 and provisional estimate for 2009 

was 55.1 million tonnes (FAO, 2010). During 1970–2008, the production of food 

fish from aquaculture increased at an average annual rate of 8.3 percent, while the 

world population grew at an average of 1.6 percent per year. The combined result of 

development in aquaculture worldwide and the expansion in global population is 

that the average annual per capita supply of food fish from aquaculture for human 

consumption has increased by ten times, from 0.7 kg in 1970 to 7.8 kg in 2008, at an 

average rate of 6.6 percent per year (FAO, 2010). The value of the world 

aquaculture production, excluding aquatic plants, is estimated at 98.4 billion US 

dollars in 2008. Actual total output value from the entire aquaculture sector should 

be significantly higher than this estimate, because the value of aquaculture hatchery/ 

nursery production and that of the breeding of ornamental fishes are yet to be 

estimated and included (FAO, 2010). As per the FAO studies, half of the world’s 

seafood demand will be met by aquaculture in 2020, as wild capture fisheries 
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reached its maximum and often aquaculture production exceeds landings from 

marine capture fisheries in many areas (NACA/ FAO, 2001). 

 

Aquaculture is now an important economic activity in many tropical countries and 

Asia contributes a lion’s share of the world’s production. As per the FAO statistics 

Asia has retained its progressively dominant position in world aquaculture 

production accounting 88.8 percent of world production by quantity and 78.7 

percent by value in 2008. China tops the table of leading aquaculture producer and 

accounted for 62.3 percent of world production by quantity and 51.4 percent by 

value (Table 1.1). India is the second largest aquaculture producer with annual 

growth rate of 7.1% (Table 1.1) but has to go a long way to gear up its aquaculture 

sector to match up with China’s growth rate and production. As per the 2008 

production estimates India’s contribution was roughly around 1/10th of the 

production of China (FAO, 2010). A major share of world aquaculture production 

comes from the developing nations and stood at 92.5% and 85.4% in terms of 

quantity and value respectively (FAO, 2010). The majority of aquaculturists are in 

developing countries, mainly in Asia, which has experienced the largest increases in 

recent decades, reflecting the rapid expansion of aquaculture activities. In 2008, 85.5% 

of fishers and fish farmers were in Asia with China representing nearly one-third of 

the world’s total of fishers and fish farmers and India and Indonesia are other 

countries with a significant number  (FAO, 2010). 

 

1.1.2 Aquaculture: Issues and constraints 

 

In traditional / extensive aquaculture, interventions are limited to exclusion of 

predators and control of competitors, and it turns to semi-intensive when some 

strategy to enhance food supply is adopted. Intensive aquaculture practices provide 

provision for all nutritional requirements, which demands greater use of 

management of inputs, waste generation and disease (Naylor, et al., 2000). Over the 

past two decades the aquaculture industry has gone through major changes from a 

small scale operation to large scale industrial ventures. Since the 1960s, aquaculture 

production has increased dramatically due to much improved conditions such as 

water quality, disease control, nutritionally complete feeds, and the development of 

improved stocks through selective breeding, hybridization, and the application of 
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molecular genetics technology (Cole et al., 2009). Huge market potential and 

mounting demands (Kesarcodi-Watson et al., 2008) drives the aquaculture sector 

towards the adoption of intensive culture practices (Mohapatra et al., 2013). 

Expansion of intensive aquaculture practices has been influenced by several factors 

like water quality / quantity constraints, availability and cost of land, regulations on 

water discharge and the concern of environmental impacts (Gutierrez-Wing & 

Malone, 2006). 

 

Like other sectors of intensive food production, aquaculture under industrial mode 

generates significant environmental costs depending on a plethora of factors. 

Expansion of particular aquaculture practices like salmon and shrimp farming has 

proven to be destructive to the natural ecosystem. Salmon farming in net pens and 

coastal shrimp farming are considered as most problematic because of the intensive 

resource use and negative impacts on the surrounding environment. FAO has 

collectively termed the land-based and water-based brackish and marine aquaculture 

practices as ‘coastal aquaculture’. The main environmental impacts of marine 

aquaculture and coastal aquaculture are the following: 

 

 Organic Pollution and Eutrophication: Coastal aquaculture systems like 

shrimp farming contribute to nutrient loading through discharges of wastes 

and uneaten feed. 

 

 Chemical Pollution: A variety of chemicals are used in aquaculture, 

including antibiotics and other management chemicals. Chemicals used in 

aquaculture are  lesser compared to the requirement and use in terrestrial 

agriculture, but antibiotic resistance among bacterial pathogens and 

destruction of  non- targeted microbial species are of concern. 

 

 Habitat Modification: Marine  and coastal aquaculture are high on resource 

utilization and negative impacts on the surrounding environment which may 

lead to habitat modification. Large scale destruction of mangrove forests in 

coastal areas due to aquaculture practices is a typical example of habitat 

modification / destruction. 
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 Biological Pollution: Organisms that escape from aquaculture facilities may 

harm wild populations through competition and interbreeding, or by 

spreading diseases and parasites. Escaped - farmed Atlantic salmon (Salmo 

salar) is a potential  problem which may threaten endangered, dwindling 

wild Atlantic salmon stock. In the future, farming transgenic or genetically 

modified  fish may exacerbate concerns about biological pollution. 

 

 Fish for Fish Feeds: Some types of aquaculture use large quantities of wild-

caught fish as feed ingredients, and thus indirectly affect marine ecosystems. 

 

Table 1.1: Leading aquaculture producers by quantity and growth 

 

Source: FAO report ‘The State of world fisheries and aquaculture, 2010’. 

 

1.1.3 Coastal shrimp aquaculture 

 

Commercial shrimp farming has been accelerated due to huge demand for penaeid 

shrimp for human consumption in the international market, and to meet the global 

demand; most of the production is based on intensive cultivation practice. This ever 

growing demand made Asian countries including India to gear up their own 
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programmes to develop shrimp farming industry as a major commercial venture. 

Shrimp culture practices in India are mostly confined to modified-extensive and 

semi-intensive systems and large numbers of shrimp farming stretches were 

developed in east coast of India. The very nature of intensified shrimp culture is its 

dependence on a lot of inputs (Deb, 1998). In Philippines and Indonesia, intensive 

shrimp farming is practiced in tidal and mangrove areas with high water exchange 

rate (Kongkeo, 1997) disturbing the natural habitat of many marine and estuarine 

biota. High stocking densities and feed loading are the typical characteristics of 

intensive culture practices (Shang et al., 1998). The uncertainty in relation to 

climatic changes, huge capital investment and ever increasing dependence to 

surrounding environment make the aquaculturists follow the principle of adopting 

short-cut ways to profit making, ultimately giving rise to numerous impacts (Funge-

Smith & Briggs, 1998). In large-scale production facilities, aquatic animals are 

exposed to stressful conditions and problems related to diseases and deterioration of 

environmental conditions often occurs and results in serious economic losses 

(Balc’azar et al., 2006). Chemicals and other substances are extensively used as 

additives for improving water quality, disease control and against other biological 

problems like, algal bloom, aquatic plant infestations, controlling disease vectors 

and proliferating  weed species (Boyd, 1995). All these additives, fertilizers and 

management chemicals ultimately find its way out to the surrounding environment 

at the end of each production cycle. Problems due to such discharge have serious 

implication in the fragile coastal stretches. Under such situations the rapid and 

unscientific development of the shrimp culture in the tropical countries led to 

adverse environmental impacts (Shan & Obbard, 2001). Consequently, serious 

production losses occurred in India and other shrimp producing countries around the 

world. 

 

The problem of nutrient loading in sea/ creek due to the discharge of shrimp culture 

wastes has been studied extensively in many countries. Shrimp culture wastewater 

comprises both living and dead plankton, bacteria, feed waste, fecal matter, and 

other excretory products of shrimps. Though all these nutrients and organic wastes 

are biodegradable, the soluble nutrients such as nitrogen, ammonia and phosphorus, 

beyond a reasonable limit, can result in nutrient enrichment in the open waters. This 

in turn affects the quality of source water and increases the inherent risk involved in 
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shrimp culture. Typically shrimp farming enjoys an initial period of success and 

good production followed by gradual decrease in yield over successive crops 

(Funge-Smith & Briggs, 1998). Deterioration of the source water quality is cited as 

one of the reasons for production loss. Depending on a plethora of factors, decreased 

yields are manifested as reduced growth, higher feed conversion ratio (FCR), 

disease outbreak and consequent emergency harvest. In such situations shrimp 

farmers are forced to use several chemicals and biological products to attain 

sustainability and to increase yield. Adverse impact of unregulated and unplanned 

shrimp farming and its direct implication on the coastal ecosystem of Bangladesh 

has been well depicted by Deb (1998).   

 

The requirement of prevention and control of diseases under such deteriorating 

conditions have given a major emphasis during recent decades and this led to a 

substantial increase in the use of veterinary medicines in aquaculture. Use and abuse 

of antimicrobial agents as  preventive measures  increased considerably until the 

utility of antimicrobial agents was questioned (Verschuere et al., 2000; Kesarcodi-

Watson et al., 2008; Martinez Cruz et al., 2012). Scientific community came up with 

extensive documentation of the evolution of antimicrobial resistance among 

pathogenic bacteria and its transfer to human pathogens (Moriarty, 1999; Martinez 

Cruz et al., 2012). Antibiotic resistance mechanisms can arise either due to 

chromosomal mutation or acquisition of plasmids (Martinez Cruz et al., 2012). 

Chromosomal mutations cannot be transferred to other bacteria but plasmids can 

transfer resistance rapidly. Several bacterial pathogens can develop plasmid-

mediated resistance, and plasmids carrying genes for resistance to antibiotics have 

been found in marine Vibrio species and they could be laterally exchanged to human 

pathogens. 

 

1.1.4 Pollution potential of intensive aquaculture practices 

 

Aquaculture industry is driven by the ever increasing global demand on aquaculture 

products (Kesarcodi-Watson et al., 2008). The demand driven industry continuously 

adopt new techniques to increase the production yield and with every step towards 

intensification of aquaculture practices, there is an increase in stress level on the 

animal reared as well as on the environment (Mohapatra et al., 2013). The inherent 
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complex sources of variability of aquaculture have yielded a fragmented overview, 

from which it is difficult to generalize the phenomenon of environmental effects of 

aquaculture (Sara, 2007). Variability arise from features of cultivated organisms, 

ecosystem type, type of cultivation, influence from receiving aquatic ecosystems and 

management practices employed, and these factors have a cumulative effect on the 

surrounding environment (Sara, 2007). One of the major impacts caused by 

aquaculture is the production of wastewater that is rich in nutrients, especially 

phosphorus and nitrogen which can alter the limnological characteristics of the 

receiving water bodies and accelerate the eutrophication process. This artificial 

eutrophication, in turn, tends to reduce water quality and limit its use by humans, in 

addition to decreasing the biodiversity and richness of animal and plant species in 

the environment (Pistori et al., 2010).  

 

Intensive aquaculture practices have significant drawbacks, such as an increased 

environmental impact as a result of a larger amount of waste discharged by 

aquaculture effluent  in to the surrounding environment. Waste consists of waste 

metabolites, fecal matter, residual food and other prophylactic and therapeutic inputs 

(Antony and Philip, 2006). Aquaculture wastewater discharge is a major 

environmental concern because of possible environmental pollution to the receiving 

water bodies, such as lakes, estuaries and rivers. The extend of pollution potential by 

aquaculture effluent discharge depends on the organic waste loading, nutrient 

content, other management chemicals and presence of disease causing agents/ 

vectors. The discharge of solid and dissolved wastes by effluent from aquaculture 

operations can lead to eutrophication in the receiving water bodies (Amirkolaie, 

2011). Discharge with high nutrient content, organic matter and suspended solids 

can cause heavy algal blooms and sedimentation in receiving coastal waters and this 

pollution potential is much higher for intensively fed culture systems (Boyd et al., 

2007). It was well proven that, the discharge of aquaculture effluent modifies the 

limnological characteristics of the  receiving reservoirs, and that the growth of 

several weeds like Salvinia is favored by the aquaculture effluent, because of the 

increases in the concentrations of nitrogen and phosphorus in the water (Pistori et al., 

2010).  
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Management of the waste generated from aquaculture systems is quite difficult and 

costly as the waste disintegrates and becomes diluted in the culture water 

(Amirkolaie, 2011). Wastewater generated from farms has to be treated with 

appropriate technology as discharging to surrounding environment is strictly 

regulated by law. However, treatment of aquaculture wastewater with sophisticated 

equipment demands large capital cost and investment. Since, intensive feed input is 

a major source of pollution in intensive aquaculture; waste reduction should be 

approached with proper feeding strategies (Amirkolaie, 2011).  

 

1.1.5 Organic waste accumulation in intensive shrimp culture 

 

Intensive aquaculture systems are characterized by the high nutrient inputs in the 

form of high protein content feeds. Only a small share of the total nutrient value of 

the feed input is recovered as biomass harvested at the end of the culture cycle, 

while a large portion of organic matter, in the form of excess residual feed and feces 

becomes the waste (Karim et al., 2003). Generally, only 60-80 % of feed input is 

consumed by the crop and about 80-90 % of the eaten food is absorbed across the 

intestine and rest is excreted as feces. About 10-20 % of the nutrients absorbed 

become biomass and remaining is excreted as carbon dioxide and ammonia (Boyd et 

al., 2007). At higher feeding rate and low water exchange, metabolic wastes 

accumulated in the system is a limiting factor, resulting in poor growth and survival 

of crop (Fast and Lannan, 1992). In an intensive system, organic waste generated 

quite often exceeds the threshold limit of the system and results in the 

‘hypernutrification’ of both water column and bottom sediment. Hypernutrification 

or the enrichment of culture system with organic waste directly influences the 

characteristics of flora and fauna in the aquaculture system. This possible 

consequence of intensive and semi intensive aquaculture systems, the 

hypernutrification of water column is a complex and poorly understood event (Sara, 

2007).  

 

In aquaculture ponds organic matter is present as living plankton, suspended 

particles of decaying organic matter and dissolved organic matter (Boyd, 1995a). 

Uneaten or excess feed and other organic wastes in the water column settle to the 

bottom and get accumulated as culture progresses. Due to bacterial breakdown, 
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accumulated organic waste is mineralized by anaerobic or aerobic pathways 

depending on the oxygen concentration in the pond sediment. Excessive nutrient 

generated, in turn stimulate unstable phytoplankton blooms which on death and 

decay add up to the accumulated organic waste or detritus in the aquaculture system 

(Boyd et al., 2007). Organic enrichment of bottom sediment triggers a huge deficit 

in dissolved oxygen in the system leading to anoxic conditions, generation of 

reduced compounds at the sediment water interface, and evolution of toxic gases 

like hydrogen sulphide. Under such conditions growth and survival of cultured crop 

would be at stake if organic waste accumulation is not properly managed. Organic 

waste accumulation in intensive aquaculture systems occur at much faster rate than 

the rates of natural decomposition and re-mineralization mediated by the 

heterotrophic microbial population in the system. Due to prevailing environmental 

variables, natural degradation by indigenous heterotrophic microbial population will 

be hampered and in such situations biotechnological intervention is the next feasible 

option (Karim et al., 2003). In a study to assess decomposition of protein rich fish 

feed under variable oxic and anoxic conditions it was observed that decomposition 

was fast under alternate oxic, anoxic conditions which was comparable to the 

decomposition observed under oxic conditions (Torres-Beristain et al., 2006). 

 

Water quality in aquaculture systems is determined by complex chemical physical 

and biological processes and the aquaculture pond dynamics refers to the study of 

these processes and their interaction (Fast and Lannan, 1992). In intensive 

aquaculture, bottom sediment is an important factor which affects the quality of 

water column. In zero water exchange system sediments can be source or sink of 

nutrients, especially micro nutrients like Cu, Fe, Mn and Zn. This facilitates better 

growth conditions as long as the sediment is healthy. Accumulation of organic 

matter in pond bottom sediment adversely impacts the water quality and nutrient 

dynamics leading to poor water quality of aquaculture systems. When the water 

quality deteriorates, growth and survival of cultured species are at stake and it 

reflects in the quality and quantity of aquaculture produce. 
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1.1.6 Detritus in aquaculture systems 

 

Detritus is a term that is generally used in aquatic ecology for all non-living organic 

matter. It includes both particulates and dissolved organic matter intricately 

associated with live microorganisms (Moriarty, 1997). In other words detritus/ 

dissolved organic matter (DOM) is the organic matter in water comparable to the 

humus in soil (Yanagita, 1990). Detritus is a compound amorphous substance 

composed of the aggregates of living microorganisms together with the dead 

microbial fragments and their excreta such as fecal matter and other organic wastes 

(Yanagita, 1990). The organic fraction in detritus is attributed chemically as proteins, 

polysaccharides and pigments. DOM is the main fraction of organic matter in 

aquatic environments and particulate organic matter (POM) contributes a minor 

share and often they exist in the ratio 10:1 (Cunha-Santino and Bianchini, 2003). 

Bacteria assimilate nutrients in dissolved form, either directly or after extra cellular 

hydrolysis of particulate matter. Mineralization of an organic molecule in water is a 

consequence of microbial activity and is typically a growth linked process. In many 

aquatic ecosystems DOM and POM are channelled to higher trophic levels through 

microbial action, moreover, studies on the polymeric structure of DOM revealed that 

these substrates are important for the heterotrophic activity in aquatic systems 

(Cunha-Santino & Bianchini, 2003). Polymers like polypeptides, lipids, polyphenols, 

humic substances etc present as DOM have to undergo extra cellular enzymatic 

decomposition before final oxidation by heterotrophic microorganisms (Cunha-

Santino & Bianchini, 2003). 

 

Labile degradable POM in the water column tends to be undegradable during 

sedimentation (Yanagita, 1990). Metabolic activity of POM decreases in sediment 

with deeper water column and affects the sediment quality. POM is mineralized in 

the sediment and is considered as the site of natural self purification. Anaerobic 

processes are significant in detritus decomposition in aquatic sediment where the 

oxygen may be depleted in the sediment surface due to microbial activity and poor 

diffusion of oxygen. Due to the inherent ecological bias to support anaerobic 

microbial processes (Moriarty, 1997) and depletion of oxygen to support aerobic 

microbial respiration, accumulating detritus in the sediment will invariably leads to 

anaerobic conditions. This in turn results in deterioration of environmental 
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conditions which adversely affects aquaculture practices. In aquaculture systems, 

DOM leached out of left over feed particles and fecal pellets favour a few bacteria 

which ultimately dominate the system resulting in poor microbial diversity. Such 

scenarios will inevitably lead to a succession towards unstable microbial community 

unable to degrade the organic load. 

 

In marine sediments sulphate is the major electron acceptor in the reductive layers of 

the sediment and in shallow water columns 50 % of carbon mineralization is 

mediated by sulphate reduction (Yanagita, 1990). In aerobic sediment environments 

carbon mineralization follows an aerobic route without sulphate reduction. In 

contrast, carbon mineralization in fresh water sediments is mediated by nitrate 

reduction in the upper anaerobic layer and carbon dioxide reduction leading to 

methane formation happens in deeper layers of sediment. Such vertical stratification 

of various respiratory mechanisms is determined by the conditions such as the redox 

potential of the reaction, energy yield and concentration of electron donors/ electron 

acceptors. It is envisaged that in nature much complex reactions must be taking 

place in sediments involving reduction of manganic oxide (MnO2), ferric hydroxide 

in reductive layer and oxidation of hydrogen sulphide, methane from the reductive 

layer are oxidized in the upper oxidative layer at the sediment water interface 

(Yanagita, 1990). 

 

1.1.7 Consequence of organic waste accumulation 

 

The growth of the aquaculture industry was hindered by two major setbacks, viral 

disease outbreaks which withered the confidence of the industry and the pollution 

due to accumulating organic waste in aquaculture systems (Soundarapandian et al., 

2010). Conditions of aquaculture pond bottom are crucial for the success of 

aquaculture production systems, especially critical for semi intensive to ultra 

intensive shrimp culture systems (Avnimelech and Ritvo, 2003). The organic load in 

terms of unutilized feed due to excessive feeding, fecal matter and dead biotic 

components, settle at the bottom of the pond contribute pollution of the pond bottom. 

Water  quality  in  intensive  aquaculture  systems  is  to  a  large  extent  controlled  

by  the  microbial  biodegradation  of accumulated organic  residues (Avnimelech et 

al., 1995). Natural carrying capacity of pond bottom was assumed to be a limiting 
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factor towards further intensification of aquaculture systems. Increased waste 

accumulation and development of anaerobic conditions result in poor growth and 

yield (Avnimelech and Ritvo, 2003). Extend of oxygen penetration in pond sediment 

is directly dependent on the amount of organic waste input in the bottom sediment 

(Blackburn, 1987). Rapid oxygen depletion occurs in the event of accumulation of 

organic detritus on the pond bottom favouring anaerobic bacteria which produce 

reduced compounds; which in turn attracts sulphate reducers in the case of marine 

ponds (Moriarty, 1997). Sediment surface area, inorganic and organic load affect the 

development of sediment biota, and sediment community in turn influence the 

nutrient cycling and water quality in aquaculture ponds; production of hydrogen 

sulphide and unionized ammonia are potential negative effects of sediment 

communities (Bratvold and Browdy, 2001). Both quantity and quality of organic 

substrates may highly influence the development of the microbial community and its 

recycling activity (Fabiano et al., 2003). Organic matter and microbial biomass are 

generally directly correlated, but this relationship is not linear during the event of 

increasing nutrification and organic enrichment (Fabiano et al., 2003). In system 

with predominant dissolved inorganic nutrient input, productivity tends to be 

autotrophic even at high production levels, whereas in intensive systems with 

organic nutrient input, system shifts to be heterotrophic. Under extremely high feed 

inputs, heterotrophy will dominate and most of the nutrition will come from the feed 

(Fast and Lannan, 1992). 

 

1.1.8 Aquaculture effluent discharge regulations 

 

There is increasing concern over the negative environmental impacts of aquaculture 

especially, water pollution and eutrophication (Banas et al., 2008). Pond based 

aquaculture practices cannot be conducted without some effluent discharge (Boyd, 

2003). Though, aquaculture farms tend to be concentrated in specific regions or hot 

spots, they are under sprawling operations where large volumes of relatively dilute 

effluents are released at several points (Boyd, 2003). Generally, effluents from pond 

aquaculture resemble non-point sources of pollution more than point sources and 

application of traditional effluent treatment methods to meet effluent standards, as 

done for point source pollution, is considered difficult or impossible (Boyd, 2003). 

The potential for water pollution is greater for cage culture and raceway production 
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facilities than for pond culture, because natural processes in ponds assimilate a large 

proportion of nutrients and organic matter originating from aquaculture before 

waters are discharged (Boyd et al., 2005). Effluents from intensive aquaculture 

ponds with a large feed input usually are thought to have a greater pollution 

potential than effluents from semi-intensive or extensive ponds with little or no feed 

input. Aquaculture effluents discharged from intensively managed fish ponds are 

higher in concentrations of nitrogen (N), phosphorus (P), organic matter (OM), and 

suspended solids (SS) than receiving streams (Banas et al., 2008).  

 

The United States Environmental Protection Agency (USEPA) after extensive study 

on aquaculture effluents has concluded that effluent limitation guidelines were 

unnecessary (Banas et al., 2008). Instead USEPA recommended that aquaculture 

facilities should implement best management practices (BMPs) to reduce pollutant 

loads. In 2004, USEPA finalized the rule ‘Effluent Limitations Guidelines and New 

Source Performance Standards for the Concentrated Aquatic Animal Production 

Point Source Category’ and framed under 40 CFR Part 451 (Federal Register, Vol. 

69, No. 162). Concentrated aquatic animal production (CAAP) facilities, those 

producing over 45454 Kg year
-1

 (100000 lbs year
-1

) and discharging 30 days year
-1

 

or more excluding excess runoff must obtain a National Pollution Discharge 

Elimination System (NPDES) permit to discharge effluents in open water.  

 

USEPA regulation defines hatchery, fish farms or other facilities as CAAP and 

hence require effluent discharge permit under NPDES (USEPA, 2006). This 

regulation was introduced to reduce discharges of conventional pollutants (mainly 

total suspended solids), non-conventional pollutants (e.g., nutrients, drugs, and 

chemicals), and to a lesser extent, toxic pollutants (metals and PCBs) from CAAP 

facilities covered by the USEPA regulation (USEPA, 2006). When the rule was 

proposed in 2002, specific requirements for effluent reduction under the proposed 

regulation are listed in Table 1.2. The permit requirements are determined by 

individual state level NPDES agency, as nationwide effluent limits were not 

mandated (Banas et al., 2008). 
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Table 1.2: Summary of regulatory requirements proposed by USEPA (September, 

2002) 

Requirements 

(proposed) 

Flow-through systems 

(100000-450000 pounds 

year
-1

) 

Flow-through systems (> 

450000 pounds year
-1

) 

Recirculating 

systems 

(>100000 

pounds year
-

1
) 

Full flow/ 

recombined 

effluent 

Segregated 

waste 

stream  

Full flow/ 

recombined 

effluent 

Segregated 

waste 

stream  

All facilities 

Maximum 

daily net TSS 

(mg L
-1

) 

11 87 10 69 50 

Monthly 

average net 

TSS (mg L
-1

) 

6 67 6 55 30 

Alternate 

compliance 

BMP plan in lieu of monitoring for TSS limits 

Best 

management 

practice 

(BMP) for 

O&M 

Yes Yes Yes Yes Yes 

Solid control 

BMP 

N/A Yes (Bulk 

discharge) 

N/A Yes (Bulk 

discharge) 

N/A 

Drugs and 

chemical 

reporting 

No No Yes Yes Yes 

Practices to 

minimize 

escapes 

No No Yes Yes Yes 

Final rule: 40 

CFR part 451 
 No national wide numerical effluent limitation criteria. 

 Best management practices (O&M) to reduce pollution. 

 Effluent discharge permit under National Pollution 

Discharge Elimination System (NPDES) based on the 

production capacity and discharge practices. 

 Permit requirements determined by state level NPDES 

agencies. 

Source:  

1) Aquaculture effluents: Overview of USEPA Guidelines and Standards and BMP 

for Ponds, Raceways and Recycle Culture Systems. Proceedings of North Central 

Regional Aquaculture Centre, Ames, Iowa. October 2003. 

2) Effluent Limitations Guidelines and New Source Performance Standards for the 

Concentrated Aquatic Animal Production Point Source Category, EPA. 
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Table 1.3: Indian standards for treated wastewater discharged from aquaculture 

farms, hatcheries, feed mills and processing units. 

 
Source: Compendium of acts, rules, guidelines and notification, Coastal Aquaculture Authority, Govt. 

of India. 

 

USEPA selected BOD (Biochemical Oxygen Demand) or TSS as parameter to 

assess the cost reasonableness of expected effluent reduction proposed in the rule for 

flow-through and recirculation systems (USEPA, 2006). USEPA has emphasized the 

importance of BMP as an integral management aspect to reduce the effluent limits 

and pollution from aquatic animal production facilities. Many aspects of most of the 

production facilities are uniquely tailored for the individual facility and personnel 

operating such facilities. By evaluating the daily operation of such facilities, 

operators can often develop cost effective practices to reduce the effluent and 

operational cost. 

 

In India there are several regulatory rules and policies enacted for the sustainable 

fisheries and to protect fisheries resources. Coastal regulation zone (CRZ) 

notification enacted under the broad ambit of Environment (Protection) Act (EPA), 

1986; regulates development activities including aquaculture in coastal stretches. 

The coastal stretches of seas, bays, estuaries, creeks, rivers and backwaters which 
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are influenced by tidal action up to 500m from the high tide line (HTL) and the land 

between the low tide level (LTL) and the HTL is termed as CRZ. Establishing 

aquaculture activities like hatcheries in CRZ requires environmental clearance from 

the Ministry of Environment, Forests & Climate Change (MoEF&CC). Aquaculture 

Authority of India (AAI) was notified in 1997 by MoEF&CC and is functioning 

under the Ministry of Agriculture as an independent body to regulate aquaculture in 

coastal stretches. The major role of AAI is to stipulate guidelines for better 

aquaculture practices and to develop guidelines to control pollution due to effluents 

from aquaculture establishment. Effluent treatment system (ETS) became mandatory 

for all shrimp farms having an area of 5.0 ha and above located with in CRZ and 

outside CRZ, all farms having an area of 10.0 ha. Prescribed standards for treated 

aquaculture effluent are summarized in Table 1.3. 

 

China being the leading aquaculture nation enacted some regulations in aquaculture 

management in the recent past. ‘Water quality standard for fisheries’ (GB1160789) 

was issued and enforced in 1990 for the regulation of aquaculture. The Ministry of 

Agriculture issued 'Regulations for fishery loss calculation of accidents of water 

pollution' and 'Regulations and procedures for investigating and handling pollution 

accidents in fishery waters' in 1997, thus bringing the investigation and handling of 

pollution accidents in aquaculture onto a legal track. Ministry of Agriculture and 

local fishery administrations initiated the construction of fishery environment 

monitoring stations in 1999. However, more specific regulations and standards for 

developing environmental friendly aquaculture are yet to be shaped (Cao et al., 

2007). In China, there are no studies on characterizing waters receiving aquaculture 

effluent and waters used by the farms, or have related water quality to farming 

activity (Cao et al., 2007). Obsolete technologies and incomplete arrangement of 

waste management systems are still used in aquaculture, which might cause a great 

economic loss, destroy the aquatic biodiversity, and to some extent, hinder the 

sustainable development in aquaculture in China (Cao et al., 2007). Environmental 

protection administration of the Republic of China on Taiwan has prescribed 

numerical effluent limits for the effluent from aquaculture industries. These 

standards were promulgated under the Water Pollution Control Act and imposed 

numerical effluent standard limit for BOD, chemical oxygen demand (COD) and 

suspended solids (SS). 
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As per the third assessment report of Europe’s environment, aquaculture is relatively 

highly regulated in Western Europe and regulation is strongest in those countries 

where the growth of aquaculture has been most rapid. However, assessment, 

regulation and monitoring have been limited mainly with the micro-impacts of 

organic matter in the immediate vicinity of farms and have not addressed the 

potentially more serious impacts on wild fish populations and the wider environment. 

These can only be addressed through comprehensive monitoring and integrated 

management of aquatic systems, taking account of the pressures from aquaculture 

and other economic activities. In France, Law No. 99-736 of 27 August 1999 limits 

total suspended solid (TSS) concentration to 1000 mg L
-1

 in draining effluent from 

ponds, regardless of amount of annual production (Banas et al., 2008). Most 

aquaculture ponds in France which are operated in extensive culture mode and 

90,000 ha of such ponds drain nearly 109 m
3
 of effluent annually and most often the 

TSS level in effluents exceeds limit prescribed under law (Banas et al., 2008).  

 

1.1.9 Existing methods to improve water quality 

 

Maintaining water quality of aquaculture water is important to reduce the 

concentration of toxic substances in water which adversely affect the quality and 

quantity of crop. Intensive farming practices are characterized by high organic 

loading and subsequently the risk of high levels of toxic substances which are 

derived from the anaerobic decomposition of organic matter. In such scenarios, 

detrimental factors are high BOD, low DO and high ammonia nitrogen. A 

combination of these factors can induce stress and results in low survival and leads 

to mass mortality. Sara (2007) analyzed selected case studies through meta-analysis 

approach, aquaculture facilities appeared to have an overall effect on dissolved 

nutrients. Ammonium appeared to be the nutrient most affected by loadings from 

aquaculture facilities irrespective of organisms and ecosystem; nitrites and nitrates 

and then phosphorus were other compounds to be significantly influenced, while 

silicates did not show any significant effect (Sara, 2007). In order to reduce the 

organic loading and resultant hypernutrification following strategies can be adopted: 

 

 Proper input management and efficient feeding strategies to reduce excessive 

organic loading. 
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 Maintain the system in a highly oxidized state to support aerobic 

decomposition of accumulating organic waste. 

 Water exchange or water renewal to eliminate toxic substances and to dilute 

accumulating organic wastes. 

 Maintaining a healthy phytoplankton community to ameliorate the excess 

nutrients. 

 Use of beneficial bacterial community for the in situ bioremediation of 

organic wastes. 

 

A combination of the above strategies can be employed to manage the accumulation 

of organic wastes and hypernutrification of the culture water. Water renewal in 

rearing ponds is a fundamental parameter in the operation of a fish-culture 

ecosystem. Renewal rates may vary with the type of culture system, water 

temperature and fish biomass to maintain limit values for water quality parameters 

like total ammonia nitrogen (TAN) and dissolved oxygen. Accurate quantification of 

water exchange, however, is often unknown by farmers themselves, making it 

difficult to evaluate nitrogen (N) or phosphorus (P) outflow to the marine and 

coastal systems (Hussenot, 2003). Though water exchange or renewal was 

considered as one of the fundamental steps to improve the water quality of culture 

water, now it is hardly recommended practice due to environmental impact of 

aquaculture effluents on the surrounding. Moreover such practices open up the risk 

of transmission of disease causing agents, pathogens and vectors. Most of the 

aquaculture Nations have imposed regulation on water exchange and aqua culturists 

voluntarily taken up zero or low water exchange, recirculation systems to avoid the 

risk of disease outbreaks. Many studies have correlated the water exchange rate with 

the quality of source water available for next culture, especially in small bays, 

enclosed estuaries, marine creeks etc. 

    

A post culture practice to reduce the pollutant loads in the aquaculture effluent is 

done by effluent treatment strategies like sedimentation or settling ponds. 

Mechanical filters, settling tanks or rapid sedimentation basins with sufficient 

retention time readily collect particulate matter in effluents, but for dissolved 

material (organic and mineral nitrogen and phosphorus), mechanical filtration is not 
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efficient (Hussenot, 2003). Current solutions to reduce the pollutant load of effluents 

in wetland-based aquaculture systems are basically sedimentation or aeration basins 

as proposed in best management practices (BMPs) defined in different countries 

(Hussenot, 2003). In France, fish farms in wetland zones are built on large tracts of 

land. Besides the rearing ponds, seawater reservoirs may be constructed to maintain 

permanent water renewal in the ponds at low tide and have discharge ponds or 

sedimentation ponds to reduce effluent pollutant loads. Small scale aquaculture 

systems do not use external treatment systems, because water renewal and fish 

biomass are low. Under these conditions, the rearing pond also has a partial function 

of water treatment. Currents in the rearing ponds are sufficiently low to allow 

significant particle sedimentation and nutrient assimilation by primary production, 

considering the high water retention time of 2 to 3 days (Hussenot, 2003). A study 

showed that sedimentation ponds built for effluent treatment are not all efficient at 

reducing the effluent concentrations of solid particles (TSS) and the hydraulic 

functioning of sedimentation ponds is probably fundamental to remove TSS 

(Hussenot, 2003). Best management practices and policies will be increasingly 

restrictive for nitrogen and phosphorus discharge. Assimilation by microalgae 

(diatoms) is an important component of multi-species integrated culture, which 

ideally would correct the nutrient ratio of fish-farm effluents and regulate water 

renewal in specific microalgal ponds as a function of temperature and light intensity 

(Hussenot, 2003). 

 

Physical methods, aimed at removing the TSS and reducing the BOD and COD, are 

most widely applied on waste treatment in aquaculture in China. They include 

sedimentation, mechanic filtration, and sand filtration. These kinds of methods are 

usually simple and inexpensive but have only moderate effects on removing the 

soluble organic matter such as N and P. Chemical methods, including neutralization, 

coagulation, sterilization and oxidation, are usually the fastest ways to annihilate 

pathogens. However, the cost for this type of treatment is rather high. Additionally, 

some of these methods may bring about toxic effects such as  high concentration of 

organic chlorine (Cao et al., 2007). Another technology employing foam 

fractionators is not applicable in intensive open aquaculture systems using a flow-

through aquaculture. In aquaculture systems where recirculation is often adopted 
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and water flow is low, foam fractionation is a good way to treat the water for 

specific elements like dissolved organic carbon (Hussenot, 2003). 

 

Biological methods, including aerobic treatment, anaerobic treatment and aquatic 

life-form treatment, are based on microorganisms to convert organic substances into 

the harmless carbonates or nitrates. Biological treatment is considered as the most 

economically feasible approach. Integrated aquaculture systems are considered a 

promising technology, but recent efforts have been essentially devoted to macro 

algae. The utilization of aquatic macro algae for the removal of nutrients in 

aquaculture wastewater effluents and water bodies is well documented. The 

resulting gains in vegetative biomass can provide economic returns when harvested 

(Cao et al., 2007). Accumulated organic sludge may be reduced through the 

application of microbial amendments/ pond probiotics, or by the tilling and drying 

of the pond bottom. Alternatively, sludge may be collected and stored near the farm 

for mangrove planting or subsequent transfer to agricultural or forest land. 

Mangroves can be used to treat shrimp pond effluents with high levels of solids, 

organic matter and nutrients (Cao et al., 2007). 

 

1.1.10 Microbial amendments for the management of organic detritus 

 

High organic loading due to intensive aquaculture practices can disrupt the natural 

ecosystem processes in aquatic systems. Accumulation of organic matter in pond 

bottoms leads to deterioration of environmental conditions and adversely effect the 

quality and quantity of culture stock. In the initial stages of aquaculture rearing, 

there are hardly any issues related to water quality depending on the stocking 

density and amounts of inputs. However, with the progress of culture, as the 

organisms grow leading to a rapid increase in biomass, water quality deteriorates, 

mainly as a result of the accumulation of metabolic waste of cultured organisms, 

decomposition of unutilized feed, and decay of biotic materials. Remnant feed, 

excreta and other management inputs become part of the decomposing organic 

matter called detritus. However, dissolved organic matter leached out from left over 

feed favours a few fast growing bacteria, which dominate the system and leads to 

poor microbial diversity. This will invariably result in the succession towards 

unstable microbial community unable to degrade the organic load.  
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A way out of this situation is to augment aquaculture system with potential bacterial 

amendments to degrade the organic matter aerobically and to regenerate nutrients to 

support primary and secondary productivity. The application of a group of beneficial 

microorganisms would be very useful for controlling the water quality in such 

circumstances (Farzanfar, 2006). Use of bacterial amendments has been 

recommended for use in aquaculture ponds to obtain several benefits. The use of 

probiotics in pond culture has much potential and can provide a significant 

contribution to the development of successful and sustainable, zero or low water 

exchange intensive system. By definition, bacteria added directly to pond water are 

not probiotics, and should not be compared with living microorganisms added to 

feed (Rengpipat et al., 2003). Many studies have evaluated some specific 

microorganisms as biological improvers for water quality of aquaculture production 

systems. The microbial pond probiotics improved water quality in fish and 

crustacean cultures by reducing the concentration of organic materials (OM) and 

ammonia (Farzanfar, 2006). But the use and management of pond probiotics for the 

management of accumulating organic waste is a young area that requires more 

research. Specific ecological benefits of microbial ecology management in shrimp 

pond for the efficient management of detritus include the following: 

 

 Maximizing carbon mineralization to minimize organic waste accumulation. 

 Maximizing primary productivity by nutrient regeneration. 

 Maintaining a diverse and stable pond microbial community where 

undesirable species do not become dominant. 

 

1.1.11 Bioremediation 

 

Microorganisms play an important role in the cycling of geochemical elements like 

carbon, sulphur and nitrogen and the degradation of pollutants (Muyzer, 1998). 

Microbial mediated degradation and decontamination are natural processes which 

can be enhanced by bioremediation technologies (Vinas et al., 2002). Though the 

natural remediation processes occur spontaneously in most polluted sites, the time 

taken may be too long compared to our need to protect and restore the environment. 
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Therefore, it is often necessary to perform remediation actions with suitable methods 

and techniques like physical, chemical and biological methods. Biological 

remediation methods are often preferred owing to environmental and economical 

feasibility (Serra and Villani, 1997).  

 

Use of different metabolic pathways and/ or the increase in autochthonous 

degradation processes to transform contaminant organic substances is the strategy of 

bioremediation technology (Fabiano et al., 2003). One of the major limitations of 

bioremediation is the lack of organisms expressing appropriate catabolic potential, 

and the way to overcome this limitation is bioaugmentation. Bioaugmentation is a 

process by which the bio-removal capacity of a biotope is enhanced by the addition 

of specific competent strains or consortia. Such processes increase the metabolic 

capacity of the indigenous micro flora present in the biotope as a result of an 

exogenously augmented genetic diversity that leads to a wider repertoire of 

productive biodegradation reactions (Fantroussi & Agathos, 2005). Use of 

microorganisms for bioremediation requires an understanding of all physiological, 

microbiological, ecological, biochemical and molecular aspects involved in pollutant 

transformation (Iranzo et al., 2001). As no two environmental problems occurs 

under completely identical conditions due to the inherent variation in site specific 

factors, (substrate concentration, climate conditions, hydro geodynamics, etc.) 

bioremediation trails behind other knowledge based technologies that are governed 

by common rationale (Watanabe, 2001). Though bioaugmentation has been long 

practiced, attempt to scientifically engineer these processes is relatively a recent 

development (Singer et al., 2005). Understanding the microbial ecology of the target 

site is important and necessary to make room for further improvisation of 

bioremediation processes (Watanabe, 2001). Studies focusing on the diversity of 

indigenous microbial community in such contaminated sites reported the active 

involvement of indigenous microbial community in the degradation processes. 

Accordingly, several organisms degrading various petroleum components were 

isolated from such sites by growing on selective hydrocarbon or crude oil 

components as substrates (Milcic-Terzic et al., 2001). 

 

Molecular level screening of microbes for bioremediation has prompted the 

development and application of molecular techniques to study the microbial ecology 
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of contaminated environments (Milcic-Terzic et al., 2001). Modern molecular 

biology tools and techniques have led to the development of new strains and 

desirable properties using pathway construction and modification of enzyme 

specificity, substrate affinity, cellular localization and expression. Advances in this 

field have resulted in novel methods for the detection of Genetically Engineered 

Microorganisms (GEMs) and pollutants in the environment (Urgan-Demirtas et al., 

2006). Techniques using catabolic gene probes in nucleic acid hybridization, 

polymerase chain reaction to amplify specific target catabolic sequences and nucleic 

acid based methods have been used to determine the potential for successful 

bioremediation before developing into a field system and to monitor in situ 

bioremediation performance (Milcic-Terzic et al., 2001). Use of GEMs for 

bioremediation is a topic of debate, despite several advantages, and significant 

advances (Urgan-Demirtas et al., 2006). In situ bioremediation is an effective 

technique used to restore polluted or contaminated environments, which need to be 

evaluated by mathematical simulation modeling before field level deployment based 

on the lab and pilot scale studies. Though such endeavour is scientifically 

challenging it is a practical necessity, inevitable to predict the outcome of field level 

extrapolation (Serra and Villani, 1997). Present models of bacterial activity involve 

very strong simplifications, which are related to the limited knowledge of the 

processes involved. It is very difficult to know the precise composition of a 

microbial consortium in soil or groundwater; in fact, most experimental techniques 

are based on the examination of cultures which are grown in the laboratory, and the 

populations which prevail under laboratory conditions which are often different 

from those which are encountered in situ (Slater & Lovatt, 1984). Modeling the 

degradation process has shifted from the view point of a network of interacting 

species to the effect of interacting genes. It was suggested that to gain more insight 

to environmental degradation, gene ecology should be developed instead of 

population ecology (Serra & Villani, 1997). It is well understood that pattern of 

enzymes synthesized determine the degradative potential to strain or strains which in 

turn is determined by the pattern of genes expressed. In situ bioremediation model 

treats the biomass as a set of interacting genes, ignoring the distinction among 

species (Serra & Villani, 1997). Though enzymes mediate the interaction among 

genes, they are less explicitly described but dynamics of externally supplied 

chemicals (contaminants and nutrients) and intermediate metabolites are well 
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accounted in Kauffman model of genetic regulatory networks (Serra & Villani, 

1997). 

 

1.1.12 Problem statement and thesis objectives 

 

Organic waste loading in intensive and semi intensive aquaculture systems occur at 

much faster rates than that can be decomposed and recycled by indigenous ambient 

heterotrophic microbial populations. Sometimes, prevailing environmental variables 

limit the activity of indigenous heterotrophic microorganisms, in such situations 

biotechnological intervention is the next feasible option. Though several commercial 

microbial products are available for the in situ management of water quality and 

nutrient regeneration in aquaculture systems, there are no scientific studies 

validating the use of heterotrophic bacteria for the bioremediation of organic detritus 

in aquaculture. Commercial microbial amendments and pond additives are 

aggressively marketed products which are widely used in aquaculture operations in 

tropics, and efficacy of such microbial amendments in ameliorating detritus/ 

improving water quality has been inconsistent and doubtful in most cases. Moreover, 

scientific reports on the research and development, validation studies of such 

microbial bioremediators are not available. In India aquaculture is an important 

activity with major socio-economic implication and is practiced in diverse 

environmental conditions. Both east and west coast of the country with contrasting 

geochemical specialties are dotted with numerous aquaculture hotspots. Under such 

wide extremes of environmental and geochemical conditions commercially available 

microbial pond additives for the in situ amelioration of organic waste are unlikely to 

improve water quality and most of the microbial products available in the market are 

not backed with scientific research and development. Studies and trials suggested 

that, microbial entities in such products failed to deliver in diverse environmental, 

geochemical conditions encountered in Indian aquaculture hotspots. Under such 

conditions consortium of potential indigenous bacteria from diverse marine and 

coastal environments will be a better option for ameliorating organic waste in 

aquaculture system. Therefore, the main objective of the present study was  to 

develop and validate indigenous bacterial consortia for the in situ bioremediation of 

organic waste encountered in intensive zero exchange aquaculture practices. The 

work also elucidated  development of a protocol for constituting custom-made 
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mixed microbial consortia for the bioremediation of organic waste in aquaculture 

systems. 

 

1.1.13 Objectives: 

 

 Development of defined microbial consortia for  bioremediation of detritus 

in aquaculture systems. 

 Efficacy of defined bacterial consortia in lab scale simulated bioassay 

systems and optimization. 

 Extracellular protease production from Bacillus species isolated from marine 

sediments and its application in detritus management. 

  



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 30 
 

  



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 31 
 

Chapter II 

 

Development of defined bacterial 

consortia for  bioremediation of 

detritus in aquaculture systems 
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2.1 Introduction 

 

Diversity of microorganisms is considered as the most extraordinary reservoir of life 

in this biosphere and it is a general notion that our efforts are only at initial stages to  

explore the immense microbial resources (Jain et al., 2005). Microorganisms 

represents the most diverse group of life on earth, adapted to most extreme, diverse 

environments and have developed extensive range of metabolic pathways. Many of 

the microbial metabolic pathways have been exploited by man for the production of 

food, drugs, food supplements and conventional waste management. More recently, 

we have started to harness the untapped diversity of microbes for innovative 

applications like novel drugs, monitoring environmental pollution and 

biodegradation of xenobiotics (Jain et al., 2005) and many other applications.  

   

Microorganisms play major roles in aquaculture systems, particularly with respect to 

productivity, nutrient cycling, nutrition of the cultured animals, water quality, 

disease control and environmental impact of the effluent (Moriarty, 1997). Thus, 

management of the activities of microorganisms in food webs and nutrient cycling in 

aquaculture systems/ ponds became inevitable for optimising aquaculture production 

(Moriarty, 1997). Through the activity of the heterotrophic decomposers, nitrogen 

and phosphorus are recycled in the system to sustain primary production. Recent 

advances in microbial ecology, made in the fields of oceanography and limnology, 

now enable more accurate quantification of the roles of bacteria and other 

microorganisms in food chains and biogeochemical cycles (Moriarty, 1997). These 

developments in microbial ecology have important implications for improving the 

management of aquaculture systems/ ponds to optimise productivity and 

environmental protection. Now, it is a thumb rule that management of microbial 

activities in an aquaculture environment is the most important factor for optimizing 

sustainable production. 

 

Disease is an important factor which partially or completely limits organisms, 

including humans in their ecosystems. Disease prevalence in populations and 

ecosystems is influenced by numerous environmental factors, including infectious 

organisms, pollutants such as chemical and biological wastes, and shortage of food 

and nutrients (Kautsky et al., 2000). Effective control of pathogens is still a 
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challenging problem in aquaculture, with production losses of up to 100 % occurring 

in hatcheries and grow-out ponds, especially in intensive systems. Disease control 

needs a new approach, which should be both cost-effective and environmentally safe. 

The use of beneficial bacteria (probiotics) to displace pathogens (by competitive 

processes or by release of growth inhibitors) is now gaining acceptance in the 

animal industry as a better, cheaper and more effective remedy than administering 

antibiotics to promote health of animals. Antibiotics are often ineffective either 

because of the evolution of microbial resistance to drugs (Kesarcodi-Watson et al., 

2008; Martınez Cruz  et al., 2012; Mohapatra  et al., 2013) or the pathogens are in a 

non-growing phase when they are insensitive to antibiotics (Moriarty, 1997). 

Probiotics, also known as ‘bio-friendly agents’ can be introduced into the 

aquaculture environment to control and compete with pathogenic bacteria as well as 

to promote the growth of the cultured organisms (Mohapatra et al., 2013). They are 

non-pathogenic and non-toxic microorganisms, having no undesirable side effects 

when administered to aquatic organisms and are also known to play an important 

role in developing innate immunity among the fishes, and hence help them to fight 

against any pathogenic bacteria as well as against environmental stressors 

(Mohapatra et al., 2013). The concept of administering beneficial bacteria has been 

extended to maintain water quality in aquaculture system and is still an active topic 

of research in global aquaculture scenario. 

  

2.1.1 Use of bioremediators in aquaculture 

 

Water quality is enhanced by the mineralization process and thereby reducing the 

accumulated organic load. The concept of bioaugmentation for the bioremediation 

of organic wastes to environmentally safe levels through the use of micro and macro 

organisms has been well accepted (Shariff et al., 2001). Several commercial 

products are available containing exogenous strains of bacteria to control water 

quality in aquaculture, backed with little scientific support or validation of their 

effectiveness in enhancing water quality at in situ conditions. Live bacterial 

amendments are being used extensively, which claims to alleviate such situations by 

modifying populations of beneficial bacteria in the system and thereby enhancing 

organic matter degradation and mineralization. Inducing the growth of particular 

bacteria by biostimulation could facilitate the biodegradation of organic wastes even 
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in large water bodies, but most of the bioremediation efforts have been targeted at 

xenobiotic compounds, heavy metals, crude oil and petroleum components (Karim 

et al., 2003). In the last decade, application of commercial microbial probiotics in 

aquaculture systems has increased  rapidly (Devaraja et al., 2002) and more or less it 

became an inevitable process in the management of disease. Such microbial 

products when recommended for improving water quality are referred to as 

bioremediation products (Gatesoupe, 1999). Both live microbes and enzymes are 

used as bioremediators and bioremediating agents to improve water quality and 

impart health and stability to aquaculture systems. In 1991, Porubcan (1991) 

documented the use of Bacillus sp. to increase productivity of Penaeus monodon 

culture and to improve water quality by decreasing the concentrations of ammonia 

and nitrite. Several commercial microbial products are extensively used for 

improving water quality and health of cultured species especially in intensive shrimp 

culture systems. They are poised to modify the system for lesser organic matter 

accumulation, better oxygen penetration into the sediment and overall, congenial 

environment for the farmed stock. However, their efficacy and beneficial effects are 

yet unclear and debatable issues (Devaraja et al., 2002 and Boyd & Gross, 1998) 

and are yet to be validated in field/ laboratory conditions. Devaraja et al., (2002) 

concluded that application of commercial microbial products did not affect normal 

bacterial flora but apparently increased mineralizing bacterial population to 

accelerate decomposition in shrimp ponds. The author reiterated the need for further 

research to gain grounds on the physico-chemical factors that could be associated 

with the performance of different bacterial populations in aquaculture ponds. In a 

field study to evaluate commercial microbial products, cleaner pond bottom with 

less foul odour was observed in treatment ponds relative to control ponds 

(Shishehchian et al., 2001). On the contrary Sharief et al., (2001) noted that 

microbial pond additive was not effective in mitigating the problems caused by poor 

pond bottom. Need of the hour has been rightly pointed out by Devaraja et al., 

(2002), to generate more information on the selection of suitable strains of local 

bacteria in right numbers for use at appropriate schedule for improving pond 

condition and yield. 
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2.1.2 Bioaugmentation 

 

Bioaugmentation can be applied in any system to enhance the activity of beneficial 

bacterial populations. Strategy of using bioaugmentation to enhance treatment 

performance of sequence batch reactor treating waste water from a paper industry 

was reported by Hailei et al., (2006). Ability to adapt with higher waste loading, 

increased treatment efficiency, shorter acclimation time and aerobic granular sludge 

formation were attributed to the bioaugmentation with superior mixed flora (Hailei 

et al., 2006). In a recent work to unfold aquaculture effects on physico-chemical 

properties of the water column, it was observed that water transparency and turbidity 

were significantly affected by shrimps and fish farming (Sara, 2007). In aquaculture 

systems, bioaugmentation with both microphytes and macrophytes have been 

reported for enhancing water quality. A combined aquaculture-algae system was 

used to enhance water quality in intensive aquaculture systems (Gal et al., 2007). 

Recently, application of red algae (Gracilaria lichenoides) to alleviate excess 

nutrients in shrimp and fish culture systems was reported. The study reported the 

efficacy of bioremediation using macro algae, treated systems exhibited lower COD, 

inorganic nitrogen and inorganic phosphate levels (Xu et al., 2007). Stimulating 

micro algal growth in aquaculture ponds is another strategy to enhance water quality, 

but it is difficult to control micro algal blooms (Xu et al., 2007). Number of sea 

weed species suitable to grow in aquaculture system is limited, though several 

species are used successfully in polyculture with marine shrimp culture in China (Xu 

et al., 2007). An experiment in which black tiger shrimp co-cultured with a 

cyanobacterium (Spirulina platensis) with semi-continuous harvest resulted in better 

water quality (Chuntapa et al., 2003). In integrated marine fish culture, considerable 

total organic carbon (TOC) reduction was reported by co-culturing marine sponge 

Hymeniacidon perleve (Fu et al., 2007) and the study revealed the prospect of 

removing organic pollution from estuaries and coastal sea, caused by the discharge 

from intensive aquaculture systems. 

 

2.1.3 Microbial consortia as bioaugmentor 

 

Bacterial mediated degradation of organic compounds is vital to biogeochemical 

cycles of earth, which are processes carried out by bacterial consortia, rather than 
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isolated single strains (Serra and Villani, 1997). Different microorganisms degrade 

different organic compounds and biological co-evolution led to the development of 

microorganisms which are able to utilize natural organic substances which are 

present in appreciable amounts in the environment. A single bacterial strain may 

perform a part of the transformation and complete mineralization can only be 

achieved by a consortium of different bacterial species. Such microbial consortia 

spontaneously develops in nature for almost all the organic compounds of biological 

origin (Serra and Villani 1997). Microbial consortia have several advantages over 

pure cultures in bioremediation application, greater stability and wide metabolic 

capabilities enable them to overcome limitation for the complete degradation of 

toxic compounds (Ambujom, 2001). Depending on the complexity of substrates, a 

combination of bacterial strains with broad enzymatic capabilities will be one of the 

prerequisite for achieving extensive degradation (Vinas et al., 2002). The 

degradative efficacy of a microbial community depends on the stability of the 

constituent members and catabolic potential to degrade the target compounds 

(Ambujom, 2001). Biological remediation methods are dependent on the capability 

of many microorganisms to degrade organic compounds and often indigenous 

bacteria are used, so that bioremediation can be viewed as a way to amplify natural 

phenomena (Serra and Villani, 1997). Mixed cultures can be constructed either by 

combining a number of strains with known complementary degradative capabilities 

(defined consortia) or by direct enrichment procedures (non-defined consortia). 

Defined consortia are well defined with high degree of repeatability, but often 

require large number of strains to achieve wide and extensive degradation. Possible 

formation of toxic intermediate metabolites is another disadvantage of defined 

consortia. Enrichment process can lead to the development of non-defined 

metabolically specialized consortia as a result of natural selection based on 

metabolic cooperation in the degradation of complex organic substrates. Since such 

consortia are maintained as continuous growth enrichment mixtures in laboratory, 

they should be able to maintain their degradation capabilities after repeated 

subculture (Vinas et al., 2002). It is very important to identify the constituent 

members of mixed consortia, as this information could be used to optimize the 

process and to develop monitoring tools (Ambujom, 2001). Several degradative 

studies have reported using uncharacterized microbial consortia instead of defined or 

characterized consortia (Ambujom, 2001). 
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2.1.4 Strain selection 

 

Despite the long-term use of bioaugmentation using microbial cells, failure in the 

bioremediation process may be attributable to the initial strain selection. Though the 

number of potent pollutant degrading microbial isolates is increasing, survival of 

such potent microbes at the bioaugmentation sites remains as an unresolved puzzle 

(Singer et al., 2005). Strain selection efforts for bioaugmentation ranges from 

isolation of highly potent bacteria to priming with unidentified consortium of 

pollutant-degrading microorganisms, still strain selection is the single most critical 

factor which influence the success of bioaugmentation (Singer et al., 2005). Strain 

selection is based on the principle that certain microorganisms are better suited for 

particular (catabolic) tasks and environments than others (Singer et al., 2005). In the 

event of bioaugmentation, survival and activity of the inoculum is ultimately vested 

on strain selection (Singer et al., 2005). Traditional method to obtain potential 

bioaugmentors is through the standard procedure of batch-enrichment cultures, 

where isolates which grow rapidly on a specific carbon source in defined chemical 

and environmental conditions is selectively enriched. In other words target 

substance is provided as the carbon source or electron acceptor for the growth of 

inoculum, and the strain or strains that are capable of utilizing the substance are then 

isolated in pure culture (Swenson et al., 2000). Enrichment systems prepared in 

minimal salts media supplemented with trace elements and a carbon source were 

used to isolate hydrocarbon/ crude oil degrading bacteria (Yuste et al., 2000). 

Enrichment studies are commonly reported as an efficient method to isolate 

potential bioaugmentors, selective enrichment was used as a tool to isolate strain or 

strains which degrade 2,4-DNT (Snellinx et al., 2003), atrazine (Smith et al., 2005), 

PAHs (Bengtsson & Zerhouni, 2003), phenanthrene (Wang et al., 2006). Artificial 

selection of microbial population has been reported by Swenson et al., (2000) for the 

degradation of 3-chloroaniline, where microbial ecosystems are selected rather than 

individual strains. From a population of microbial ecosystems capable of utilizing 3-

chloroaniline, the best ecosystems are used as parents to inoculate a new generation 

of offspring ecosystems. After several generations of variation and selection, the 

ecosystems become increasingly well adapted to produce the desired property 

(Swenson et al., 2000). 
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Priming, a less traditional approach of strain selection is essentially the technique of 

exposing strain or population to future conditions in which they are designed to 

perform a function (Singer et al., 2005). In environmental systems, it has been 

effectively demonstrated; whereby clean soil samples is enriched for pollutant-

degrading microorganisms by repeated biostimulation with the relevant pollutant. 

The resulting sediment/ soil itself, with highly competent microbial population is 

then used as the inoculum for the target polluted soil (Singer et al., 2005). Though 

microbial ecology issues are critical to bioaugmentation they are seldom accounted. 

Indigenous populations along with a broad range of environmental variables, 

phenotypic characteristics of the strains and procedures of introduction determine 

the activity, persistence and performance of bioaugmented strains (Thompson et al., 

2005). An alternative approach which would probably increase the success of 

bioremediation is to select strains from populations spatially and temporally 

prevalent in a specific habitat similar to that of the target habitat (Thompson et al., 

2005). Generally in situ applications involving commercially available bacterial 

strains offers limited success and bioaugmentation with indigenous microorganisms 

appear to be more effective in combination with site specific amendments (Jones, 

1998) 

 

2.1.5 Screening and selection of bioaugmentors 

 

Singer et al., (2005) suggested that many of the bottlenecks of bioaugmentation can 

be negotiated through the manipulation of a select subset of highly potent microbial 

population. With effective manipulation of potential microbial culture collection 

together with thorough understanding of the target system, much progress in the 

field of bioaugmentation can be achieved with the backing of coordinated 

knowledge base, modern molecular biology techniques and global culture 

collections (Singer et al., 2005). Marine bacterial diversity has been viewed in the 

light of several studies of bacterioplankton, the vast majority of which appears to be 

Gram negative. Relatively little is known about the diversity and distribution of 

gram-positive bacteria in the marine environments. Recent studies unearthed the 

high degree of phylogenetic novelty and diversity of gram-positive bacteria in 

marine sediments (Gontang et al., 2007). The recovery of several gram-positive 
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bacteria that require sea water for growth, including Bacillus species and recently 

described actinomycete genus Salinispora suggests that more, obligate marine taxa 

resides in marine sediments (Gontang et al., 2007). Gram-positive bacteria are likely 

to play important microbiological roles in the marine environment, with little 

understanding of their diversity and ecophysiology, we are not in a position to assess 

the ecological significance of this relatively overlooked components of the marine 

bacterial community (Gontang et al., 2007). Recent works using improved selective 

cultivation methods were used successfully to isolate significant new examples of 

bacterial diversity, culture dependent methods were employed to assess the Gram-

positive bacterial diversity in marine sediments (Gontang et al., 2007). A collection 

of catabolically competent bacteria was developed from highly saline biotope and 

carbon substrate utilization pattern of bacterial isolates from salt plains showed 

substantial changes at different salinities (Litzner et al., 2006). Bacterial strains 

isolated from a shallow eutrophic inlet with intense fish rearing cages, were used as 

bioaugmentors to enhance heterotrophic activity for decomposing organic matter in 

sediment-bottom water complex system collected from the same location and results 

indicated that such strategy would stimulate self-purification of eutrophic bottom 

environments (Karim et al., 2003). Karim et al., (2003) attempted the augmentation 

of bacterial strains in a eutrophic ecosystem and monitored the effects of adding 

bacterial strains to enhance heterotrophic activity and thereby to induce 

mineralization. 

 

There have been studies which devoted entirely on developing microorganism 

collections from a particular environment in search of competent strains producing 

bioactive compounds and biotechnologically significant bio molecules like enzymes. 

Such a study restricting to Antarctic microorganisms has been reported by Nichols et 

al., (1999). The study opens up avenues to exploit bacteria isolated from such 

extreme environments for the development of novel biotechnological products. 

Many bacteria isolated from Antarctic region turned out to be excellent producers of 

PUFA, and few of them has been inducted to aquaculture research to enrich rotifers 

(Nichols et al., 1999). 

 

Bioaugmentation with carefully selected consortia may improve the opportunity to 

recreate more reproducible systems with enhanced bioremediation potential. 
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However, two factors are of extreme importance, the strains should degrade 

individual chemical components and they should survive and remain active in the 

target system. It has proved that selection based on the improved understanding on 

the indigenous microbial communities in the target habitat resulted in the selection 

and development of inocula that persisted in the target system (Van der Gast et al., 

2002). This particular study by Van der Gast et al., (2002), demonstrated the 

development of a mixed bacterial consortium for the treatment of metal-working 

fluids. Selection of isolates was based on the degradation ability, tolerance to co-

contaminants and their natural abundance in metal-working fluids. 

 

2.1.6 Objectives of the study 

  

This study attempts to develop a mixed microbial consortia from a pool of 

heterotrophic bacterial strains isolated from aquaculture and related environments 

which can effectively degrade the common organic contaminants encountered in 

intensive and semi-intensive brackish water shrimp culture systems practiced in 

different salinity realms.  

 

Specific objectives of the study are: 

 

 Isolation of  heterotrophic bacteria from marine/ aquaculture environments. 

 Segregation of isolates based on their degradation ability. 

 Constitution of defined mixed microbial consortium effective at three 

different salinity regime. 

 Validation of  the bioremediation efficacy in lab scale systems. 
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2.2 Materials and Methods 

 

For the formulation of detritivorous microbial consortia suitable for bioremediation 

in shrimp grow out systems, putative strains have to be enriched from diverse 

locations likely to yield competent heterotrophic isolates of bacteria. Indian shrimp 

grow out systems experience a wide range of environmental conditions and the 

purpose of enrichment was to select organisms, which perform at such varying 

conditions. Therefore the main objective of this work was to enrich and isolate 

putative  heterotrophic bacteria from marine, brackish, aquaculture environments 

and to formulate mixed microbial putative bioaugmentors suitable for the Indian 

aquaculture conditions. 

 

2.2.1 Sampling 

Sediment samples were collected from marine, brackish and aquaculture pond 

environments in South India. Marine sediments from Arabian Sea (including 

Lakshadweep Sea) were collected from different depths (450 to 1110 m). Sediments 

were collected onboard of Fishery and Oceanographic Research Vessel (FORV) 

Sagar Sampadha (Marine Biology project cruise No. 219) off the coast of Kerala 

(Kochi and Kannur), Karnataka (Mangalore, Udupi and Karwar) and Goa. Shrimp 

culture pond sediments were collected from Ponneri near Chennai, Kolidam near 

Chidambaram (Tamil Nadu), Ongole (Andra Pradesh) and Goa. Mangrove, lagoon 

and tidal mud flat sediments were collected from Minicoy Island, Union territory of 

Lakshadweep. All sediment samples were collected in sterile plastic bags, 

transported and stored at 4 °C until used. Details of sampling locations are given in 

Table 2.1. 

 

2.2.2 Enrichment system 

Sediment samples collected from various environments were enriched in mineral 

media prepared in different salinities (5, 15, 25 and 40 ‰) containing a specific 

organic compound as sole carbon source for enriching and isolating potential 

bioremediator microorganisms with vigorous hydrolytic properties. A modified 

marine mineral medium prepared in aged sea water was used for this enrichment 

step (Table 2.2). Desired salinity levels (5, 15, 25 and 40 ‰) were obtained by 
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diluting the aged sea water base (40 ‰) with deionized, reagent grade water. 

Salinity contributed by the media constituents was also accounted to get the desired 

salinity levels of enrichment media. Different salinity levels of the enrichment media 

also tested the efficacy of organism at different alkalinity and hardness levels as 

these parameters varied along with varying salinity of the medium. In general, 

intensive/ semi-intensive aquaculture ponds get accumulated with proteins, 

carbohydrates and lipids in the form of residual feed/ dead animals, chitin in the 

form of moulted exoskeleton/ dead animals and other polymeric substances like 

pectin, hemicellulose, cellulose and lignin in the form of plant residues. In order to 

mimic such situation and to enrich heterotrophic bacteria which assimilate the 

common organic matter accumulates in an aquaculture system, eight different 

substrates as sole carbon source were supplemented in the enrichment media. 

Gelatin (Gelatin powder, Bacteriological, Qualigens), Starch (Soluble starch, 

Himedia), Tween 80 (Himedia), Chitin (Chitin powder, Himedia), Cellulose 

(Whatman No 1 filter paper strips), Pectin (Pectin powder, SRL), Hemicellulose 

(Oat spelt xylan, Sigma) and Lignin (Indulin AT, Sigma) were used as sole carbon 

sources in the enrichment step. 

 

2.2.3 Enrichment media 

Aged sea water was used as the base of enrichment media; aged sea water was 

prepared by storing sea water in large carboys at dark for 6 months or more to 

achieve complete mineralization. Aged sea water (40 ‰) was appropriately diluted 

with deionised water to make sea water base of 5, 15, 25 and 40 ‰ and sterile trace 

metal mix solution (Table 2.3) was amended at the rate of 5 mL per 1000 mL media. 

Ammonium chloride, sodium nitrate, and the organic carbon source were added to 

the sea water base. Organic substrates/ carbon source used were gelatin powder (0.4% 

w/v), soluble starch powder (0.5% w/v), tween 80 (0.1% v/v), chitin powder (0.5% 

w/v), cellulose filter paper strips (0.5% w/v), pectin powder (0.1% w/v), oat spelt 

xylan (Arabinose and glucose residue) (0.2% w/v) and alkali lignin powder (Indulin 

AT) (0.1% w/v). The enrichment media supplemented with organic substrate/ 

carbon source were sterilized by autoclaving at 15 psi for 20 minutes except for 

xylan and pectin media, which were sterilized at 10 psi for 15 minutes.  
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Table 2.1: Sampling locations and details 

Sl  Sample 

code. 

Latitude  Longitude Depth 

(m) 

Date of 

Sampling 

Remarks. 

1 MS-a* 09⁰54'53"N 75⁰33'51"E 450 6/12/03 Marine sediment, Arabian Sea, 

off the coast of Kochi. 

2 MS-b* 11⁰56'32"N 74⁰18'41"E 976 21/11/03 Marine sediment, Arabian Sea, 

off the coast of Kannur. 

3 MS-c* 13⁰29'83"N 73⁰17'42"E 1110 22/11/03 Marine sediment, Arabian Sea, 

off the coast of Udupi. 

4 MS-d* 14⁰32'37"N 72⁰57'90"E 998 23/11/03 Marine sediment, Arabian Sea, 

off the coast of Karwar. 

5 MS-e* 15⁰25'50"N 72⁰37'17"E 1080 3/12/03 Marine sediment, Arabian Sea, 

off the coast of Goa. 

6 MS-f* 12⁰53'31"N 73⁰47'54"E 1006 4/12/03 Marine sediment, Arabian Sea, 

off the coast of Mangalore. 

7 LM-BN
# 

08⁰30' 

32"N 

73⁰06'59"E 0 22/2/04 Sandy beach sediment, 

Minicoy, Lakshadweep. 

8 LM-SM
# 

08⁰27'43"N 73⁰02'03"E 0 24/2/04 Mangrove sediment, Minicoy, 

Lakshadweep. 

9 LM-BM
# 

08⁰27'28"N 73⁰01'96"E 0 21/2/04 Beach sediment, Minicoy, 

Lakshadweep. 

10 LM-TB
# 

08⁰28'08"N 73⁰05'28"N 0 26/2/04 Polluted beach sediment, 

Minicoy, Lakshadweep. 

11 LM-FJ
# 

08⁰28'13"N 73⁰05'37"E 6 23/2/04 Polluted lagoon sediment, 

Minicoy, Lakshadweep. 

12 PON-29 13⁰37'06"N 80⁰31'79"E 1 17/1/04 Shrimp pond sediment 

Ponneri, Tamil Nadu. 13 PON-rsp 13⁰33'94"N 80⁰31'29"E 1 17/1/04 

14 ONG 15⁰47'89"N 80⁰19'43"E 1 12/3/04 Shrimp pond sediment, 

Ongole, Andhra Pradesh.  

15 GOA 15⁰40'58"N 73⁰89'59"E 1.5 23/5/04 Shrimp pond sediment, Goa. 

16 Hitide 11⁰36'51"N 79⁰79'74"E 1.5 03/2/05 Shrimp pond sediment,  

Kolidam, Tamil Nadu. 

* Marine Biology project cruise (No. 219). Marine sediments collected from Arabian Sea. 
#
 Samples collected from the western side of Minicoy Island, Union Territory of Lakshadweep, 

India. 

 

To the sterile media sterile potassium dihydrogen orthophosphate (KH2PO4) solution 

was added (Table 2.2). Yeast extract and thiamine hydrochloride solutions were 

filter sterilized and added to the autoclaved media to get the required concentration, 
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and pH of the media adjusted to 7.5 - 8.0 using sterile 1N HCl or 1 N NaOH. Final 

enrichment media (20 mL) was aseptically transferred to sterile 100 ml conical 

flasks for the enrichment. 

 

Table 2.2: Modified marine mineral media used for enrichment 

Modified marine mineral media 

Aged sea water 

995ml 

5 ‰ 15 ‰ 25 ‰ 40 ‰ 

Substrate. Gelatin, Starch, Tween - 80, Cellulose, Chitin, Indulin, Xylan 

& Pectin. 

NH4Cl 5 g 5 g 5 g 5 g 

NH4NO3 1 g 1 g 1 g 1 g 

KH2PO4 0.6 g 0.4 g 0.2 g 0.1 g 

Yeast Extract 10 mg 10 mg 10 mg 10 mg 

Thiamine 0.1 mg 0.1 mg 0.1 mg 0.1 mg 

Trace metal mix 5 mL 5 mL 5 mL 5 mL 

pH 7.5 – 8.0 

 

Table 2.3: Trace metal solution 

Composition of trace metal mixture 

FeCl3 80 mg 

MnCl2 90 mg 

Co(NO3) 65 mg 

MgSO4 125 mg 

ZnSO4 20 mg 

CuSO4 0.5 mg 

CaCl2 675 mg 

Distilled water 500 mL 
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2.2.4 Enrichment cultures 

Eight enrichment media prepared in four different salinities (5, 15, 25 and 40 ‰) 

were used for enriching competent hydrolytic heterotrophic bacteria from sediment 

samples. Sterile enrichment media (20 mL), dispensed in 100 mL conical flasks 

were aseptically inoculated with approximately 1 g of marine/ brackish/ aquaculture 

pond sediments using a sterile spatula. Inoculated enrichment flasks were incubated 

at room temperature (28 - 30 °C) at dark for 7 days with occasional mixing. After 

sufficient growth, aliquots of 1 mL of enriched cultures were  transferred to fresh 

enrichment media and this step was repeated at least for five to seven passages. 

 

2.2.5 Isolation of heterotrophic bacteria from enrichment system 

Enriched cultures in the 5
th

 – 7
th

 passage having sufficient growth and activity were 

selected for isolating heterotrophic bacteria having hydrolytic properties. 

Enrichment cultures were serially diluted by transferring 1 mL of culture into sterile 

9 mL saline (filtered sea water with appropriate salinity) to yield 10
-4

, 10
-5

 and 10
-6

 

dilutions. From the serially diluted tubes 0.2 mL was spread plated on agar – 

solidified  media of marine mineral medium having the same composition as the one 

used for enrichment. Spread plated agar media plates were incubated at room 

temperature (28 - 30 °C) for 48 hrs.  Representative, morphologically distinct 

colonies from each plate were selected randomly and purified on suitable nutrient 

medium supplemented with respective substrate and maintained as agar slant 

cultures containing same medium and stored at 4°C. Isolated cultures were then 

subjected to primary screening to assess the utilization of specific carbon substrate 

and hydrolytic properties. 

 

2.2.6 Primary screening 

To assess the hydrolytic potential of the cultures isolated from a particular system, 

primary screening was done by spot inoculating the cultures on nutrient/ ZoBell’s 

agar plates with a specific substrate/ carbon source (which was used for enrichment) 

and observing the characteristic hydrolytic capabilities (Table 2.4). Nutrient/ 

ZoBell’s agar plates were prepared in appropriate sea water base to get different 

salinities (5, 15, 25 and 40 ‰) to screen bacteria isolated from enrichment systems 
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with different salinities. Potential hydrolytic organisms, which showed activity 

against the substrate, were selected for further studies. 

 

2.2.7 Hydrolytic plate assays 

 

2.2.7.1 Amylolytic activity 

One day old agar slant cultures were spot inoculated on a ZoBell’s agar plate 

supplemented with 0.5 % (w/v) soluble starch. Spot inoculated plates were 

incubated at room temperature for 48 hrs and amylolytic activity was assessed by 

flooding the plates with Gram’s iodine solution (Iodine 1 % and KI 2.0 % w/v in 

deionized water). Plates flooded with iodine solution were incubated for 2 minutes 

and excess iodine solution was decanted. Plates were observed for amylolytic/ 

amylase producing colonies which produced a clearing zone/ brown colour zone 

against a blue black surrounding. Clear zone indicated  complete utilization/ 

breakdown of starch and brown colour zone denoted partial or incomplete 

breakdown of starch molecules. 

 

2.2.7.2 Gelatinolytic activity. 

One day old agar slant cultures were spot inoculated on a ZoBell’s agar plate 

supplemented with 3 % (w/v) bacteriological gelatin powder, with a pH of 7.0. Spot 

inoculated plates were incubated at room temperature for 48 hrs. Gelatinolytic 

activity was observed as a clearing zone or zone utilization around positive colonies 

when flooded with Frazier mercuric chloride solution/ saturated ammonium sulphate 

solution. 

 

2.2.7.3 Lipolytic activity 

Lipolytic activity was assessed by observing the precipitation zone around positive 

colonies in tween agar medium (Harrigan and Mc. Cance, 1972). One day old 

cultures were spot inoculated on tween agar and incubated at room temperature for 2 

to 7 days. Lipase production / lipolytic activity was observed by the appearance of a 

waxy precipitation around the positive colonies; indicating the liberation of 

insoluble oleic acid which reacted with calcium salt (Harrigan and Mc Cance, 1972). 
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2.2.7.4 Chitinolytic activity. 

Chitin precipitate (colloidal chitin) was supplemented to ZoBell’s agar medium till 

the medium became turbid (0.5 %), and pH adjusted to 7.5 using 1 N NaOH or HCL. 

Fresh culture from agar slants were spot inoculated and plates were incubated at 

room temperature for 7-14 days. Chitinolytic bacteria hydrolyze chitin to N-acetyl-

D-glucosamine and chitin utilization/ chitinolytic activity was observed as clearing 

zone around positive cultures (Holding and Collee, 1971). 

 

2.2.7.4.1 Preparation of colloidal chitin 

Colloidal chitin was prepared as per the method suggested by Nitoda et al., (1999) 

with slight modifications. Chitin powder (2.5 g) was added to 100 ml of 

concentrated HCl (5 °C) with constant stirring. After 10 minutes, suspension was 

heated gently up to 37 °C for 30 minutes over a magnetic stirrer heater with constant 

stirring. Chitin suspension became clearer during the stirring and this clear 

suspension was mixed with 1L of de-ionized water (5 °C) with vigorous stirring over 

a magnetic stirrer. Within a few minutes the solution became turbid due to the re-

precipitation of chitin, the suspension was stirred constantly for 30 minutes and kept 

overnight for settling at 5 °C. Clear supernatant was decanted and the chitin 

precipitates was washed with de-ionized water repeatedly to remove the acid content 

until the pH of the wash water rose above 5.0. Washed colloidal chitin slurry was 

collected in a glass bottle, sterilized by autoclaving at 15 psi for 20 minutes and its 

water content was determined gravimetrically. 

  

2.2.7.5 Cellulolytic activity 

Phosphoric acid swollen cellulose (PASC) (Weimer et al., 1990) or colloidal 

cellulose was supplemented to ZoBell’s agar medium till the medium became turbid 

(0.5 %) and pH adjusted to 7.5 using 1 N NaOH or HCL. Fresh agar slant cultures 

were spot inoculated and plates were incubated at room temperature for 7-14 days. 

Clearing zone or zone of utilization around colonies indicates cellulose degradation/ 

cellulolytic activity. 

 

2.2.7.5.1 Preparation of PASC 

Phosphoric acid swollen cellulose (PASC) was prepared as per the method 

suggested by Weimer et al., (1990) with some modifications. In 800 g of cold (0 °C) 
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phosphoric acid (80 %), 20 g of cellulose powder – bacteriological (Himedia, India) 

was mixed with rapid stirring with a teflon coated rod. The above mixture was 

stirred over a magnetic stirrer for an hour in an ice bath. After one hour the mixture 

was diluted with 2 L of cold (4 °C) deionized water with vigorous mixing and was 

allowed to settle. Overlying clear liquid was decanted by siphoning without 

disturbing the settled cellulose precipitate. The settled precipitate was washed 

several times to reduce the acid content with vigorous mixing of cold deionized 

water followed by settling and decanting of the clear supernatant. Cellulose slurry 

was then neutralized (pH 7.0) with sodium bicarbonate powder followed by 

thorough rinsing to remove excess chemical and decanted slurry was secured inside 

a nylon cloth bag. Nylon cloth bag containing cellulose slurry was filled with 

deionized water and the excess liquid was squeezed off, this step was repeated 10 -

15 times. The bags were then sealed, suspended in a plastic vessel containing 5 L of 

deionized water and subjected to dialysis for 5 -10 days with frequent changes of 

water. Bags were hand squeezed to remove equilibrated solutions, prior to each 

change of water. Dialysis was stopped when the phosphate content of the dialysate 

reached less than 1 µg L
-1

. Cellulose precipitate/ slurry was removed from the bag 

and stored in glass bottles after steam sterilization at 15 psi for 20 minutes.     

  

2.2.7.6 Hemicellulolytic activity 

One day old slant cultures were spot inoculated on ZoBell’s agar medium 

supplemented with 0.5 % oat spelt xylan (Sigma chemicals). Inoculated plates were 

incubated at room temperature for 7-14 days and clearing zone or zone of utilization 

around colonies indicates hemicellulolytic activity. 

 

2.2.7.7 Pectinolytic activity 

Fresh agar slant cultures were spot inoculated on ZoBell’s agar medium 

supplemented with 0.5 % pectin powder (pH 7.2). Plates were incubated at room 

temperature for 7-14 days, clearing zone/ precipitation/ colouration around colonies 

indicated pectin utilization/ pectinolytic activity. Flooding with 1 % (w/v) cetrimide/ 

cetavlon solution made clearing/ precipitation zones more distinct. 
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Table 2.4: Hydrolytic plate assay media used for primary and secondary screening 

Screening Basal media Substrate pH Flooding 

reagent 

Observations 

Amylolytic  ZoBell’s Agar 

Peptone 5.0 g 

Yeast extract 

1.0 g 

Ferric citrate 

0.01 g 

Sea water 1 L 

Soluble 

starch  

(0.5 % w/v) 

7.2 Gram’s 

Iodine 

Clear zone 

(complete 

utilization) 

Brown 

colouration 

(partial 

utilization) 

Gelatinolytic Gelatin  

(3 % w/v) 

7.0 Saturated 

(NH4)2SO4 

Clear zone/ 

zone of 

utilization Chitinolytic Colloidal 

chitin (0.5% 

w/v) 

7.5  Not required 

Cellulolytic Colloidal 

cellulose 

(0.5% w/v) 

7.5  Not required 

Hemicellulolytic Oat spelt 

xylan  

(0.5 % w/v) 

7.2  Not required 

Pectinolytic Pectin 

powder  

(0.5 % w/v) 

7.2 Cetrimide/ 

Cetavlon 

(1 % w/v) 

Clear zone/ 

Precipitation/ 

Colouration 

Lipolytic  

 

(Tween Agar) 

Peptone 10.0 g 

CaCl2 0.1 g 

Agar 20.0 g 

Sea water 1 L 

Tween 80  

(1 % w/v) 

7.2  Not required Waxy 

precipitation 

zone 

Lignin degrading 

system 

 

(Modified 

Crawford’s 

medium) 

Glucose 1.0 g 

Yeast extract 

1.5 g 

Na2HPO4 4.5 g 

KH2PO4 1.0 g 

MgSO4 0.12 g 

CaCl2 0.5 g 

Agar 20.0 g 

Sea water 1 L 

Methylene 

blue/  

phenol red  

(0.02 % w/v) 

7.2  Not required Intensification 

of pink colour 

with growth 

or clearing 

zone 

Indulin AT 

0.5g in 1mL 

dioxane  

(0.5 % v/v) 

7.0 Mixture  

of 1 % 

Potassium 

ferricyanide 

& Ferric 

chloride 

Yellow zone 

of colouration 

Tannic acid  

(0.5 % w/v/) 

7.2  Not required Clearing 

zone/ 

diffusion zone 
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2.2.7.8 Lignin degrading system (LDS) 

Modified Crawford’s medium for lignin degrading system (LDS) was used to assess 

lignin utilization/ lignanolytic activity. Modified Crawford’s medium base was 

supplemented with different substrates, fresh cultures were spot inoculated and 

plates were incubated at room temperature for 7 to 14 days. With methylene blue or 

phenol red (0.02 %) substrates, intensification of pink colour with growth or clearing 

zone was the positive observations for LDS. When Indulin AT (Alkali lignin) was 

used as substrate (0.5 g dissolved in 1mL dioxane – 0.5 %), yellow zone/ 

colouration was positive indicator of LDS when flooded with a mixture of 1 % (w/v) 

aqueous solution of potassium ferricyanide and ferric chloride. When, filter 

sterilized tannic acid (0.5 % v/v) was used as substrate, clearing zone and diffusion 

zones were the positive observations for the presence of LDS. 

 

2.2.8 Secondary screening 

Potential cultures selected after the primary screening were subjected to secondary 

screening. Secondary level of screening was required to assess hydrolytic activity of 

highly potent cultures towards other substrates apart from the organic substrate used 

for enrichment and isolation. From the selected cultures after primary screening, 

which showed high hydrolytic activity towards a particular substrate, cultures were 

selected for secondary screening. From a fresh 24 hr old nutrient broth culture, 10 

µL of culture was spot inoculated on agar plates used for primary screening (Table 

2.4) except on medium containing its enrichment substrate. For example, a culture 

with high chitinolytic activity, originally isolated from chitin enrichment medium 

prepared in 15 ‰ sea water was inoculated on to ZoBell’s agar media prepared in 

15 ‰ sea water containing gelatine, starch, colloidal cellulose, xylan, pectin, tween 

agar and modified Crawford’s agar for LDS. 

 

2.2.9 Selection of competent strains based on screening 

Based on the results of primary and secondary screening several strains were 

selected for further studies. Those strains which exhibited high hydrolytic activity 

during primary screening and those recorded utilization of other carbon sources 

during secondary screening were short listed. Strains selected were further checked 

for their growth and retention of hydrolytic activity at all four salinities (05, 15, 25 
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and 40 ‰). Further, production and activity of extracellular hydrolytic enzymes 

were also probed to make the final selection of putative hydrolytic isolates.   

 

2.2.10 Growth and activity of selected strains at different salinity regimes 

After secondary screening most potent organisms were selected based on the results 

of primary and secondary screening for assessing their activity and growth at 

different salinity regimes (05, 15, 25 and 40 ‰). Though the strains were isolated 

from different enrichment systems having different salinity regimes, it would be a 

better option to select a strain that grow and retains its activity at different salinities.. 

Selecting a versatile strain would be of advantage for formulating a mixed strain 

consortia envisaged in this study, probed for enzyme production in quantitative 

terms. Media used for primary and secondary screening (Table 2.4) were used for 

this experiment but were prepared in aged sea water base to get four different 

salinities (05, 15, 25 and 40 ‰). Selected putative strains were spot inoculated on 

specific media to observe activity in the form of clearing/ colouration/ precipitation 

zone. 

  

2.2.11 Quantitative enzyme assay for the selection of potential culture. 

After secondary screening most potent organisms selected based on the primary and 

secondary screening were probed for enzyme production in quantitative terms. 

Those cultures which excelled in enzyme production were finally selected for the 

formulation of microbial consortia. All cultures were grown in ZoBell’s broth 

prepared in aged sea water with appropriate salinity and was supplemented with 

organic substrates to induce enzyme production. Enzyme assays were done with 

crude, cell free, culture supernatants at standard assay conditions. 

 

2.2.11.1 Protease assay  

Overnight grown bacterial cultures grown in ZoBell’s broth with 1 % (w/v) gelatine 

were used for the quantitative protease assay. Protease was quantified by the assay 

protocol proposed by Kembhavi et al., (1993), assay reaction consisted of 500 µL of 

1 % Hammersten casein (Sigma) in 50 mM phosphate buffer (pH 7.2) incubated 

with appropriately diluted enzyme (cell free culture supernatant of 24 to 48 hr old 

culture) for 20 minutes at 37 
°
C. Cell free culture supernatant was obtained by 
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centrifuging cultures at 10062 RCF for 15 minutes. An appropriate volume of 

culture supernatant (200 µL) was added to the pre-warmed casein substrate solution 

and made up to 1000 µL by 50 mM phosphate buffer. Blank assay reactions were 

prepared by adding 500 µL of 20 % trichloroacetic acid (TCA) to the substrate 

before the addition of culture supernatant. Both test and control assay tubes were 

incubated at 37
 °

C for 30 minutes in a stirred water bath. After the incubation, 

reaction was terminated by adding 500 µL of 20 % trichloroacetic acid (TCA) to test 

assay tubes. The assay tubes were centrifuged at 10062 RCF for 20 minutes and the 

supernatant was collected and enzymatically released tyrosine and tryptophan 

residues were measured by spectrophotometer at 280 nm. The assay protocol was 

validated/ standardized by a series of standard tyrosine concentration (5 to 30 µg 

mL
-1

) and unknown samples were determined from the regression equation 

generated from the linear relation of tyrosine concentration and absorbance at 280 

nm. Enzyme activity was expressed in unit activity, where one unit activity was 

defined as amount of enzyme required to affect the release of one µg of tyrosine per 

millilitre per minute. 

 

2.2.11.2 Amylase assay 

Amylase was assayed by measuring the reducing sugar released due to enzymatic 

action based on the modification of di-nitrosalicylic acid (DNS) method. Cultures 

were grown in ZoBell’s broth supplemented with 0.5 % soluble starch and incubated 

for 48 hrs at room temperature (28 
°
C). After incubation, cultures were centrifuged 

at 10062 RCF for 10 minutes at 4 
°
C. An appropriate volume of crude cell free 

culture supernatant (50 µL) was incubated with 200 µL of 1 % soluble starch in 50 

mM sodium phosphate buffer (pH 7.2) for 20 minutes at 37 
°
C in a stirred water bath. 

Reaction was terminated with the addition of 100 µL modified DNS reagent. 

Reaction blank was run with sterile deionized water and culture blank was prepared 

by adding 100 µL modified DNS reagent before the addition of culture supernatant. 

All reaction tubes were centrifuged briefly to remove droplet adhering to the 

reaction tubes and were incubated in a boiling water bath for 5 minutes. After 

incubation,  reaction tubes were cooled over ice/ water bath and added 1 mL of 

sterile deionized water to all tubes. Absorbance was measured at 540 nm and 

enzyme activity expressed in unit activity. One unit activity is defined as amount of 



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 54 
 

enzyme required to affect the release of one µg of reducing sugar measured as 

glucose per millilitre per minute. For amylase activity, glucose was used to 

standardize the enzyme activity measurement, a series of glucose standards were run 

to obtain a linear correlation between concentration and absorbance at 540 nm, and 

from the resulting regression equation, glucose liberated during assay was quantified. 

 

2.2.11.2.1 Modified DNS Reagent 

To prepare 100 mL of DNS reagent, add 1.0 g of NaOH to 50 mL of deionized 

water followed by 0.05 g of sodium sulphite, 0.2 g phenol, 1.0 g of DNS and finally 

20.0 g of potassium sodium tartarate. Dissolved the contents and made up to 100 mL 

and stored in an amber coloured glass bottle at 4 
°
C. 

 

2.2.11.3 Xylanase assay 

Xylanase (hemicellulase) was assayed by measuring the reducing sugar released 

when oat spelt xylan (1 % in 50 mM sodium phosphate buffer, pH 7.2) was 

incubated with crude enzyme solution (cell free supernatant). Reducing sugar 

liberated due to enzymatic action was quantified by modified di-nitrosalicylic acid 

(DNS) method as described for amylase assay. For xylanase activity, xylose was 

used to standardize the enzyme activity measurement. A series of xylose standards 

were run to obtain a linear correlation between concentration and absorbance at 540 

nm, and from the resulting regression equation, xylose liberated during assay was 

quantified. One unit activity is defined as amount of enzyme required to affect the 

release of one µg of reducing sugar measured as xylose per millilitre per minute. 

 

2.2.11.4 Cellulase assay 

Cellulase activity was determined by measuring the reducing sugar released when 

colloidal cellulose/ carboxy methyl cellulose (CMC) (1 % in 50mM sodium 

phosphate buffer, pH 7.2) was incubated with crude enzyme solution (cell free 

supernatant). Reducing sugar liberated due to enzymatic action was quantified by 

modified di-nitrosalicylic acid (DNS) method as described for amylase assay. For 

cellulase activity, glucose was used to standardize the enzyme activity measurement. 

A series of glucose standards were run to obtain a linear correlation between 

concentration and absorbance at 540 nm, and from the resulting regression equation, 
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glucose liberated during assay was quantified. One unit activity is defined as amount 

of enzyme required to affect the release of one µg of reducing sugar measured as 

glucose per millilitre per minute. 

 

2.2.11.5 Pectinase assay 

Pectinase activity was quantified by measuring the reducing sugar released when 

polygalacturonic acid (1 % in 50 mM sodium phosphate buffer, pH 7.2) was 

incubated with crude enzyme solution (cell free supernatant). Reducing sugar 

liberated due to enzymatic action was quantified by modified di-nitrosalicylic acid 

(DNS) method as described for amylase assay. For pectinase activity, galacturonic 

acid was used to standardize the enzyme activity measurement. A series of 

galacturonic acid standards were run to obtain a linear correlation between 

concentration and absorbance at 540 nm, and from the resulting regression equation, 

galacturonic acid liberated during assay was quantified. One unit activity is defined 

as amount of enzyme required to affect the release of one µg of reducing sugar 

measured as galacturonic acid per millilitre per minute. 

 

2.2.11.6 Chitinase assay 

Chitinase activity was assayed by measuring the reducing sugar released when 

colloidal chitin (1 % w/v) dispersed in 50 mM sodium phosphate buffer, pH 7.2) 

was incubated with crude enzyme solution (cell free supernatant). Reducing sugar 

liberated due to enzymatic action was quantified by modified di-nitrosalicylic acid 

(DNS) method as described for amylase assay. For chitinase activity, glucosamine 

was used to standardize the enzyme activity measurement. A series of glucosamine 

standards were run to obtain a linear correlation between concentration and 

absorbance at 540 nm, and from the resulting regression equation, glucosamine 

liberated during assay was quantified. One unit activity is defined as amount of 

enzyme required to affect the release of one µg of reducing sugar measured as 

glucosamine per millilitre per minute. 

 

2.2.11.7 Lipase assay 

Lipase assay was performed by the spectrophotometric method of Winkler and 

Stuckmann (1979) based on the measurement of 4-nitrophenol released from 4-

nitrophenol palmitate. Substrate was prepared in 4:1 isopropanol and acetonitrile (10 
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µg ml
-1

). The reaction mixture contained 50 µl of substrate stock, 50 µl sample and 

1900 µl sodium phosphate buffer, pH 7.2, which was incubated at 37 
°
C for 15 

minutes followed by chilling at -20 
°
C for 8 minutes to terminate reaction. 

Absorbance of the assay reaction mixture was measured at 410 nm after 

centrifugation at 10062 RCF for 5 minutes to remove undissolved fractions/ 

precipitates. 

 

2.2.12 Test for antagonism and incompatibility 

Based on the primary, secondary screening, activity profile across four salinity 

regimes and enzyme quantification a total of 9 cultures and a cellulolytic mixed 

culture was selected for the formulation of mixed bacterial consortia. In order to 

check whether any of the selected cultures have antagonistic characteristics, all the 

cultures were subjected to co-culture experiment. Each of the 24 hr grown cultures 

in ZoBell’s broth was swabbed on Zobell’s agar plates, sterile filter paper discs 

impregnated or socked with cell suspension of rest of the cultures were spotted on 

swabbed plates. Plates were incubated at room temperature and observed for 

inhibition zones around the impregnated filter paper discs.  

 

As slime production is a characteristics of pathogencity, all the cultures selected 

were tested for slime production in congo red agar (CRA) plates (Freeman et al., 

1989). Congo red agar was prepared by amending brain heart infusion broth base 

with sterile aqueous congo red solution. Sterile congo red solution (4.0 % w/v) was 

prepared in de-ionized water and sterilized by autoclaving at 10 psi for 10 minutes. 

Media base was prepared by mixing 3.7 g of brain heart infusion, 5.0 g sucrose and 

1.5 g agar in 90 ml of aged seawater to get appropriate salinity and sterilized by 

autoclaving at 15 psi for 15 minutes. After autoclaving when the media temperature 

was about 55-60 °C, congo red solution was aseptically added to the sterile media to 

get a final concentration of 0.4 % (10 mL of 4 % sterile congo red solution). CRA 

plates were then spot inoculated with 24 hr grown cultures and incubated at room 

temperature for seven days. Cultures which produced black colonies with dry 

crystalline consistency were regarded as slime producers, where as those exhibited 

pink colouration were regarded as negative. 
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2.2.13 Formulation of putative consortia. 

Cultures selected on the basis of qualitative and quantitative assessment of 

hydrolytic activity and activity at different salinities were incorporated to form three 

different consortia for three different salinity regimes. Selected cultures, based on 

the salinity preference were grouped into three mixed bacterial consortia. Mixed 

bacterial consortia were prepared by two methods, 24 hr old individual cell 

suspension in ZoBell’s broth were appropriately mixed to form mixed consortia and 

hydrolytic activity tested on solid agar medium after 48 hr. Other set of mixed 

consortia were prepared by directly inoculating cultures into ZoBell’s broth. One 

day old cultures grown in ZoBell’s agar slants were harvested with sterile filtered 

sea water of appropriate salinity and cell density adjusted to 0.1 Abs at 600 nm; 100 

µL of these cell suspensions were inoculated into  100 mL ZoBell’s broth with and 

without all the eight substrates. After 48 hrs of growth, hydrolytic activity tested by 

spot inoculating 10 µL culture on following agar plates. Media listed in Table 2.4 

were used to test hydrolytic activity of consortia formulations. 

 

2.2.14 Identification of selected putative bacterial strains 

Cultures selected were identified by 16S rRNA gene amplification and sequencing. 

 

2.2.14.1 DNA extraction and purification 

a) For Gram negative bacteria 

An aliquot of 1.5 mL overnight grown culture in ZoBell’s broth was centrifuged 

(Eppendorf, Germany) at 9503 RCF for 5 minutes (4 ˚C), cells resuspended in 1 mL 

TNE buffer [0.1 M Tris-Cl (pH 8.0), 0.15 M NaCl and 0.01 M EDTA] and 

centrifuged for 5 minutes (9503  RCF at 4˚C). Cell pellet incubated with 500 μL 

lysis buffer [0.05 M Tris-Cl (pH 8.0), 0.1 M NaCl, 0.05 M EDTA, 2 % SDS, 0.2 % 

PVP and 0.1 % β mercapto ethanol] and 20 μL proteinase K (20 mg mL
-1

) in a water 

bath for 1 hour at 37 ˚C and 1-2 hours at 55 ˚C. DNA was extracted by phenol-

chloroform-isoamyl alcohol mixture (25:24:1) and centrifuged at 21382 RCF for 15 

minutes (4˚C). Aqueous phase was collected and subjected for further extraction 

with chloroform isoamyl alcohol mixture (24:1). Aqueous phase obtained after 

centrifugation (21382 RCF (15 minutes) was kept overnight (-20˚C) after adding 50 

μL sodium acetate solution and 500 μL ice cold ethanol. Precipitated DNA was 

collected by centrifugation at 21382 RCF (4˚C) for 15 minutes, and washed with 70% 
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ice cold ethanol and subsequently re-suspended in sterile reagent grade water. DNA 

concentration and purity were assessed spectrophotometrically (Hitachi U-2800, 

Hitachi, Japan). 

 

b) For Gram positive bacteria 

An aliquot of 1.5 mL 48hr grown culture in ZoBell’s broth was centrifuged 

(Eppendorf, Germany) at 9503 RCF for 5 minutes (4 ˚C), cells resuspended in 495 

μL TNE buffer [0.1 M Tris-Cl (pH 8.0), 0.15 M NaCl and 0.01 M EDTA]  and 5 μL 

lysozyme (0.2 g mL
-1

) followed by incubation at 30˚C for 30 minutes. Samples were 

again incubated after adding 50 μL proteinase K (20 mg mL
-1

), followed by addition 

of 70 μL SDS (10 % w/v), 180 μL 5M  NaCl and 150 μL 10 % CTAB-NaCl solution 

and incubated at 65 ˚C for 20 minutes. Subsequent steps were same as described in 

the case of Gram negative bacteria. 

 

2.2.14.2 Amplification of 16S rRNA Gene 

Using universal primer (1F,1R) amplification of 16S rRNA was done by standard 

polymerase chain reaction (PCR) protocol. PCR mixture (25µL) was prepared in 

PCR tubes which contained sterile MilliQ water (16.5µL), 10 x PCR buffer 

containing magnesium chloride (2.5 µL), standard dNTP mix (2.0 µL), universal 

primer (1F & 1R) 1.0 µL each, extracted template DNA (1.0 µL) and Taq DNA 

polymerase (1.0 µL). In negative controls 1.0 µL of sterile reagent grade water was 

added instead of template DNA. All the PCR manipulations like reaction mixture 

preparation, aliquoting in PCR tubes, preparing negative controls were done at 

4.0 °C/ over ice bath. PCR thermo cycler was fed with specific PCR programme 

with ‘hot start’ hold step (80 °C) after the initial denaturation step. PCR tubes were 

loaded into the thermal cycler, PCR  started and when the cycler holds at 80 °C, 

PCR tubes were quickly transferred on ice and 1.0 µL of Taq DNA polymerase was 

added to all PCR tubes. After adding taq polymerase, PCR tubes were loaded back 

into the cycler and PCR was resumed. The PCR was programmed to start with one 

denaturation step (95 °C for 05.00 minutes), hot start step (holding at 80 °C for the 

addition of Tag DNA polymerase), 35 steps for primer denaturation, annealing and 

extension (94 °C for 00.20 minutes, 58 °C for 00.20 minutes and 72 °C for 01.30 

minutes) and a final extension step (72 °C for 10.00 minutes). After amplification, 
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PCR product was loaded and run along with appropriate DNA marker/ ladder on a 

standard agarose gel containing ethidium bromide for confirmation. PCR product 

with good amplification yield was directly sent for DNA sequencing and BLAST 

search was performed with resulted sequences to identify bacterial strains. 

 

 

2.2.15 Growth profile and cell density of selected bacterial strains 

Selected bacterial isolates were cultured under specific growth conditions and 

growth profile was monitored in terms of absorbance at Abs 600 and cell density at 

specific time periods. A loop full of culture from  24 hr old ZoBell’s agar slant 

(prepared in appropriate salinity filtered aged sea water) was inoculated in 

respective ZoBell’s broth (50 mL) and incubated for 24 hr in a shaker incubator 

(Scigenics, India) at 28 °C with agitation / orbital shaking set at 60 RPM. An aliquot 

of 500 µL 4 hr old broth culture  was inoculated in to fresh ZoBell’s broth (50 mL) 

and incubated at 28 °C with shaking set at 60 RPM. During this period absorbance at 

Abs600 was monitored using  spectrophotometer (Shimadzu, UV1600) at 8, 16, 24, 

48, 54 and 72 hrs of incubation. For optical density measurement 1 mL of culture 

was taken in a micro-centrifuge tube and centrifuged at 6440 RCF at 4 °C for 10 

minutes in a refrigerated centrifuge (Remi, C-23). After centrifugation supernatant 

was discarded and pellet was re-suspended in sterile buffered saline for washing (pH 

7.2) and the washing step was repeated. After washing, the cell pellets were re-

suspended in 1 mL sterile buffered saline (pH 7.2) and this suspension, either 

directly or after appropriate dilution, were used directly to measure absorbance at 

Abs 600. The same cell suspension was used for enumerating cells at 24, 48 and 72 

hours of incubation by serial dilution   and spread plated on respective ZoBell’s agar 

plates in triplicate. 

 

2.2.16 Lab scale bioaugmentation efficacy  

A lab scale experiment was conducted to test the efficacy of bioaugmentation on an 

artificial aquaculture effluent. Artificial aquaculture effluent was prepared by mixing 

10 % (w/v) powdered shrimp feed  (30 % protein) in 900 mL brackish water 

collected from Vembanad estuary. Brackish water mixed with shrimp feed was kept 

for incubation for 12 hrs and after incubation it was aliquoted into three sets of 100 
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mL each in 250 mL conical flasks and salinity adjusted to 15, 25 and 35 ‰ by 

adding required quantity of NaCl each in triplicate and autoclaved at 15 psi for 20 

minutes. After sterilization, BOD (5 day), total ammonia nitrogen (TAN), nitrite-N, 

nitrate-N and total phosphorus were analyzed following the standard methods 

prescribed in the American Public Health Association (APHA) manual for water and 

waste water analysis (APHA, 2000). As the effluent was sterile, for determining 

BOD, the bottles were inoculated with respective consortium prior to incubation. 

The flasks were inoculated with putative mixed microbial cultures for three different 

salinity regimes (C015: for salinity range from 0 to 15 ‰, C1530: for salinity range 

from 15 to 30 ‰ and C30+: for salinity range above 30 ‰),  (in triplicates)  and 

incubated for 5 days. Control flasks were maintained as such without inoculation. 

BOD (5day), total ammonia nitrogen (TAN), nitrite-N, nitrate-N and total 

phosphorus were monitored for 5 days. 
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2.3 Results 

 

2.3.1 Sampling, enrichment and isolation of heterotrophic bacteria. 

Sediment samples were collected from different marine/ brackish/ aquaculture 

environments from a depth range of 0 to 1110 m. Samples were taken from wide 

variety of ecosystems like open sea, lagoons, tidal mud flats, polluted beaches, 

shrimp culture ponds and mangrove mud flats (Table 2.1).  

 

Sediment samples were enriched in modified marine mineral medium prepared with 

mineralized sea water base to give four different salinities. Different enrichment sets 

were prepared by supplementing the medium with gelatin, starch, tween 80, chitin 

(flakes), pectin, cellulose (shredded filter paper strips), hemicellulose (Oat spelt 

xylan) and lignin (Indulin AT) to enrich heterotrophic bacteria with high hydrolytic/ 

degradation activity against the specific organic substrate. Enrichment cultures were 

sub cultured in the same medium up to five to seven passages. Total number of 

enrichment cultures developed for this study was 416 (total number of samples 

enriched in all enrichment substrate was 104 and all 104 samples were enriched in 

four different salinities, hence 104 x 4 = 416) (Table 2.5). 

 

From the final enrichment cultures heterotrophic bacteria  were isolated by spread 

plating on same agar medium after serial dilution. Number of samples used for 

enrichment and cultures obtained from various enrichment systems are given in 

Table 2.5. About 1160 cultures were obtained from all the enrichment systems.   

 

2.3.2 Primary screening  

Several heterotrophic bacterial isolates were obtained from different enrichment 

systems  which actively utilized / degraded  specific organic substrates under a given 

salinity.  To select the most potent ones, primary screening was done by hydrolytic 

plate assay, where the organic substrate was supplemented in suitable media and 

hydrolytic activity / utilization was observed. Activity was assessed by measuring 

the  extent of clearing / reaction zone around the colonies on a specific  solid 

medium. Results of primary screening are given in tables 2.6 to 2.32. Out of the 

1160 (Table 2.5) cultures isolated 410 isolates were not active against any of the 

specific  substrate (including isolates having negligible/ doubtful activity). Most of 
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the cultures isolated from amylolytic and gelatinolytic  enrichment systems were 

active against the organic enrichment substrates such as starch and gelatin. Very few 

cultures isolated from cellulolytic enrichment displayed cellulose degradation where 

as none could be isolated from ligninolytic enrichment system with alkali lignin 

(Indulin AT, Sigma, USA) as the  substrate. A small collection of isolates with 

positive activity was also obtained from pectinolytic, xylanolytic, chitinolytic and 

lipolytic enrichments systems. 

 

Table 2.5: Number of cultures obtained from various enrichment systems. 

Enrichment 

Substrate 

No. of 

samples 

Enriched. 

No. of isolates. 

5 ‰ 15 ‰ 25 ‰ 40 ‰ 

Starch 13 61 51 33 40 

Gelatin 13 57 53 63 52 

Tween 80 13 - 32 25 18 

Chitin 9 20 23 2 3 

Pectin 12 87 76 100 63 

Xylan 15 41 44 50 37 

Cellulose 16 88 19 20 2 

Lignin 13 Nil. 

Total (1160) 354 298 293 215 

 

2.3.3 Secondary screening 

Secondary screening was done to assess the hydrolytic activity / utilization of 

organic substrates other than the substrates used for  enrichment. Results of 

secondary screening are given in Table 2.6  to 2.32. A general observation was that 

most of the isolates which were not active against the substrates used for  

enrichment were active against other organic substrates. Several cultures were 

observed to be active against five or more substrates in many enrichment groups. 
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Table 2.6: Primary & secondary screening of cultures isolated from amylolytic 

(starch) enrichment system ( 5 ‰ salinity) 

STARCH ENRICHMENT (5‰ salinity)   61 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5A-1 Marine  -  -  -  -  -  -  -  - 

5A-2 Marine  - 1.2 D  - 1.5 2.0  -  - 

5A-3 Marine  - 2.2 D  - 1.6 2.0  -  - 

5A-4 Marine  - D  - 1.7 3.0 D D  - 

5A-5 Aq. Pond 2.3 D 2.2  - 3.2  -  -  - 

5A-6 Aq. Pond 2.3 D 2.0  - 3.0  -  -  - 

5A-7 Aq. Pond 2.5 D 2.0  - 2.0  -  -  - 

5A-8 Marine 2.0 D 2.3  - 2.8  -  -  - 

5A-9 Marine 1.8 2.7 2.0  - 2.9  -  -  - 

5A-10 Marine 2.0 D 2.2  - 3.0  -  -  - 

5A-11 Aq. Pond 2.0 D 2.5  - 1.4  -  -  - 

5A-13 Marine 2.6 1.6 1.3 2.6 3.0 2.9  -  - 

5A-14 Marine 1.0 2.0  -  - 2.0  -  -  - 

5A-15 Marine  - D 2.5  - 2.2  -  -  - 

5A-16 Marine 1.1 D  - 1.0 2.8 0.8P  -  - 

5A-17 Aq. Pond  - 1.8 1.6 1.0  -  -  -  - 

5A-19 Marine 2.2 3.0 1.4  - 2.1 2.4 D  - 

5A-20 Marine 2.4 2.2 1.3  - 2.2 2.6  -  - 

5A-21 Marine 1.0 D D 2.7 3.0  -  -  - 

5A-22 Marine 2.2 D 2.8  - 3.6  -  -  - 

5A-23 Aq. Pond 2.2 D 2.0  -  -  - 1.0  - 

5A-24 Marine 2.3 2.6 D  - 3.8 2.2 D  - 

5A-25 Marine 2.0 2.2 D  - 2.0 2.0 D  - 

5A-26 Marine 2.1 2.6 D  - 2.1 1.8 D  - 

5A-27 Marine 2.1 2.5 D  - 4.0 2.0 1.0  - 

5A-28 Marine 2.3 2.7 1.4  - 3.6 1.6 D  - 

5A-29 Marine  - 1.5 D  - D 1.8P  -  - 

5A-30 Marine D 2.4 D  - 1.3 1.9P  -  - 

5A-31 Marine D 2.0 D  - 1.6 1.8P  -  - 

5A-32 Aq. Pond 2.4 2.6 1.2  - 3.4 1.7 0.9  - 

5A-33 Aq. Pond 2.3C 2.5 1.0  - 4.0 2.4 1.0  - 

5A-34 Aq. Pond 2.3C 2.5 1.0  - 3.6 2.0 D  - 

5A-35 Marine 2.3C 1.3 D  - 2.3 1.4  -  - 

5A-37 Marine 2.4C 2.4  -  - 3.8 2.0  -  - 

5A-40 Aq. Pond 2.6C D 2.0  - D  -  -  - 
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Table 2.6 (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5A-41 
Aq. 
Pond 

 -  -  -  -  -  -  -  - 

5A-42 
Aq. 
Pond 

2.5C D 2.2  -  -  -  -  - 

5A-43 Marine 2.6C 2.5 D  - 2.1 1.7 D  - 

5A-44 Marine 2.3C 1.5  -  - 3.8 2.1 D  - 

5A-46 Marine 1.5C 1.3 D  - 1.8 1.6  -  - 

5A-47 Marine 2.3C 2.2 D  - 3.0 2.3 D  - 

5A-48 Marine 2.3C 2.6 D  - 2.2 2.2 D  - 

5A-49 Marine 2.5C 1.5 1.3 3.0 1.7 1.6  -  - 

5A-50 Marine 2.4C 1.6 1.2 2.6 1.5 2.0  -  - 

5A-51 Marine 2.5C 1.4 1.3 3.1 3.3 2.3  -  - 

5A-53 Marine 2.4C 2.5 D  - 3.8 2.0  -  - 

5A-55 Marine  -  -  -  -  -  -  -  - 

5A-56 Marine 2.2C 2.2 D  - 3.7 2.1 D  - 

5A-57 Marine 2.3C 2.1 D  - 3.8 2.2 D  - 

5A-58 Marine 2.3 2.5 D  - 3.9 2.4 1.2  - 

5A-59 Marine 1.2C 2.6 1.6  - D  -  -  - 

5A-60 Marine 1.2 1.2 D  - 2.0 1.7P  -  - 

5A-61 Marine  -  -  -  -  -  -  -  - 

5A-63 Marine  -  -  -  -  -  -  -  - 

5A-64 Marine 2.7 2.6 1.1  - 4.0 4.0 1.0  - 

5A-65 Marine 2.3C 3.6 2.3 2.0 3.0  -  -  - 

5A-66 
Aq. 
Pond 

2.4C D 2.0  - 3.1  -  -  - 

5A-68 
Aq. 
Pond 

1.3C 1.5 1.5 1.0 D  -  -  - 

5A-69 Marine 3.0C 4.0 2.7 2.4 3.2 - 0.6 - 

5A-70 Marine  -  - D  -  -  -  -  - 

5A-71 Marine 1.0 1.9  -  - 2.3 1.8  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.7: Primary & secondary screening of cultures isolated from amylolytic 

(starch) enrichment system ( 15 ‰ salinity) 

STARCH ENRICHMENT (15‰ salinity)   51 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15A-1 Marine 1.8C  - 2.0  -  -  -  -  - 

15A-2 Marine  -  -  -  -  -  -  -  - 

15A-3 
Aq. 
Pond 

 -  -  -  -  -  -  -  - 

15A-4 Marine 1.7C 2.0  -  - 1.8 1.0P  -  - 

15A-5 Marine D 2.5  -  - 1.8 D  -  - 

15A-6 Marine 0.8 D 1.0 2.1 3.0 2.6C  -  - 

15A-7 Marine 1.2C  - 2.0  - 2.0 2.2 2.0  - 

15A-8 Marine 2.5  - 1.5  -  -  -  -  - 

15A-9 Marine 1.2  - 1.0  -  -  -  -  - 

15A-10 Marine 1.5 D 1.5  -  -  -  -  - 

15A-11 Marine 1.7C  - 2.0  -  -  -  -  - 

15A-12 Marine 1.4 D 1.5  -  -  -  -  - 

15A-13 Marine 2.7C 2.5 1.0  - 3.0  - 1.0  - 

15A-14 Marine 2.7C 3.0 1.0  - 3.5  - 0.8  - 

15A-15 Marine 3.0C D 3.0  - D  -  -  - 

15A-16 Marine 2.5 D 2.0  -  -  -  -  - 

15A-17 Marine 2.6C D 2.5  -  -  -  -  - 

15A-18 Marine 1.5C D 1.5  -  -  -  -  - 

15A-19 Marine 1.1C D 1.0 2.1 3.0 1C  -  - 

15A-20 Marine 1.2C 1.0  -  -  -  -  -  - 

15A-21 Marine 1.4C  -  -  -  -  -  -  - 

15A-22 Marine 1.3C 2.0  -  - 1.8 1P  -  - 

15A-23 Marine 1.2C 2.0  -  - 1.8  -  -  - 

15A-24 Marine 2.7C 3.0 1.0  - 3.0  - 1.3  - 

15A-25 Marine D 3.0 D  -  -  -  -  - 

15A-26 Marine  -  -  -  -  -  -  -  - 

15A-27 Marine 0.8C 2.0 D  - D  -  -  - 

15A-28 Marine 3.0C  - 2.5  -  -  -  -  - 

15A-29 Marine 2.7C D 3.0  -  -  -  -  - 

15A-30 Marine 3.0  - 1.6  -  -  -  -  - 

15A-31 Marine 1.0 1.0 2.0  - D  -  -  - 

15A-32 Marine 1.0 2.0 D  - D  -  -  - 

15A-33 Marine  -  -  -  -  -  -  -  - 

15A-34 Marine 2.5C D 2.5  -  -  -  -  - 

15A-35 Marine 2.7C D 2.5  -  -  -  -  - 
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Table 2.7: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15A-34 Marine 2.5C D 2.5  -  -  -  -  - 

15A-35 Marine 2.7C D 2.5  -  -  -  -  - 

15A-36 Marine 2.8 D 2.5  -  -  -  -  - 

15A-37 Marine 1.8 D 1.3  -  -  -  -  - 

15A-38 Marine 1.6C 1.5 D  - D 1P  -  - 

15A-39 Marine 1.2 2.0  -  - 2.0 D  -  - 

15A-40 Marine 1.3C 2.2 1.0   D 1.5P  -  - 

15A-41 Marine 2.5C D 2.5  -  -  -  -  - 

15A-42 Marine 2.0  - 2.0  -  -  -  -  - 

15A-43 Marine 1.8C D 2.0  -  -  -  -  - 

15A-44 Marine 1.4C 2.5 D  - 1.3  -  -  - 

15A-45 Marine 1.6C D 1.5  -  -  -  -  - 

15A-46 Marine  -  -  -  -  -  -  -  - 

15A-47 Marine 1.7 D 2.0  -  -  -  -  - 

15A-48 Marine 2.7C D 2.5  -  -  -  -  - 

15A-49 Marine 2.6C 3.0 2.0  - 3.3  - 1.0  - 

15A-50 Marine 1.5 3.5 1.0 D 4.0  - 1.0  - 

15A-51 Marine 0.8 2.0 1.0 D 4.0  - 1.0  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.8: Primary & secondary screening of cultures isolated from amylolytic 

(starch) enrichment system ( 25 ‰ salinity) 

STARCH ENRICHMENT (25‰ salinity)   33 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25A-1 Marine 1.9C 3.4  -  -  -  -  -  - 

25A-2 Marine 2.0 3.2  -  -  -  -  -  - 

25A-3 Marine  - 1.4  -  -  -  -  -  - 

25A-4 Marine  -  -  -  -  -  -  -  - 

25A-5 Marine  -  -  -  -  -  -  -  - 

25A-6 Marine  - 3.2  -  -  -  -  -  - 

25A-7 Marine  -  - 2.5  -  -  -  -  - 

25A-8 Marine  -  -  -  -  -  -  -  - 

25A-9 Marine  - 3.7  -  -  -  -  -  - 

25A-10 Marine  - 2.8 2.0  -  -  -  -  - 

25A-11 Marine  - 3.0 2.1  -  -  -  -  - 

25A-12 Marine  -  -  -  -  -  -  -  - 

25A-13 Marine  -  -  -  -  -  -  -  - 

25A-14 Marine  - 1.3  -  -  -  -  -  - 

25A-15 Marine  - 4.2 1.3  -  -  -  -  - 

25A-16 Marine  -  -  -  -  -  -  -  - 

25A-17 Marine  - 4.1 1.5  -  -  -  -  - 

25A-18 Marine  - 4.0 D  -  -  -  -  - 

25A-19 Marine 2.5B  - 3.0  -  -  -  -  - 

25A-20 Marine 2.5B  - 2.8  -  -  -  -  - 

25A-21 Marine 2.4B D  -  - 3.8 2.1  -  - 

25A-22 Marine 2.4B D  -  - 3.0 2.3  -  - 

25A-23 Marine  -  -  -  -  -  -  -  - 

25A-24 Marine  -  -  -  -  -  -  -  - 

25A-25 Marine  -  -  -  -  -  -  -  - 

25A-26 Marine 2.5B D  -  - 2.4 2.2  -  - 

25A-27 Marine  -  -  -  -  -  -  -  - 

25A-28 Marine  -  -  -  -  -  -  -  - 

25A-29 Marine 1.8C 2.8 1.8  -  -  -  -  - 

25A-30 Marine 1.7C 2.7 1.6  -  -  -  -  - 

25A-31 Marine 1.5C 3.2  -  -  -  -  -  - 

25A-32 Marine 2.5B D  -  - 3.5 2.4  -  - 

25A-33 Marine 2.3B D  -  - 3.5 2.4 D  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 

 



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 68 
 

Table 2.9: Primary & secondary screening of cultures isolated from amylolytic 

(starch) enrichment system(40 ‰ salinity). 

STARCH ENRICHMENT (40 ‰ salinity)   40 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

40A-1 Marine  - 0.7  -  -  -  -  -  - 

40A-2 Marine 1.0C D D  - D  -  -  - 

40A-3 Marine 0.8C 1.2  -  -  -  -  -  - 

40A-4 Marine 0.7 D 1.0  - D  -  -  - 

40A-5 Marine 1.0C 1.5  -  -  -  -  -  - 

40A-6 Marine 1.0  - 0.8  - D  -  -  - 

40A-7 Aq. Pond 2.2C D 1.5  -  -  -  -  - 

40A-8 Aq. Pond 1.5 0.8 2.0  -  -  -  -  - 

40A-9 Marine 0.8  - 1.2  -  -  -  -  - 

40A-10A Aq. Pond 1.5 1.0 1.1  - D  -  -  - 

40A-11 Marine 0.8C 1.3  -  -  -  -  -  - 

40A-12 Marine 1.3C  - D  -  -  -  -  - 

40A-13 Aq. Pond  -  -  -  -  -  -  -  - 

40A-14 Aq. Pond D  - 1.3  - D  -  -  - 

40A-15 Aq. Pond  -  -  -  -  -  -  -  - 

40A-16 Marine 0.7C 1.2  -  -  -  -  -  - 

40A-17 Marine  -  -  -  -  -  -  -  - 

40A-18 Marine D  -  -  - 1.3 1.5  -  - 

40A-19 Marine 0.7  -  -  - 2.0  -  -  - 

40A-20 Marine  -  -  -  -  -  -  -  - 

40A-21 Marine 2.1 D 1.6  -  -  -  -  - 

40A-22 Marine 1.2  -  -  -  -  -  -  - 

40A-23 Marine 0.8C  -  -  -  -  -  -  - 

40A-24 Aq. Pond  -  -  -  -  -  -  -  - 

40A-25 Marine 2.0C 2.1  - 1.7  -  -  -  - 

40A-26 Marine 0.7C  - 0.7  -  -  -  -  - 

40A-27 Marine  -  -  -  -  -  -  -  - 

40A-28 Marine 1.0C 1.7 0.7  -  -  -  -  - 

40A-29 Marine  -  -  -  -  -  -  -  - 

40A-30 Marine  -  -  -  - D  -  -  - 

40A-31 Marine 0.8  - 0.8  -  -  -  -  - 

40A-32 Marine 1.0 1.5 D  -  - D  -  - 

40A-33 Marine 1.3C D  -  -  -  -  -  - 

40A-34 Marine 2.1C 2.2 2.1 2.2  -  -  -  - 

40A-35 Marine 0.8  -  -  - 2.2 1.3  -  - 

40A-36 Marine D D D  -  -  -  -  - 

40A-37 Marine 1.0C  -  -  -  -  -  -  - 

40A-38 Marine  -  -  -  -  -  -  -  - 

40A-39 Marine D D D  -  -  -  -  - 

40A-40 Marine  -  -  -  - D  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.10: Primary & secondary screening of cultures isolated from lipolytic 

(tween 80) enrichment system (15 ‰ salinity) 

TWEEN 80 ENRICHMENT (15 ‰ salinity)   32 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15T-1 Marine 
 - D 1.8  -  -  -  -  - 

15T-2 Aq.Pond 
 - D 1.0  -  -  -  -  - 

15T-3 Marine 
 - D 2.0  -  -  -  -  - 

15T-4 Marine 
 - D 2.0  -  -  -  -  - 

15T-5 Marine 
 - D 2.0  -  -  -  -  - 

15T-6 Marine 
D D 2.1  -  -  -  -  - 

15T-7 Marine 
 -  - 3.0  -  -  -  -  - 

15T-8 Aq.Pond 
 - D 2.5  -  -  -  -  - 

15T-9 Aq.Pond 
 - D 1.6  -  -  -  -  - 

15T-10 Aq.Pond 
 - D 1.5  -  -  -  -  - 

15T-11 Aq.Pond 
 -  - 1.6  - D  -  -  - 

15T-12 Aq.Pond 
2.7  - 2.5  - D  -  -  - 

15T-13 Aq.Pond 
2.0 D 2.5  -  -  -  -  - 

15T-14 Aq.Pond 
2.8C D 2.2  -  -  -  -  - 

15T-15 Marine 
 -  - 2.0  -  -  -  -  - 

15T-16 Aq.Pond 
 - D 1.5  -  -  -  -  - 

15T-17 Marine 
 - D 1.7 1.5  -  -  -  - 

15T-18 Marine 
 -  - 1.5  -  -  -  -  - 

15T-19 Marine 
 -  - 1.5  -  -  -  -  - 

15T-20 Aq.Pond 
D D 2.0  -  -  -  -  - 

15T-21 Marine 
 -  - 2.0  -  -  -  -  - 

15T-22 Aq.Pond 
 -  - 1.5  -  -  -  -  - 

15T-23 Marine 
 -  - 2.0  -  -  -  -  - 

15T-24 Aq.Pond 
1.3 D 1.5  -  -  -  -  - 

15T-25 Aq.Pond 
 -  - 1.5  -  -  -  -  - 

15T-26 Aq.Pond 
1.0C D  -  -  -  -  -  - 

15T-27 Marine 
 - D 2.0  -  -  -  -  - 

15T-28 Aq.Pond 
2.5  - 2.0  - D  -  -  - 

15T-29 Aq.Pond 
3.2  - 2.0  - D  -  -  - 

15T-30 Marine 
 - D 2.3  -  -  -  -  - 

15T-31 Aq.Pond 
1.5 D 2.1 D  -  -  -  - 

15T-32 Aq.Pond 
2.5C D 2.5  -  -  -  -  - 

15T-33 Aq.Pond 
D D 1.5  -  -  -  -  - 

15T-34 Marine 
 -  - 2.0  -  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.11: Primary & secondary screening of cultures isolated from lipolytic 

(tween 80) enrichment system (25 ‰ salinity) 

TWEEN 80 ENRICHMENT (25 ‰ salinity)   25 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25T-1 Marine  - 1.1 2.2  -  -  -  -  - 

25T-2 Marine  - D 1.5  -  -  -  -  - 

25T-3 Marine 1.0C  - 2.1  -  -  -  -  - 

25T-4 Marine  - 1.1 2.0  -  -  -  -  - 

25T-5 Marine  - 0.9 2.1  -  -  -  -  - 

25T-6 Marine  - 1.2 2.0  -  -  -  -  - 

25T-7 Marine  - D 2.0  -  -  -  -  - 

25T-8 Marine  - 1.0 2.1  -  -  -  -  - 

25T-9 Marine  - 1.0 2.4  -  -  -  -  - 

25T-10 Marine  - 1.1 2.1  -  -  -  -  - 

25T-11 Marine  - 0.9 2.0  -  -  -  -  - 

25T-12 Marine  - D 2.0  -  -  -  -  - 

25T-14 Marine  - 0.9 2.3  -  -  -  -  - 

25T-15 Aq.Pond  -  -  -  -  -  -  -  - 

25T-16 Aq.Pond  -  -  -  -  -  -  -  - 

25T-17 Aq.Pond  -  -  -  -  -  -  -  - 

25T-18 Aq.Pond  -  -  -  -  -  -  -  - 

25T-19 Aq.Pond  -  -  -  -  -  -  -  - 

25T-20 Aq.Pond 2.2C  - 2.4  -  -  -  -  - 

25T-21 Aq.Pond 1.5C  - 2.5  -  -  -  -  - 

25T-22 Aq.Pond  -  -  -  -  -  -  -  - 

25T-23 Aq.Pond  -  -  -  -  -  -  -  - 

25T-24 Aq.Pond  -  -  -  -  -  -  -  - 

25T-25 Aq.Pond 2.0C  - 2.5  -  -  -  -  - 

25T-26 Marine D D 2.1  -  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.12: Primary & secondary screening of cultures isolated from lipolytic 

(tween 80) enrichment system (40 ‰ salinity) 

TWEEN 80 ENRICHMENT (40 ‰ salinity)   18 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

40T-1 Aq.Pond  -  - 1.6  -  -  -  -  - 

40T-2 Aq.Pond  -  - 1.8  -  -  -  -  - 

40T-3 Aq.Pond  - D 1.7  -  -  -  -  - 

40T-4 Aq.Pond  - D 1.5  -  -  -  -  - 

40T-5 Aq.Pond  - D 1.5  -  -  -  -  - 

40T-6 Aq.Pond 2.2C 2.2 1.0 1.6  - D  -  - 

40T-7 Aq.Pond  - D 1.2  -  -  -  -  - 

40T-8 Aq.Pond  - D 1.8  -  -  -  -  - 

40T-9 Aq.Pond  - D 1.9  -  -  -  -  - 

40T-10 Aq.Pond  -  - 1.6  -  -  -  -  - 

40T-11 Aq.Pond  - D 1.1  -  -  -  -  - 

40T-12 Aq.Pond  -  - 1.7  -  -  -  -  - 

40T-13 Aq.Pond  - D 1.2  -  -  -  -  - 

40T-14 Aq.Pond  - D 1.0  -  -  -  -  - 

40T-15 Aq.Pond  -  - 1.6  -  -  -  -  - 

40T-16 Aq.Pond  - D 1.4  -  -  -  -  - 

40T-17 Aq.Pond  -  - 1.8  -  -  -  -  - 

40T-18 Aq.Pond  - D 1.3  -  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.13: Primary & secondary screening of cultures isolated from proteolytic 

(gelatin) enrichment system (5 ‰ salinity) 

GELATIN ENRICHMENT (5 ‰ salinity)   57 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5G-1 Aq. Pond  - 2.9 2.0  -  -  -  -  - 

5G-2 Marine  - 2.3  -  -  -  -  -  - 

5G-3 Marine  - 1.6  -  -  -  -  -  - 

5G-4 Marine  - 1.6  -  -  -  -  -  - 

5G-5 Marine  - 3.2  -  -  -  -  -  - 

5G-6 Marine  - 3.0  -  -  -  -  -  - 

5G-7 Marine  - 3.2  -  -  -  -  -  - 

5G-8 Marine  - 2.7  -  -  -  -  -  - 

5G-9 Marine  - 3.1 1.7  -  -  -  -  - 

5G-10 Marine  - 1.5  -  -  -  -  -  - 

5G-11 Marine  - 2.3  -  -  -  -  -  - 

5G-12 Marine  - 2.0  -  -  -  -  -  - 

5G-13 Marine  - 2.2  -  -  -  -  -  - 

5G-14 Marine  - 2.1  -  -  -  -  -  - 

5G-15 Marine  - 2.0  -  -  -  -  -  - 

5G-16 Marine  - 2.0  -  -  -  -  -  - 

5G-17 Marine  - 2.1  -  -  -  -  -  - 

5G-18 Marine  - 2.1  -  -  -  -  -  - 

5G-19 Marine  - 1.7  -  -  -  -  -  - 

5G-20 Marine 1.7C 3.5  -  - 4.0  -  -  - 

5G-21 Marine  - 2.0  -  -  -  -  -  - 

5G-22 Marine  - 3.4  -  -  -  -  -  - 

5G-23 Marine  - 3.3 1.8  -  -  -  -  - 

5G-24 Marine  - 3.2 1.7  -  -  -  -  - 

5G-25 Marine  - 2.7 2.0  -  -  -  -  - 

5G-26 Marine  - 3.1 2.0  -  -  -  -  - 

5G-27 Marine  - 3.6 1.5  -  -  -  -  - 

5G-28 Marine  - 3.0 1.9  -  -  -  -  - 

5G-29 Marine  - 3.0 2.0  -  -  -  -  - 

5G-30 Marine  - 3.1 2.0  -  -  -  -  - 

5G-31 Marine  - 3.4 1.8  -  -  -  -  - 

5G-32 Marine  - 2.6  -  -  -  -  -  - 

5G-33 Marine  - 3.0 D  -  -  -  -  - 

5G-34 Marine  - 3.0 2.5  -  -  -  -  - 

5G-35 Marine  - 3.3 2.2  -  -  -  -  - 

5G-36 Marine  - 2.4  -  -  -  -  -  - 

5G-37 Marine  - 3.2 D  -  -  -  -  - 

5G-38 Marine  - 3.0 1.4  -  -  -  -  - 
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Table 2.13: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5G-39 Marine  - 3.2 1.5  -  -  -  -  - 

5G-40 Marine  - 2.6  -  -  -  -  -  - 

5G-41 Marine  -  -  -  -  -  -  -  - 

5G-42 Marine  - 2.0  -  -  -  -  -  - 

5G-43 Marine 1.3C D D 2.3 3.6 1.0     

5G-44 Marine  - 1.9  -  -  -  -  -  - 

5G-45 Marine D 3.1 D  -  -  -  -  - 

5G-46 Marine  -  -  -  -  -  -  -  - 

5G-47 Marine  - 2.1  -  -  -  -  -  - 

5G-48 Marine  - 3.3 D  -  -  -  -  - 

5G-49 Marine  -  -  -  -  -  -  -  - 

5G-50 Marine  - 2.8 2.7  -  -  -  -  - 

5G-51 Marine  - 3.1 D  -  -  -  -  - 

5G-52 Marine 1.1C 1.8  -  - 1.8  -  -  - 

5G-53 Marine  - 1.1  -  -    -  -  - 

5G-54 Marine 1.0C 1.7  -  - 2.0  -  -  - 

5G-55 Marine 0.9C 1.8  -  - 2.1  -  -  - 

5G-56 Marine 1.0C 2.0  -  - 1.9  -  -  - 

5G-57 Marine 1.3C 2.0  -  - 2.0  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.14: Primary & secondary screening of cultures isolated from proteolytic 

(gelatin) enrichment system  (15 ‰ salinity). 

GELATIN ENRICHMENT (15 ‰ salinity)   53 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15G-1 Marine  - 3.2  -  -  -  -  -  - 

15G-2 Marine  - 2.4  -  -  -  -  -  - 

15G-3 Marine  - 2.5  -  -  -  -  -  - 

15G-3a Marine  - 2.3  -  -  -  -  -  - 

15G-3b Marine  - 2.7  -  -  -  -  -  - 

15G-4 Marine  - 2.5  -  -  -  -  -  - 

15G-5 Marine 1.0 2.1  -  -  -  -  -  - 

15G-6 Marine 1.1 2.0  -  -  -  -  -  - 

15G-7 Marine  -  -  -  -  -  -  -  - 

15G-8 
Aq. 
Pond 

 -  -  -  -  -  -  -  - 

15G-9 
Aq. 
Pond 

 -  -  -  -  -  -  -  - 

15G-10 Marine  - 1.2  -  -  -  -  -  - 

15G-10a Marine  -  -  -  -  -  -  -  - 

15G-10b Marine  -  -  -  -  -  -  -  - 

15G-12 Marine 1.0C 2.0  -  -  -  -  -  - 

15G-12a Marine 2.5C  - 2.4   1.0  -  -  - 

15G-13 Marine 1.1C 1.5  -  -  -  -  -  - 

15G-14 Marine  - 2.2  -  -  -  -  -  - 

15G-15 Marine  - 3.0  -  -  -  -  -  - 

15G-16 Marine  - 2.6  -  -  -  -  -  - 

15G-18 Marine  - 2.5  -  -  -  -  -  - 

15G-19 Marine  -  -  -  -  -  -  -  - 

15G-19a Marine  - 2.3  -  -  -  -  -  - 

15G-19b Marine  - 2.4 2.5  -  -  -  -  - 

15G-20 Marine  - 2.6  -  -  -  -  -  - 

15G-20b Marine  - 2.7 2.2  -  -  -  -  - 

15G-21 Marine 2.5C  - 2.7  -  -  -  -  - 

15G-22 Marine  - 2.2  -  -  -  -  -  - 

15G-22a Marine  - 2.2  -  -  -  -  -  - 

15G-23 Marine  - 2.0  -  -  -  -  -  - 

15G-24 Marine  - 2.0  -  -  -  -  -  - 

15G-25 Marine  - 1.1  -  -  - D  -  - 

15G-26 Marine  - 2.6  -  -  -  -  -  - 

15G-27 Marine  - 2.4  -  -  -  -  -  - 

15G-28 Marine  - 2.5  -  -  -  -  -  - 

15G-29 Marine  - 2.3  -  -  -  -  -  - 

15G-30 Marine  - 2.5  -  -  -  -  -  - 

15G-31 Marine  - 2.5  -  -  -  -  -  - 
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Table 2.14: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15G-32 Marine  - 2.8  -  -  -  -  -  - 

15G-33 Marine  - 2.0  -  -  -  -  -  - 

15G-34 Marine  - 2.0  -  -  -  -  -  - 

15G-36 Marine  - 2.0  -  -  -  -  -  - 

15G-36a Marine  - 2.0  -  -  -  -  -  - 

15G-37 Marine  - 2.0  -  -  -  -  -  - 

15G-37a Marine  -  -  -  -  -  -  -  - 

15G-38 Marine  - 2.0  -  -  -  -  -  - 

15G-39 Marine  - 2.6  -  -  -  -  -  - 

15G-40 Marine  - 2.9  -  -  -  -  -  - 

15G-41 Marine  - 2.9  -  -  -  -  -  - 

15G-42 Marine  - 2.2  -  -  -  -  -  - 

15G-43 Marine  -  -  -  -  -  -  -  - 

15G-44 Marine  -  -  -  -  -  -  -  - 

15G-45 Marine  - 2.5  -  -  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.15: Primary & secondary screening of cultures isolated from proteolytic 

(gelatin) enrichment system (25 ‰ salinity). 

GELATIN ENRICHMENT (25 ‰ salinity)   63 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25G-1 Marine  - 3.1 D  -  -  -  -  - 

25G-2 Marine  - 3.2 D  -  -  -  -  - 

25G-3 Marine 1.1C 1.8 1.7  -  -  -  -  - 

25G-4 Marine   2.8 D  -  -  -  -  - 

25G-5 Marine 1.1C 2.3 1.6  -  -  -  -  - 

25G-6 Marine  - 2.0 1.6  -  -  -  -  - 

25G-7 Marine  - 2.0 D  -  -  -  -  - 

25G-8 Marine  - 2.9 D  -  -  -  -  - 

25G-9 Marine 1.3C 1.8 2.0  -  -  -  -  - 

25G-10 Marine 2.1C 3.2 1.4  -  -  -  -  - 

25G-11 Marine D 1.4 1.3  -  -  -  -  - 

25G-12 Marine  - 2.3  -  -  -  -  -  - 

25G-13 Marine D 1.5 D  -  -  -  -  - 

25G-14 Marine 1.1C 1.5 D  -  -  -  -  - 

25G-15 Marine 1.2C 1.8 D  -  -  -  -  - 

25G-16 Marine  - 2.5  -  -  -  -  -  - 

25G-17 Marine  - 2.2 2.0 D  -  -  -  - 

25G-18 Marine  - 2.6  -  -  -  -  -  - 

25G-19 Marine  - D 1.8  -  -  -  -  - 

25G-20 Marine  - D 1.5  -  -  -  -  - 

25G-21 Marine  - D D  -  -  -  -  - 

25G-22 Marine  - D D  -  -  -  -  - 

25G-23 Marine  -  -  - 2.0  -  -  -  - 

25G-24 Marine 1.3C 1.3 D  -  -  -  -  - 

25G-25 Marine 1.0C 1.4 D  -  -  -  -  - 

25G-26 
Aq. 
Pond 

 -  -  -  -  -  -  -  - 

25G-27 
Aq. 
Pond 

 -  -  -  -  -  -  -  - 

25G-28 
Aq. 
Pond 

 -  -  -  -  -  -  -  - 

25G-29 
Aq. 
Pond 

 -  - 1.9  -  -  -  -  - 

25G-30 Marine 1.0C 1.4 1.2  -  -  -  -  - 

25G-31 Marine 1.1C 1.4 D  -  -  -  -  - 

25G-32 Marine  - 2.0  -  -  -  -  -  - 

25G-33 Marine 1.4C 1.4  -  -  -  -  -  - 

25G-34 Marine  -  -  -  -  -  -  -  - 

25G-35 Marine 1.2C 1.6 D  -  -  -  -  - 

25G-36 Marine  - 2.4  -  -  -  -  -  - 

25G-37 Marine  - 2.5  -  -  -  -  -  - 

25G-38 Marine  - 2.5  -  -  -  -  -  - 
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Table 2.15: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25G-39 Marine  -  -  -  -  -  -  -  - 

25G-40 Marine  - 2.5  -  -  -  -  -  - 

25G-41 Marine 1.0C 1.2 D  -  -  -  -  - 

25G-42 Marine 1.1C 1.4 D  -  -  -  -  - 

25G-43 Marine  - 1.6  -  -  -  -  -  - 

25G-44 Marine 1.2C 1.6 1.3  -  -  -  -  - 

25G-45 Marine  - 2.7  -  -  -  -  -  - 

25G-46 Marine  - 2.1  -  -  -  -  -  - 

25G-47 Marine  -  -  -  -  -  -  -  - 

25G-48 Marine 1.2C 1.4 D  -  -  -  -  - 

25G-49 Marine 1.0C 1.4 D  -  -  -  -  - 

25G-50 Marine 1.2C 1.1 D  -  -  -  -  - 

25G-51 Marine D 2.6 1.4 D  -  -  -  - 

25G-52 Marine  -  -  -  -  -  -  -  - 

25G-53 Marine  - 2.1  -  -  -  -  -  - 

25G-54 Marine  - 2.6  -  -  -  -  -  - 

25G-55 Marine  - 2.4  -  -  -  -  -  - 

25G-56 Marine  - 2.5  -  -  -  -  -  - 

25G-57 Marine  - 2.1 1.8 2.0  -  -  -  - 

25G-58 Marine  - 2.6  -  -  -  -  -  - 

25G-59 Marine  - 2.2  -  -  -  -  -  - 

25G-70 Marine  -  -  -  -  -  -  -  - 

25G-71 Marine  -  -  -  -  -  -  -  - 

25G-72 Marine  -  -  -  -  -  -  -  - 

25G-73 Marine  - 1.9 D  - D  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.16: Primary & secondary screening of cultures isolated from proteolytic 

(gelatin) enrichment system (40 ‰ salinity) 

GELATIN ENRICHMENT (40 ‰ salinity)   52 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

40G-1 Marine  - 1.0  -  - D  -  -  - 

40G-2 Marine  -  -  -  -  -  -  -  - 

40G-3 Marine  - 1.5  -  -  -  -  -  - 

40G-4 Marine  - 0.8 1.2  -  -  -  -  - 

40G-5 Marine  - 1.0    -  -  -  -  - 

40G-6 Marine  - 1.0 1.1  -  -  -  -  - 

40G-7 Marine  -  -  -  -  -  -  -  - 

40G-8 Marine  -  -  -  -  -  -  -  - 

40G-9 Marine  -  -  -  -  -  -  -  - 

40G-10 Marine  - 1.0 0.7  -  -  -  -  - 

40G-11 Marine  - D  -  -  -  -  -  - 

40G-12 Marine  -  -  -  -  -  -  -  - 

40G-13 Marine  - 1.5  -  -  -  -  -  - 

40G-14 Marine  - 1.0 1.0  - D  -  -  - 

40G-15 Marine  - 0.8  -  -  -  -  -  - 

40G-16 Marine  - 0.8 1.2  - D  -  -  - 

40G-17 Marine  -  -  -  -  -  -  -  - 

40G-18 Marine  - D  -  -  -  -  -  - 

40G-19 Marine  -  -  -  -  -  -  -  - 

40G-20 Marine  -  -  -  -  -  -  -  - 

40G-21 Marine 0.8C  - 0.8  -  -  -  -  - 

40G-22 Marine  - D 1.3  -  -  -  -  - 

40G-23 Marine  - D 1.5  -  -  -  -  - 

40G-24 Marine  -  -  -  -  -  -  -  - 

40G-25 Marine 0.8C 1.5 1.1  - D  -  -  - 

40G-26 Marine D 1.0 1.0  -  -  -  -  - 

40G-27 Marine  -  -  -  -  -  -  -  - 

40G-28 Marine  - 1.5  -  -  -  -  -  - 

40G-29 Marine  - 1.2  -  -  -  -  -  - 

40G-30 Marine  - 1.2  -  - D  -  -  - 

40G-31 Marine  - 1.4  -  -    -  -  - 

40G-32 Marine  -  -  -  -  -  -  -  - 

40G-33 Marine 0.7C 1.3 1.0  -  -  -  -  - 

40G-34 Marine D 1.1 1.3  -  -  -  -  - 

40G-35 Marine  -  - D  -  -  -  -  - 

40G-36 Marine 0.8C 1.3 0.9  -  -  -  -  - 

40G-37 Marine 1.0C 1.6 1.0  -  -  -  -  - 

40G-38 Marine  -  -  -  -  -  -  -  - 
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Table 2.16: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

40G-39 Marine 1.0C 1.0 0.8  -  -  -  -  - 

40G-40 Marine  - 1.5  -  -  -  -  -  - 

40G-41 Marine D 1.0 1.0  -  -  -  -  - 

40G-42 Marine  -  -  -  -  -  -  -  - 

40G-43 Marine  - 0.7 1.6 D  -  -  -  - 

40G-44 Marine  - 1.5  -  -  -  -  -  - 

40G-45 Marine  - 1.5  -  - D  -  -  - 

40G-46 Marine  - 1.7 1.8  - D D  -  - 

40G-47 Marine 0.8C 1.5 0.9  -  -  -  -  - 

40G-48 Marine  - D 1.7  -  -  -  -  - 

40G-49 Marine  - 0.7 1.8  -  -  -  -  - 

40G-50 Marine  - 1.3 1.7  - D  -  -  - 

40G-51 Aq. Pond D  -  -  -  -  -  -  - 

40G-52 Aq. Pond D  -  -  -  -  -  -  - 

40G-53 Marine  - 0.6 1.3 D D  -  -  - 

40G-54 Marine  - 1.0  -  -  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.17: Primary & secondary screening of cultures isolated from chitinolytic 

(chitin) enrichment system (5 ‰ salinity) 

CHITIN ENRICHMENT (5 ‰ salinity)   20 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5Ch-1 Marine D 1.8 D 0.5  -  -  -  - 

5Ch-2 Marine 1.2 2.0 D 1.0  -  -  -  - 

5Ch-3 Marine 1.0 2.2 D 1.5  -  -  -  - 

5Ch-4 Marine 1.3 2.3 D D  -  -  -  - 

5Ch-5 Marine 0.8 1.6 1.2  -  -  -  -  - 

5Ch-6 Marine 1.3 1.5 D 0.5  -  -  -  - 

5Ch-7 Marine D 1.0 D  -  -  -  -  - 

5Ch-8 Marine D D  -  - D D  -  - 

5Ch-9 Marine D D  -  -  -  -  -  - 

5Ch-10 Marine D 1.3 D  -  -  -  -  - 

5Ch-11 Marine D 0.5 D  -  -  -  -  - 

5Ch-12 Marine D D 0.9  -  -  -  -  - 

5Ch-13 Marine  - 1.4 D D  -  -  -  - 

5Ch-14 Marine D 1.0 D  - D  -  -  - 

5Ch-15 Marine 0.6 D 1.1  -  -  -  -  - 

5Ch-16 Marine  - 2.5 D  -  -  -  -  - 

5Ch-17 Marine D 1.2 D  -  -  -  -  - 

5Ch-18 Marine 1.0 1.2 D  -  -  -  -  - 

5Ch-19 Marine D D 1.0 0.5 7.0 D  -  - 

5Ch-20 
Aq. 
Pond 

1.5 0.8 D  -  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.18: Primary & secondary screening of cultures isolated from chitinolytic 

(chitin) enrichment system (15 ‰ salinity) 

CHITIN ENRICHMENT (15 ‰ salinity)   23 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15Ch-1 Aq. Pond 2.0C 0.8 1.0 2.3 1.8 1.5C 1.3  - 

15Ch-2 Aq. Pond 0.8C D 1.0 2.0 2.5 1.5C 1.2  - 

15Ch-3 Aq. Pond 0.8C  - 1.7 1.5 1.1 1.5C  -  - 

15Ch-4 Aq. Pond 1.0C 3.5  - D D 1.0P  -  - 

15Ch-5 Aq. Pond 0.8C  -  - 2.0 1.4 1.5C D  - 

15Ch-6 Aq. Pond 2.0C  - 1.0 2.5 3.5 2.8C 1.1  - 

15Ch-7 Aq. Pond 1.2C  - D 2.7 3.3 2.1C 1.0  - 

15Ch-8 Aq. Pond 1.0C D 1.0 2.2 D 1.0P 1.1  - 

15Ch-9 Aq. Pond 0.8 D 1.0 2.1 2.5 1.0C 1.0  - 

15Ch-10 Aq. Pond 0.8 D 1.0 2.5 3.5 1.0C 0.8  - 

15Ch-11 Aq. Pond 1.0C D 1.0 2.3 2.6 1.6C 1.1  - 

15Ch-12 Marine  -  -  -  -  -  -  -  - 

15Ch-13 Marine 0.8C 1.2   0.8 D D    - 

15Ch-14 Marine  -  -  -  -  -  -  -  - 

15Ch-15 Marine  -  -  -  -  -  -  -  - 

15Ch-16 Marine 1.0C  - 2.7 D  -  -  -  - 

15Ch-17 Marine  - D  - 1.8 2.2 1.2C D  - 

15Ch-18 Marine D 3.8 2.3 1.0  - D  -  - 

15Ch-19 Marine  - D 1.8  -  -  -  -  - 

15Ch-20 Aq. Pond 2.0C D 1.0 2.2 2.5 1.5C 1.2  - 

15Ch-20a Aq. Pond D D D 2.4 2.5 1.3C 1.1  - 

15Ch-22 Marine D  -  - 1.1  -  -  -  - 

15Ch-23 Marine  -  - D 0.8  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 

 

Table 2.19: Primary & secondary screening of cultures isolated from chitinolytic 

(chitin) enrichment system (25 ‰ salinity) 

CHITIN ENRICHMENT (25 ‰ salinity)   2 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25Ch-1 Marine  -  -  - D  -  -  -  - 

25Ch-2 Marine  -  -  - 2.5  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 

 

Table 2.20: Primary & secondary screening of cultures isolated from chitinolytic 

(chitin) enrichment system (40 ‰ salinity) 

CHITIN ENRICHMENT (40 ‰ salinity)   3 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

40Ch-1 Marine 1.2 1.0  - 0.5  -  -  -  - 

40Ch-2 Aq. Pond 2.0B D 1.5 1.2  -  -  -  - 

40Ch-3 Aq. Pond D 1.5  - 0.8  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 82 
 

Table 2.21: Primary & secondary screening of cultures isolated from pectinolytic 

(pectin) enrichment system (5 ‰ salinity). 

PECTIN ENRICHMENT (5 ‰ salinity)   87 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5P-1 Aq.Pond 1.5B D  -  -  -  -  -  - 

5P-2 Aq.Pond  - D D  -  -  -  -  - 

5P-3 Aq.Pond  -  -  -  -  -  -  -  - 

5P-4 Aq.Pond  -  -  -  -  -  -  -  - 

5P-5 Aq.Pond  -  -  -  -  -  -  -  - 

5P-6 Aq.Pond 1.2 1.8  -  -  - D  -  - 

5P-7 Aq.Pond D 3.0  -  - D D  -  - 

5P-8 Aq.Pond 0.9B 2.4  -  - 1.3 1.0  -  - 

5P-9 Aq.Pond 2.5B  -  -  -  -  -  -  - 

5P-10 Aq.Pond  - 2.8  - D   D  -  - 

5P-11 Aq.Pond  - 3.4 D  -  -  - 1.3  - 

5P-12 Aq.Pond  -  -  -  -  -  -  -  - 

5P-13 Aq.Pond  -  -  -  -  -  -  -  - 

5P-14 Aq.Pond  - 3.6 D  -  - 0.8 1.3  - 

5P-15 Aq.Pond  - 3.3 D  -  - D 1.0  - 

5P-16 Aq.Pond  - 3.2 D  -  - D 1.1  - 

5P-19 Aq.Pond  - 3.0 D  -  -  - 1.4  - 

5P-20 Aq.Pond  - 2.5 D  -  -  - 1.4  - 

5P-21 Aq.Pond  - 3.1 D  -  -  - 1.4  - 

5P-23 Aq.Pond  - 3.0 D  -  - D 1.1  - 

5P-24 Aq.Pond  - 2.9 D  -  - D 1.0  - 

5P-25 Aq.Pond  - 2.5  -  -  - D  -  - 

5P-27 Aq.Pond  -  - 1.5 D  - D D  - 

5P-29 Lagoon  -  -  -  -  - 1.5  -  - 

5P-30 Lagoon  - 3.0  -  -  -  -  -  - 

5P-31 Lagoon  - 3.1 D  -  -  - D  - 

5P-32 Lagoon  - 2.9  -  -  -  -  -  - 

5P-34 Lagoon  - 1.4  -  -  - D  -  - 

5P-35 Lagoon  -   1.3  -  - D  -  - 

5P-36 Lagoon 2.3 2.0    - 1.5  -  -  - 

5P-37 Lagoon 2.4 2.0    - 1.6  -  -  - 

5P-38 Lagoon 1.5   1.6  - 1.2  - 1.4  - 

5P-40 Lagoon   2.1    - 2.1 1.0  -  - 

5P-41 Lagoon     2.1  -  - 2.0  -  - 

5P-42 Lagoon D 1.1    -  -  -  -  - 

5P-43 Lagoon   2.0    -  -  -  -  - 

5P-44 Lagoon   1.7    -  -  -  -  - 

5P-45 Lagoon   1.8    -  -  -  -  - 
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Table 2.21: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5P-46 Lagoon   D 2.0  - D  -  -  - 

5P-47 Aq.Pond 2.4   1.7  -   D D D 

5P-48 Aq.Pond   1.3 D  -   D  -  - 

5P-49 Aq.Pond 1.2 3.0 D  -  - 1.0  -  - 

5P-50 Aq.Pond  -  - 1.5  -  - D  -  - 

5P-51 Aq.Pond  - 3.0  -  -  -  -  -  - 

5P-52 Lagoon  - 2.5  -  -  -  -  -  - 

5P-53 Lagoon  - 1.7  -  -  -  -  -  - 

5P-54 Lagoon  - 3.1  -  -  -  -  -  - 

5P-55 Aq.Pond 1.8 2.7  -  - D 1.7  -  - 

5P-56 Aq.Pond  - 2.7 1.5  -  - 1.2  -  - 

5P-57 Aq.Pond  - 3.7 1.9  -  - 0.9  -  - 

5P-58 Aq.Pond D  -  -  -  -  -  -  - 

5P-59 Aq.Pond  - 3.4    -  - D 1.4  - 

5P-60 Lagoon  - 1.4 1.4  -  -  -  -  - 

5P-61 Lagoon 2.2 2.4    - 1.6 2.1  -  - 

5P-62 Lagoon 1.7 3.0 1.7  - 1.2 1.7 1.1  - 

5P-63 Lagoon  -  - 2.0  -  - D  -  - 

5P-64 Lagoon  -  - 2.0  -  - D  -  - 

5P-65 Lagoon  - 1.7  -  - 1.9    -  - 

5P-66 Lagoon  - D 1.7  -  - D  -  - 

5P-67 Aq.Pond  - 1.6  -  - D 1.4  -  - 

5P-68 Aq.Pond 1.6 2.6  -  - D 1.1  -  - 

5P-69 Aq.Pond  -  -  -  -  -  -  -  - 

5P-70 Aq.Pond D D  -  -  -  -  -  - 

5P-71 Aq.Pond D 3.5  -  -  -  -  -  - 

5P-72 Aq.Pond 2.0 3.0 D  - 2.3 D  -  - 

5P-73 Aq.Pond 1.8 3.6  -  - D 2.0  -  - 

5P-74 Marine 1.3    -  - 1.4 1.1 1.2  - 

5P-75 Marine 1.9 2.0  -  - 2.2 2.0  -  - 

5P-76 Marine  -  -  -  -  -  -  -  - 

5P-77 Marine  -  -  -  -  -  -  -  - 

5P-78 Marine 1.3 2.6 1.8  - D D  -  - 

5P-79 Marine 1.4 2.6 2.1  -  - 1.0  -  - 

5P-80 Marine  - 2.5 1.7  -  -  -  -  - 

5P-81 Marine  - 2.5 1.5  -  -  -  -  - 

5P-82 Marine  -  - 1.6  -  -  -  -  - 

5P-83 Marine 2.5 2.8    - 2.0 D 1.6  - 

5P-84 Marine 2.2  -  - D  -  -  - D 

5P-85 Marine 2.0  -  -    -  -  -  - 
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Table 2.21: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5P-86 Marine 2.0 1.4  -  - 1.8 1.3 1.4  - 

5P-87 Marine 1.8 2.4  -  -   D 1.3  - 

5P-88 Marine 1.4 1.9  -  - 2.2 1.0  -  - 

5P-89 Marine 2.1 2.3 2.0   2.3 1.1 1.5  - 

5P-90 Marine 2.1  -  -  -  -  -  -  - 

5P-91 Marine 2.3 3.0  -  - 2.3 1.8 1.5  - 

5P-92 Marine 2.3 2.0  -  - 2.0 1.9 1.5  - 

5P-93 Marine 2.0  -  - D  -  -  - D 

5P-94 Marine 2.0 1.3  -  - 1.9 1.0  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 

 

  



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 85 
 

Table 2.22: Primary & secondary screening of cultures isolated from pectinolytic 

(pectin) enrichment system (15 ‰ salinity). 

PECTIN ENRICHMENT (15 ‰ salinity)   76 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15P-1 Aq. Pond 0.5 1.3 0.5   D 1.0  -  - 

15P-2 Aq. Pond 0.8B 1.0 1.0   D D  -  - 

15P-3 Aq. Pond D D D  - D  -  -  - 

15P-4 Aq. Pond D 1.0 D  -  - D  -  - 

15P-5 Aq. Pond D 5.0 D  -  -  -  -  - 

15P-6 Aq. Pond D 9.0  -  -  - D  -  - 

15P-7 Aq. Pond  - 1.5  -  -  - D  -  - 

15P-8 Aq. Pond 1.2 1.2  -  -  - D  -  - 

15P-9 Aq. Pond 0.5B 0.6  -  -  - D  -  - 

15P-10 Aq. Pond  - 2.1  -  - D  -  -  - 

15P-11 Aq. Pond D 0.5  -  - D  -  -  - 

15P-12 Aq. Pond 1.1 D D  - 1.1 0.7  -  - 

15P-13 Aq. Pond 1.0 D D  -  - D  -  - 

15P-14 Aq. Pond 1.3 D 1.1  - 0.8P    -  - 

15P-15 Aq. Pond D D 0.5  - 0.6P D  -  - 

15P-16 Aq. Pond 0.8 D D  -  - 1.0  -  - 

15P-17 Aq. Pond 0.7  - 0.8  -  - 1.0  -  - 

15P-18 Aq. Pond 1.2 1.8 D D 1.5P D  -  - 

15P-19 Aq. Pond D 1.2 D  - D D  -  - 

15P-20 Aq. Pond D 1.5  -  -  - 0.8  -  - 

15P-21 Aq. Pond D 0.8  -  - D  -  -  - 

15P-22 Aq. Pond 1.8B 0.8  -  - D  -  -  - 

15P-23 Aq. Pond 0.5  - 1.1   D  -  -  - 

15P-24 Aq. Pond 0.5  - 0.7 0.6 1.2 1.2  -  - 

15P-25 Aq. Pond D  - D  -  - D  -  - 

15P-26 Aq. Pond D D 0.5  -  - 1.0  -  - 

15P-27 Aq. Pond D D 2.1  -  -    -  - 

15P-28 Aq. Pond 1.0 D 2.5  -  - D  -  - 

15P-29 Aq. Pond 0.8 D  -  -  - D  -  - 

15P-30 Aq. Pond 6.0  -  -  -  - 0.5  -  - 

15P-31 Aq. Pond 1.2B D D  -  - D  -  - 

15P-32 Lagoon 1.5B 0.5  -  - 0.9P D  -  - 

15P-33 Lagoon 1.0 1.2  -  - 0.5 0.3  -  - 

15P-34 Lagoon D 2.5  -  - 1.0 D  -  - 

15P-35 Lagoon D 2.8 D  - 1.0 D  -  - 

15P-36 Lagoon D 1.2    -  - 0.2  -  - 

15P-37 Lagoon D D 0.8  - 1.0 D  -  - 

15P-38 Lagoon 1.0 D 0.7  -   D  -  - 
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Table 2.22 (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15P-39 Lagoon 1.0  - D  -  -  -  -  - 

15P-40 Lagoon 1.0  - 1.8  -   D  -  - 

15P-41 Lagoon 1.5B D 2.1  -  -  -  -  - 

15P-42 Lagoon 1.7B D    -   D  -  - 

15P-43 Lagoon 1.0B 0.5 D  - 2.1P D  -  - 

15P-44 Lagoon D 0.7 D  -  -  -  -  - 

15P-45 Lagoon  - 1.6 1.0  - 2.0P  -  -  - 

15P-46 Lagoon  - 3.0 0.5  -  -  -  -  - 

15P-47 Lagoon  - 2.1 D  -  -  -  -  - 

15P-48 Lagoon  - 0.6 D  -  -  -  -  - 

15P-49 Lagoon D D D  -  - D  -  - 

15P-50 Lagoon  - 1.2 D  -  -  -  -  - 

15P-51 Lagoon D D D  -  -  -  -  - 

15P-52 Lagoon  - D 2.5  -  - 1.0  -  - 

15P-53 Lagoon D 1.8 0.6 0.5 D 1.0  -  - 

15P-54 Lagoon  - 2.4 D  -  -  -  -  - 

15P-55 Lagoon D D  -  -  -  -  -  - 

15P-56 Lagoon D D  -  -  -  -  -  - 

15P-57 Lagoon D 1.3    -  -  -  -  - 

15P-58 Lagoon D 1.0 D  -  - D  -  - 

15P-59 Lagoon D 1.0 0.5  - 1.5P  -  -  - 

15P-60 Marine 1.8B 2.1  -  -  -  -  -  - 

15P-61 Marine 1.2 2.7  -  -  -  -  -  - 

15P-62 Marine 1.7B 1.4  -  -  -  -  -  - 

15P-63 Marine 1.0 1.0  -  -  - D  -  - 

15P-64 Marine 0.5B D 0.6  - 2.0P D  -  - 

15P-65 Marine 0.6 D  -  -  - D  -  - 

15P-66 Marine 1.1 1.5  -  -  -  -  -  - 

15P-67 Marine 1.6B D D D  -  -  -  - 

15P-68 Lagoon 1.5 D D  -  -  -  -  - 

15P-69 Lagoon 1.0 D D  -  -  -  -  - 

15P-70 Lagoon D D  -  -  -  -  -  - 

15P-71 Lagoon D 1.8  -  -  - D  -  - 

15P-72 Lagoon 1.0 D  -  -  -  -  -  - 

15P-73 Lagoon   D D  -  -  -  -  - 

15P-74 
Aq. 
Pond 

  D  -  -  -  -  -  - 

15P-75 
Aq. 
Pond 

0.5 D  -  -  - 0.8  -  - 

15P-76 
Aq. 
Pond 

D D D  -  - D  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.23: Primary & secondary screening of cultures isolated from pectinolytic 

(pectin) enrichment system (25 ‰ salinity). 

PECTIN ENRICHMENT (25 ‰ salinity)   100 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25P-1 Aq. Pond 1.9 2.7 2.4 2.1 D 1.7  -  - 

25P-2 Aq. Pond 2.1 2.8 2.3 2.2 D 1.4  -  - 

25P-3 Aq. Pond 2.0 2.6 2.3 2.4 D 1.5  -  - 

25P-4 Aq. Pond 2.2 1.8 1.7 1.9 2.0 1.5  -  - 

25P-5 Aq. Pond 2.5 2.5 1.8 1.5 2.5 2.0  -  - 

25P-6 Aq. Pond 2.3 2.8 2.4 2.2 D 1.6  -  - 

25P-7 Aq. Pond 2.5 D 2.0  -  -  -  -  - 

25P-8 Aq. Pond 2.0 3.1 2.8 2.5 D 1.5  -  - 

25P-9 Aq. Pond 2.4 2.8 2.3 1.8 D 1.5  -  - 

25P-10 Aq. Pond 2.5 3.2 1.4 1.9 2.0 2.2  -  - 

25P-11 Aq. Pond  -  - 2.1  -  -  -  - D 

25P-12 Aq. Pond 2.5 1.8 2.2 2.0 2.5 2.0  -  - 

25P-13 Aq. Pond 2.4 3.0 1.8 2.0 1.7 1.9  -  - 

25P-14 Aq. Pond 2.5 1.8 1.5 2.0 2.3 2.0  -  - 

25P-15 Aq. Pond 2.5 2.0 1.3 1.4 2.4 1.8  -  - 

25P-16 Aq. Pond  - 1.5 2.0  -  -  -  -  - 

25P-17 Aq. Pond 2.4 2.9 2.0 1.9 2.7 2.1  -  - 

25P-18 Aq. Pond 2.0 2.6 2.5 2.3 2.2 1.6  - D 

25P-19 Aq. Pond 2.4B 1.9 2.0 1.6 2.6 2.0  -  - 

25P-20 Aq. Pond 2.4B 2.8 2.4 2.0 2.8 2.0  - D 

25P-21 Aq. Pond 2.7 1.5 2.0 1.5 2.0 1.5  -  - 

25P-22 Aq. Pond 2.4 3.0 1.8 1.7 2.4 1.9  -  - 

25P-23 Aq. Pond 2.6 2.2 2.0 2.0 2.3 2.0  -  - 

25P-24 Aq. Pond 2.5 2.6 1.9 1.9 2.5 1.7  -  - 

25P-25 Aq. Pond 2.2 2.8 2.2 2.6 2.8 1.5  -  - 

25P-26 Aq. Pond  - 1.5  -  -  -  -  -  - 

25P-27 Aq. Pond 2.5 2.0 1.6 1.5 2.0 1.8  -  - 

25P-28 Aq. Pond 2.1 2.9 2.5 2.2 2.6 1.4  -  - 

25P-29 Aq. Pond 2.4 3.0 1.8 1.7 2.4 2.0  -  - 

25P-30 Aq. Pond  -  -  -  -  -  -  -  - 

25P-31 Aq. Pond  -  -  -  -  -  -  -  - 

25P-32 Aq. Pond 2.5 3.5 1.8 2.0 3.0 2.0  -  - 

25P-33 Aq. Pond 2.6 D 1.3 2.1 2.4P D  -  - 

25P-34 Lagoon  -  -  - 1.5 4.0P D  -  - 

25P-35 Lagoon  - D 2.3  -  - D  -  - 

25P-36 Lagoon  - 2.3 2.1  -  -  -  -  - 

25P-37 Lagoon  -  -  - D 4.4 2.6  -  - 

25P-38 Lagoon  - 2.5 1.9  -  -  -  -  - 
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Table 2.23: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25P-39 Lagoon 2.2 D 2.0  - 4.0 2.9  -  - 

25P-40 Lagoon  - 2.6 2.0 2.0  -  -  -  - 

25P-41 
Aq. 
Pond 

2.1 2.6 2.5 2.3 3.1 1.5  - D 

25P-42 
Aq. 
Pond 

 -  -  -  -  -  -  -  - 

25P-43 Lagoon  - 2.3  -  -  - D  -  - 

25P-44 Lagoon  - 2.2  -  -  - D  -  - 

25P-45 Lagoon  -  -  - 1.7 2.0 2.6  -  - 

25P-46 Lagoon  - 2.0 2.1  -  - D  -  - 

25P-47 Lagoon  -  -  -  -  -  -  -  - 

25P-48 Lagoon  -  -  -  - 4.0 2.8  -  - 

25P-49 Lagoon  -  -  -  - 4.1 3.0  -  - 

25P-50 Lagoon  - 1.6 2.2  -  - D  -  - 

25P-51 Lagoon 2.2 D 2.4  - 3.3 3.0  -  - 

25P-52 Lagoon 1.9 D 2.2  - 1.6P  -  -  - 

25P-53 Lagoon 2.3 D 2.0  -  -  -  -  - 

25P-54 Lagoon 3.0 2.4  -  -  - D  -  - 

25P-55 
Aq. 
Pond 

2.1   D 2.6 D 3.0  -  - 

25P-56 Lagoon  - 2.1  -  - D  -  -  - 

25P-57 Lagoon  -  -  -  -  -  -  -  - 

25P-58 Lagoon 2.4  - 1.2 2.0 D 3.1  -  - 

25P-59 Lagoon  -  -  -  - D 3.0P  -  - 

25P-60 Lagoon  - 2.1  -  -  -  -  -  - 

25P-61 Lagoon 1.9 1.9 2.3   3.6P 3.5P  -  - 

25P-62 Lagoon  -  -  - 1.4P 4.8P  -  -  - 

25P-63 Lagoon  -  -  -  -  -  -  -  - 

25P-64 Lagoon  -  -  -  -  - D  -  - 

25P-65 Lagoon 2.3 D D 2.6 4.0 2.6  -  - 

25P-66 Lagoon  - 1.7  -   D D  -  - 

25P-67 Lagoon  - 1.5 1.2 1.5P 4.1  -  -  - 

25P-68 Lagoon 2.2  -  - 2.4 3.9P  -  -  - 

25P-69 Lagoon  - D 1.7  -  -  -  -  - 

25P-70 Lagoon  - D 2.4  -  -  -  -  - 

25P-71 Lagoon D 2.2  -  - 1.3 D  -  - 

25P-72 Lagoon  -  -  -  - 1.8P D  -  - 

25P-73 Lagoon  - 2.5  -  - D D  -  - 

25P-74 Lagoon  - 2.5  -  -  -  -  -  - 

25P-75 Lagoon  -  - 2.0  -  -  -  -  - 

25P-76 Lagoon  -  -  -  - 5.0P 3.2P  -  - 

25P-77 
Aq. 
Pond 

2.0 3.0 2.3 2.9 1.6 1.5  - D 

25P-78 Lagoon  - 2.1  -  - D 1.8P  -  - 
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Table 2.23: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25P-79 Lagoon  -  -  - D D 3.0P  -  - 

25P-80 Lagoon  - 2.0 2.4  -  -  -  -  - 

25P-81 Lagoon  - 2.1 2.5  - D  -  -  - 

25P-82 
Aq. 
Pond 

 -  -  -  -  -  -  -  - 

25P-83 Lagoon  -  -  - 1.3P 4.6P 3.1P  -  - 

25P-84 
Aq. 
Pond 

2.7   1.3   3.3P 3.0  -  - 

25P-85 Marine 1.8 3.2  -  -  -  -  -  - 

25P-86 Marine  - 3.0 D  -  - D  -  - 

25P-87 Marine  - 2.6  -  -  - 2.6P  -  - 

25P-88 Marine  - 3.0  -  -  - 2.0P  -  - 

25P-89 
Aq. 
Pond 

2.8   1.2  - 4.0 2.6  -  - 

25P-90 
Aq. 
Pond 

 - D 2.3  -  -  -  -  - 

25P-91 
Aq. 
Pond 

 - D 3.0  -  -  -  -  - 

25P-92 
Aq. 
Pond 

2.5  - 2.2  - 2.0  -  -  - 

25P-93 
Aq. 
Pond 

2.8  - D  - 2.1P  -  -  - 

25P-94 
Aq. 
Pond 

2.9  - D  - 2.0P  -  -  - 

25P-95 
Aq. 
Pond 

3.0  - 1.4  - 1.8P  -  -  - 

25P-96 Marine 2.2 D D 2.9 D  -  -  - 

25P-97 Marine 2.4 D 1.4 2.7 D D  -  - 

25P-98 Marine 2.2 D 1.3 2.3 D D  -  - 

25P-99 Marine  - 2.5 2.3 D D D  -  - 

25P-100 Marine 2.2  - D 2.5 2.2P D  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.24: Primary & secondary screening of cultures isolated from pectinolytic 

(pectin) enrichment system (40 ‰ salinity). 

PECTIN ENRICHMENT (40 ‰ salinity)   63 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

40P-1 Marine 0.8 0.5  -  -  - D  -  - 

40P-2 Marine 1.2 1.2  -  -  - D  -  - 

40P-3 Aq. Pond  -  -  -  -  - 1.2P  -  - 

40P-4 Aq. Pond  -  -  -  -  - 0.8  -  - 

40P-5 Aq. Pond  - 1.6 0.6  -  - 0.5  -  - 

40P-6 Aq. Pond 1.0B D 1.0  -  - 2.3P  -  - 

40P-7 Aq. Pond 1.0  -  -  -  -  -  -  - 

40P-8 Aq. Pond 1.1  -  -  -  - D  -  - 

40P-9 Aq. Pond 1.0  -  -  -  - D  -  - 

40P-10 Aq. Pond 0.6 0.8 1.6  -  -  -  -  - 

40P-11 Aq. Pond  -  -  -  -  -  -  -  - 

40P-12 Aq. Pond  - 1.5  -  -  - 2.1  -  - 

40P-13 Aq. Pond  - 1.2  -  -  - 0.5  -  - 

40P-14 Aq. Pond 0.6 1.0  -  -  - 1.2  -  - 

40P-15 Aq. Pond  -  - 0.8  -  - 1.5P  -  - 

40P-16 Aq. Pond 0.8  - 0.8  -  - 1.8P  -  - 

40P-17 Aq. Pond  - 1.2  -  -  -  -  -  - 

40P-18 Aq. Pond 1.0B 0.6  -  -  -  -  -  - 

40P-19 Aq. Pond    - 0.9  -  - D  -  - 

40P-20 Lagoon 1.0B  - 1.1  -  - D  -  - 

40P-21 Lagoon 1.6B 0.6 1.8  -  - D  -  - 

40P-22 Lagoon  - 0.5 2.0  -  - D  -  - 

40P-23 Lagoon  - 1.3 0.6  -  - D  -  - 

40P-24 Lagoon  - 1.0 D  -  - D  -  - 

40P-25 Lagoon 1.2  -  -  -  -  -  -  - 

40P-26 Lagoon 1.0B  -  -  -  -  -  -  - 

40P-27 Lagoon  -  -  -  -  - 1.2  -  - 

40P-28 Lagoon  - 2.4  -  -  - 1.0P  -  - 

40P-29 Lagoon  -  -  -  -  - 0.5  -  - 

40P-30 Lagoon     0.5  - 0.8P D  -  - 

40P-31 Lagoon 1.3  -  -  -  - D  -  - 

40P-32 Lagoon    -  -  -  - 1.2P  -  - 

40P-33 Lagoon    -  -  -  - 0.8  -  - 

40P-34 Lagoon 2.5B  -  -  -  - 0.6P  -  - 

40P-35 Lagoon  -  -  -  -  -  -  -  - 

40P-36 Lagoon  -  -  -  -  - D  -  - 

40P-37 Lagoon  -  -  -  -  - D  -  - 

40P-38 Lagoon 1.0  -  -  -  -  -  -  - 
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Table 2.24: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

40P-39 Lagoon  - 0.5  - 0.6  - 2.5P  -  - 

40P-40 Lagoon  - 1.6  -  -  -  -  -  - 

40P-41 Lagoon 1.5B  -  -  -  -  -  -  - 

40P-42 Lagoon D  -  -  -  -  -  -  - 

40P-43 Lagoon 1.0 1.0  -  -  -  -  -  - 

40P-44 Marine  -  -  -  -  - D  -  - 

40P-45 Marine 1.2 0.5  -  -  - 0.6  -  - 

40P-46 Marine 0.9  -  -  -  -  -  -  - 

40P-47 Marine  -  -  -  -  - 0.5  -  - 

40P-48 Marine 1.2  -  -  -  - 1.5P  -  - 

40P-49 Marine  -  -  -  -  - 1.9P  -  - 

40P-50 Marine 2.1B 1.2 0.8 D D 2.4P  -  - 

40P-51 Marine  -  -  -  -  - D  -  - 

40P-52 Marine  -  -  -  -  -  -  -  - 

40P-53 Marine  -  -  -  -  -  -  -  - 

40P-54 Marine  -  -  -  -  - 1.2  -  - 

40P-55 Marine 0.6  -  -  -  - 1.0P  -  - 

40P-56 Marine  -  -  -  -  - 0.6  -  - 

40P-57 Marine  -  - 2.0  - 0.5P 0.5P  -  - 

40P-58 Marine 1.2B  -  -  -  - D  -  - 

40P-59 Marine 0.6  -  -  -  -  -  -  - 

40P-60 Marine  - 1.2  -  -  -  -  -  - 

40P-61 Marine  - 1.0  -  -  -  -  -  - 

40P-62 Marine  - 0.8  -  -  -  -  -  - 

40P-63 Marine  - 1.5  -  -  - 1.7P  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.25: Primary & secondary screening of cultures isolated from xylanolytic 

(xylan) enrichment system (5 ‰ salinity). 

XYLAN ENRICHMENT (5 ‰ salinity)   41 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5X-1 Aq. Pond 0.5  -  -  - 1.2  -  -  - 

5X-2 Aq. Pond 0.8B  - 1.0  - 0.5  -  -  - 

5X-3 Marine 1.2  -  - 0.8 3.0P  -  -  - 

5X-4 Aq. Pond 1.5 1.0  -  - 2.4  -  -  - 

5X-5 Lagoon 0.5 0.6  -  - 1.1  -  -  - 

5X-6 Lagoon D  - 0.5  - 1.2  -  -  - 

5X-7 Lagoon  -  - 0.9  - 1.5  -  -  - 

5X-8 Lagoon D  -  -  - 1.0P  -  -  - 

5X-9 Aq. Pond 0.5 2.5  -  - 0.5P  -  -  - 

5X-10 Lagoon 1.3  -  -  - 0.8P  -  -  - 

5X-11 Lagoon  -  - 1.2  - 1.1 0.6P  -  - 

5X-12 Lagoon 3.0B  -  -  - 1.6  -  -  - 

5X-13 Lagoon  -  -  -  - 1.0  -  -  - 

5X-14 Lagoon D 0.5  - D 2.3P  -  -  - 

5X-15 Lagoon 1.2 0.5 1.5  - D  -  -  - 

5X-16 Lagoon 1.1 1.2 0.8  - D  -  -  - 

5X-17 Marine 0.8 2.1 0.5  - D 1.0  -  - 

5X-18 Lagoon 1.2B  - 1.0  -  -  -  -  - 

5X-19 Marine 0.6B  -  -  - D  -  -  - 

5X-20 Marine 1.0 1.1  -  - D  -  -  - 

5X-21 Lagoon 1.0B 1.4 1.0  - 1.4  -  -  - 

5X-22 Lagoon  -  - 1.2  - 1.0  -  -  - 

5X-23 Lagoon 2.1B  -  -  - 0.4  -  -  - 

5X-24 Lagoon 2.0  -  -  - 0.5  -  -  - 

5X-25 Lagoon 1.7  - 1.2  - 0.9P  -  -  - 

5X-26 Lagoon 1.1  -  - D 1.3P  -  -  - 

5X-27 Lagoon  -  - 0.8  - 1.0P  -  -  - 

5X-28 Lagoon D  - 0.5  -  -  -  -  - 

5X-29 Lagoon D  -  -  - D  -  -  - 

5X-30 Lagoon D 1.5 D  - D  -  -  - 

5X-31 Lagoon 2.6B 1.8  -  - 1.5  -  -  - 

5X-32 Lagoon  - 0.5  - 1.0  -  -  -  - 

5X-33 Lagoon  - 0.6  -  - D  -  -  - 

5X-34 Lagoon 1.0 D 0.5  - 2.6P  -  -  - 
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Table 2.25: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5X-35 Lagoon 1.0 1.2  -  - D  -  -  - 

5X-36 Lagoon 0.6 1.0 0.6  -  -  -  -  - 

5X-37 Lagoon  -  -  -  - D  -  -  - 

5X-38 Lagoon 1.0B  -  -  - 2.1P D  -  - 

5X-39 Lagoon 0.6B  -  -  - 2.0  -  -  - 

5X-40 Aq. Pond 2.0  -  -  - 1.7  -  -  - 

5X-41 Aq. Pond  -  - 1.1  - D  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.26: Primary & secondary screening of cultures isolated from xylanolytic 

(xylan) enrichment system (15 ‰ salinity). 

XYLAN ENRICHMENT (15 ‰ salinity)   44 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15X-1 Marine D 3.2  -   -  D  -   -   -  

15X-2 Marine 2.8C 1.7  -   -  1.8 2.0P  -   -  

15X-3 Marine  -  3.0 1.5  -   -   -   -   -  

15X-4 Marine  -  3.1 1.8  -  D  -   -   -  

15X-5 Marine  -   -   -   -   -   -   -   -  

15X-6 Marine  -   -   -   -   -   -   -   -  

15X-7 Marine  -  3.2  -   -  D  -   -   -  

15X-8 Marine  -  3.3  -   -  D  -   -   -  

15X-9 Marine  -   -   -   -   -   -   -   -  

15X-10 Marine 2.4C  -   -   -  2.7  -   -   -  

15X-11 Marine 2.0C  -   -   -  2.6 D  -   -  

15X-12 Marine 2.0C 1.0  -   -  2.5 1.7P  -   -  

15X-13 Marine 2.0C  -   -  D 2.5  -   -   -  

15X-14 Marine 1.6C  -   -  D 2.0  -   -   -  

15X-15 Marine 1.9C  -   -    2.0 1.5P  -   -  

15X-16 Marine 1.6C  -   -  D 2.3 D  -   -  

15X-17 Marine  -   -   -   -  1.0  -   -   -  

15X-18 
Aq. 
Pond 

D  -  1.7 D 2.0 D  -   -  

15X-19 
Aq. 
Pond 

1.1C 2.7  -  D  -  1.7P  -   -  

15X-20 
Aq. 
Pond 

D 2.9  -   -   -   -   -   -  

15X-21 
Aq. 
Pond 

D 3.0  -   -  2.2  -   -   -  

15X-22 
Aq. 
Pond 

1.4C 2.4  -  D 1.7 1.5C  -   -  

15X-23 
Aq. 
Pond 

1.3C 1.7  -   -  D D  -   -  

15X-24 
Aq. 
Pond 

D 2.2  -  D 1.4  -   -   -  

15X-25 
Aq. 
Pond 

 -  2.1 1.4  -  1.5  -   -   -  

15X-26 
Aq. 
Pond 

D 2.1  -  D 1.8  -   -   -  

15X-27 
Aq. 
Pond 

1.4C 2.0  -   -  1.8 1.5P  -   -  

15X-28 
Aq. 
Pond 

 -  1.5  -   -  D 1.2C  -   -  

15X-29 
Aq. 
Pond 

D 1.8  -   -  2.0  -   -   -  

15X-30 Lagoon 2.1C 1.7  -   -  2.1 D  -   -  

15X-31 Lagoon 1.3C  -   -   -   -   -   -   -  

15X-32 Lagoon  -  3.6 2.0  -   -   -   -   -  

15X-33 Lagoon  -   -  2.5  -   -   -   -   -  
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Table 2.26: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15X-34 Lagoon  -   -  2.0  -   -   -   -   -  

15X-35 Lagoon  -  3.3 1.6  -   -   -   -   -  

15X-36 Lagoon 1.3C D  -  1.5 1.1  -   -   -  

15X-37 Lagoon 1.2C  -   -  1.4 1.1  -   -   -  

15X-38 Lagoon 1.3C 2.0  -   -  2.0P 1.5C  -   -  

15X-39 Lagoon 1.6C 1.2  -   -  D  -   -   -  

15X-40 Lagoon D D  -   -  1.9  -   -   -  

15X-41 Lagoon D  -   -   -  2.2  -   -   -  

15X-42 Lagoon 1.9C  -   -  D 2.4  -   -   -  

15X-43 Lagoon 1.5C 1.9  -  D 2.1 3.0P  -   -  

15X-44 Lagoon  -   -   -   -  2.1  -   -   -  

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.27: Primary & secondary screening of cultures isolated from xylanolytic 

(xylan) enrichment system (25 ‰ salinity). 

XYLAN ENRICHMENT (25 ‰ salinity)   50 cultures 

CULTUR
E ORIGIN 

STARC
H 

GELATI
N 

TWEEN8
0 

CHITI
N 

XYLA
N 

PECTI
N 

CELLULOS
E 

LIGNI
N 

25X-1 Marine D 1.6  -  - 1.5  -  -  - 

25X-2 Marine 1.1C 1.9  -  - 1.6  -  -  - 

25X-3 Marine 1.2 1.9  -  - 1.5  -  -  - 

25X-4 Marine 1.1 2.0  -  - 1.5  -  -  - 

25X-5 Marine D 1.9  -  - 1.5  -  -  - 

25X-6 Marine D 2.0  -  - 1.5  -  -  - 

25X-7 Marine 1.1 2.0  -  - 1.6  -  -  - 

25X-8 Marine D 1.2  -  - 1.5  -  -  - 

25X-9 Marine D D  -  - 1.5  -  -  - 

25X-10 Marine D D  -  - 1.5  -  -  - 

25X-11 Marine D 1.4  -  - 1.5  -  -  - 

25X-12 Marine 1.4C 3.1 D  - 1.8  -  -  - 

25X-13 Marine 1.4C 2.9  -  - 1.8  -  -  - 

25X-14 Marine 1.5C 2.9  -  - 1.8  -  -  - 

25X-15 Marine     1.5  -  -  -  -  - 

25X-16 Marine D 2.7  -  - 1.7  -  -  - 

25X-17 Marine 2.1C 1.6  -  - 1.3P D  -  - 

25X-18 Marine 1.5C 3.0  -  - 1.8  -  -  - 

25X-19 Marine 1.3C 2.7  -  - 1.7  -  -  - 

25X-20 Marine 1.4C 2.9  -  - 1.8  -  -  - 

25X-21 Marine 1.3 2.7  -  - 1.9  -  -  - 

25X-22 Marine 1.5C 1.4 2.0  - 1.3P  -  -  - 

25X-23 Marine 2.2C 1.9 2.0  - 1.4P D  -  - 

25X-24 Marine 2.2C 1.7 1.9  - 1.5P D  -  - 

25X-25 Aq. Pond 1.4C 2.4 1.9 2.0 1.2P 2.0  -  - 

25X-26 Aq. Pond 1.4C 2.3  - 1.8 1.7 2.0  -  - 

25X-27 Aq. Pond 1.5C 2.4 2.5 2.4 1.6 2.0  -  - 

25X-28 Aq. Pond 1.4C 2.3 2.5 2.0 1.5 2.0  -  - 

25X-29 Aq. Pond 1.1C 1.9  - 1.5 1.4P 1.5P  -  - 

25X-30 Aq. Pond 1.2C 2.0  - 1.2 1.2P 1.5P  -  - 

25X-31 Aq. Pond 1.3C 1.7  - 1.5 1.1P 1.5P  -  - 

25X-32 Aq. Pond 2.5C 1.7  -  - 1.6P 1.8P  -  - 

25X-33 Lagoon 1.5C D  - 1.5 1.4P 1.5  -  - 

25X-34 Lagoon 1.1C 1.3  - 1.4 1.5P 1.4  -  - 

25X-35 Lagoon 1.8C 1.5  -  - 1.5P 1.6P  -  - 

25X-36 Lagoon 1.7C D  -  - D D  -  - 

25X-37 Lagoon 1.1C 1.3  - 1.6 1.5 1.5  -  - 

25X-38 Lagoon 1.3C 1.5  - 1.4 1.5 1.5  -  - 
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Table 2.27: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25X-39 Lagoon 1.4C 2.0  -  - 1.6P  -  -  - 

25X-40 Lagoon 2.3C 1.8  -  - 1.6P 1.7P  -  - 

25X-41 Lagoon  -  -  - 1.5 2.1 2.0  -  - 

25X-42 Lagoon 1.2C 1.7  -   1.6P  -  -  - 

25X-43 Lagoon  -  -  - 1.5 2.1 2.2  -  - 

25X-44 Lagoon  -  -  -  - 1.9 2.0  -  - 

25X-45 Lagoon  -  -  - 1.5 2.0 2.0  -  - 

25X-46 Lagoon  -  -  - 1.5 2.0 2.3  -  - 

25X-47 Lagoon  -  -  - 2.0 1.9 2.5  -  - 

25X-48 Lagoon  -  -  - 2.0 D  -  -  - 

25X-49 Lagoon 2.2C 1.9  - 2.2 1.3P 1.7P  -  - 

25X-50 Lagoon  -  -  -  - D  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.28: Primary & secondary screening of cultures isolated from xylanolytic 

(xylan) enrichment system (40 ‰ salinity). 

XYLAN ENRICHMENT (40 ‰ salinity)   37 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

40X-1 Marine  -   -   -   -  1.7  -   -   -  

40X-2 Marine  -   -   -   -  1.6  -   -   -  

40X-3 Marine 1.8C 2.5 D  -  D  -   -   -  

40X-4 Marine 1.8C 2.4  -   -  D  -   -   -  

40X-5 Marine  -   -   -   -  2.3  -   -   -  

40X-6 Marine  -   -   -   -  2.0  -   -   -  

40X-7 Marine  -   -   -   -  1.8  -   -   -  

40X-8 Marine 1.6C D  -   -  2.0  -   -   -  

40X-9 Marine  -  3.1 D  -   -   -   -   -  

40X-10 Marine 2.0 D  -   -  2.5  -   -   -  

40X-11 Marine 2.2 D  -   -  1.8  -   -   -  

40X-12 Marine 2.1 D  -   -  2.0  -   -   -  

40X-13 Marine 1.6C D  -   -  2.0  -   -   -  

40X-14 Marine  -   -   -   -  1.6 2.3P  -   -  

40X-15 Marine 1.6C  -   -   -  1.2  -  D  -  

40X-16 Marine 2.1C  -   -   -  2.0  -   -   -  

40X-17 Marine  -   -   -   -  2.5  -   -   -  

40X-18 Marine 1.9C  -   -   -  2.3  -   -   -  

40X-19 Marine 2.0C D  -   -  1.9  -   -   -  

40X-20 Marine 1.7C  -   -   -  2.1  -   -   -  

40X-21 Marine 2.0C  -   -   -  1.8  -   -   -  

40X-22 Marine 2.0  -   -   -  2.0 D  -   -  

40X-23 Aq. Pond 1.4 3.3 1.2  -   -   -   -   -  

40X-24 Aq. Pond 1.4 D 2.0  -  1.0  -   -   -  

40X-25 Aq. Pond  -   -   -   -  D  -   -   -  

40X-26 Aq. Pond  -   -  1.0  -   -   -   -   -  

40X-27 Aq. Pond 2.0 D 1.3  -  2.1  -   -   -  

40X-28 Aq. Pond 1.6 3.0  -   -   -  D  -   -  

40X-29 Aq. Pond 1.6C 3.0  -   -   -  1.8P  -   -  

40X-30 Aq. Pond 2.2C D 1.4   2.2 1.8C  -   -  

40X-31 Aq. Pond 1.9C  -   -   -  2.1 D  -   -  

40X-32 Aq. Pond 2.2C 2.8  -   -  2.0  -   -   -  

40X-33 Aq. Pond 2.1C D D  -  1.5 D  -   -  

40X-34 Aq. Pond 1.9C  -   -   -  2.0  -   -   -  

40X-35 Aq. Pond 1.8C  -   -   -  2.0  -   -   -  

40X-36 Aq. Pond 2.0C D D   2.0 D  -   -  

40X-37 Aq. Pond 2.0C  -   -   -  2.5  -   -   -  

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.29: Primary & secondary screening of cultures isolated from cellulolytic 

(cellulose) enrichment system (5 ‰ salinity). 

CELLULOSE ENRICHMENT (5 ‰ salinity)   88 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5C-1 Marine  - 3.6  -  -  -  -  -  - 

5C-2 Marine  - 3.3  -  -  -  -  -  - 

5C-3 Marine  - 3.4  -  -  -  - D  - 

5C-4 Marine  - 3.7  -  -  -  -  -  - 

5C-5 Marine  - 2.6  -  -  -  -  -  - 

5C-6 Marine 1.6 2.7  -  -  -  -  -  - 

5C-7 Marine 1.8 2.5  -  -  - D  -  - 

5C-8 Marine 1.8 1.6  -  -  -  -  -  - 

5C-9 Marine  - 4.0  -  -  -  -  -  - 

5C-10 Marine  -  - 2.5  -  -  -  - D 

5C-11 Marine 2.9 2.3 1.6  - 2.5 3.2  -  - 

5C-12 Marine  - 2.0  -  -  -  -  -  - 

5C-13 Marine  - 2.5  -  -  -  -  -  - 

5C-14 Marine D  -  -  -  -  -  -  - 

5C-15 Marine D 3.0  -  -  -  -  -  - 

5C-16 Marine  -  -  -  -  -  -  -  - 

5C-17 Marine  - 2.6  -  -  -  -  -  - 

5C-18 Marine 1.4 2.2  -  -  -  -  -  - 

5C-19 Marine  - 1.9  -  -  -  -  -  - 

5C-20 Marine 1.4 2.6  -  -  -  -  -  - 

5C-21 Marine  - 2.5  -  -  -  -  -  - 

5C-22 Marine 2.3 D  - 1.8 2.1 3.2 1.0  - 

5C-23 Marine  -  -  -  -  -  -  -  - 

5C-24 Marine  -  -  -  -  -  -  -  - 

5C-25 Marine  -  -  -  -  -  -  -  - 

5C-26 Marine  -  -  -  -  -  -  -  - 

5C-27 Marine 2.3 3.0  -  -  -  -  -  - 

5C-28 Marine 2.0 3.7  -  -  -  -  -  - 

5C-29 Marine 2.0 3.8  -  -  -  -  -  - 

5C-30 Marine 1.3  - 1.8  -  -  -  -  - 

5C-31 Marine  -  - D  - D  -  -  - 

5C-32 Marine  -  -  -  -  -  -  -  - 

5C-33 Marine  -  -  -  -  -  -  -  - 

5C-34 Marine   3.7  -  -  -  -  -  - 

5C-35 Marine  -  -  -  -  - D  -  - 

5C-36 Marine 1.4 3.6  -  -  -  -  -  - 

5C-37 Marine  -  -  -  -  -  -  -  - 

5C-38 Marine  -  -  -  - D  -  -  - 

5C-39 Marine  - 1.4  -  -  -  -  -  - 

5C-40 Marine  - 1.5  -  -  -  -  -  - 
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Table 2.29: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5C-41 Marine  -  -  -  -  -  -  -  - 

5C-42 Marine  -  - 2.0  -  -  -  -  - 

5C-43 Marine 1.5 2.2 1.6  - 2.5 2.6  -  - 

5C-44 Marine 1.4 3.3  -  - D D  -  - 

5C-45 Marine 1.9 3.2  -  -  -  -  -  - 

5C-46 Marine D 1.6  -  -  -  -  -  - 

5C-47 Marine  - 3.1 2.2  -  -  -  -  - 

5C-48 Marine  -  - 1.5  -  -  -  -  - 

5C-49 Marine  -  - 2.0  -  -  -  -  - 

5C-50 Marine D 1.5  -  -  -  -  -  - 

5C-51 Marine  -  - D  -  -  -  -  - 

5C-52 Marine D 3.5  -  -  -  -  -  - 

5C-53 Marine D 3.7  -  -  -  -  -  - 

5C-54 Marine  - 1.3  -  - 1.5  -  -  - 

5C-55 Marine  -  - 2.0  - D  -  -  - 

5C-56 Marine D 1.7  -  -  -  -  -  - 

5C-57 Marine D 4.0  -  -  -  -  -  - 

5C-58 Marine D 3.6  -  -  -  -  -  - 

5C-59 Marine D 3.4  -  -  -  -  -  - 

5C-60 Marine  -  -  -  -  -  -  -  - 

5C-61 Marine 1.6 2.9  -  - D  -  -  - 

5C-62 Marine  -  -  -  -  -  -  -  - 

5C-63 Marine  - 1.6  -  -  -  -  -  - 

5C-64 Marine  - 1.5  -  -  -  -  -  - 

5C-65 Marine  - 1.2  -  - 1.2  -  -  - 

5C-66 Marine  - 1.0  -  - 1.4  -  -  - 

5C-67 Aq. Pond  -  -  -  -    -  -  - 

5C-68 Aq. Pond  -  - 1.8  -  -  -  -  - 

5C-69 Aq. Pond  - 1.1  -  -  -  -  -  - 

5C-70 Aq. Pond 1.4 1.5 1.7  -  -  -  -  - 

5C-71 Aq. Pond  - 1.3  -  -  -  -  -  - 

5C-72 Aq. Pond  - 1.4  -  -  -  -  -  - 

5C-73 Aq. Pond  -  - 1.5  -  -  -  -  - 

5C-74 Aq. Pond  - 1.4  -  -  -  -  -  - 

5C-75 Aq. Pond  - 1.0  -  -  -  -  -  - 

5C-76 Aq. Pond 1.3 2.9 1.2  -  -  -  -  - 

5C-77 Aq. Pond  -  - 2.0  -  -  -  -  - 

5C-78 Aq. Pond 1.5B 2.6  -  -  -  -  -  - 

5C-79 Aq. Pond 1.4B 3.5  -  -  -  -  -  - 

5C-80 Marine  - 1.4  -  -  -  -  -  - 

5C-81 Marine D 3.2 2.8 2.8 D D 0.3 D 
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Table 2.29: (Continued) 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

5C-82 Marine  -  -  -  -  -  -  -  - 

5C-83 Marine  - 2.5  -  -  -  -  -  - 

5C-84 Marine  - 3.0 1.7  -  -  -  -  - 

5C-85 Marine 1.5B 3.0  -  - D  -  -  - 

5C-86 Marine D 3.6  - D  -  -  -  - 

5C-87 Marine  -  -  -  -  -  -  -  - 

5C-88 Marine  - 1.8  -  -  -  - D  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 

 

Table 2.30: Primary & secondary screening of cultures isolated from cellulolytic 

(cellulose) enrichment system (15 ‰ salinity). 

CELLULOSE ENRICHMENT (15 ‰ salinity)   19 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15C-1 Lagoon  - 1.2  -  - D  - D  - 

15C-2 Lagoon  - 0.5  -  -  -  -  -  - 

15C-3 Lagoon 0.8 0.5 1.0  - D  -  -  - 

15C-4 Lagoon  -  - 1.2  -  -  -  -  - 

15C-5 Lagoon  - 1.3 0.6  - 0.6  - 0.4  - 

15C-6 Lagoon  - 1.0  -  -  -  -  -  - 

15C-7 Lagoon  - 0.5 1.4  - 1.0  -  -  - 

15C-8 Marine  - 0.8 1.3  - 1.2 D  -  - 

15C-9 Lagoon 1.2B 0.8 D  -  -  - 0.5  - 

15C-10 Lagoon  -  -  -  - 0.8  -  -  - 

15C-11 Lagoon  - 2.0  -  - 0.5  -  -  - 

15C-12 Lagoon  - 1.4 1.5  -  -  - D  - 

15C-13 Lagoon 0.6 1.0  -  -  -  - 0.6  - 

15C-14 Marine 1.1 1.1 1.0  - 0.5  -  -  - 

15C-15 Marine  -  -  -  - 0.8  - D  - 

15C-16 Lagoon  -  - 0.5  - D  - D  - 

15C-17 Lagoon 1.0 0.8 0.8  - D  -  -  - 

15C-18 Lagoon 2.2B 0.5  -  - D  -  -  - 

15C-19 Lagoon  - 1.0 0.5  -  -  -  -  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 
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Table 2.31: Primary & secondary screening of cultures isolated from cellulolytic 

(cellulose) enrichment system (25 ‰ salinity). 

CELLULOSE ENRICHMENT (25 ‰ salinity)   20 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

25C-1 Lagoon  - 0.5  -  -  -  - 0.8  - 

25C-2 Marine  -  - 1.5  - 1.1  -  -  - 

25C-3 Lagoon 1.0 0.9  -  -  - 0.5  -  - 

25C-4 Lagoon  - 1.0 0.6  -  -  -  -  - 

25C-5 Lagoon  -  -  - D  -  - 0.4  - 

25C-6 Lagoon  - 0.6  -  - 0.6  -  -  - 

25C-7 Marine  - 0.5  -  -  -  -  -  - 

25C-8 Lagoon 0.6 1.0  -  -  - 1.2P  -  - 

25C-9 Lagoon  -  - 2.3  -  -  - 0.5  - 

25C-10 Lagoon  - 1.2  -  - 0.8  -  -  - 

25C-11 Lagoon  - 0.6  -  -  -  -  -  - 

25C-12 Aq. Pond 
2.2B  - 1.0  -  -  -  -  - 

25C-13 Lagoon  - 0.5  -  - 1.0  -  -  - 

25C-14 Lagoon  - 0.8  - D  -  -  -  - 

25C-15 Marine 1.0 1.0  -  -  -  -  -  - 

25C-16 Marine 0.5  - 0.6  -  -  - 0.4  - 

25C-17 Lagoon 1.5B 2.5 0.5  -  -  -  -  - 

25C-18 Lagoon  - 1.0  -  - D  -  -  - 

25C-19 Lagoon 0.6  - D  -  -  - D  - 

25C-20 Lagoon  - 2.2  -  - 1.2  - D  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 

 

Table 2.32: Primary & secondary screening of cultures isolated from cellulolytic 

(cellulose) enrichment system (40 ‰ salinity). 

CELLULOSE ENRICHMENT (40 ‰ salinity)   2 cultures 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

40C-1 Lagoon 1.2 0.9  -  -  -  - 0.4  - 

40C-2 Lagoon  - 1.5  -  - D  - 0.8  - 

C: Clear/ Clearing Zone, D: Doubtful/ Negligible activity, P: Precipitation Zone (in mm) 

 

2.3.4 Selection of competent strains based on screening 

Based on the results of primary and secondary screening 40 pure cultures were 

selected from all enrichment systems and a cellulose degrading consortium obtained 

from cellulose enrichment system (25 ‰ salinity) was also selected for further 

studies (Table 2.33). The isolates selected were checked for their growth and 

retention of hydrolytic activity at all four salinities (05, 15, 25 and 40 ‰). Further, 

production and activity of extracellular hydrolytic enzymes were also probed to 

make the final selection of putative strains. 
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Table 2.33: List of selected cultures after primary and secondary screening. 

SELECTED CULTURES (Clearing/activity zone in mm) 41 CULTURES 

CULTURE ORIGIN STARCH GELATIN TWEEN80 CHITIN XYLAN PECTIN CELLULOSE LIGNIN 

15A-4 Marine 1.7C 2.0  -  - 1.8 1.0P  -  - 

15A-13 Marine 2.7C 2.5 1.0  - 3.0  - 1.0  - 

15A-14 Marine 2.7C 3.0 1.0  - 3.5  - 0.8  - 

15A-15 Marine 3.0C D 3.0  - D  -  -  - 

15A-24 Marine 2.7C 3.0 1.0  - 3.0  - 1.3  - 

15A-49 Marine 2.6C 3.0 2.0  - 3.3  - 1.0  - 

15Ch-1 Aq. Pond 2.0C 0.8 1.0 2.3 1.8 1.5C 1.3  - 

15Ch-11 Aq. Pond 1.0C D 1.0 2.3 2.6 1.6C 1.1  - 

40G-25 Marine 0.8C 1.5 1.1  - D  -  -  - 

40G-37 Marine 1.0C 1.6 1.0  -  -  -  -  - 

40G-46 Marine  - 1.7 1.8  - D D  -  - 

40G-47 Marine 0.8C 1.5 0.9  -  -  -  -  - 

40A-10A Aq. Pond 1.5 1.0 1.1  - D  -  -  - 

40A-34 Marine 2.1C 2.2 2.1 2.2  -  -  -  - 

40T-6 Aq.Pond 2.2C 2.2 1.0 1.6  - D  -  - 

5A-13 Marine 2.6 1.6 1.3 2.6 3.0 2.9  -  - 

5A-27 Marine 2.1 2.5 D  - 4.0 2.0 1.0  - 

5A-32 Aq. Pond 2.4 2.6 1.2  - 3.4 1.7 0.9  - 

5A-56 Marine 2.2C 2.2 D  - 3.7 2.1 D  - 

5A-69 Marine 3.0C 4.0 2.7 2.4 3.2  - 0.6  - 

25X-25 Aq. Pond 1.4C 2.4 1.9 2.0 1.2P 2.0  -  - 

25X-27 Aq. Pond 1.5C 2.4 2.5 2.4 1.6 2.0  -  - 

5C-22 Marine 2.3 D  - 1.8 2.1 3.2 1.0  - 

5C-43 Marine 1.5 2.2 1.6  - 2.5 2.6  -  - 

5C-81 Marine D 3.2 2.8 2.8 D D 0.3 D 

5G-20 Marine 1.7C 3.5  -  - 4.0  -  -  - 

5G-43 Marine 1.3C D D 2.3 3.6 1.0     

25A-32 Marine 2.5B D  -  - 3.5 2.4  -  - 

25G-10 Marine 2.1C 3.2 1.4  -  -  -  -  - 

40X-30 Aq. Pond 2.2C D 1.4   2.2 1.8C  -   -  

25P-77 Aq. Pond 2.0 3.0 2.3 2.9 1.6 1.5  - D 

25P-41 Aq. Pond 2.1 2.6 2.5 2.3 3.1 1.5  - D 

15X-19 Aq. Pond 1.1C 2.7  -  D  -  1.7P  -   -  

15X-22 Aq. Pond 1.4C 2.4  -  D 1.7 1.5C  -   -  

5P-61 Lagoon 2.2 2.4    - 1.6 2.1  -  - 

5P-62 Lagoon 1.7 3.0 1.7  - 1.2 1.7 1.1  - 

5P-89 Marine 2.1 2.3 2.0   2.3 1.1 1.5  - 

5P-91 Marine 2.3 3.0  -  - 2.3 1.8 1.5  - 

15P-24 Aq. Pond 0.5  - 0.7 0.6 1.2 1.2  -  - 

40P-50 Marine 2.1B 1.2 0.8 D D 2.4P  -  - 

R-53(25C) Aq. Pond  -  -  -  -  -  - 2.0  - 
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2.3.5 Growth and activity at different salinity regimes 

Growth and activity matrix of the selected isolates showed that few of the selected 

ones retained growth and activity at different salinities (Table 2.34). Based on the 

activity at different salinities an activity score was generated and 15 out of 41 

selected cultures scored more than 10. Activity score was calculated based on the 

hydrolytic activity against 7 substrates in media prepared with four salinity (5, 15, 

25 & 40 ‰), out of 28 hydrolytic plate assays (7x4=28) cultures positive to the 

assay will score on a scale of 28.  The most versatile culture was 5A-69 which 

retained amylolytic, proteolytic, lipolytic, chitinolytic and xylanolytic activities in 

all four salinity regimes with a total activity score of 21 on a scale of 28. Another 

culture 25X-27 also secured an activity score of 18 out of 28, but failed to grow on 

media with 5 ‰ salinity. The isolate 25X-27 registered amylolytic, proteolytic, 

lipolytic, chitinolytic, xylanolytic and pectinolytic activity at 15, 25 and 40 ‰ 

salinities. Another versatile isolate 5C-81 recorded proteolytic, lipolytic and 

chitinolytic activities at all four salinities with a total activity score of 17. Since, 

versatile isolates are excellent choices as  constituent ones for formulating  mixed 

culture consortia, cultures having higher activity score were selected for final 

selection of the constituent isolates. 

 

2.3.6 Quantitative enzyme assay 

The selected isolates were subjected to enzyme assays to quantify the production of 

7 different extracellular hydrolytic enzymes. All enzyme assays were done at a pH 

of 7.2 and results  given in Table  2.35. Contrary to the activity observed in standard 

plate assays, many potential cultures failed to register the activity/ production of 

extracellular hydrolytic enzymes in quantitative enzyme assays. Out of the 41 

cultures, only 10 cultures exhibited the production of three or more extracellular 

enzymes  at pH 7.2. However, 11 isolates failed to register production of any 

extracellular enzymes at the pH 7.2. One of the cultures, 5C-81 isolated from 

cellulose enrichment (5 ‰ salinity) was able to produce all enzymes except amylase. 

Highest amylase production was recorded by the cultures 15Ch-1, 5A-27 and 25P-

77. Two isolates 5A-69 and 5C-81 registered very high protease activity, whereas 

only two cultures showed positive activity for lipase. The isolate from cellulolytic 

enrichment, 5C-81 topped for chitinase and pectinase activity and 25X-27 registered 
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exceptional activity for xylanase. Cellulase production was topped by the 

consortium R-53(25C) and 15A-24. 

 

Table 2.34: Activity and growth at different salinity matrix of selected cultures. 

 

  

5 15 25 40 5 15 25 40 5 15 25 40 5 15 25 40 5 15 25 40 5 15 25 40 5 15 25 40

15A-4 + + G N + + N N G G G N G G G N G + G N G G N N G G G N 5

15A-13 + + G N G + G N G + G N G G G N G + G N G G G N G G G N 5

15A-14 + + G N G + G N G + G N G G G N + + G N G G G N G + G N 7

15A-15 + + G N G G N N + + N N G G N N G G N N G G N N G G N N 4

15A-24 + + + N + + + N + + + N G G G N + + + N G G G N G + G N 13

15A-49 G + G N G + G N G + G N G G N N G + G N G G N N G G G N 4

15Ch-1 + + G N G + G N + + G N + + G N + + G N + + G N + G N 12

15Ch-11 G + N N G G N N + + N N + + N N + + N N G + N N G G N N 8

40G-25 N G G + N G + + N G G + N G G G N G G G N N G G N G G G 4

40G-37 N G G + N G G + N G G + N G G G N G G G N N G G N G G G 3

40G-46 N G G G N G + + N G G + N G G G N G G G N N G G N G G G 3

40G-47 G G + + G + + + G G + + G G G G G G G G G G G G G G G G 7

40A-10A G + + + G + + + G + + + G G G G G G G + G G G G G G G G 10

40A-34 G G G + G G G + G G G + G G G + G G G G N N G G G G G G 4

40T-6 G G G + G G G + G G G + G G G + G G G G N G G G G G G G 4

5A-13 + + G G + + G N + + G G + + G G + G G G + G G G G G G N 10

5A-27 + + + G + + + G + G G G G G G G + + G G + + G G + G G G 12

5A-32 + + G N + + G N + + G N G G G N + + G N + + G N G G G N 10

5A-56 + + G N + + G N G G G N G G G N + + G N + + G N G G G N 8

5A-69 + + + + + + + + + + + + + + + + + + + + G G G G + G G G 21

25X-25 N + + G N + + G N + + G N + + G N G + G N + + G N G G G 11

25X-27 G + + + G + + + G + + + G + + + G + + + G + + + N G G N 18

5C-22 + + G N + G G N G G G N + + G N + + G N + + G N G G G N 9

5C-43 + + G N + + G N + + G N G G G N + + G N + + G N G G G N 10

5C-81 G G G G + + + + + + + + + + + + + + G G + + G G + G G G 17

5G-20 + + + G + + + G G G G G G G G G + + + G G G G G G G G G 9

5G-43 + + + G + G G G + G G G + + + G + + + G + + G G G G G G 13

25A-32 + + + G G G G G G G G G G G G G G + + G G + + G N G G G 7

25G-10 N + + N N + + N N + + N N G G N N G G N N G G N N G G N 6

40X-30 N + + + N + + + N + + + N G G G N + + + N + + + N G G G 15

25P-77 N N + N N N + N N N + N N N + N N N + N N N + N N N G N 6

25P-41 N N + N N N + N N N + N N N + N N N + N N N + N N N G N 6

15X-19 + + G N + + G N G G G N G + G N + + G N + + G N G G G N 9

15X-22 + + + N + + + N G G G N G G G N + + + N + + G N G G N N 11

5P-61 + + G N + + G N G G G N G G G N + + G N + + G N G G G N 8

5P-62 + + G N + + G N + + G N G G G N + + G N + + G N + G G N 11

5P-89 + + N N + + N N + N N N G G N N + + N N + + N N + G N N 10

5P-91 + + N N + + N N G G N N G G N N + + N N + + N N + G N N 9

15P-24 G + G N G G G N G + G N G + G N G + G N G + G N G G G N 5

40P-50 N G + + N G G G N G + + N G + + N G G + N G + + N G G G 9

R-53(25C) N G + N N G G N N G G N N G G N N G + N N G G N N + + N 4

 + : Activity, G: Growth, N: No-growth

STARCH GELATIN TWEEN 80 CHITIN XYLAN PECTIN CELLULOSE

SALINITY (‰)CULTURE
Activity 

score
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Table 2.35: Hydrolytic enzyme (unit activity) profile of selected isolates/ consortium. 

CULTURE ORIGIN AMYLASE PROTEASE LIPASE CHITINASE XYLANASE PECTINASE CELLULASE 

15A-4 Marine 405.1 42.0  -  -  -  -  - 

15A-13 Marine 78.0 27.0  -  -  -  -  - 

15A-14 Marine 46.2 37.0  -  -  -  -  - 

15A-15 Marine 16.0  -  -  -  -  -  - 

15A-24 Marine 162.0 250.8  -  -  -  - 3.7 

15A-49 Marine 19.3 30.6  -  - 1.8  -   

15Ch-1 Aq. Pond 1144.3  -  - 1.6  - 1.7  - 

15Ch-11 Aq. Pond  - 24.8  - 1.7  -  -  - 

40G-25 Marine  - 989.3  -  -  -  -  - 

40G-37 Marine  - 1004.2  -  -  -  -  - 

40G-46 Marine  - 37.6  -  -  -  -  - 

40G-47 Marine  - 548.0  -  -  -  -  - 

40A-10A Aq. Pond 1260.0 198.2  -  -  -  -  - 

40A-34 Marine 16.2  -  -  -  -  -  - 

40T-6 Aq.Pond 14.6  - 1.8  -  -  -  - 

5A-13 Marine 11.2  -  -  -  -  -  - 

5A-27 Marine 128.0 37.9  -  - 10.2  - 2.2 

5A-32 Aq. Pond  -  -  -  -  -  -  - 

5A-56 Marine 19.7 37.0  -  -  -  -  - 

5A-69 Marine 121.5 2132.1  - 10.2  -  -  - 

25X-25 Aq. Pond  -  -  -  -  - 1.2  - 

25X-27 Aq. Pond  - 69.8  -  - 678.4 3.2  - 

5C-22 Marine 12.0 23.0  -  -  - 1.7  - 

5C-43 Marine  -  -  -  -  -  -  - 

5C-81 Marine  - 1603.3 1.2 12.6 13.8 6.9 1.1 

5G-20 Marine 24.6 30.0  -  -  -  -  - 

5G-43 Marine  -  -  -  -  -  -   

25A-32 Marine 34.0  -  -  -  -  -  - 

25G-10 Marine  -  -  -  -  -  -  - 

40X-30 Aq. Pond 12.0  -  -  - 8.0 1.6  -  

25P-77 Aq. Pond 1113.9 137.9  - 6.6  - 1.2  - 

25P-41 Aq. Pond  -  -  -  -  -  -  - 

15X-19 Aq. Pond  -  -  -   - 13.0  -  -  

15X-22 Aq. Pond  -  -  -   - 10.6  -  -  

5P-61 Lagoon  -  -  -  -  -  -  - 

5P-62 Lagoon  -  -  -  -  -  -  - 

5P-89 Marine  -  -  -  -  -  -  - 

5P-91 Marine  -  -  -  -  -  -  - 

15P-24 Aq. Pond  -  -  -  -  -  -  - 

40P-50 Marine  -  -  -  -  -  -  - 

R-53(25C) Aq. Pond  -  -  -  -  -  - 10.3 

Unit activity: 1 µg of product  formed per millilitre per minute 
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2.3.7 Antagonism and incompatibility 

Based on the selection process (Figure 2.1) comprising primary and secondary 

screening, activity profile across four salinity regimes and enzyme quantification, 

altogether 9 cultures and a cellulolytic mixed culture (Table 2.36) were selected for 

the formulation of mixed bacterial consortia. A co-culture experiment was carried 

out to ascertain compatibility of selected cultures to make a mixed formulation. 

ZoBell's medium prepared in appropriate salinity was used to check antagonistic 

properties and compatibility of selected isolates. Compatibility chart of the selected 

isolates are given in Table 2.36. Since, slime production is one of the characteristics 

of pathogens, Congo red agar (CRA) was used to assess slime production potential 

of the selected organisms (Table 2.36). It was observed that, a highly potential 

isolate 5A-27 inhibited the growth of four other isolates. The putative isolate 5C-81, 

5A-69, 5Ch-1 and 25X-27 were inhibited by 5A-27. It was interesting that, a Gram 

positive short rods with terminal spores inhibited 5C-81 and 5A-69 which are large 

Gram positive rods. Other  two isolates inhibited by 5A-27 were 5Ch-1, which are 

Gram negative short rods and 25X-27 a Gram negative long rod. When the isolates 

were spot inoculated on CRA medium, one of the isolates, a Gram positive rod 15A-

4A developed black colony. A black colony with shiny surface  is a positive 

indication of slime production which in turn is characteristic of pathogens. Since, the 

pale black colonies of 15A-4A was devoid of sheen, it was re-inoculated on CRA 

medium along with a positive control several times and characteristic shiny black 

colonies were not observed. 

 

Table 2.36: Compatibility matrix of selected cultures / consortium. 
Culture 5C-81 5A-69 5A-27 15A-24 15A-4A 15ch-1 25X-27 40X-30 40A-10A R-53+ 25P-77 

5C-81  + --- + + + + + + + NG 
5A-69 +  --- + + + + + + + NG 
5A-27 --- ---  + + --- --- + + + NG 
15A-24 + + +  + + + + + + NG 
15A-4A + + + +  + + + + + NG 
15ch-1 + + --- + +  + + + + NG 
25X-27 + + --- + + +  + + + NG 
40X-30 + + + + + + +  + + NG 
40A-10A + + + + + + + +  + NG 
R-53+ + + + + + + + + +  NG 
25P-77 NG: No growth  
Slime  

(CRA) 
- - - - Black 

colony 

- - - - - NG 

+ Growth, --- inhibition/ suppressed growth. 

CRA: Congo red agar medium, Black shiny colony indicates slime production. 

Co-culture medium: ZoBell’s agar with appropriate salinity 
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Figure 2.1: Flow chart of  selection process of potential isolates. 
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2.3.8 Formulation of putative consortia. 

Based on the assessment of hydrolytic activity, growth, enzyme production, strain 

compatibility and flexibility of salinity preference, following isolates (Table 2.37) 

were selected for formulation of putative detritivorous microbial consortia. Selected 

cultures were co-cultured to check any indication on antagonism or incompatibility.  

 

Table 2.37 Details of putative consortia. 

Consortium 1 2 3 

Code C015 C1530 C30+ 

Salinity range 0-15 ‰ 15-30 ‰ 30 ‰ and above 

Cultures selected 5C-81 

5A-69 

15A-4A 

15A-24 

15Ch-1 

 

5C-81 

5A-69 

15A-4A 

15A-24 

15Ch-1 

25X-27 

5C-81 

5A-69 

15Ch-1 

25X-27 

40A-10A 

40X-30 

 

2.3.8.1 Consortium 1 

It is a mixture of 5 isolates  from different environments. 5C-81 is a Gram positive 

sporulating rod with good growth and hydrolytic properties. It was isolated from the 

marine sediment from Arabian Sea (depth of 450 m) (09° 
54'53"N, 75°33'51"E). It is 

a high protease producer, crude cell free supernatant of 48 hr old ZoBell’s broth 

with 0.5 % casein exhibited 1603.3 U (1 Unit activity = enzyme required for the 

release of 1µg tyrosine mL
-1 

minute
-1

) caseinase activity. Besides it is lipolytic, 

chitinolytic and registered doubtful results in the test of lignin degradation system, 

starch hydrolysis and pectin hydrolysis. It grows well in 0 to 40 ‰ salinity with 

remarkable enzyme production. 5A-69 is a Gram positive sporulating, rod shaped 

bacterium isolated from  marine sediment from Arabian Sea (depth of 1110 m) 

(13°29'83"N, 73°17'43"E) with good growth at any salinity ranging from 0 - 40 ‰. 

It is a good protease and amylase producer (2132.1 U and 121.5 U respectively), and 

tested positive for lipolytic, and chitinolytic activity. 15A-4A is a Gram positive rod 

with good amylase production (405.1 U), it also possess hydrolytic activity against 

gelatin, xylan (hemicellulose) and pectin. It was isolated from marine sediment, 
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Arabian Sea (depth of 450 m) (09°54'53"N, 75°33'51"E). 15A-24 is a positive rod 

which was isolated from the same location from where 5A-69 was obtained. It is an 

amylase producer (162 U) and degrades gelatin, xylan and cellulose. 15Ch-1 was 

isolated from shrimp culture pond sediment from Ponneri, near Chennai, Tamil 

Nadu. It is  chitinolytic  with high amylase production (1144.3 U) and  degrades 

cellulose and xylan.  

 

2.3.8.2 Consortium 2 

Five isolates in this consortium are the same present in consortium 1. 5C-81, 5A-69, 

15A-4A, 15A-24 and 15Ch-1, having good growth and activity up to 30 ‰ are 

included in this consortium. This formulation also include 25X-27 which is a slender 

Gram negative rod with yellow pigmentation; it is a xylanase producer (8 U), 

protease positive (69.8 U) and active on pectin and chitin. A cellulolytic mixed 

culture, R-53(25C) composed of cellulase producing (10.13 U) group of Gram 

positive rods, cocci, and slender rods with bulging terminal spores, was originally 

included in this formulation to supplement cellulolytic property but due to its 

extremely slow growth it was removed from the constituents of the consortium 2. 

 

2.3.8.3 Consortium 3 

It includes 5C-81, 5A-69, 15Ch-1 and 25X-27; which were present in consortium 2. 

It also contained 40A-10A with hydrolytic activity on gelatin, starch and tween 80 

and 40X-30 with xylanolytic property. 

 

2.3.9 Identification of selected putative bacterial strains 

Based on the selection processes (Figure 2.1) eight cultures were selected as 

constituent isolates for formulating consortium for  bioremediation of organic waste/ 

detritus in shrimp aquaculture systems. The selected isolates were identified by 16S 

rRNA gene sequence analysis and sequences obtained were compared with the 

database of  National Centre for Biotechnology Information (www.ncbi.nlm.nih.gov) 

and the Ribosomal Database Project (www.cme.msu.edu/RDP/html/index.html) 

using the search algorithms provided in their respective websites. Based on the 

sequence alignment and matching using search algorithms, the strains were 

identified as following (Table 2.38): 
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Table 2.38: Identification of selected strains 

Strain Identified as Origin 

5C-81 Bacillus thuringiensis Marine sediment (450 m depth), 

Arabian Sea, off the coast of Kochi, 

Kerala, India. 

5A-69 Bacillus thuringiensis Marine sediment (1110 m depth), 

Arabian Sea, off the coast of Udupi, 

Karnataka, India. 

15A-24 Bacillus firmus Marine sediment (1110 m depth), 

Arabian Sea, off the coast of Udupi, 

Karnataka, India. 

15A-4A Paenibacillus barcinonensis Marine sediment (450 m depth), 

Arabian Sea, off the coast of Kochi, 

Kerala, India. 

15Ch-1 Cellvibrio gandavensis Shrimp pond sediment, Ponneri, near 

Chennai, Tamil Nadu. 

25X-27 Microbulbifer celer Shrimp pond sediment, Ponneri, near 

Chennai, Tamil Nadu. 

40X-30 Gracilibacillus dipsosauri   Aquaculture pond sediment, near the 

confluence area of Zuari river, Goa, 

India. 

40A-10A Marinobacter aquaeolei Shrimp pond sediment, Ponneri, near 

Chennai, Tamil Nadu. 

  

2.3.10 Growth profile and cell density of selected bacterial isolates 

Selected bacterial isolates were grown in nutrient broth (Himedia M002) under  

specific growth conditions (incubated at 28 °C and 60 RPM in a shaker incubator 

and growth was monitored in terms of  absorbance at 600nm. Three isolates, 5C-81, 

5A-69 and 15A-4A were fast growing cultures with high absorbance and cell density 

(Table 2.39) in standard nutrient broth when incubated under specific growth 

conditions (Figure 2.2). Isolates with moderate absorbance were 25X-27, 15A-24 

and 40A-10A, but exhibited high cell density. (Table  2.39). Two of the isolates 

40X-30 and 40A-10A were slow growing with low absorbance but registered high 
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cell density in  nutrient medium. As per the growth profile of the isolates, log phase 

of most of them ceased at 12 hours of incubation and in general, inception of lag 

phase seemed  to be from 18 to 24 hours of growth. Onset of decline phase was 

generally after 48 hours of incubation and by 72 hours, absorbance drastically 

declined (Figure 2.2). 

 

Table 2.39: Growth, absorbance and cell density of selected cultures. 

No. Culture Incubation 

(hours) 

Abs 600 Cell density 

(CFU mL
-1

) 

Remarks 

1 5C-81 18 1.762 2.25 x 10
8 

Fast growth, high 

absorbance and cell 

density. 

2 5A-69 18 1.704 4.65 x 10
8 

Fast growth, high 

absorbance and cell 

density. 

3 15A-24 18 0.462 3.45 x 10
8 

Moderate growth, 

absorbance  and high 

cell density. 

4 15A-4A 18 1.989 1.16 x 10
9 

Fast growth, high 

absorbance and cell 

density. 

5 15Ch-1 18 0.055 1.45 x 10
8 

Slow growth, very low 

absorbance and high 

cell density. 

6 25X-27 18 0.774 8.85 x 10
8 

Moderate growth, 

absorbance and high 

cell density. 

7 40X-30 18 0.120 2.0 x 10
8 

Slow growth, low 

absorbance and high 

cell density. 

8 40A-10A 18 0.893 4.99 x 10
9 

Moderate growth, 

absorbance and high 

cell density. 
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Figure 2.2: Growth pattern of selected isolates 
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Figure 2.2: (Continued) 
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Figure 2.2: (Continued) 
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Figure 2.2: (Continued) 
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2.3.11 Lab scale bioaugmentation   

A lab scale ex-situ bioremediation  of the constituted consortia was assessed on an  

effluent generated in the laboratory. This effluent under three salinity regimes  (15, 

25 & 35 ‰) were seeded with the consortia 1, 2 and 3 respectively and their detritus 

degradation efficacy was assessed  in terms of BOD removal, changes in inorganic 

nitrogen and phosphate concentrations  monitored over a period of five days. In all 

three salinities, significant reduction in BOD was observed (p < 0.05) in test flasks 

than in controls (Figure 2.3). In the treatment system with 15‰ salinity, the initial 

average BOD value of 141 mg L
-1

 could be brought down to 87 mg L
-1

 on 3
rd

 day.  

Similar trends in reduction was observed in the treatment systems with 25 ‰ (151 

mg L
-1

 reduced to 104 mg L
-1

) and 35 ‰ (136 mg L
-1

 to  85 mg L
-1

) on the 3
rd

 day. 

Control flasks across all salinities did not register any considerable reduction in 

BOD during the experiment.  

 

TAN levels across all test treatments registered an obvious surge, which peaked on 

the 2
nd

 day of the experiment (Figure 2.4). While TAN values in control flasks 

across all treatments were more or less constant without any considerable change. 

The increased TAN values in test flasks indicated the degradation of organic 

constituents by the action of microbial consortia. Nitrate-N contents  in all 

treatments were less than that of the controls (Figure 2.4) but the difference was not 

significant  (p > 0.05). Whereas, nitrite-N registered a significant increase (p < 0.05) 

in all treatments than in controls (Figure  2.4) suggesting stimulation of  nitrification. 

Phosphate levels in all  treatments were below detectable levels (Figure 2.4). 

However, from the third day  onwards and there was  significant difference between 

test and control flasks (p < 0.05). 
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Figure 2.3: BOD reduction in lab scale bioaugmentation experiment 
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Figure  2.3: (Continued) 

 
 

Figure 2.4: Inorganic nitrogen and phosphate levels during lab scale 

bioaugmentation experiments 
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Figure 2.4: (Continued) 
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2.4 Discussion 

 

So far there are no reports  on the screening and selection of potential hydrolytic 

bacteria for the development of  consortia for application in aquaculture as pond 

probiotics / bioremediator. Though there are several commercial  products of 

microorganisms available, there is no scientific documentation on the process 

adopted for generating them. As per the claims of the producers, these products are 

safe and effective in supporting  health of aquatic animals, but these are not beyond  

genuine doubts  (Wang et al., 2008). Ineffective products that are sold as probiotics 

have even lead farmers to question the very concept of probiotics, rather  the nature 

or mode of action or the bacterial counts in the  product (Moriarty et al., 2005). 

Some commercial probiotic preparations contain inappropriate species of bacteria, 

or population densities that are too low to be effective in aquaculture (Moriarty et al., 

2005). It has been reported that, selection of probiotic bacteria has usually been an 

empirical process based on limited scientific evidence (Gomez-Gil et al., 2000). 

Many of the failures in probiotic research can be attributed to the selection of 

inappropriate microorganisms (Gomez-Gil et al., 2000). Moreover, it is important to 

have defined selection strategy to incorporate methods to ensure the flexibility of 

candidate species to adopt with different target environments. Gomez-Gil et al., 

(2000), listed out various strategies to select probiotic bacteria for use in the 

larviculture of aquatic animals. This includes, collection of background information, 

acquisition of putative probiotic species, evaluation of their ability, assessment of  

pathogenicity,  evaluation of their effect on host animal and cost benefit analysis. 

The  study embodies a clear selection strategy on how to isolate putative 

bioremediators  and how to select the competent candidates based on elaborate 

screening processes. Through various levels of screening, three well defined, mixed 

bacterial consortia could be  constituted through  the present  study. 

 

In this study, various samples collected from different marine/ brackish water/ 

aquaculture environments were used to enrich and isolate competent heterotrophic 

bacteria. A simple enrichment system was adopted for various salinity regimes. A 

total of 104 samples were enriched to isolate putative bioremediators suitable for 

various environmental conditions. Altogether, 1160 isolates could be obtained from 

the enrichment systems and elaborate screening procedure was employed to screen 
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and segregate the appropriate bioaugmentors for detritus degradation. Generally 

selection of probiotics for disease protection in aquaculture is based on their 

antagonistic property (Vine et al., 2004). However, in the present study screening 

and selection of the organisms were based on their degradative potential  against 

organic matter to use them as bioaugmentors for detritus degradation. Accordingly, 

based on the hydrolytic potential 40 isolates could be segregated, and based on the 

activity profile across four salinity regimes and enzyme quantification 8 isolates and 

a cellulolytic consortium could be identified for generating the mixed culture 

consortium. They were identified as Bacillus thuringiensis (5C-81) & (5A-69), 

Bacillus firmus (15A-24), Paenibacillus barcinonensis (15A-4A), Cellvibrio 

gandavensis (15Ch-1), Microbulbifer celer (25X-27), Gracilibacillus dipsosauri 

(40X-30) and Marinobacter aquaeolei (40A-10A). Their growth profile and cell 

density were determined and generated three consortia such as C015 (0-15 ‰), 

C1530 (15 - 30 ‰) and C30+ (30 ‰ and above). Though high hydrolytic properties 

were exhibited by many selected strains in plate assay, low extracellular enzyme 

activity during screening can be attributed to the fact that the enzyme assays were 

done at the specific pH 7.2 which may not be the optimal pH. With these consortia 

lab scale bioaugmentation could be accomplished which showed reduction of BOD, 

surge in TAN during the initial period, establishment of first step nitrification and 

reduction in phosphate level.  

 

There are no reports  on isolating putative bioremediators  from various marine/ 

brackish water/ aquaculture environments for use in aquaculture. However, there are 

a few reports on similar approaches followed for enhancing inorganic nutrient 

regeneration by the addition of effective indigenous bacteria for decomposition of 

organic matter in sediment water system (Karim et al., 2003). Karim et al., (2003) 

isolated two bacterial isolates which could decompose organic matter in a eutrophic 

bottom environment. There are reports on adopting appropriate screening operations 

to isolate oil degrading bacteria for bioremediation of oil spills (Stallwood et al., 

2005). Ensor et al., (1999) screened various marine bacteria and isolated a marine 

bacterium  2- 40 which could recycle a wide variety of complex polysaccharides  

enhancing recycling of carbon and nitrogen. However, similar works oriented 
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towards development of bioremediators for aquaculture have not been reported so 

far.  

 

The use of probiotics in aquaculture has been  increasing over the years along with 

the demand for more environment-friendly aquaculture practices (Gatesoupe, 1999; 

Vershuere et al., 2000; Shamsuzzaman & Biswas, 2012). However, there has not 

been any effort  to develop an appropriate protocol for  the development and 

validation of aquaculture  bioremediators / probiotics. Meanwhile, there are several 

reports  on the isolation of putative probiotic bacterial species from different 

environments for disease management, aquaculture pathogen bio-control and to 

improve host immune response (Gatesoupe, 1999; Vershuere et al., 2000). In the 

present study, eight candidate putative bacterial isolates were selected after several 

stages of screening procedures. Four isolates were from  deep marine sediments 

collected from Arabian Sea (450 to 1100 m depth) and the other four were from  

aquaculture pond sediments. Three of the isolates  from aquaculture pond sediment 

were from shrimp farms in Ponneri, near Chennai, on the eastern coast (Coromandel 

Coast) of India. Another isolate from the  aquaculture environment was from a farm 

near  River Zuari, Goa,  on the western coast (Konkan coast) of India. In effect the 

overall  screening process facilitated the selection of putative bioaugmentors from 

different ecological zones such as  Arabian Sea, Konkan coast lining the Arabian 

Sea and Coromandal coast along the Bay of Bengal.  By this selection, it was 

possible to formulate effective microbial consortia for  bioremediation of detritus in 

aquaculture.  

 

There is an increased use of probiotics in shrimp farming to control diseases and to 

maintain environmental quality, and most of the commercial preparations contain 

beneficial bacteria which include in most instances Bacillus sp., Rodobacter sp., 

Rodococcus sp. and Streptococcus faecalis (Shamsuzzaman & Biswas, 2012). 

Presently, the genus Bacillus represents a peculiar case among the bacteria used as 

probiotics (Wang et al., 2008). Due to the physical and biological characteristics of 

the endospore, Bacillus preparations are extremely resistant to the environmental 

changes and have a prolonged shelf life. Commonly used species of Bacillus as 

probiotics in aquaculture are B. subtilis, B. cerus, B. coagulans, B. clausii, B. 

megaterium and B. licheniformis (Wang et al., 2008). Two other species of Bacillus 
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identified as probiotics are Bacillus thuringiensis (5C-81 and 5A-69) and Bacillus 

firmus (15A-24). Bacillus thuringiensis is an ubiquitous Gram positive bacterium 

widespread in nature having soil as the normal habitat. The organism grows 

naturally as saprophyte, feeding on dead organic matter, persist in soil as spores and 

exhibit  vegetative growth  when nutrients are available (Cetinkaya, 2002). Although, 

it produces parasporal crystal inclusions that are toxic to many orders of insects, 

many strains of B. thuringiensis obtained from diverse environments show no 

insecticidal activity (Cetinkaya, 2002). Recently, occurrence of marine Bacillus 

thuringiensis  was reported by Maeda et al., (2000) and Dash et al., (2014). 

However, there are no reported studies on the use of Bacillus thuringiensis as 

probiotic organism in aquaculture. Isolation of Bacillus thuringiensis from marine/ 

brackish water environments is limited to only a few studies and there are not much 

report on marine isolates. Recovery of Bacillus thuringinesis with no halophilism 

from marine sediments of Bay of Japan was reported by Maeda et al., (2000) and a 

few strains were isolated from intertidal brackish water  mangrove sediments by 

Maeda et al., (2001). Recently, another isolate of Bacillus thuringinesis  with high 

tolerance to mercury was obtained from  Odisha coast, India (Dash et al., 2014). In a 

similar trend studies  on marine Bacillus firmus are  also very scanty and reports on 

its possible use in aquaculture are very rare. There is no reported study  on the use of 

B. firmus in aquaculture as probiotic. Other  selected putative probiotics are 

Paenibacillus barcinonensis (15A-4A), Cellvibrio gandavensis (15Ch-1), 

Microbulbifer celer (25X-27), Gracilibacillus dipsosauri (40X-30) and 

Marinobacter aquaeolei ( 40A-10A).  These isolates have not been reported as 

potential probiotic candidates in aquaculture. However, there is a report on a 

saprophytic marine bacterial isolate of Microbulbifer sp. (2-40)  isolated from 

decaying salt marsh grass, Spartina alterniflora (Ensor et al., 1999). This species  

degrades numerous complex polysaccharides including agar, alginic acid, 

carrageenan, cellulose, chitin, glucan, laminarin, pectin, pullulan, starch and xylan. 

Considering the above,  it is believed that Microbulbifer sp. (2-40) can recycle a 

wide variety of plant, animal and microbial complex polysaccharides and has an 

important role in recycling carbon and nitrogen in the marine environment (Ensor et 

al., 1999).  
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Less effort has been devoted to studies of bacteria inhabiting marine sediments, yet 

there is evidence to suggest that Gram-positive bacteria comprise a relatively large 

proportion of these communities (Gontang et al., 2007). Marine bacterioplankton 

represent one of the most thoroughly studied environmental communities on the 

planet, yet bacteria inhabiting marine sediments remain largely uncharacterized 

(Gontang et al., 2007). Recent researches suggested that Gram-positive bacteria are 

likely to play important microbiological roles in the marine environment, yet 

without  fundamental understanding of their diversity and ecophysiology, it is 

difficult to assess the ecological significance of this relatively overlooked 

component of the marine bacterial community. Although Gram-positive bacteria 

have been cultivated from seawater, marine invertebrates, and other sample types, 

marine sediments, including deep sea sediments, are the primary oceanic habitat 

from which they have been recovered (Gontang, et al., 2007). Members of the order 

Bacillales are generally saprophytic and include well known producers of important 

secondary metabolites (Gontang et al., 2007). Like their terrestrial relatives, marine 

Gram-positive bacteria may play a significant role in the breakdown of recalcitrant 

organic matter and therefore in the Ocean’s biogeochemical cycle (Gontang, et al., 

2007). 

  

Organisms belonging to genus Bacillus is well accepted in aquaculture as probiotics 

for a number of reasons. Bacillus is considered to be an efficient degrader of organic 

matter when administered frequently at high density (Moriarty et al., 2005). 

Moreover, denitrifying ability of Bacillus, enable them to breakdown organic waste 

and use nitrate when oxygen is depleted, which is especially effective on the pond 

bottom (Moriarty et al., 2005). They are able to out-compete other bacteria for 

nutrients and space and can exclude them through the production of various 

antibiotics (Verschuere et al., 2000). Due to their ability to secrete several 

extracellular enzymes, they have been used widely as putative probiotics (Nejad et 

al., 2006). By virtue of the prolific production of a wide range of exo-enzymes, 

Bacillus spp. are very efficient at breaking down large molecules such as proteins 

and fats (Moriarty et al., 2005). Many Bacillus species produce a wide range of 

antagonistic compounds (Moriarty et al., 2005) which is an added advantage as they 

control the opportunistic pathogen  in aquaculture environment. Vershuere et al., 

(2000) observed that by maintaining higher levels of Gram positive bacteria in the 
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production ponds, build up of dissolved and particulate organic matter can be 

minimized along with more stable phytoplankton bloom through increased 

production of CO2. Studies have shown that when strains of Bacillus are 

administered as probiotics in the shrimp ponds,  growth and survival have been 

found  improving  and immunity enhanced (Rengpipat et al., 2000). Bacillus 

administration also has been shown to increase shrimp survival by enhancing 

resistance to pathogens by activating both cellular and humoral immune systems 

(Rengpipat et al., 2000). Wang et al., (2005) observed enhanced decomposition of 

organic matter, with reduced nitrogen and phosphorous concentrations in probiotic 

treated ponds compared to control. Recently, Zokaeifar et al., (2012) demonstrated 

that administration of two strains of B. subtilis  improved the growth performances, 

digestive enzyme activity and immune response against the pathogenic bacterium, 

Vibrio harveyi in white shrimp.  

  

There is considerable interest in the use of probiotics to improve production 

environment in pond aquaculture and the mechanism of probiotic actions to the 

positive influence on water quality is still a matter to investigate (Ibrahem, 2013). It 

is important to ensure that organic detritus and slime do not accumulate in the 

aquaculture systems. All organic wastes like excreta, excess feed and dead algae 

must be decomposed rapidly  for which  active bacterial populations adapted to 

rapid degradation of complex organic molecules must be present in the system 

(Moriarty et al., 2005). Now, the general perception is that probiotic preparations 

based on multiple strains are much more effective than the ones  with single strain 

(Vershuere et al., 2000). The work undertaken in the present study  is a premier 

attempt to generate mixed bacterial consortia to suit the requirement of wide range 

of salinity regimes in aquaculture systems. Accordingly, the consortium C015 is 

designed to function in a salinity range of 0 to 15 ‰, consortium C1530 functions in 

a salinity range 15 to 30 ‰ and the consortium coded C30+ performs at salinity 

above 30 ‰. In a recent study, a probiotics preparation consisted of three species of  

Bacillus  (B.subtilis, B.cereus and B.licheniformis) was found to have better 

bioremediation potency in shrimp polyculture (Su et al., 2011).  
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In short, the three consortia of detritus degraders formulated here can transform 

aquaculture operations easy  and environment friendly as they are capable of 

managing organic waste accumulation. Therefore, the major outcome of the study is 

that by constituting these consortia it is possible to address detritus management in 

all salinity regimes. It is envisaged that the mixed culture consortium will be capable 

of acting and interacting under a variety of conditions and will be able to maintain 

sustainable aquaculture productivity.  

 

The next chapter deals with demonstration of the efficacy of defined consortia in a   

simulated  systems and explores avenues for consortia optimization for better 

performance. 
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Chapter III 

 

Efficacy of defined bacterial 

consortia in lab scale simulated 

bioassay systems and optimization  
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3.1 Introduction 

 

Though Asian countries are the biggest market for aquaculture probiotics, there are 

very limited attempts on comprehensive studies on their performance, and efforts on  

field level evaluations are very rare. There were a few attempts to study the efficacy 

of commercial aquaculture bioremediators  in  field conditions,  and outcome of 

which  is not apparent. It is a difficult process to ascertain the beneficial effects of   

microbial products as bioremediators in real life aquaculture systems,  because of 

numerous unaccounted interactions and umpteen variables, which are seldom 

'brought in' to the experimental design. The common probiotics used in pond/ 

detritus management are live non-pathogenic bacteria (usually Bacillus sp.) and 

fermentation products rich in extracellular enzymes (Boyd and Massaut, 1999). 

Potential benefits of probiotics in aquaculture pond management include enhanced 

decomposition of organic matter, reduction in nitrogen and phosphorus 

concentrations,  better algal growth, greater availability of dissolved oxygen,  

reduction in blue-green algae,  control of ammonia, nitrite, and hydrogen sulphide, 

lower incidence of disease, greater survival of stock and better production (Boyd 

and Massaut, 1999). The addition of probiotics to aquaculture ponds should not 

result in any damage to crop or to the environment and no food safety issues should 

come up  (Boyd and Massaut, 1999). However, several studies have shown very few 

positive benefits resulting from the addition of probiotics (Boyd and Massaut, 1999). 

Generally, Gram-positive bacteria are better biological entities to convert organic 

matter into CO2 than Gram-negative bacteria. Thus, during a production cycle, 

higher levels of these bacteria can reduce the accumulation of particulate organic 

carbon. It is now an accepted fact that, maintenance of higher levels of these Gram-

positive bacteria in production ponds  can minimize the build-up of dissolved and 

particulate organic carbon during the culture cycle while promoting more stable 

phytoplankton blooms through the increased production of CO2. Still many of the 

experts / researchers uphold the fact that  mechanisms of pond bioremediator / 

probiotics are unknown and the conditions under which improvement of the system 

expected are yet to be identified and are pretty much open to debate.  

 

In India there are several commercial ventures which advocate the use of wide 

variety of probiotics for pond, soil and through feed and it has become a common 
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practice disregard to their expected efficacy. Positive impact of the new trend is that  

it has brought down considerably the use of antibiotics in aquaculture. The use of 

probiotics has been found to be the highest in Vietnamese shrimp farms (91%), 

followed by the tilapia (74 %) and shrimp (74 %) farms in Thailand, Vietnamese 

Pangasius (38 %), shrimp farms in China (27%), shrimp/prawn farms in Bangladesh 

(9%) and Chinese tilapia farms (8 %) (Rico et. al., 2013). The probiotic products 

applied in aquaculture sector consist of a broad variety of formulations such as 

photosynthetic bacteria, microorganisms for nutritional and enzymatic contribution 

to digestion, and bacteria for improving water quality (Rico et al., 2013).  These 

commercially prepared microbial preparations have been marketed as 

bioremediation tools for maintaining water quality and reducing the accumulation of 

organic waste in pond sediments, despite a paucity of information available about 

their effectiveness (Moore, 2000). In most of the commercial probiotics, constituent 

bacterial genera are normally listed on the product labels, but the species and their 

counts are most often not declared (Rico et al., 2013). Most of the commercial 

probiotic products (pond bioremediators) available in markets are not backed with 

any valid scientific studies on their development and in-vitro performance in lab 

scale bioassays. Very few commercial products have published records, that too  on 

the very limited lab scale studies, and due to the proprietary nature of these 

commercial products, very little information has been made available for 

scrutinizing the source, research & development undertaken and performance  under 

realistic situations.  

 

There are numerous studies on probiotic microorganisms and their in-vitro efficacy 

on disease suppression, pathogen control or improvising host immune response to 

specific pathogens. These studies extensively used bioassay models to prove the 

efficacy of such putative microorganisms isolated from various sources. Most 

commonly used bioassay model is pathogen challenge assays with or without 

administering putative probiotic organisms. These experiments have provided 

valuable insight into the concept of administering probiotic entities to counter 

disease, pathogens and environmental stress. It also helped immensely to shape up 

the application to a commercial format fit for actual field level applications. The lab 

scale bioassay experiments are considered to be the precursor of expected outcome 

in field applications, and such lab scale bioassay/ microcosm experiments have 
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contributed immensely to shape the course and development of probiotics in 

aquaculture in the past few decades. Unfortunately, such bioassay/ microcosm 

studies are limited and scarce when it comes to the development of probiotic 

products for the bioremediation of organic detritus and to improve the water quality 

in aquaculture systems.  

 

3.1.1 Evaluation of aquaculture bioremediator products 

 

Even though there remains an opinion that  the probiotic's beneficial mechanism of 

actions in improving water quality/ bioremediation of organic detritus have not been 

proved (Boyd and Massaut, 1999), during the last decade, probiotics for water 

quality improvement and pond bioremediation were common input materials to most 

of the shrimp farming sectors worldwide. It is suggested that maintaining high levels 

of probiotics in production ponds, minimize the accumulation of dissolved and 

particulate organic carbon during the culture and this can balance the production of 

phytoplankton (Verschuere et al., 2000). This hypothesis is yet to be proved in field 

level evaluations (Martınez Cruz et al., 2012) and comprehensive study on probiotic 

mediated improvement in water quality is limited with the exception of nitrification 

(Verschuere et al., 2000).. One of the first evaluations of commercial probiotic 

products was reported by Queiroz and Boyd (1989), a bacterial preparation called 

'Biostart' (derived from Bacillus isolates)  used during the production of catfish. 

Though, survival and production were significantly higher when the probiotic was 

applied, differences were insignificant for water quality variables between the 

treated and control ponds (Queiroz and Boyd, 1989). However, Taoka et al., (2006) 

reported significant differences in water quality variables in Japanese flounder 

(Paralichthys olivaceus) closed recirculating system with better survival and 

production when fed with bacteria-yeast mixed probiotic. Sambasivam et al., (2003) 

reported a congenial rearing environment, better growth performance and increased 

production in small shrimp farm in Tamil Nadu, India when probiotics were 

administered for the entire culture period. Effectiveness of microbial pond probiotics 

was also reported by Wang et al., (2005), with respect to increase in beneficial 

bacterial population, reduced concentration of nitrogen & phosphorus and overall 

growth yield in P. vannamei culture ponds in China. Shailender et al., (2012) and 

Soundarapandian et al., (2010), observed better water quality variables in 
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P.monodon  ponds when administered with a commercial pond bioremediator 

preparation. Elumalai et al., (2013), observed better production and improved water 

quality when a commercial feed probiotic was used in P.monodon grow-out systems. 

Another study revealed that the probiotics were instrumental in maintaining good 

water quality, higher beneficial and lower pathogenic bacterial load in fish ponds 

(Padmavathi et al., 2012). But there are reports on insignificant differences in water 

quality variables between treatments when treated with pond bioremediators, 

however showed significant differences for total heterotrophic bacteria in the 

sediment (Paiva-Maia et al., 2013).  

 

3.1.2 Use of mixture design tool in microbiology 

 

Statistical tools like mixture design and surface response methodology are now 

considered as valuable experimental tools in the field of applied microbiology. 

These experimental tools analyze the performance of microorganisms, allow the 

study of interactions and lead to the formulation of a starter inoculum that can be 

formed by a single strain or microbial consortium as the main requirement for 

designing and optimising a fermentation process (Navarette-Bolanos et al., 2007). 

Recently many microbial application specialists are increasingly relying on mixture 

design tools to formulate microbial preparations for fermentation, probiotic 

medicines, enhance the flavour of fermented delicacies and preparation of mixed 

microbial inocula. The greatest impact of the application of mixture design is in 

microbial consortia studies as it helps understand the complex interactions of 

constituent cultures. Generally, the results of consortia studies that involve 

combinations of pure cultures, as  mixed inoculum, face experimental difficulties 

related to both the syntrophic association and interpretation of the phenomenon. As 

a consequence, researchers often prefer to use  only one of the candidate strains. The 

use of pure cultures in fermentation processes has had great impact on all facets of 

human civilization. However, in order to design new fermentation/bioremediation 

process, or optimize the existing ones, consortia studies must be considered in order 

to take advantage of the high levels of non-linear interactions among consortia 

members. Up to date, this approach has not been extensively described in  literature. 

Among the described alternatives for consortia optimizing studies, the use of genetic 
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algorithms, as well as those efforts based on experimental design and response 

surface methodology is the most promising (Navarette-Bolanos et al., 2007).  

 

Recently these tools were put to good use in applied microbiology and there  are 

several reported works which made use of such statistical tools. Statistical 

approaches like fractional factorial design was used to identify the main interaction 

effects of parameters and their influence on biodegradation of individual BTEX 

(benzene, Toluene, Ethyl benzene and Xylene) compounds in mixed microbial 

cultures (Rene et al., 2007). The influence of the different mixtures of 3 strains of 

bacterial consortium on the decolourisation of effluent was studied using an 

equilateral triangle diagram and mixture experimental design to assess colour and 

COD removal (Ayed et al., 2011). In this study, the mixture design method was used 

for the multi-objective optimisation of bacterial consortium, with the decolourisation 

in biodegradation process as response. Chen et al., (2006) reported the use of 

mixture design to construct a microbial consortia for enhanced azo-dye 

decolouration. Through the establishment of the regression model and the analysis 

of the interaction between the variables, and by combining the optimisation 

functions of the mixture design software, the mixture design was proven to be 

effective for the optimisation of mixed decolourising starter cultures involving 

several species. This method will shorten the development cycle of novel starter 

culture and improve the accuracy of the experimental design (Ayed et al., 2011). 

Response surface methodology (RSM) has been extensively applied to the treatment 

of data obtained from physicochemical and sensory analyses, nutritional parameters 

and to study microbial growth (Arroyo-Lopez et al., 2009). RSM is a powerful 

technique for testing multiple process variables, because fewer experimental trials 

are needed as compared to studying one variable at a time. Also, significant 

interactions between the variables can be identified and quantified by this technique 

(Pio and Macedo, 2008). The traditional 'one-at-a-time' optimization strategy is 

simple and useful in screening procedures, and the individual effects of medium 

components can be seen on a graph with no need to revert to more sophisticated 

statistical analyses. Unfortunately, this simple method frequently fails to locate the 

optimal response region, because the joint effects of factors on the response are not 

taken into account. It has been reported that the complexities and uncertainties 

associated with large-scale fermentations usually arise from a lack of knowledge of 
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the sophisticated interactions amongst the various factors acting during fermentation. 

In this scenario, statistical experimental designs provide an efficient approach to 

optimization. The fractional factorial design (FFD) is especially suitable in 

accounting for the interactions and identifying the more significant components in a 

medium formula. A combination of factors generating a certain optimal response 

can be identified from the use of a factorial design and response surface 

methodology (Pio and Macedo, 2008). Pio and Macedo (2008) optimized the 

composition of the growth medium employing response surface methodology for the 

production of cutinase by Fusarium oxysporum. The combined effect of NaCl, KCl, 

CaCl2, and MgCl2 on the water activity and the growth parameters of 

Saccharomyces cerevisiae was studied by means of a D-optimal mixture design 

(Bautista-Gallego et al., 2008). To obtain the optimization formulation of pure 

cultures in Tibetan kefir, the influence of the different mixtures of five strains in the 

pure cultures in Tibetan kefir on the flavor components in fermented milk was 

studied using the mixture design (Jian-zhong et al., 2007). Through the 

establishment  of  the regression model and the analysis of the interaction between  

the variables, and  by  combining  the Optimization  functions of the mixture design 

software, the mixture design was proved to be effective for the optimization  of 

mixed  fermented starter cultures involving several species.  This method  shorten 

the development  cycle of novel starter cultures  and improve the accuracy of  the 

experimental design (Jian-zhong et al., 2007). Mixture design was used for the 

formulation of a suitable liquid detergent for clog removal. In this research, various 

compositions of sodium hypochlorite, sodium hydroxide, sodium carbonate and 

sodium meta-silicate were used to optimise the clog removal formulation and twenty 

formulation components were selected according to the D-optimal criterion (Arifin 

et al., 2007). Techapun et al., (2002) produced cellulase-free xylanase by a 

thermotolerant Streptomyces sp. grown on agricultural waste and the medium was 

optimized using mixture design and Plackett–Burman experimental design methods. 

Rispoli and Shah (2007) used mixture design experiments to evaluate the influence 

of six nutrient elements on production of cutinase from the fungus Colletotrichum 

lindemuthianum. The process of developing an optimum medium for maximum 

production involves a stage where the critical medium components and process 

parameters influencing production of the desired product are screened. Once the 

components critical to the production are screened, the second stage of media 
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optimization is to find the optimum concentration of each component for maximum 

product formation. While developing an industrial process it is imperative to carry 

out the optimization studies that can be scaled up at larger scale with ease (Rispoli 

and Shah, 2007). The interpretation of data in mixture experiments where the 

components represent proportionate amounts of the factors differs from classical 

factorial experiments where the response varies depending on the amounts of each 

input variable. The advantage of mixture experiments over factorial design is that 

one can more efficiently study the interaction influence amongst factors on the 

production, and subsequently eliminate both neutral and negative factors. Mixture 

experiments have been the subject of many studies and have enjoyed extensive 

application in pharmaceuticals, geology, petroleum, food, and tobacco industries 

(Rispoli and Shah, 2007). 

 

3.1.3 Optimization of bacterial consortia using mixture design tool  

 

Objective of this study  was to probe the effect of composition of constituent strains 

on the performance of mixed microbial consortia on degrading organic matter, using 

D-optimal mixture design with high level constraint (all formulations should have a 

final concentration of ≤ 1.0 x 10
6
 cells mL

-1
). Three mixed microbial consortia 

developed for the bioremediation of accumulated organic matter (DOC and POC) in 

aquaculture systems operating at different salinity regimes were selected for the 

optimization studies using mixture design tool. Constituent isolates were enriched 

and isolated from different marine and brackish sediments / water. Strains were 

selected after a series of screening to select the best strains which could hydrolyse a 

variety of organic substrate at different salinity regimes. Mixed bacterial consortia 

were formulated by blending competent isolates with high hydrolytic activity against 

organic substrate at a particular salinity range. Typical, defined mixed consortia 

were made by mixing constituent isolates in equal proportion to get the desired cell 

density (Usually 10
6
 to 10

9
 cells mL

-1
). A statistical experiment design, also known 

as design of experiments (DOI) is a well established methodology for planning and 

executing an informative experiment with predetermined settings. DOI can be used 

for many applications addressing temporal, physical, space or process related factors. 

A modified DOI called mixture design allows researcher to find the optimal 

formulation for a mixture. A formulation containing 5 strains can be constituted in 
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many ways provided the sum of all isolates should not exceed 10
6 

cells mL
-1

. For 

example, there can be many possible combinations of 5 isolates blended at 0, 25, 50, 

75 and 100% provided the formulation should not exceed 100%. Mixture 

experiments involve blending two or more components/ ingredients, and in this type 

of experiment, the quality of end product depends on the relative proportion of the 

specific components in the mixture. In mixture design the design space is defined as 

low level and high level constraints of each factor or any multifactor constraints. In 

this case, each factor (bacterial isolate) has a low level constraint of 0 % (not 

included in the formulation) and high level constraint of 100 % (pure blend / 

formulation constituted entirely by the factor in consideration only).  

 

In the D-optimal design, selection chooses points from the candidate point set that 

are spread throughout the design space. The points selected are model dependent 

and are selected to minimize the variance associated with the coefficient. Therefore 

the design should be augmented to provide for estimates of pure error by replication 

and for determining the lack of fit using excess design points. Mixture design 

experiments differ from standard response surface experiments mainly by the use of 

special type of designs and the mixture polynomial is slightly different from those 

used in response surface experiments. The coordinate system of mixture proportion 

is a simple coordinate system. Each of the vertices corresponds to a pure blend and 

each of the sides represents mixtures of two components only. Interior points 

represent mixture containing all ingredients and the centroid of the triangle 

corresponds to mixtures with equal proportion of all the ingredients. In this study, 

consortia composition representing the centroid point (all ingredients present in 

equal proportions) was constituted and its performance was evaluated in lab scale 

bioassay/ simulated systems yielding promising results. The mixed consortia can 

perform more effectively if it is blended in the right proportion and for this, 

optimization experiments should be carried out with the statistical tool ‘Mixture 

Design’ (Design Expert V 9.0, Stat-Ease Inc, US). Mixture design has been used to 

optimize formulations in a wide variety of fields, it has been used for formulating 

paints, special concrete mixtures, cements, pharmaceuticals, and in Microbiology it 

is mainly used to formulate media, fermentation substrate,  superior quality 

fermented food etc. But this tool has not been used to develop artificial mixed 
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microbial consortia, although genetic algorithm has been extensively used in the 

field of artificially constructed consortia. 

  

In Chapter II development of three putative microbial consortia has been described. 

The present chapter details on the efficacy of three defined, bioremediator microbial 

consortia in lab scale bioassay experiments. Overall potential of microbial consortia 

in ameliorating organic detritus in simulated bioassay systems is studied and 

interpreted. Findings on the optimization using mixture design tool is also 

interpreted and discussed.  

 

3.1.4 Objectives 

 

 To determine the efficacy of putative bacterial consortia in  lab scale 

simulated bioassay systems. 

 To study the effect of bacterial consortia on physico-chemical-biological 

factors in a long term study using simulated bioassay systems. 

 To explore the avenues for further optimization of the consortia by 

modifying the composition of the consortia using the statistical tool 'Mixture 

Design'. 
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3.2 Materials and methods 

 

3.2.1 Defined consortia 

As described in Chapter II, three defined consortia were developed for the 

bioremediation of detritus in aquaculture systems. Through a selection process eight 

cultures had been selected as constituent strains for formulating consortia (Table 

2.37) for the bioremediation of organic waste/ detritus in shrimp aquaculture 

systems. Three defined microbial consortia were developed for specific salinity 

range. Consortium 1 (C015) with salinity preference of 0 to 15 ‰, Consortium 2 

(C1530) with optimal salinity zone of 15 to 30 ‰ and Consortium 3 (C30+) which 

works over salinity 30 ‰ and above. All the three consortia were constituted from a 

total 8 putative isolates, C015 consisted of only 5 isolates and the other two 

consortia were made up of 6 isolates each. Constituent bacterial isolates were 

selected based on their salinity preferences, versatile growth/ activity and hydrolytic 

potentials. 

 

3.2.2 Simulated bioassay systems  

Efficacy and performance of putative microbial consortia were tested in lab scale 

simulated bioassay system. Semi-intensive shrimp culture systems were mimicked 

in 24 L capacity plastic tanks without  water exchange or clean up of accumulated 

waste. Simulated bioassay system was arranged in the bioassay complex of NCAAH, 

and it consisted of 18 FRP tanks grouped into three blocks of experimental treatment 

based on salinity of the medium (10, 20 and 32 ‰). Each experimental block 

consisted of three replicates of test and control treatments randomly arranged within 

the block. All control and test treatments were assigned random experiment codes 

and the physical placement of each treatment tanks in the bioassay racks was 

randomized without following any definite order. All tanks were connected to a 

common aeration system and aeration level in all tanks was kept constant throughout 

the experiment period. During the experiment, salinity increase due to evaporation 

loss was constantly monitored and corrected with supplementation of deionized 

water. Daily sampling and observation of bioassay tanks were done in a random 

order without following a fixed pattern.     
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3.2.3 Experimental animals 

Widely reared black tiger shrimp (Penaeus monodon) was used as experiment 

animal in bioassay experiments. For bioassay I, 60 day old healthy adult shrimps 

were collected from the local farm near Thannermukkam bund, Kerala. Shrimps 

were divided into three batches and acclimatized in different salinities (10, 20 & 

32 ‰) for five days, prior to experiment. For the second bioassay experiment, 20 

days old tiger shrimp post larvae (PL-20) was used. Sufficient numbers of PL-20s 

were sourced from Matsyafed prawn hatchery, Kaipamangalam, Kodungallur, 

Kerala. Procured PL20s were made into three batches and were acclimatized in three 

salinities (10, 20 & 35 ‰). Healthy animals were selected from these acclimatized 

lots for the bioassay experiments. 

    

3.2.4 Bioassay experiments 

3.2.4.1 Bioassay I 

Initial bioassay  was conducted to assess the potency of putative microbial consortia 

to ameliorate organic waste and to improve the water quality of the simulated 

system. A single initial dose of defined consortia was administered and change in 

physico-chemical characteristics of the system was studied for a period of 15 days. 

In bioassay experiment I, adult black tiger shrimps (Penaeus monodon) of an 

average weight of 15 g (60 days old) were used as the experimental animal. Fibre 

reinforced plastic (FRP) tanks each holding 24 L of seawater were used for the 

simulated bioassay. The experiment was carried out in three different salinity 

regimes, (10, 20 & 32 ‰) and each set consisted of control and test tanks 

maintained in triplicates. In all tanks three animals were introduced and maintained 

with mild aeration (0.5 LPM) for two days before start of the experiment. Animals 

were fed with commercial grade pellet feed daily (approximately 3% of animal body 

weight). All tanks were provided with mild aeration (0.5 LPM) from a common air 

blower with individual air control valves to each tanks and aeration rate was 

monitored and adjusted at individual tank using a rotameter. Experimental tanks 

were maintained without water exchange or removal of accumulated waste materials 

throughout the experiment period. In the event of death of animals, fresh animals of 

similar size and weight from the stock  were supplemented to maintain the number 

of animals in each tank. Defined microbial consortia appropriate for the specific 

salinity were applied in all test tanks to start the bioassay.   
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3.2.4.2 Bioassay I - Consortia preparation 

Overnight grown constituent cultures after adjusting cell density to 0.1 Abs at 

600nm, were inoculated in 300mL  ZoBell’s broth. After 48 hr incubation 100 mL 

of consortia were added to test tanks. Each consortium (100ml) was administered in 

each treatment (10, 20 & 32 ‰) at an initial cell density of 1.4 x 10
5
, 1.63 x 10

5
 and 

0.88 x 10
5
 cells mL

-1
, respectively (Table 3.1). Following physico-chemical 

parameters were monitored daily:  pH, temperature, salinity, total ammoniacal 

nitrogen (TAN), nitrite-nitrogen, nitrate-nitrogen, turbidity, alkalinity and 5day 

biochemical oxygen demand (BOD). Tanks were examined daily for residues (feed 

particles and faecal matters) and moults.  

 

Table 3.1: Initial cell density of microbial consortia as  inocula  

No. Consortia Salinity Cell density mL
-1

 

(Inocula)  

Initial cell density in  

24L tanks (cells mL
-1

) 

1 C015 10 ‰ 3.42 x 10
7
 1.4 x 10

5 

2 C1530 20 ‰ 3.91 x 10
7
 1.63 x 10

5 

3 C30+ 32 ‰ 2.1 x 10
7 

0.88 x 10
5 

 

3.2.4.3 Bioassay II 

The second bioassay experiment was intended to test the influence of putative 

microbial consortia on the overall health of the simulated culture systems including 

the physico-chemical-biological factors. But specific benefits of the consortia were 

assessed in terms of better water quality of the system, better growth / biomass of 

cultured animals and lesser waste accumulation / detritus. Second phase of bioassay 

was done with P. monodon Post Larvae (PL-20) for a period of two months (60 

days). All treatment tanks were supplemented with 40 post larvae each and 

maintained with constant aeration (1 LPM) throughout the experiment. The 

microbial consortia were supplemented to all test treatments once in every 7 days 

throughout the period of experiment. Following physico-chemical parameters were 

monitored daily: pH, temperature, clarity of water, salinity, total ammoniacal 

nitrogen (TAN), nitrite-N, nitrate-N, phosphate, alkalinity and 5 day biochemical 

oxygen demand (BOD). At the end of experiment survival of animals, growth and 
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biomass yield were also observed. Particulate detritus accumulation in all tanks was 

quantified gravimetrically, by filtering out the content of the tank  and accumulated 

detritus. Tanks were examined daily for residues (feed particles and faecal matter), 

dead animals and moult. Alkalinity destruction in all treatment tanks was rectified 

by the addition of appropriate amounts of calcium carbonate. 

 

3.2.4.4 Formulation of putative consortia for bioassay experiment II 

In order to introduce the  microbial consortia with known cell density into the 

bioassay systems, it was required to account the  cell counts  in actively growing 

cultures under specific growth conditions. Cell densities of the constituent cultures 

were determined by enumerating cell suspensions of specific optical density (600nm) 

by plating on ZoBell's agar plates. The resulting cell counts were  empirically related 

to the optical density of cell suspension and this exercise was repeated several times 

to get a direct relation between the cell count and absorbance (optical density) of  

the constituent cell cultures  at specific growth conditions.  

 

A loop full of culture from a 24 hr old ZoBell’s agar slant (prepared in  filtered, aged 

sea water with appropriate salinity) was inoculated in to respective ZoBell’s medium 

(50 mL) and incubated for 24hr in a shaker incubator (Scigenics, India) at 28 °C 

with orbital shaking set at 60 RPM. The  24 hr old broth culture (500 µL) was sub 

cultured in  fresh ZoBell’s broth (50mL) and incubated at 28 °C with shaking set at 

60 RPM. After inoculation, absorbance (600nm) was monitored using  

spectrophotometer (Shimadzu, UV1600) at 6, 12, 24, 36, and 48 hrs of incubation. 

For optical density measurement 1 mL  culture was taken in a micro centrifuge tube 

and centrifuged at 6440 RCF at 4 °C for 10 minutes in a refrigerated centrifuge 

(Remi, C-23). After centrifugation supernatant was discarded and the pellet was re-

suspended in sterile buffered saline for washing (pH 7.2) and the washing step was 

repeated twice to remove all media constituents. After washing, the cell pellets were 

re-suspended in 1 mL sterile buffered saline (pH 7.2) and this suspension  after 

appropriate dilutions was used  to measure absorbance @ 600nm. The same cell 

suspension was used for enumerating cell counts as well by spread plating on 

ZoBell’s agar plates. This step was repeated several times to derive an empirical 

relation between specific optical density and cell counts. Appropriately diluted, cell 
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suspensions of all constituent cultures were used to formulate the defined microbial 

consortia. All test treatments in the bioassays were supplemented with 10
6
 cells mL

-1 

of consortia.   

 

3.2.4.5 Physico-chemical and biological analysis 

Bioassay I: pH, temperature, salinity, turbidity, alkalinity, TAN, nitrite-N, nitrate-N 

and 5 day BOD were assessed daily, during the experiment for 15 days. At the end 

of the experiment animal survival and growth yield were also assessed.  

 

Bioassay II: pH, temperature, salinity, alkalinity, TAN, nitrite-N, nitrate-N, 

phosphate and 5 day BOD were assessed daily, during the experiment for 60 days. 

Physico-chemical analyses were done on a daily basis up to day 40 and every 

alternate day till 60
th

 day. At the end of the experiment animal survival, growth and 

total accumulated particulate detritus were monitored. All physico-chemical 

analyses were performed as per the standard methods for the examination of water 

and wastewater (20th edition, APHA, 1998) and as per the practical handbook of 

seawater analysis (Strickland and Parsons, 1972). 

 

3.2.5 Mixture design experiment: In vitro total carbon removal experiment 

For constituting a mixture of different bacterial isolates, exact biomass in terms of 

cell number should be known to meet the functional requirements of a bacterial 

consortium (total biomass of the mixed consortia should be 10
6
 cells mL

-1
). In any 

combination, the total number of cells should be to the tune of 10
6
 cells mL

-1
, even if 

it is a  blend of  all  five isolates. The empirical relation between cell count and 

absorbance of cell suspension of a specific isolate was determined by  

epifluorescence microscopy and spectrophotometry. Absorbance of a culture grown 

at particular set of condition and the biomass in terms of cell count could  be 

empirically related and using this relation it was easy to administer the constituent 

isolates in various proportions (various cell densities) as provided by the mixture 

design experiment. Constituent bacterial isolates were cultured in ZoBell's broth 

prepared in seawater of appropriate salinity (10, 20 & 32 ‰), incubated in shaker 

incubator (Scigenics, India) at 100 RPM and 28 
◦
C.  After 48 hr of incubation, 100 

µL culture was drawn in to  1.5 mL centrifuge tube and centrifuged at 10064 RCF 

for 10 minutes (Remi C-23, Centrifuge). Discarded the supernatant and pellet re-
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suspend in appropriate saline and the absorbance measured at 600nm. The above 

suspension was suitably diluted and enumerated by epifluorescence microscope 

using acridine orange stain. This step was replicated several times to validate the 

empirical relation between optical density and cell number.  

 

3.2.5.1 Enumeration of cell density by epifluorescence microscopy 

Suitably diluted, washed, cell suspension of the cultures were stained with acridine 

orange dye and filtered through pre wetted sterile 0.2µ irgalan black stained 

nucleopore polycarbonate filters (Millipore GTBP 011300) using sterile syringe 

filters. After filtration, polycarbonate filters were immediately mounted on clean 

glass slides and non-fluorescent immersion oil was used as filter overlay. A 

minimum of seven fields per filter per sample were counted on an epifluorescence 

microscope (Olympus CX-41). Bacterial cells fluoresced green under blue excitation 

were enumerated using an eyepiece of known area and grids.  

 

From the above procedure an empirical relation could be made between the cell 

count and absorbance. By adjusting the absorbance, cell suspensions of desired cell 

count could be prepared for constituting the consortium. Combinations were first 

mixed in a small vial/ tube and the final volume of the inocula were made uniform 

by supplementing with appropriate saline. The prepared inocula were administered 

as washed cell pellets in 25 mL  aged sea water of appropriate salinity supplemented 

with powdered 0.5 % (w/v)  shrimp feed (0.5%). 

 

3.2.5.2  In vitro total carbon removal experiment 

The mixture design tool template was used to create a new mixture design with a 

quadratic design model and D-optimal design as initial model. Constituent isolates 

were added as mixture components and were coded as A, B, C, D, E & F and 

selected the unit of components as cell mL
-1

. Total carbon (C) removal was selected 

as the design response for all individual mixture formulations. 
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Table 3.2: Details of mixture components and consortia to be optimized  

Consortium 1 2 3 

Code C015 C1530 C30+ 

Salinity 10 ‰ 20 ‰ 32 ‰ 

Mixture component A 

Mixture component B 

Mixture component C 

Mixture component D 

Mixture component E 

Mixture component F 

5C-81 

5A-69 

15A-4A 

15A-24 

15Ch-1 

 

5C-81 

5A-69 

15A-4A 

15A-24 

15Ch-1 

25X-27 

5C-81 

5A-69 

15Ch-1 

25X-27 

40A-10A 

40X-30(1) 

 

Mixture design was set up with constraints or conditions, as sum of all components 

which should be equal to 10
6
 cells mL

-1 
and minimum and maximum constraints for 

each mixture component was 0 cells mL
-1

 (not included in the mixture) and 10
6
 cells 

mL
-1

. Constraints were set in this way to find whether the model would  recommend 

any pure blend or  pure blends along with true mixture blends consisting different 

mixture components. Total carbon was selected as the response for the experiment. 

After setting up three different mixture design templates for three consortia, the 

programme was executed and the respective mixture design templates suggested 26 

mixture compositions (Figure 3.1) for consortium 1 (C015) and 33 mixture 

compositions (Figure 3.2 & 3.3) for consortia 2 & 3 (C1530 & C30+). 

 

The key mixture combinations based on the crucial design points calculated by the 

programme (Figure 3.1, 3.2, 3.3) were prepared in laboratory and inoculated in 25 

mL sterile aged sea water containing 0.5 % powdered shrimp feed. Inoculated flasks 

were incubated at room temperature for 48 hrs on an orbital shaker (Labline, India) 

at 60  RPM. Un-inoculated, sterile flasks were maintained as control for this 

experiment. At the end of experiment entire content of the flasks were subjected for 

total carbon (C) analysis using a CHNS analyser (VarioEL III, Elementar, GmbH: 

SAIF, CUSAT, Cochin).  After the experiment, total carbon content (%) in each 

flask inoculated with different combinations was given as input for the design 

response and the programme was executed for the prediction of mixture 
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combination which resulted in lower carbon in the system. The design outputs and 

predicted formulations were checked for operational feasibility and further studies. 

 

Figure 3.1: Key mixture combinations (26) for consortium C015 
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Figure 3.2: Key mixture combinations (33) for consortium C1530 

  
 

3.2.6 Statistical analysis 

Data generated was processed and statistically analysed by the data analysis pack of 

Excel spreadsheet (Microsoft Office) and using PAST (PAlaeontological STatistics, 
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version 1.34) statistical software (Hammer et al., 2001). Statistical analysis of 

mixture design experiments were done by the Design Expert v 9.0 software, Statease, 

USA. 

 

Figure 3.3: Key mixture combinations (33) for consortium C30+ 
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3.3 Results 

 

3.3.1 Bioassay I: Physico-chemical analysis. 

 

3.3.1.1 BOD removal. 

Reduction in biological oxygen demand can be directly linked to the reduction in 

amenable organic matter in water. For aquaculture effluent,, stipulated marine 

discharge standard for BOD level is 50 mg L
-1

. Bacterial consortia were 

administered to experimental tanks when BOD values were 100 to 200 mg L
-1

 

(Table 3.3, 3.4 & 3.5), and after the addition of consortia BOD increased in test 

tanks to reach levels observed in control tanks on the second day (Figure 3.4). After 

day 4, BOD levels in test tanks started to decline gradually and such a decline trend 

in control tanks were noticed only by day 6 (Figure 3.4). The BOD values in test 

tanks were lower than that in the control tanks throughout the experiment. On 15
th

 

day of experiment BOD values in tests  were below 20 mg L
-1

, but control tanks 

registered BOD values above 50 mg L
-1

 (Figure 3.5). The experiment tanks were left 

undisturbed after 15 days and BOD on 30
th

 and 60
th 

day were analysed and results 

indicated very low BOD in both control and test tanks. As per single factor ANOVA 

(α = 0.05), BOD values in test and control tanks showed very less significant 

difference (p = 0.9396). Differences in BOD values observed in individual 

experiment blocks (in treatment systems having 10, 20 and 32 ‰ ) were also not 

very significant (p=0.7336, 0.6153 & 0.6968). Differences in average BOD values 

registered in control and tests  in each experiment block were also not significant 

(p= 0.3708, 0.3271 & 0.3425 in treatment systems having  10, 20 & 32‰ 

respectively). Significant differences in average BOD values were observed for the 

last 7 days in the system having  10 ‰ (p=0.044316), last 9 days in the systems 

having  20 ‰  (p=0.015067) and last 7 days in the systems having 32 ‰ 

(p=0.04373). Average BOD values of all tests and controls in all treatments showed 

significant difference after day 6 (p=0.032553) and BOD values for all treatments in 

systems having 20 ‰  were significant for the last 7 days (p = 0.00382). Turbidity 

and BOD values in treatment systems having 10, 20 and 32 ‰ (Figure 3.6) showed  

positive correlations (correlation coefficient 0.535968, 0.315009 and 0.727004 

respectively). 
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Figure 3.4: Bioassay I - BOD removal in experimental tanks 
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Figure 3.5: Bioassay I - BOD trends in different treatments 

 
 

3.3.1.2 TAN, Nitrite-N and Nitrate-N 

TAN concentrations across all treatments were very high during the treatment 

(Table 3.3, 3.4 & 3.5) and there was a sharp surge in concentrations from day 2 

onwards in all treatments (Figure 3.7). After the addition of bacterial consortia, an 

obvious increase in TAN concentration in all test tanks across all treatments were 

observed. TAN levels peaked around day 8 and concentrations as high as 20 mg L
-1
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& -0.9227  in both controls and tests having 10 ‰, 20 ‰ and 32 ‰  respectively), 

which implied  setting  of biological nitrification. 

 

Figure 3.6: Bioassay I - BOD and turbidity in different treatments 
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Figure 3.7: Bioassay I - TAN and Nitrite-N trend in various treatments 
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Figure 3.8: Bioassay I - Alkalinity and pH trends in various treatments 
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Figure 3.9: Bioassay I - Alkalinity and TAN removal in various treatments 

 
 

 
 

 
 

  

0

20

40

60

80

100

120

140

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A
lk

a
li

n
it

y
 (

m
g

 L
-1

)

T
A

N
 r

e
m

o
v
a
l 

(m
g

 L
-1

)

Days

Alkalinity and TAN removal 10 ‰ tanks

TAN 10 control TAN10 test Alkalinity 10 control Alkalinity 10 test

0

20

40

60

80

100

120

140

160

180

0

2

4

6

8

10

12

14

16

18

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A
lk

a
li

n
it

y
 (

m
g

 L
-1

)

T
A

N
 r

e
m

o
v
a
l 

(m
g

 L
-1

)

Days

Alkalinity and TAN removal 20 ‰ tanks

TAN 20 control TAN 20 test Alkalinity 20 control Alkalinity 20 test

0

50

100

150

200

250

0

2

4

6

8

10

12

14

16

18

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A
lk

a
li

n
it

y
 (

m
g

 L
-1

)

T
A

N
 r

e
m

o
v
a
l 

(m
g

 L
-1

)

Days

Alkalinity and TAN removal 32 ‰ tanks

TAN 32 control TAN 32 test Alkalinity 32 control Alkalinity 32 test



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 157 
 

 

3.3.1.3 Alkalinity, pH and turbidity 

General alkalinity trend across all treatments (Figure 3.8) was fairly consistent   

from the initial days up to 9
th

 to 12
th

 day of experiment. Alkalinity drop was 

observed in all treatments in tune to the sudden decline of TAN from 8
th

 to 9
th

 day of 

the experiment and by the end of the experiment (15
th

 day) alkalinity had dropped to 

low levels in all tanks. In the treatment system with 10 ‰, alkalinity declined from 

the initial value of 110-120 mg L
-1

 to 90-93 mg L
-1

 by 11
th

 to 12
th

 day of experiment 

followed by a drastic decline to low levels. Similar trend was observed in the 

treatment systems with 20 ‰ (150-170 mg L
-1

 to 90-100 mg L
-1

 ) by 10
th

  to 11
th

  

day followed by sudden drop to low levels by the end of the experiment. From the 

initial levels of 207-220  mg L
-1

 alkalinity in the treatment systems having 32 ‰, it 

lowered to 130-137 mg L
-1

  by 9
th

  to 12
th

  days and abrupt alkalinity destruction was 

noticed along with declining TAN concentrations. Obvious alkalinity destruction in 

test tanks across all treatments was observed from 9, 10 and 11
th

 day of the 

experiment, where as  in the control systems  it was noticed from 12
th

 day. 

In all treatment systems having 10 & 20 ‰  pH values were observed between 7.0 

and 8.0 for the first 12 days of experiment and rapid decline was observed towards 

the end of the experiment (Figure  3.8). However, in the treatment system having 32 ‰  

pH values were between 7.0 and 8.0 throughout the experiment and the 

characteristic drop in pH towards the end of experiment was not obvious in all 

treatment tanks. Alkalinity and pH values in all treatments showed positive 

correlation and higher r values were observed in tests  than that in controls. 

Correlation coefficients in treatment systems having 10, 20 & 32 ‰ were 0.9741, 

0.8797 & 0.8802 and corresponding r values for controls were 0.9181, 0.7737 & 

0.6888 respectively. TAN removal and alkalinity destruction were very much 

obvious in all treatments (Figure 3.9) and alkalinity values in tests were lower than 

that of control tanks in tune with faster TAN depletion observed in tests. There were 

strong positive correlation between TAN removal and alkalinity destruction in all 

treatments and higher r values were observed in treatment systems having 20 & 

32 ‰. The  r values in treatment systems having 10, 20 & 32 ‰ were 0.9171, 

0.9584 & 0.9551  and corresponding r values for controls were 0.9437, 0.9019 & 

0.7691 respectively. 
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Turbidity measured in NTU showed  similar pattern in all treatments. Turbidity 

peaked in all treatment systems around 5
th 

to 6
th

 day corresponding to the higher 

BOD  observed. Turbidity values were highest on 5 - 6
th

 day of the experiment in the 

treatment systems having 10 ‰  and highest turbidity was observed in the system 

having 32 ‰.  Turbidity values were more or less in tune with BOD trends in all  

systems  and the highest turbidity was observed with higher BOD. BOD and 

turbidity  exhibited positive correlation and highest r value was observed in the 

treatment system having 32 ‰  (r: 0.7270) followed by the ones with 10 ‰ (r: 

0.5360) and 20 ‰  (r: 0.3150). Corresponding r values in the controls having 10, 20 

& 32 ‰  were 0.2902, 0.4991 & 0.5106 respectively. 

3.3.2 Bioassay I: Physical observations 

All treatments were checked daily for physical attributes like residual feed, clarity of 

water, moulting, mortality, faecal matter accumulation, etc. During the experiment, 

water clarity for first 3 days was very good, but as experiment progressed water 

became turbid in all tanks across all treatments. Residual feed and fecal matter 

accumulation was very low in all tanks during the initial 3 days and it gradually 

increased as experiment progressed. But in the treatment systems having 20 & 32 ‰ 

residual matter was very low till 7
th

 day which  gradually increased over the period 

of time. During the end of experiment all control tanks were having higher 

accumulated load of residual matter and the highest accumulated matter was 

recorded in the control tanks having 32 ‰. A few of the treatment systems having  

20 ‰ were also having accumulated  waste material  at the end of the experiment. 

Animal mortality was not observed in any of the treatment systems and moulting 

was observed in all tanks. Higher instances of moulting were observed in the 

treatment systems having 32 ‰.  

3.3.3 Bioassay I: Animal growth and survival 

During the experiment, animal mortality was not observed and the average weight 

gain in test tanks was marginally higher when compared to that in the controls 

(Table 3.6). But the difference was not significant and maximum growth in terms of 

weight gain was higher in test tanks. From the mean initial weight of 15.0 to 15.12 g 

all animals in the experiment tanks gained weight over the 15 day experiment and 
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final mean weight was between 16.3 to 16.74 g. Though the difference was not 

significant, the marginal increase in final weight in all test tanks indicated the 

possible beneficial effect of bacterial consortia on animal growth and biomass gain. 

 

Table 3.3: Bioassay I: Salinity (10 ‰) Physico-chemical analysis 
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1 Control 7.4-7.6 27 120±10 2.11±0.8 130±12 1.65±0.02 0.11±0.03 BDL 

Test 6.2-7.5 27 120±10 1.79±0.6 101±25 1.63±0.22 0.05±0.01 BDL 

2 Control 7.6-7.7 27 100±20 0.81±0.8 191±12 2.77±0.17 0.12±0.45 BDL 

Test 7.5-7.7 27 97±12 3.53±1.3 176±25 4.55±0.28 0.11±0.02 BDL 

3 Control 7.6-7.8 29 90±10 1.73±0.9 191±21 5.71±0.13 0.2±0 BDL 

Test 7.7-7.9 29 103±6 2.41±0.4 177±25 8.25±1.1 0.23±0.06 BDL 

4 Control 7.7-7.8 27 90±10 6.27±1.8 277±25 9.2±0.1 0.25±0.08 BDL 

Test 7.8-7.9 27 100±10 3.77±1.3 233±25 10.8±0.79 0.38±0.15 BDL 

5 Control 7.6-7.7 26 90±10 12.9±1.6 181±12 11.0±0.9 0.31±0.29 BDL 

Test 7.6-7.7 26 103±12 5.65±1.5 138±0 12.1±0.83 0.66±0.34 BDL 

6 Control 7.6-7.7 26 110±10 7.45±1.2 235±12 16.1±1.23 0.66±0.46 BDL 

Test 7.5-7.8 26 110±10 5.81±1.4 191±2 16.9±1.07 0.88±0.36 BDL 

7 Control 7.6-7.7 27 100 8.91±1.6 115±12 17.5±1.2 0.84±0.77 BDL 

Test 7.5-7.6 27 103±15 4.81±0.2 93±22 16.6±2.69 1.4±0.47 BDL 

8 Control 7.7-7.9 25 110±10 9.35±1.5 100±10 21.0±0.56 0.74±0.23 BDL 

Test 7.4-7.6 25 107±12 4.06±1.3 100±0 18.4±1.85 1.39±0.56 BDL 

9 Control 7.3-7.9 26 120 5.60±0.9 110±10 18.5±0.1 0.77±0.75 BDL 

Test 7.8-7.9 26 107±12 3.31±1.4 79±22 15.8±1.76 1.58±0.67 BDL 

10 Control 7.3-7.4 26 110 3.12±0.8 69±0 19.3±0.57 1.7±0.08 BDL 

Test 7.4-7.7 26 107±15 2.91±1.1 62±13 16.9±2.91 2.21±0.13 BDL 

11 Control 7.3-7.4 26 110 3.44±0.9 56±8 17.2±0.35 4.72±0.12 BDL 

Test 7.3-7.6 26 93±6 3.88±0.6 49±12 15.7±2.19 5.17±0.85 BDL 

12 Control 6.8-7.3 27 100 2.76±1.6 56±0 14.4±0.17 7.02±0.79 BDL 

Test 7.4-7.7 27 93±6 2.24±0.4 25±0 11.6±2.63 6.87±0.83 BDL 

13 Control 6.0-6.7 27 70±10 2.42±0.6 88±0 9.73±1.0 15.2±1.5 BDL 

Test 6.4-7.2 27 40±10 1.77±0.4 51±13 6.1±2.12 16.4±0.47 BDL 

14 Control 6.2-7.0 26 40 2.49±0.8 53±0 4.6±0.01 17.7±0.35 BDL 

Test 5.8-6.4 26 13±6 1.43±0.3 10±0 2.6±0.80 16.4±0.47 BDL 

15 Control 6.6-7.0 26 60 3.14±0.9 56±12 3.1±0.03 16.3±0.67 BDL 

Test 6.8-6.9 26 47±6 2.28±0.4 10±0 0.1±0.16 18.1±0.39 BDL 

30 Control 6.6-7.2 28 10±6 1.89±0.2 11±9 1.6±0.24 2.67±0.78 BDL 

Test 7.2-7.4 28 13±6 1.34±0.3 8±3 0.1±0.06 3.14±0.57 BDL 
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Table 3.4: Bioassay I: Salinity (20 ‰) Physico-chemical analysis 
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1 Control 7.4-7.6 27 150±10 1.26±0.4 130±0 2.57±0.23 0.12±0.08 BDL 

Test 6.2-7.5 27 170±17 1.69±0.5 101±25 1.89±0.31 0.09±0.01 BDL 

2 Control 7.6-7.7 27 130±20 1.67±0.8 147±0 2.67±0.08 0.3±0.04 BDL 

Test 7.5-7.6 27 123±6 2.79±0.6 147±0 3.85±0.14 0.18±0.02 BDL 

3 Control 7.6-7.7 29 130±10 3.94±0.9 191±0 4.95±1.1 0.92±0.01 BDL 

Test 7.7-7.9 29 127±25 3.26±1.0 191±0 7.33±0.59 0.54±0.05 BDL 

4 Control 7.8-7.9 27 90±10 4.86±1.6 233±25 6.96±0.5 1.59±0.13 BDL 

Test 7.8-7.9 27 117±6 2.96±0.2 204±25 9.64±0.45 1.13±0.01 BDL 

5 Control 7.7-7.8 26 100±10 8.17±1.6 181±12 8.27±0.12 2.21±0.65 BDL 

Test 7.6-7.7 26 117±6 9.38±2.6 138±0 10.9±0.53 1.78±0.03 BDL 

6 Control 7.6-7.7 26 90±20 5.93±1.2 235±0 10.1±0.47 2.97±0.99 BDL 

Test 7.5-7.8 26 110±10 3.67±1.0 206±25 12.6±0.53 2.54±0.3 BDL 

7 Control 7.6-7.7 27 90±20 5.33±1.6 93±0 11.9±1.8 4.18±0.01 BDL 

Test 7.5-7.6 27 120±10 4.23±1.4 93±22 13.3±1.5 5.74±2.4 BDL 

8 Control 7.7-7.9 25 90±10 4.24±1.5 100±0 11.0±2.0 3.41±0.23 BDL 

Test 7.4-7.6 25 120±10 4.77±0.7 93±25 15.3±1.6 3.39±1.0 BDL 

9 Control 7.3-7.9 26 90±10 4.45±0.9 100±10 9.5±0.02 3.79±0.56 BDL 

Test 7.8-7.9 26 103±15 2.31±0.2 64±25 12.4±1.49 3.23±0.75 BDL 

10 Control 7.3-7.4 26 100±20 2.07±0.8 90±0 9.6±0.17 4.98±0.87 BDL 

Test 7.4-7.7 26 100±10 2.22±0.4 61±25 8.5±1.49 4.08±0.22 BDL 

11 Control 7.3-7.4 26 100±10 5.15±0.9 69±12 8.2±0.78 6.73±0.32 BDL 

Test 7.3-7.6 26 90±10 4.99±0.6 49±12 8.3±1.15 6.6±0.24 BDL 

12 Control 6.9-7.3 27 90 1.97±0.6 90±0 7.9±1.2 7.2±0.65 BDL 

Test 7.4-7.7 27 73±6 1.76±0.4 54±25 4.2±1.2 7.53±0.17 BDL 

13 Control 6.0-6.7 27 40±10 1.26±0.6 88±0 3.9±0.45 12.0±0.01 BDL 

Test 6.3-7.1 27 33±15 1.48±0.2 66±0 1.1±1.3 13.9±1.4 BDL 

14 Control 6.0-6.6 26 30 1.11±0.6 69±10 2.5±0.57 12.4±0.23 BDL 

Test 5.8-6.1 26 20±6 1.0±0.1 24±12 0.15±0.0 14.2±1.86 BDL 

15 Control 6.6-7.0 26 50 2.23±0.9 66±12 1.7±0.17 10.7±0.32 BDL 

Test 6.8-6.9 26 40 2.26±0.2 15±9 0.17±0.12 13.5±1.42 BDL 

30 Control 6.9-7.1 28 10 1.29±0.3 11±7 1.3±0.4 1.92±0.36 BDL 

Test 6.8-7.0 28 9 1.06±0.5 9±3 0.1±0.08 0.94±0.66 BDL 
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Table 3.5: Bioassay I: Salinity (32 ‰) Physico-chemical analysis 
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1 Control 7.2-7.3 27 220±10 1.01±0.4 217±24 2.09±0.13 0.07±0.01 BDL 

Test 6.9-7.5 27 207±12 3.23±3.4 144±25 2.46±1.0 0.09±0.03 BDL 

2 Control 7.2-7.5 27 150±20 1.59±0.8 191±10 2.11±0.68 0.15±0.02 BDL 

Test 7.6-7.8 27 150±17 3.48±1.3 147±0 4.75±0.97 0.19±0.07 BDL 

3 Control 7.7-7.8 29 150±10 3.68±0.9 234±24 6.2±1.0 0.34±0.06 BDL 

Test 7.9-8.0 29 153±17 7.53±4.3 191±43 10.4±2.6 0.54±0.26 BDL 

4 Control 7.6-7.7 27 120±10 3.3±1.6 190±12 7.82±0.06 0.76±0.06 BDL 

Test 7.8-8.0 27 150±10 7.53±2.6 219±25 11.4±0.34 1.07±0.57 BDL 

5 Control 7.7-7.8 26 110±10 10.4±1.6 181±0 10.5±0.88 1.67±0.22 BDL 

Test 7.6-8.0 26 133±6 12.8±2.4 167±25 13.9±1.43 2.08±1.04 BDL 

6 Control 7.5-7.7 26 120±20 7.05±1.2 279±31 14.3±1.2 2.12±0.88 BDL 

Test 7.6-7.9 26 137±6 15.8±3.7 221±25 16.1±0.68 3.35±1.59 BDL 

7 Control 7.6-7.7 27 120±20 3.17±1.6 115±0 14.8±0.78 2.67±0.35 BDL 

Test 7.6-7.9 27 140±10 11.1±4.3 93±22 15.3±1.0 5.71±1.6 BDL 

8 Control 7.9-8.0 25 130±10 3.15±1.5 100±10 18.3±0.68 1.88±0.11 BDL 

Test 7.8-7.9 25 137±12 4.58±1.3 86±12 17.9±0.87 5.16±0.86 BDL 

9 Control 7.7-7.9 26 150±10 2.05±0.9 100±10 16.7±0.57 1.52±0.86 BDL 

Test 7.7-8.0 26 137±6 2.74±0.6 79±0 16.1±1.0 4.62±0.91 BDL 

10 Control 7.7-7.8 26 140±20 1.45±0.8 90±10 14.9±0.98 1.65±0.76 BDL 

Test 7.7-7.9 26 120±10 2.13±0.6 62±12 12.5±0.15 4.44±1.41 BDL 

11 Control 7.9-8.0 26 130±10 2.47±0.9 69±13 14.8±1.1 3.57±0.34 BDL 

Test 7.8-7.9 26 113±6 4.94±0.9 56±0 9.92±1.0 6.21±1.1 BDL 

12 Control 7.6-7.7 27 130 1.26±0.6 69±0 15.3±0.25 5.15±0.43 BDL 

Test 7.6-7.9 27 107±12 1.66±0.4 39±12 7.64±1.8 6.8±1.25 BDL 

13 Control 7.4-7.5 27 70±10 1.1±0.6 66±0 12.7±0.11 7.39±0.77 BDL 

Test 7.3-7.9 27 47±29 1.32±0.2 51±12 3.39±1.7 13.8±5.52 BDL 

14 Control 7.2-7.3 26 70 0.61±0.6 47±0 8.18±0.13 11.4±1.65 BDL 

Test 7.4-7.7 26 53±15 0.83±0.1 17±12 0.78±1.0 14.8±5.33 BDL 

15 Control 7.9-8.0 26 90 2.7±0.9 56±12 6.45±0.19 11.9±0.45 BDL 

Test 7.6-7.7 26 53±12 1.8±0.3 17±12 0.32±0.3 15.7±3.36 BDL 

30 Control 7.2-7.4 28 60 1.29±0.3 19±4 2.1±0.4 1.92±0.36 BDL 

Test 7.1-7.6 28 35 1.06±0.5 9±3 0.1±0.05 0.94±0.66 BDL 

 

Table 3.6: Bioassay I - Animal growth and survival 

Treatments Initial animal 

count 

Average initial 

weight (g) 

Final animal 

count 

Average final 

weight (g) 

10 ‰ Control 3 15.07 ± 0.57 3 16.57 ± 0.4 

10 ‰ Test 3 15.12 ± 0.11 3 16.74 ± 0.1 

20 ‰ Control 3 15.1 ± 0.4 3 16.3 ± 0.2 

20 ‰ Test 3 15.08 ± 0.11 3 16.39 ± 0.11 

32 ‰ Control 3 15.0 ± 0.1 3 16.33 ± 0.35 

32 ‰ Test 3 15.09 ± 0.05 3 16.41 ± 0.1 
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3.3.4 Bioassay II: Physico-chemical analysis. 

 

3.3.4.1 BOD removal. 

In this  experiment, right from beginning, BOD values were lower in tests  than that 

in  control tanks. This trend (Figure 3.10) of lower BOD values in test tanks was 

consistently maintained in all treatments till the very end of the experiment. 

Moreover, the BOD values in test and control tanks across all treatments were 

significantly different (p ≤ 0.05). Mean BOD values for test and control tanks in 

each treatment  also exhibited significant difference (p ≤ 0.05). In all tests, 

consistent with bacterial consortia addition after every 7 day, there observed a 

consistent 'surge' in BOD values. This characteristic increase in BOD values was 

prominent in the treatment systems having 10 and 32 ‰,  after the addition of 

bacterial consortia. This indicated  bacterial action on accumulated waste, releasing 

more amenable carbon in the form of dissolved organic carbon (DOC) which  

reflected in the BOD values. But this trend of BOD 'spikes' were not observed 

clearly after 40
th 

day of experiment and the characteristic BOD lowering observed in 

the initial days of experiment was not found post 40 days. Moreover, there observed 

a trend of gradual but consistent increase in BOD in all  treatment systems  after 40 

days of experiment and this was very evident especially in the systems having 20 

and 32 ‰. This observation suggested  that, the ability of consortia to bring down  

BOD values were fading away towards the end of the experiment. This scenario 

could be tackled by  increasing dosage of the bacterial consortia. 

 

3.3.4.2 TAN production 

TAN production in tests and controls followed a similar pattern of rapid increase 

followed by rapid subsidence and marginal increase over time (Figure 3.11). In all 

treatments average TAN values in the test tanks were lower than that in the control 

tanks. Difference in TAN values in test and control tanks across all treatments were 

statistically significant throughout the experiment (p = 0.0102, 0.01448 & 0.0395 in 

the treatment systems having 10, 20 & 30 ‰ ). Mean TAN values in test and control 

tanks were also significantly different across all treatments (p =  0.0248, 0.0303 & 

0.04958  in the treatment systems having  10, 20 and 32 ‰  respectively). 
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3.3.4.3 Nitrite-N trends 

Nitrite production in all treatments exhibited a similar pattern throughout the 

experiment. From the initial value of 0.1 to 0.15 mg L
-1

, it gradually increased and 

peaked around 2.0 to 2.5 mg L
-1 

on 17 to 20
th

 day of the experiment (Figure 3.12). 

Rapid increase and sudden decline were more prominent in all tests compared to 

control.  Nitrite levels were lower in tests  compared to controls. However, the 

differences were not statistically significant (p ≥ 0.05). But, a strong correlation 

existed  between TAN production and nitrite level in all tests (r = 0.7573, 0.9991 & 

0.9932  in the  systems having  10, 20 & 32 ‰) and in controls (r = 0.9565, 0.9985 

& 0.8285 in the  systems having  10, 20 & 32 ‰). 

 

3.3.4.4 Nitrate-N trends 

The general trend in nitrate production was that, it stood below detectable level 

during the initial days (30 days) (Figure 3.13) of the experiment and from 30
th

 day 

onwards it showed steady increase. Nitrate in tests was comparatively lower than 

that in the control tanks, however  not significant (p ≥ 0.05). Nitrate and nitrite 

production in all  systems exhibited moderate negative correlation during the 

experiment ( r values of -0.4689, -0.4864 & -0.6355 in tests having 10, 20 & 32 ‰  

respectively and  -0.593, -0.4043 & -0.6098 in controls having 10, 20 & 32 ‰ 

respectively). The gradual increase in nitrate concentration in all systems were 

consistent with decline in TAN levels and the nitrate production and TAN  showed 

moderate negative correlation (r = -0.4347, -0.4991 & -0.6442 in tests having  10, 

20 & 32 ‰  and -0.6735, -0.4043 & -0.641 in controls having  10, 20 & 32 ‰ 

respectively). 

 

3.3.4.5 Phosphate trends 

Phosphate levels in all treatments showed more or less same pattern with initial 

appearance, followed by low levels below detection limits and further increase, and 

declining towards  end of the experiment (Figure 3.14). Phosphate levels in tests  

were higher than that of the controls, however, not statistically significant (p ≥ 0.05). 

Besides, phosphate  and BOD  exhibited moderate positive correlation (r = 0.6344, 

0.7551 &  0.4948 in tests having 10, 20 & 32 ‰  and 0.7309, 0.8529 & 0.5282 in 

controls having  10, 20 & 32 ‰  respectively). 

 



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 164 
 

3.3.4.6 Alkalinity & pH 

Alkalinity was found to be destroyed at a faster rate in tests than in control systems 

(Figure 3.15). This was compensated  by supplementing with lab grade calcium 

carbonate  when it  declined below 85 mg L
-1

,  60 mg L
-1

 and 40 mg L
-1

  in systems 

having 32 ‰,  20 ‰ and  10 ‰. Alkalinity destruction corresponded to TAN 

removal. As calcium carbonate was added to compensate alkalinity destruction pH 

could be maintained  between 7.0 to 8.0 other than the occasional drop to  6.2 to 6.9. 

 

Figure 3.10: Bioassay II - BOD trends in various treatments 
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Figure 3.10: Bioassay II - BOD trends in various treatments 
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Figure 3.11: Bioassay II - TAN trends in various treatments 
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Figure 3.11: Bioassay II - TAN trends in various treatments 

 

 

Figure 3.12: Bioassay II - Nitrite-N trends in various treatments 
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Figure 3.12: Bioassay II - Nitrite-N trends in various treatments 
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Figure 3.13: Bioassay II - Nitrate-N trends in various treatments 
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Figure 3.13: Bioassay II - Nitrate-N trends in various treatments 

 

 

Figure 3.14: Bioassay II - Phosphate trends in various treatments 
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Figure 3.14: Bioassay II - Phosphate trends in various treatments 
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Figure 3.15: Bioassay II - Alkalinity trends in various treatments 
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Table 3.7: Bioassay II (Average BOD, TAN, Nitrite, Nitrate, Phosphate, Alkalinity) 

 
  

Parameter Day 1 2 3 4 5 6 7 8 9 10 11 12

Test 10 ‰ 17.0 19.2 15.9 18.3 9.7 8.3 14.0 16.9 19.2 19.9 22.1 22.1

Cont 10 ‰ 18.3 21.7 21.9 24.6 23.9 25.7 23.9 26.3 31.0 28.7 30.3 30.0

Test 10 ‰ 0.3 0.5 0.5 0.4 0.7 1.1 0.9 1.0 0.9 0.8 0.6 0.4

Cont 10 ‰ 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.5 0.7 1.0

Test 10 ‰ 0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.6 0.9 1.2 1.6

Cont 10 ‰ 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.5 0.9 1.2

Test 10 ‰ 0.2 0.1 0.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0

Cont 10 ‰ 0.2 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0

Test 10 ‰ 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1

Cont 10 ‰ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.0

Test 10 ‰ 43.3 63.3 60.0 61.7 58.3 58.3 56.7 55.0 53.3 51.7 50.0 48.3

Cont 10 ‰ 45.0 63.3 66.7 66.7 61.7 61.7 60.0 58.3 55.0 55.0 53.3 50.0

Test 10 ‰ 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0 28.0 29.0 27.0 28.0

Cont 10 ‰ 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0 27.0 28.0 27.0

Test 10 ‰ 7.3 7.6 7.2 7.2 7.1 7.0 7.0 7.0 7.0 7.0 7.0 6.8

Cont 10 ‰ 7.4 7.5 7.2 7.4 7.2 7.2 7.2 7.0 7.0 7.1 7.0 7.0

Test 20 ‰ 18.0 18.0 14.9 15.7 12.0 12.9 14.0 15.6 15.7 15.7 17.3 18.0

Cont 20 ‰ 17.7 19.7 22.6 22.3 21.7 23.7 23.9 22.3 23.7 24.3 25.0 25.7

Test 20 ‰ 0.2 0.6 0.5 0.5 0.6 1.0 0.8 0.9 0.9 0.8 0.6 0.4

Cont 20 ‰ 0.2 0.7 0.6 0.5 0.6 0.9 0.9 0.9 1.0 0.9 0.9 0.9

Test 20 ‰ 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.6 0.8 1.0

Cont 20 ‰ 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.4 0.6 0.8 1.0

Test 20 ‰ 0.1 0.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Cont 20 ‰ 0.2 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Test 20 ‰ 0.0 0.1 0.2 0.2 0.1 0.2 0.1 0.2 0.2 0.1 0.0 0.0

Cont 20 ‰ 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.1 0.0 0.0

Test 20 ‰ 78.3 103.3 78.3 70.0 66.7 65.0 61.7 61.7 61.7 61.7 61.7 58.3

Cont 20 ‰ 76.7 101.7 76.7 75.0 76.7 73.3 75.0 75.0 70.0 68.3 66.7 61.7

Test 20 ‰ 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0 28.0 29.0 27.0 28.0

Cont 20 ‰ 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0 27.0 28.0 27.0

Test 20 ‰ 7.6 7.8 7.4 7.2 7.1 7.0 7.0 7.0 7.0 7.0 7.0 7.0

Cont 20 ‰ 7.7 7.7 7.4 7.4 7.2 7.2 7.2 7.0 7.0 7.1 7.0 7.0

Test 32 ‰ 17.3 18.3 15.9 16.3 16.3 14.9 15.0 16.9 19.2 19.9 22.1 22.1

Cont 32 ‰ 19.0 19.7 21.2 21.9 23.7 24.3 23.7 25.0 31.0 28.7 30.3 30.0

Test 32 ‰ 0.2 0.6 0.5 0.5 0.8 1.3 1.2 1.3 0.9 0.7 0.4 0.2

Cont 32 ‰ 0.3 0.5 0.5 0.5 0.6 0.9 1.0 1.1 1.0 0.9 0.7 0.6

Test 32 ‰ 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.4 0.6 1.1 1.7 2.1

Cont 32 ‰ 0.1 0.1 0.2 0.2 0.2 0.2 0.4 0.5 0.6 1.0 1.6 1.8

Test 32 ‰ 0.3 0.2 0.6 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Cont 32 ‰ 0.2 0.2 0.2 0.1 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0

Test 32 ‰ 0.3 0.2 0.6 0.5 0.5 0.5 0.4 0.4 0.5 0.4 0.4 0.3

Cont 32 ‰ 0.3 0.2 0.4 0.5 0.4 0.3 0.4 0.4 0.4 0.3 0.3 0.2

Test 32 ‰ 110.0 120.0 123.3 121.7 128.3 126.7 125.0 123.3 121.7 123.3 118.3 120.0

Cont 32 ‰ 106.7 113.3 120.0 123.3 121.7 121.7 120.0 118.3 118.3 118.3 118.3 118.3

Test 32 ‰ 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0 28.0 29.0 27.0 28.0

Cont 32 ‰ 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0 27.0 28.0 27.0

Test 32 ‰ 7.9 7.8 7.7 7.6 7.7 7.3 7.4 7.2 7.3 7.2 7.2 7.3

Cont 32 ‰ 7.8 7.6 7.6 7.5 7.6 7.4 7.3 7.3 7.3 7.3 7.3 7.2

pH 

Temp (

⁰

C)

Temp (

⁰

C)

pH 

Temp (

⁰

C)

pH 

BOD, TAN, Nitrite, Nitrate, Phosphate & Alkalinity (mg L
-1

)

BOD

TAN

Nitrite

Nitrate
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Table 3.7: Bioassay II (Average BOD, TAN, Nitrite, Nitrate, Phosphate, Alkalinity) 

 

  

Parameter Day 13 14 15 16 17 18 19 20 21 22 23 24

Test 10 ‰ 19.9 17.3 22.6 29.3 24.3 28.0 30.0 32.3 28.3 29.3 31.0 31.7

Cont 10 ‰ 28.3 29.3 33.0 35.0 34.0 34.0 35.0 36.3 35.7 36.3 38.3 40.3

Test 10 ‰ 0.3 0.2 0.1 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2

Cont 10 ‰ 1.0 1.2 1.3 1.4 1.5 1.3 1.3 1.1 0.9 0.8 0.6 0.5

Test 10 ‰ 1.7 1.8 1.9 2.0 2.1 1.8 1.6 1.2 0.8 0.5 0.2 0.2

Cont 10 ‰ 1.3 1.8 2.0 2.2 2.4 2.1 2.1 2.0 1.8 1.7 1.5 1.4

Test 10 ‰ 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.2

Cont 10 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.3

Test 10 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.0 0.1 0.2 0.2

Cont 10 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.0 0.1 0.1 0.2

Test 10 ‰ 45.0 40.0 70.0 68.3 63.3 63.3 60.0 56.7 53.3 50.0 46.7 43.3

Cont 10 ‰ 46.7 46.7 76.7 71.7 70.0 66.7 63.3 60.0 56.7 53.3 50.0 46.7

Test 10 ‰ 29.0 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0 28.0 29.0

Cont 10 ‰ 27.0 27.0 28.0 26.0 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0

Test 10 ‰ 6.6 6.2 7.8 7.2 7.1 7.0 7.0 7.0 7.0 7.0 6.9 6.4

Cont 10 ‰ 6.8 6.8 7.8 7.3 7.2 7.1 7.1 7.0 7.1 7.1 6.9 6.8

Test 20 ‰ 18.7 18.7 17.7 18.0 19.7 28.0 30.0 29.7 28.0 28.3 29.7 30.3

Cont 20 ‰ 26.3 26.7 28.0 28.3 29.3 31.0 32.3 33.7 34.3 36.3 37.7 39.7

Test 20 ‰ 0.4 0.4 0.4 0.2 0.3 0.3 0.3 0.3 0.2 0.3 0.3 0.3

Cont 20 ‰ 0.8 0.7 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3 0.3

Test 20 ‰ 1.1 1.3 1.3 1.3 1.3 1.4 1.1 0.9 0.7 0.6 0.4 0.2

Cont 20 ‰ 1.3 1.5 1.7 1.9 2.0 1.7 1.6 1.3 1.2 0.8 0.5 0.4

Test 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Cont 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Test 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.2 0.5

Cont 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.2

Test 20 ‰ 63.3 56.7 86.7 81.7 76.7 71.7 61.7 56.7 86.7 80.0 73.3 65.0

Cont 20 ‰ 63.3 60.0 88.3 83.3 78.3 71.7 66.7 61.7 90.0 83.3 78.3 71.7

Test 20 ‰ 29.0 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0 28.0 29.0

Cont 20 ‰ 27.0 27.0 28.0 26.0 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0

Test 20 ‰ 7.0 6.9 7.8 7.6 7.4 7.3 7.0 7.0 7.8 7.6 7.4 7.2

Cont 20 ‰ 7.0 7.0 7.8 7.5 7.3 7.2 7.1 7.0 7.9 7.7 7.5 7.3

Test 20 ‰ 19.9 17.3 22.6 29.3 24.3 28.0 30.0 32.3 28.3 29.3 31.0 31.7

Cont 20 ‰ 28.3 29.3 33.0 35.0 34.0 34.0 35.0 36.3 35.7 36.3 38.3 40.3

Test 20 ‰ 0.3 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.2

Cont 20 ‰ 0.4 0.4 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Test 20 ‰ 2.1 2.0 2.2 2.1 2.2 2.1 2.1 2.2 2.0 1.7 1.6 1.4

Cont 20 ‰ 2.0 2.1 2.3 2.4 2.5 2.7 2.6 2.6 2.6 2.4 2.1 2.0

Test 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Cont 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Test 20 ‰ 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1

Cont 20 ‰ 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0

Test 20 ‰ 118.3 118.3 115.0 110.0 110.0 108.3 108.3 115.0 106.7 110.0 110.0 110.0

Cont 20 ‰ 116.7 115.0 113.3 111.7 110.0 110.0 106.7 108.3 106.7 108.3 106.7 105.0

Test 20 ‰ 29.0 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0 28.0 29.0

Cont 20 ‰ 27.0 27.0 28.0 26.0 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0

Test 20 ‰ 7.3 7.2 7.3 7.2 7.1 7.0 7.0 7.0 7.0 7.0 7.0 7.0

Cont 20 ‰ 7.3 7.3 7.2 7.3 7.2 7.1 7.1 7.0 7.1 7.1 7.0 7.0

Temp (

⁰

C)

pH 

pH 
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Phosphate
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Table 3.7: Bioassay II (Average BOD, TAN, Nitrite, Nitrate, Phosphate, Alkalinity) 

 

  

Parameter Day 25 26 27 28 29 30 31 32 33 34 35 36

Test 10 ‰ 33.7 35.7 34.3 33.3 31.3 34.3 36.3 35.0 31.7 31.7 33.3 35.7

Cont 10 ‰ 39.7 38.3 39.0 39.7 40.3 39.7 39.7 40.3 39.0 40.3 42.3 41.7

Test 10 ‰ 0.1 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.4 0.4

Cont 10 ‰ 0.5 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.1 0.1 0.1 0.1

Test 10 ‰ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Cont 10 ‰ 1.4 1.3 1.0 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.2 0.2

Test 10 ‰ 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.2 0.1 0.1

Cont 10 ‰ 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.2 0.2

Test 10 ‰ 0.5 0.6 0.7 0.6 0.6 0.5 0.5 0.7 0.8 1.2 1.4 1.3

Cont 10 ‰ 0.3 0.3 0.4 0.4 0.5 0.5 0.5 0.6 0.7 0.8 1.0 1.0

Test 10 ‰ 83.3 80.0 76.7 73.3 70.0 66.7 63.3 60.0 56.7 50.0 46.7 43.3

Cont 10 ‰ 86.7 86.7 83.3 80.0 76.7 73.3 70.0 66.7 63.3 60.0 56.7 50.0

Test 10 ‰ 27.0 28.0 29.0 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0

Cont 10 ‰ 27.0 28.0 29.0 27.0 28.0 29.0 27.0 27.0 28.0 27.0 27.0 27.0

Test 10 ‰ 7.6 7.8 7.4 7.2 7.5 7.1 7.0 7.0 7.0 6.9 6.8 6.6

Cont 10 ‰ 7.7 7.7 7.6 7.4 7.4 7.2 7.1 7.2 7.0 7.1 6.9 6.7

Test 20 ‰ 32.3 34.3 32.3 31.7 33.0 34.3 36.3 35.0 31.7 31.7 33.3 36.3

Cont 20 ‰ 40.3 40.3 40.3 41.0 40.3 39.7 39.7 40.3 39.0 40.3 42.3 41.7

Test 20 ‰ 0.3 0.4 0.3 0.3 0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.3

Cont 20 ‰ 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.3 0.3

Test 20 ‰ 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Cont 20 ‰ 0.4 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Test 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2

Cont 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2

Test 20 ‰ 0.5 0.5 0.6 0.5 0.7 0.6 0.7 0.8 0.7 0.8 0.9 1.0

Cont 20 ‰ 0.3 0.4 0.5 0.4 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7

Test 20 ‰ 60.0 53.3 48.3 86.7 75.0 68.3 60.0 50.0 76.7 65.0 56.7 48.3

Cont 20 ‰ 66.7 60.0 55.0 93.3 83.3 75.0 66.7 53.3 83.3 73.3 63.3 53.3

Test 20 ‰ 27.0 28.0 29.0 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0

Cont 20 ‰ 27.0 28.0 29.0 27.0 28.0 29.0 27.0 27.0 28.0 27.0 27.0 27.0

Test 20 ‰ 7.1 7.0 7.0 7.8 7.4 7.2 7.0 7.1 7.5 7.2 7.1 7.0

Cont 20 ‰ 7.3 7.2 7.2 7.9 7.7 7.2 7.1 7.1 7.8 7.6 7.3 7.1

Test 20 ‰ 33.7 35.7 34.3 33.3 31.3 34.3 36.3 35.0 31.7 31.7 33.3 35.7

Cont 20 ‰ 39.7 38.3 39.0 39.7 40.3 39.7 39.7 40.3 39.0 40.3 42.3 41.7

Test 20 ‰ 0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.4

Cont 20 ‰ 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Test 20 ‰ 1.3 1.1 0.9 0.8 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.2

Cont 20 ‰ 1.8 1.5 1.4 1.2 1.1 0.9 0.8 0.6 0.4 0.3 0.3 0.2

Test 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

Cont 20 ‰ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2

Test 20 ‰ 0.3 0.5 0.7 0.6 0.5 0.5 0.6 0.7 0.8 0.9 1.2 1.1

Cont 20 ‰ 0.2 0.3 0.4 0.5 0.6 0.6 0.6 0.7 0.7 0.8 0.9 1.1

Test 20 ‰ 106.7 105.0 103.3 105.0 101.7 103.3 98.3 98.3 100.0 101.7 100.0 98.3

Cont 20 ‰ 105.0 103.3 103.3 103.3 101.7 103.3 101.7 101.7 103.3 103.3 105.0 100.0

Test 20 ‰ 27.0 28.0 29.0 27.0 27.0 28.0 27.0 27.0 27.0 28.0 26.0 27.0

Cont 20 ‰ 27.0 28.0 29.0 27.0 28.0 29.0 27.0 27.0 28.0 27.0 27.0 27.0

Test 20 ‰ 6.9 6.9 6.9 7.0 6.9 6.9 7.0 7.0 7.0 6.9 7.0 6.8

Cont 20 ‰ 7.0 6.9 7.0 6.9 6.9 6.9 6.9 7.0 7.0 7.1 7.0 7.0
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Temp (

⁰

C)

pH 

Temp (

⁰

C)

pH 

BOD

TAN

Nitrite

Nitrate

BOD

TAN

Nitrite

Nitrate

Phosphate

Alkalinity 

BOD

TAN

Nitrite

Nitrate

Phosphate

Alkalinity 

Temp (

⁰

C)

pH 

BOD, TAN, Nitrite, Nitrate, Phosphate & Alkalinity (mg L
-1

)



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 176 
 

Table 3.7: Bioassay II (Average BOD, TAN, Nitrite, Nitrate, Phosphate, Alkalinity) 

 

3.3.5 Bioassay II: Animal growth and survival 

Average gain of weight and length of the animals in tests  was  marginally higher  

compared to that in the controls (Table 3.8) however, not statistically significant. In 

the same pattern, overall survival of the animals in tests was higher (highest survival 

being 62.5%) compared to that in control tanks.  

Parameter Day 37 38 39 40 42 44 46 48 50 52 54 56 58 60

Test 10 ‰ 35.7 33.7 31.7 31.7 35.0 35.0 37.0 37.7 37.0 38.3 40.0 41.7 43.7 45.0

Cont 10 ‰ 42.3 43.0 44.7 44.3 45.7 45.7 46.0 47.0 47.0 48.3 49.7 49.0 51.3 53.0

Test 10 ‰ 0.4 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4

Cont 10 ‰ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Test 10 ‰ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Cont 10 ‰ 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1

Test 10 ‰ 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3

Cont 10 ‰ 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4

Test 10 ‰ 1.2 1.3 1.2 1.0 1.0 0.9 0.9 0.7 0.7 0.6 0.6 0.6 0.6 0.6

Cont 10 ‰ 1.0 1.1 1.0 0.9 0.9 0.8 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.5

Test 10 ‰ 33.3 30.0 26.7 23.3 73.3 56.7 33.3 73.3 53.3 45.0 36.7 30.0 23.3 16.7

Cont 10 ‰ 46.7 40.0 33.3 26.7 76.7 58.3 36.7 76.7 56.7 46.7 36.7 28.3 21.7 16.7

Test 10 ‰ 28.0 29.0 27.0 28.0 29.0 27.0 28.0 29.0 29.0 28.0 27.0 28.0 29.0 29.0

Cont 10 ‰ 28.0 26.0 27.0 28.0 29.0 27.0 28.0 29.0 27.0 29.0 28.0 28.0 28.0 28.0

Test 10 ‰ 6.5 6.5 6.2 6.2 7.4 7.2 6.8 7.2 7.0 7.0 6.9 6.8 6.2 6.1

Cont 10 ‰ 6.7 6.6 6.3 6.3 7.3 7.2 7.1 7.1 7.0 7.0 6.8 6.6 6.4 6.2

Test 20 ‰ 37.0 33.7 31.7 34.3 36.3 37.0 37.0 37.7 37.0 38.3 40.7 42.3 44.3 46.3

Cont 20 ‰ 41.7 43.0 43.7 44.3 45.7 45.7 46.0 47.0 47.0 48.3 49.7 49.0 49.7 51.7

Test 20 ‰ 0.2 0.2 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.1

Cont 20 ‰ 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.3

Test 20 ‰ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Cont 20 ‰ 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Test 20 ‰ 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Cont 20 ‰ 0.0 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.5 0.6 0.6 0.6

Test 20 ‰ 1.1 1.2 1.1 1.1 1.0 1.0 0.9 0.9 0.8 0.7 0.6 0.6 0.6 0.6

Cont 20 ‰ 0.7 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.8 0.6 0.7 0.7 0.7 0.7

Test 20 ‰ 96.7 86.7 75.0 68.3 48.3 76.7 65.0 38.3 66.7 46.7 76.7 63.3 46.7 35.0

Cont 20 ‰ 103.3 93.3 81.7 71.7 53.3 83.3 61.7 43.3 73.3 53.3 83.3 65.0 55.0 43.3

Test 20 ‰ 28.0 29.0 27.0 28.0 29.0 27.0 28.0 29.0 29.0 28.0 27.0 28.0 29.0 29.0

Cont 20 ‰ 28.0 26.0 27.0 28.0 29.0 27.0 28.0 29.0 27.0 29.0 28.0 28.0 28.0 28.0

Test 20 ‰ 8.1 7.8 7.5 7.1 7.0 7.6 7.3 6.6 7.4 7.0 7.6 7.4 7.0 6.8

Cont 20 ‰ 8.2 8.0 7.5 7.3 7.1 7.7 7.4 7.0 7.7 7.2 7.9 7.5 7.2 7.0

Test 20 ‰ 35.7 33.7 31.7 33.0 35.7 36.3 37.7 39.7 42.0 40.3 43.3 45.3 46.7 48.3

Cont 20 ‰ 42.3 43.0 44.7 44.3 45.7 45.7 45.3 47.0 47.0 47.7 49.7 49.0 51.3 52.0

Test 20 ‰ 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5

Cont 20 ‰ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.7 0.6

Test 20 ‰ 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Cont 20 ‰ 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Test 20 ‰ 0.2 0.3 0.2 0.3 0.3 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.4 0.4

Cont 20 ‰ 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.5 0.6 0.7 0.7 0.7 0.8 0.8

Test 20 ‰ 1.1 1.0 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.7

Cont 20 ‰ 1.1 1.0 1.0 0.9 0.8 0.7 0.8 0.7 0.7 0.7 0.7 0.6 0.6 0.6

Test 20 ‰ 95.0 91.7 90.0 86.7 85.0 111.7 105.0 98.3 88.3 81.7 113.3 103.3 91.7 80.0

Cont 20 ‰ 100.0 100.0 96.7 96.7 91.7 111.7 105.0 98.3 90.0 81.7 111.7 107.0 91.7 81.7

Test 20 ‰ 28.0 29.0 27.0 28.0 29.0 27.0 28.0 29.0 29.0 28.0 27.0 28.0 29.0 29.0

Cont 20 ‰ 28.0 26.0 27.0 28.0 29.0 27.0 28.0 29.0 27.0 29.0 28.0 28.0 28.0 28.0

Test 20 ‰ 6.9 6.9 6.9 7.0 6.9 7.6 7.5 7.3 7.2 7.0 7.6 7.4 7.2 7.0

Cont 20 ‰ 7.0 7.0 6.9 7.0 7.0 7.7 7.7 7.4 7.5 7.0 7.7 7.3 7.1 7.1

Nitrite

Nitrate

Phosphate
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Temp (

⁰
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Table 3.8: Bioassay II: Growth and survival of experimental animals 
Treatments Initial status of animals Final status of animals Survival 

(%) No. Weight (g) Length 

(cm) 

No. Weight (g) Length (cm) 

10 ‰ Test  40 0.1 ± 0.06 1.98 ± 0.23 19 0.55 ± 0.08 3.91 ± 0.28 47.5 

10 ‰ Test  40 0.1 ± 0.07 1.99 ± 0.26 22 0.48 ± 0.26 3.82 ± 0.08 55 

10 ‰ Test  40 0.1 ± 0.05 1.94 ± 0.24 16 0.53 ± 0.01 3.76 ± 0.08 40 

10 ‰ Control  40 0.1 ± 0.06 1.99 ± 0.25 10 0.23 ± 0.19 3.2 ± 0.71 25 

10 ‰ Control  40 0.11 ± 0.07 2.0 ± 0.25 14 0.23 ± 0.04 2.99 ± 0.39 35 

10 ‰ Control  40 0.1 ± 0.06 1.98 ± 0.24 15 0.38 ± 0.06 3.08 ± 0.28 37.5 

20 ‰ Test  40 0.11 ± 0.06 2.15 ± 0.23 17 0.49 ± 0.21 3.15 ± 0.6 42.5 

20 ‰ Test  40 0.11 ± 0.05 2.16 ± 0.19 25 0.42 ± 0.14 3.36 ± 0.67 62.5 

20 ‰ Test  40 0.1 ± 0.05 2.09 ± 0.18 21 0.4 ± 0.15 3.26 ± 0.53 52.5 

20 ‰ Control  40 0.11 ± 0.06 2.1 ± 0.24 15 0.26 ± 0.09 2.93 ± 0.37 37.5 

20 ‰ Control  40 0.1 ± 0.06 2.03 ± 0.23 8 0.31 ± 0.22 3.31 ± 0.37 20 

20 ‰ Control  40 0.1 ± 0.04 2.05 ± 0.22 14 0.33 ± 0.09 3.04 ± 0.52 35 

32 ‰ Test  40 0.12 ± 0.07 2.14 ± 0.24 21 0.48 ± 0.27 3.51 ± 0.67 52.5 

32 ‰ Test  40 0.1 ± 0.06 2.08 ± 0.23 18 0.41 ± 0.25 3.21 ± 0.78 45 

32 ‰ Test  40 0.11 ± 0.06 2.1 ± 0.23 23 0.57 ± 0.32 3.57 ± 0.32 57.5 

32 ‰ Control  40 0.1 ± 0.04 2.1 ± 0.18 10 0.34 ± 0.3 3.17 ± 0.8 25 

32 ‰ Control  40 0.1 ± 0.06 2.1 ± 0.22 16 0.29 ± 0.11 2.88 ± 0.07 40 

32 ‰ Control  40 0.12 ± 0.06 2.2 ± 0.19 13 0.37 ± 0.08 3.14 ± 0.41 32.5 

3.3.6 Bioassay II: Physical observations 

All treatments were checked daily for physical attributes like residual feed, clarity of 

water, moults,  and focal matter accumulation. At the end of the experiment 

filterable detritus was quantified in water and found higher in control tanks than that 

in the tests (Table 3.9).   

 

Table 3.9: Bioassay II: Physical accumulation of detritus  

Treatments Filterable particulate detritus (g 24 L
-1

) 

10 ‰ Test  3.593 

10 ‰ Test  4.459 

10 ‰ Test  4.813 

10 ‰ Control  6.105 

10 ‰ Control  6.149 

10 ‰ Control  6.191 

20 ‰ Test  3.545 

20 ‰ Test  4.806 

20 ‰ Test  4.647 

20 ‰ Control  5.034 

20 ‰ Control  6.758 

20 ‰ Control  7.195 

32 ‰ Test  4.799 

32 ‰ Test  5.474 

32 ‰ Test  5.627 

32 ‰ Control  5.085 

32 ‰ Control  6.083 

32 ‰ Control  6.214 
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3.3.7 Mixture design experiment 

 

3.3.7.1 Enumeration of cells 

Constituent culture cell count at Abs 600 was determined using epifluorescence 

microscopy. Empirical relation between absorbance and  cell number for the 

constituent cultures was arrived (Table 3.8).  From freshly prepared cultures under 

specific growth conditions (ZoBell's broth, 28 °C, 100 RPM and 48 hours incubation) 

washed cell suspensions were prepared in buffered saline. Suitable dilutions were 

calculated based on the absorbance (Abs 600) nm and cell counts were obtained by 

enumerating under epifluorescence microscope. 

 

Table 3.10: Determination of cell count by epifluorescence microscopy 

Strain 

No. 

Culture Name Abs 600 of cell suspension   

(n= 3)   

Cell count 

(Cells mL
-1

) 

(Enumerated by 

epifluorescence 

microscopy) (n=3) 

5C-81 Bacillus thuringiensis 0.2 6.61 x 10
5 

5A-69 Bacillus thuringiensis 0.2 5.04 x 10
5 

15A-24 Bacillus firmus 0.2 1.09 x 10
6 

15A-4A Paenibacillus barcinonensis 0.1 1.29 x 10
6 

15Ch-1 Cellvibrio gandavensis 0.05 6.57 x 10
6 

25X-27 Microbulbifer celer 0.2 2.29 x 10
6 

40X-30 Gracilibacillus dipsosauri   0.02 6.18 x 10
6 

40A-10A Marinobacter aquaeolei 0.05 5.43 x 10
6 

 

3.3.7.2 In vitro total carbon removal experiment 

As per the design output, 26 key combinations of 5 culture consortium C015, 33 

combinations each of 6 culture consortia C1530 and C30+ were prepared in the 

laboratory and an experiment was conducted on the efficacy of these combination to 

lower the carbon from a system by CHNS analyser (VarioEL III, Elementar, GmbH). 

For various mixture combinations of the consortium C015, total carbon present in 

the system at the end of the experiment was in the range of 0.1 to 0.18 % (Figure 

3.16). For consortium C1530 and C30+ the residual total carbon left in the 
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experiment flasks were in the range of 0.06 to 0.29 (Figure 3.17) and 0.06 to 0.21 % 

(Figure 3.18) respectively. In the un-inoculated controls the total carbon was found 

to be in the range of 0.23 to 0.29 %. In General, the results indicated that many 

combinations were capable to ameliorate amenable carbon available in the system 

and to reduce the carbon content from 0.23 - 0.29 % to 0.06 %. 

 

Figure 3.16: Total carbon removal efficacy experiment for consortium C015 
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Figure 3.17 : Total carbon removal efficacy experiment for consortium C1530 
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Figure 3.18: Total carbon removal efficacy experiment for consortium C30+ 
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3.3.7.3 Mixture design output and analysis of prediction 

In the mixture design experiments for the bacterial consortium C015, 26 initial 

mixture compositions were assessed for the in vitro carbon removal experiment. The 

mixture design model is based on a three dimensional special design (Figure 3.19, 

3.20 & 3.21) where each point in the design model represents a specific combination 

and the mixture design tool selects key combinations (design points in the design 

space) depending up on the design model. Output (response) of the key 

combinations when fed in to the model, the model suggests probable combinations 

which may lead to the desired response, which has to be validated in lab conditions 

to achieve predicted response level. Based on the inputs to the design matrix (total 

carbon left in the experiments for each compositions, mixture design tool proposed a 

model for further optimizing the composition of the consortium that will yield lower 

carbon levels in the experiment system. Four probable compositions (Table 3.11) 

were suggested by the tool for the consortium C015 and this prediction has to be 

validated by 51  mixture composition in lab using the in vitro total carbon removal 

experiments. Composition of highest desirability index was pure blend of culture B, 

which is a Gram's positive Bacillus thuringiensis (5A-69) with the lowest predicted total 

carbon (0.11 %). Statistical analysis of the model showed that the model was significant, 

and the  lack of fit  was not significant. 

 

The mixture design tool suggested 54 possible mixture compositions (Table 3.12) for 

consortium C1530 and out of these 50 odd compositions were having a highest desirability 

index. To validate the prediction 58 mixture compositions has to be checked in lab for the 

total carbon removal assay. In this case all of the compositions suggested were true mixed 

consortium involving all 6 constituent strains except culture F, which is a Gram's negative 

bacterium Microbulbifer celer (25X-27) and culture A (Bacillus thuringiensis 5C-81). 

Statistical analysis of the model showed that the model was significant, and  lack of fit  was 

not significant. Lowest total carbon predicted by the tool for consortium C1530 was 0.059 % 

and the corresponding mixture composition was a mixture of cultures B, C, D and E. 

 

For consortium C30+, mixture design tool suggested seven possible combinations (Table 

3.13) that may result in very low carbon in the system. A low total carbon value (0.069 %) 

was predicted for a combination of culture B, D and F with a high desirability index. 

In this case also, laboratory level validation was suggested involving 58 mixture 

combinations. However, design model and  lack of fit were not significant. 
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Table 3.11: Mixture design solutions for consortium C015 

No. Culture 

 A 

Culture  

B 

Culture 

C 

Culture 

D 

Culture  

E 

Total Carbon 

(%) 

Desirability 

1 0.000 1000000.0 0.000 0.000 0.000 0.114333 0.938 

2 0.000 787674.9 22.1 212302.9 0.000 0.115749 0.925 

3 0.000 500000.0 0.000 500000.0 0.000 0.117667 0.916 

4 0.000 500000.0 500000.0 0.000 0.000 0.117667 0.902 

 

Table 3.12: Mixture design solutions for consortium C1530 (First five of 54 solutions) 

No. Culture 

A 

Culture 

B 

Culture 

C 

Culture 

D 

Culture  

E 

Culture 

F 

Total 

Carbon 

(%) 

Desirability 

1 0.000 327521.3 320994.4 143835.0 207849.3 0.000 0.0589307 1.000 

2 0.000 394175.4 205235.9 202676.3 197912.3 0.000 0.0588703 1.000 

3 0.000 219659.5 316264.8 114345.8 349729.9 0.000 0.0596282 1.000 

4 0.000 262869.2 278521.1 192808.5 265801.3 0.000 0.0587834 1.000 

5 0.000 399897.6 192838.8 172072.2 235191.4 0.000 0.0573634 1.000 

 

Table 3.13: Mixture design solutions for consortium C30+ 

No. Culture 

A 

Culture 

B 

Culture 

C 

Culture 

D 

Culture  

E 

Culture  

F 

Total 

Carbon 

(%) 

Desirability 

1 0.000 227868.8 0.000 420313.3 0.000 351817.9 0.0692313 0.938 

2 0.000 0.000 0.000 462337.8 0.000 537662.2 0.0712617 0.925 

3 0.271 439806.9 0.743 476022.5 0.268 84169.4 0.072569 0.916 

4 0.000 553140.3 0.000 446859.7 0.000 0.000 0.0746522 0.902 

5 0.000 500000.0 0.000 500000.0 0.000 0.000 0.751091 0.899 

6 0.000 0.000 0.000 0.000 1000000.0 0.000 0.0840927 0.839 

7 0.000 0.000 19660.2 0.000 980339.8 0.000 0.0846721 0.836 
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Figure 3.19: Mixture design space for consortium C30+ 

 

Figure 3.20: Mixture design space showing design points (Consortium C015) 

 

Figure 3.21: Mixture design space showing predicted response (Consortium C1530) 
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3.4 Discussions 

 

This chapter describes the simulated bioassay experiments and its outcome to prove 

the efficacy of bacterial consortia developed as potential bioremediators for shrimp 

aquaculture systems. Two simulated bioassay experiments were conducted and 

studied thoroughly to assess the potential benefits of bacterial consortia developed. 

As such there are no reported  full fledged bioassays to find out the efficacy of 

microbial products as bioremediators. Experiments to evaluate the efficacy of 

bioremediators  on water quality improvement and reduction in organic waste 

accumulation in bioassay systems are rarely conducted and reported. But there are 

many reports on field level evaluation of pond bioremediator/ probiotics in the 

tropics with mixed results. Due to the factors such as  lack of proper scientific 

validations, entry of ineffective probiotic products in to the industry, improper field 

level evaluation and  bioassays  the scientific community has polarized in to two 

different groups, one advocating the use of microbial pond bioremediators and the 

other  not optimistic on the concept.  

 

In the present study both bioassays showed promising results suggesting the possible 

beneficial effects of bacterial consortia on water quality improvement in tests  with 

respect to control treatments. In animal growth and survival also a marginal 

improvement was noticed in both the experiments. In bioassay I, BOD values in 

tests were below 20 mg L
-1

, much lower to that of controls.  During the initial days 

of experiment there observed a sharp surge in BOD  across all tests & controls 

because of the rapid decomposition of residual feed particles and animal excreta. 

Subsequently, it came down  due to  enhanced ameliorating capacity imparted by the 

administered bacterial consortia. In the later stages of the experiment the differences 

in BOD between tests and controls were also significant and it indicated  prolonged 

and latent effect of bacterial consortia on amenable organic matter. The one time 

administration of bacterial consortia has proved to be satisfactory  in maintaining a 

lower BOD profile even after 10 days. No literature is available on lower BOD 

trends in systems treated with potential bioremediators.  

 

In the second bioassay, difference in BOD values of test and control treatments were 

significant throughout the experimental period. Consistent lower BOD values were 
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observed in tests  compared to that of controls, demonstrating the efficacy of  

recurring addition of bacterial consortia once in every 7 days. But in the later stage 

of the experiment (after 40 to 50 days), there observed a requirement of  their 

frequent addition  as the BOD values in tests  were closer to the values observed in 

control tanks. Moore (2000) reported a study on the effectiveness of a commercial 

probiotic in the shrimp farms in Thailand, where lower trend in BOD was observed 

in treated ponds, even though the difference in BOD values were insignificant. The 

study  concluded that there was no significant improvement in in-situ water quality 

variables in shrimp ponds treated with the commercial probiotics (Moore, 2000). In 

the light of this study it could be concluded that the consortia developed were 

promising bioaugmentors for detritus bioremediation.  

 

In tune with higher amelioration in tests TAN production in the initial stage was 

higher in many  tanks corresponding to the increase of BOD. However, over a 

period of time they declined mostly in tests indicating  enhanced degradation of 

organic waste. Both TAN and nitrite-N declined to lower levels well below the 

values encountered in control tanks. Phosphate levels were also lower in all tests 

throughout the experimental period. Similar scenario of lower phosphorous and 

nitrogen compounds in  farming water was observed by Wang et al., (2005) in L. 

vannamei ponds treated with commercial probiotics. Contrary to this, few significant 

differences were reported by Queiroz & Boyd (1998) in  water quality variables 

between treated and control ponds when channel catfish ponds were treated with 

commercial bacterial inoculum consisting of Bacillus spp. Chiayvareesajja and Boyd 

(1993) treated laboratory microcosms with a microbial inoculum which failed to 

induce significant difference in TAN concentrations between treated and control 

systems. In another study, pond waters were treated with a microbial inoculum at 

various doses and no significant reduction in ammonia concentration could be seen 

(Chiayvareesajja and Boyd, 1993). Valdes et al., (2013) reported pH regulation, 

nitrate reduction and increase in extractable phosphorus in L. vannamei ponds when 

treated with commercial probiotics.  

 

In the bioassays supplemented with the bioremediators, slightly higher growth, 

weight gain and survival of  animals could be  noticed  in line with studies which 

reported better growth and survival in probiotic treated systems (Soundarapandian et 
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al., 2010; Sunitha & Padmavathi, 2013). Queiroz & Boyd (1998) reported 

significantly higher survival and net production in treated channel catfish ponds than 

in controls when treated with Bacillus; but  the authors maintained that, the 

mechanism by which the bacterial treatment influenced survival could not be 

explained from data collected during the study. Recently, Valdes et al., (2013) 

reported significantly greater survival of L. vannamei in ponds treated with 

commercial probiotics. The study indicated  positive effect  with the use of 

commercial probiotic, to improve culture conditions and growth performance in an 

intensive culture of L. vannamei (Valdes et al., 2013). Mixed Bacillus probiotics 

were found to be very effective in improving growth and survival of Post Larvae of 

shrimp significantly, apart from  enhancing water quality in terms of pH, ammonia 

and nitrite (Nimrat et al., 2012). 

 

Probiotic preparations based on multiple strains have gained wide acceptance over 

the years (Vershuere et al., 2000). Major outcome of the present study is the 

validation of the beneficial effects of bacterial consortia with respect to better 

amelioration of organic waste  contributing to the improvement of water quality. 

Vershuere et al., (2000) suggested that by maintaining higher levels of Gram 

positive bacteria in the production ponds, build up of dissolved and particulate 

organic matter could  be minimized along with more stable phytoplankton bloom 

through increased production of CO2. In the present study the prime constituent of 

the consortia are  Bacillus spp. and the outcome of the bioassay suggest  better waste 

amelioration. An interesting observation in this study was the significantly higher 

rate of removal of BOD in the experimental tanks. In several previously reported 

studies conducted elsewhere BOD values for the control and treated ponds did not 

show any significant differences. This was especially true with the commercial 

probiotics evaluated by Sharif et al., (2001) and Wang et al., (2005). In both 

bioassays, BOD values in test and control tanks were significantly different and a 

congenial environment was developed with lower TAN, nitrite-N and nitrate-N in 

line with the positive impacts of the application of bioremediation for detritus 

management as proposed by Devaraja et al., (2002). This suggests that the consortia 

developed in this study is promising compared to the published works on evaluation 

of commercial probiotics preparation.  In short, the three consortia of detritus 

degraders developed can transform aquaculture operations environment friendly by 
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transforming the effluent fit to be discharged to surface waters  after the culture 

operation. This is besides the beneficial effects on growth and survival of the 

cultured species. 

 

Use of mixture design experiments to optimize the composition of consortia has 

been proved to be promising as an ideal method for the formulation of mixed 

cultures where the expected ecological function depends on the relative biomass. 

Considerable, work has been done in studying pure cultures of microorganisms, 

while the study of groups of organisms (consortia) is rather limited (Vandecasteele, 

2003). In the present study, constituted bacterial consortia were  used for the 

management of organic loading in aquaculture systems and an attempt was made to 

optimize consortia composition using the statistical tool 'mixture design'. There are 

reports on the use of genetic algorithm (GA) to artificially construct a microbial 

consortium from separately isolated strains to optimally perform a certain chosen 

ecological function (Vandecasteele, 2003). Microbial consortia can be obtained from 

environmental samples by direct isolation or by using enrichment cultures. In the 

present study elaborate screening process was employed to select isolates and mixed 

bacterial consortia were developed and a novel approach to optimize the consortia 

using mixture design tool was implemented. Vandecasteele (2003) demonstrated the 

use of genetic algorithm to artificially construct a microbial consortium from 

individual isolates  to optimally perform an arbitrarily chosen ecological function. 

The study constructed an artificial consortium of microbial isolates from soil and 

used for the degradation of the azo dye Orange II (Vandecasteele, 2003). Recently, 

mixture design tool is used extensively in Applied Microbiology and there are 

several reported works which made use of the  statistical tool. Statistical approaches 

in Microbiology were used to identify the main interactive  effects of parameters / 

components and their influence on the expected ecological functions. As an example, 

the influence of  different mixtures of 3 isolates in a bacterial consortium on the 

decolourisation of effluent was studied using an equilateral triangle diagram and 

mixture experimental design to assess colour and COD removal during species 

evolution (Ayed et al., 2011). In this study, the mixture design method was used for 

the multi-objective optimisation of bacterial consortium, with the decolourisation in 

biodegradation process as response. In a similar fashion, optimization experiments 

were conducted in the present study using mixture design template to find out the 
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optimal blend of the cultures  for the management of organic waste and it was found 

promising. This attempt  has thrown light on the excellent avenue for optimizing 

microbial consortia to perform a desired task and this process is a lesser explored 

field in the field of environmental microbiology. However, further studies are 

required to validate the design. 

  



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 190 
 

  



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 191 
 

Chapter IV 

 

Extracellular protease production 

from Bacillus 5C-81  isolated from 

marine sediment and its 

application in detritus 

management 
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4.1 Introduction 

 

Bioremediation employing prokaryotes can be grouped into two based on basic 

approaches, one which use the cell products such as enzymes and the other the 

organisms to grow and act on the pollutant (Weiner et al., 1998). With the 

advancements in enzymology, production and application of several enzymes in 

different fields showed radical improvement (Homaei et al., 2013). There are a 

plethora of avenues where application of enzymes is inevitable, and they are used in 

food industries, dairy product processing and beverage processing. In many 

industries, enzymes have found a special place due to their effect on end products, 

such as   pulp and paper, detergents, pharmaceuticals, textile, etc. Recently, enzymes 

have found role in more advanced biotechnological applications like biosensors, 

health care, molecular biology tools and drug development. In the environmental 

scenario, enzymes have brought in a sea change by entering in to more techno-

feasible production processes for biofuels, such as biodiesel and ethanol. One of the 

best uses of enzymes in the modern life is their application in solid waste 

management and waste water purification. Recent advances in biotechnology, 

particularly in protein engineering, have provided the basis for efficient 

development of enzymes with improved properties. This has led to establishment of 

novel, custom-made enzymes for completely new applications (Homaei et al., 2013) 

including bioremediation (Ruggaber & Talley, 2006; Karigar & Rao, 2011).  

 

The use of extracellular enzymes for various processes and products has been 

standardised  in many industries. But the concept of enzyme remediation or use of 

enzyme as bioremediation tool is a recently explored application domain (Ruggaber 

& Talley, 2006). Extracellular enzymes are now studied extensively on their ability 

to break down bonds within organic waste compounds and/or catalyze their 

transformation into less toxic and more biodegradable forms. Unlike many microbes, 

enzymes remain effective in a wide range of pH and temperature, and  can degrade a 

wide variety of compounds, especially, if they are immobilized on an appropriate 

carrier material (Ruggaber & Talley, 2006; Shampa et al., 2009). Alkaline proteases 

have been demonstrated of being able to reduce pathogen counts, solid content, and 

increase deflocculation in sludge (Ruggaber & Talley, 2006). Enzymes such as 

peroxidase, laccase and azo reductase are used to degrade dyes in effluents 
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(Ruggaber & Talley, 2006). These enzymes are extracted from microbial cultures 

and are employed in wastewater treatment. In many cases, such cell-free or isolated 

enzymes (pure or crude) are preferred for use over the intact organisms (Ruggaber & 

Talley, 2006), especially when the effluent to be treated contains pollutants which 

cannot support growth (Mugdha & Usha, 2012). Currently, high production cost 

inhibit the widespread use of extracellular enzymes for remediation (Ruggaber & 

Talley, 2006), however,  bench scale and field studies have shown enzymatic 

treatment to be a feasible option for bioremediation. 

 

4.1.1 Microbial protease 

 

Proteolytic enzymes or proteases of microbial origin catalyze  cleavage of peptide 

bonds in proteins and are degradative leading to  total hydrolysis (Rao et al., 1998). 

Proteases are the single class of enzymes which occupy a pivotal position with 

respect to their applications in both physiological and commercial fields (Rao et al., 

1998). They are used extensively for various processes and have many important 

biotechnological applications too. Proteases represent one of the three largest groups 

of industrial enzymes (Rao et al., 1998) and are used in detergents, leather industry, 

food industry, pharmaceutical industry (Rao et al., 1998) and in bioremediation 

(Najafi et al., 2005). The largest application of proteases is in laundry detergents as  

stain removal agents (Najafi et al., 2005). Proteases are also used widely in textile 

industry to improve the lustre and softness of fabrics like silk. They are also used as 

de-hairing agent in animal hide processing and in the recovery of silver from x-ray 

and photographic films. Guo & Xu (2011) highlighted the use of protease in 

enzymatic sewage sludge hydrolysis and wastewater sludge reduction. Generally 

proteases are widely distributed in microorganisms especially in bacteria, fungi and 

algae. Among various proteases, bacterial proteases are the most significant 

compared to animal and fungal proteases (Sharmila et al., 2012). Most commercial 

proteases are either neutral or alkaline and are produced by organisms belonging to 

the genus Bacillus (Rao et al., 1998). Microbial proteases are divided as 

endopeptidases and exopeptidases, endo peptidases are further grouped based on the 

position of active site such as serine endopeptidase, cysteine peptidase, aspartic 

endopeptidases, and metallopeptidases (Karigar & Rao, 2011). 
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4.1.2 Immobilized enzymes 

 

Immobilized enzymes are more robust and more resistant to environmental changes 

compared to free enzymes in solution (Homaei et al., 2013). According to Homaei et 

al., (2013), heterogeneity of the immobilized enzyme systems allows an easy 

recovery of both enzymes and products, multiple reuse of enzymes, continuous 

operation of enzymatic processes, rapid termination of reactions, and greater variety 

of bioreactor designs. Compared to their free forms, immobilized enzymes are 

generally more stable and easier to handle, reuse and store (David et al., 2006). The 

reaction products are not contaminated with the enzyme which is especially useful in 

the food and pharmaceutical industries (D'Souza, 2002). Enzyme immobilization 

improves the operational stability due to the increased enzyme loading which causes 

the controlled diffusion and finds application in several industrial processes 

(D'Souza, 2002; Nisha et al., 2012). In the case of proteases, the rate of the autolysis  

can be reduced upon immobilization (Massolini & Calleri, 2005). There are several 

enzyme immobilization techniques with pros and cons.  Enzymes may be 

immobilized by a variety of methods, which may be broadly classified as physical 

(weak interactions between support and enzyme) and chemical (covalent bond 

between substrate and enzyme). Most commonly adopted and reported techniques 

are: deposition on solids, adsorption on mesoporus silicates, immobilization by 

hydrogen bonding, covalent immobilization, physical entrapment using affinity tags, 

encapsulation in liquid vesicles (liposomes) and immobilization on biodegradable 

polymers (Homaei et al., 2013). Recently, David et al., (2006) reported the co-

condensation of silica sol with 3-aminopropyl (triethoxy) silane resulting in an 

amino-chemically surface modified silica gel (N-CSMG) with a very high ligand 

loading. Surface amine groups of this chemically modified silica gel were activated 

with glutaraldehyde and invertase from S. cerevisiae was covalently attached by 

aldehyde. All these enzyme immobilization techniques have advantages and 

disadvantages which confine their use to specific application domains. Unlike many 

chemical catalysts, utilization of enzymes for various processes has a few 

bottlenecks, which has to be addressed. Being protein in nature, they are highly 

susceptible to various denaturing agents and conditions. Their sensitivity to process 

conditions, such as temperature, pH, and inhibitory substances warrants appropriate 

modification in process, which always reflects on the cost effectiveness. Most 
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enzymes works in dissolved state in homogeneous catalysis systems, leading to 

product contamination, ruling out their recovery  for reuse  in the active form from 

most of the reaction mixtures (Homaei et al., 2013). 

 

The use of keratinolytic protease for food and feed industry waste, for degrading 

waste keratinous material from poultry refuse and as depilatory agent to remove hair 

from the drains has been reported. A formulation containing proteolytic enzymes 

from B. subtilis, B. amyloliquefaciens and Streptomyces spp. and a disulfide 

reducing agent (thioglycolate) that enhances hair degradation and helps  clearing 

pipes clogged with hair-containing deposits is currently available in market 

(Ruggaber & Talley, 2006). Even though enzymes can survive in a wide range of 

environments, they are not able to adapt themselves to survive in environments that 

are outside optimum range. The main disadvantage of using enzymes for 

bioremediation/ wastewater treatment is the high cost of the enzyme production 

(Ruggaber & Talley, 2006; Mugdha & Usha, 2012). Much of the cost of producing 

enzymes emerges from enzyme purification steps. Crude enzymes are cheaper 

(Mugdha & Usha, 2012) to produce, but also tend to have side effects and side 

activities (Ruggaber & Talley, 2006). The costs are expected to decrease as 

technology and techniques advance and as cheaper growth substrates are explored 

for large scale enzyme production (Ruggaber & Talley, 2006). An important 

advantage of enzymatic treatment is that the enzymes themselves are biodegradable 

materials (Ruggaber & Talley, 2006), which will degrade in the environment after 

their mission without any build-up of biomass with out causing secondary pollution. 

Although enzymatic technology is very promising, it has limitations. Unlike 

microbes which can reproduce and increase their population in order to consume a 

large amount of substrate, standalone enzymes or immobilized enzymes cannot. This 

points to the fact that, any increase in enzyme concentration must come from outside 

of the system by manual addition and it requires continuous monitoring. It has also 

been reported that alkaline proteases lose an extent of reactivity after they interact 

with pollutants and could eventually become totally inactive (Ruggaber & Talley, 

2006). 
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4.1.3 Enzyme application in aquaculture 

 

In aquaculture, enzymes are extensively used as  aquaculture feed additive to 

improve digestion and feed utilization. Protease is specifically used to improve the 

apparent protein digestibility values (Davis et al., 1998). Use of enzymes in feeds 

increase the digestibility and thereby reduce environmental pollution by 

unconsumed feed and production cost by reducing the nutrition expenditure. There 

are several enzymes like protease, amylase, phytase, papain etc., which are 

extensively used as feed additives and there are a wide variety of commercial 

products for aquaculture derived from enzyme supplements (Davis et al., 1998). 

Many commercial ventures advocates the use of enzymes in aquaculture as a 

bioremediation tool and several enzymes like amylase, β-glucosidase, cellulase, 

lipase, protease, xylanase and pectinase are now available in commercial formats 

(Mayer, 2012).  There is  considerable interest in the use of enzyme supplements to 

aid bioremediation in aquaculture ponds and presently there are commercial 

products available in market, despite the high cost of such preparations. Moreover, 

most of the commercial microbial bioremediator products have listed many enzyme 

supplements as the active ingredients. Many commercial microbial products now 

include an enzyme blend as one of the active component along with viable 

microorganisms and there were reports on practical field studies on the effectiveness 

of such products (Mayer, 2012). 

 

It was widely perceived that a combination of beneficial bacteria and enzymes 

greatly enhances  bioremediation  in aquaculture systems. Enzymes facilitate  rapid 

bio amelioration  by breaking down large organic waste particles  providing more 

surface area for the attachment of beneficial microorganisms to act on the substrates 

(Mayer, 2012). According to Boyd & Gross (1998) enzyme supplementation alone 

will not enhance degradation of organic matter or toxic substances unless bacteria 

are present and they are the first step in the degradation. Though higher organic 

matter decomposition was observed when an enzyme preparation was used in 

channel catfish ponds, the difference between treatments were not significant due to 

high variation (Queiroz et al., 1998). Though a few attempts were reported on 

evaluation of enzyme preparations in lab scale models and in aquaculture ponds 
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(Boyd & Gross, 1998) the observations were not significant to vouch the beneficial 

effects of enzyme preparations in aquaculture. 

 

  

4.1.4 Objectives 

 

Specific objectives of the  study were: 

 

 Assay of protease from Bacillus thuringiensis 5C-81 isolated from marine 

sediment. 

 Comparison of the protease activity with that of  Bacillus cerus MCCB 101.  

 To explore the possibility of using immobilized crude protease from Bacillus 

thuringiensis 5C-81 for detritus management in aquaculture. 
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4.2 Materials and Methods 

 

4.2.1 Protease activity 

The  marine protease producing Bacillus  5C-81 isolated from deep marine 

sediments were selected  for the  study. Influence of different media, media 

components, organic substrates on protease production and activity was studied. 

Yeast extract peptone dextrose (YPD) broth and ZoBell's broth were selected for the 

study. The selected media were prepared both in seawater base and deionsed water. 

Casein (1 % prepared in phosphate buffer pH 7.2), gelatin (1 %), starch (1 %), chitin 

flakes (0.5 %), ground nut cake meal (1 %), and cassava powder (1 %) were used as 

substrate to induce protease production. Media (100 mL) in seawater and deionized 

water along with substrates were prepared. The culture was inoculated and all 

inoculated media were incubated at room temperature over orbital shaker (100 

RPM). Enzyme activity monitored from 24 hr onwards using cell free supernatant of 

the culture media (6440 RCF for 10 minutes at 4 °C). For those media where 

protease activity was very low, sterile trace metal mix (Table 2.3) was supplemented 

(1 % v/v)  as stimulant after 72 hr. Protease activity was measured by the standard 

protease assay using casein as the substrate. 

 

 4.2.2 Protease assay  

Protease was quantified by the slightly modified assay protocol proposed by 

Kembhavi et al, (1993), assay reaction consisted of 500 µL of 1 % Hammersten 

casein (Sigma) in 50  mM phosphate buffer (pH 7.2) incubated with appropriately 

diluted enzyme (cell free culture supernatant of 24 to 48 hr old culture) for 20 

minutes at 37 
°
C. Cell free culture supernatant was obtained by centrifuging cultures 

at 10064 RCF for 15 minutes. An appropriate volume of culture supernatant (200 µL) 

was added to the pre-warmed casein substrate solution and made up to 1000 µL by 

50 mM phosphate buffer. Blank assay reactions were prepared by adding 500 µL of 

20 % trichloroacetic acid (TCA) to the substrate before the addition of culture 

supernatant. Both test and control assay tubes were incubated at 37
 °
C for 30 minutes 

in a stirred water bath. After the incubation, reaction was terminated by adding 500 

µL of 20 % trichloroacetic acid (TCA) to test assay tubes. The assay tubes were 

centrifuged at 10064 RCF for 20 minutes at 4
 o
C and supernatant was collected and 
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enzymatically released tyrosine and tryptophan residues were measured by 

spectrophotometer at 280 nm. The assay protocol was validated/ standardized by a 

series of standard tyrosine concentration (5 to 30 µg mL
-1

) and unknown samples 

were determined from the regression equation generated from the linear relation of 

tyrosine concentration and absorbance at 280 nm. Enzyme activity was expressed in 

unit activity, where one unit (U) activity was defined as the amount of enzyme 

required to affect the release of one µg  tyrosine per millilitre per minute under 

standard assay conditions. Protein content was measured by the method of Hartree-

Lowry (1972) with bovine serum albumin (BSA, Sigma) as the standard. 

 

4.2.3 Ammonium sulphate fractionation 

Extracellular protease produced by the cultures was 'salted out' by ammonium 

sulphate precipitation. Enzyme fractionation was done by progressive ammonium 

sulphate precipitation (20, 40, 60, 80 & 100 % ammonium sulphate) of crude 

enzyme (cell free supernatant). A 12 day old culture in ZoBell's medium (containing 

1 % starch) was used for enzyme fractionation. The culture (10 mL) was centrifuged 

at 10064 RCF at 4 °C for 15 minutes (Remi, C-23) to remove biomass.  Cell free 

crude enzyme / supernatant (10 mL) was taken in a sterile beaker kept on ice bath 

over a magnetic stirrer. Analytical grade, powdered ammonium sulphate was added 

slowly to the chilled crude enzyme with constant stirring to get  initial concentration 

of 20 %. The required quantity of ammonium sulphate to achieve a specific % 

concentration was calculated by the equation G = 533 (S2 - S1)/ 100 - (0.3 x S2) 

where G = ammonium sulphate (g L
-1

), S1 the initial ammonium sulphate 

concentration (%) and S2  the final salt concentration in percentage. The mixture 

was constantly stirred for 1 hour at 4 °C and centrifuged at 6440 RCF for 30 minutes 

at 4 °C to recover the precipitate. The clear supernatant after the centrifugation was 

measured and transferred to the same beaker and the required quantity of ammonium 

sulphate (40 %) was added to the chilled supernatant, stirred for an hour and again 

centrifuged to recover the 40 % fraction of enzyme. These steps were repeated for 

60, 80 and 100 % saturation and the precipitate obtained after each progressive 

saturation was dissolved in minimum quantity of sterile phosphate buffer (pH 7.2). 

All fractions (dissolved in sterile buffer) were assayed for enzyme activity 

individually and after pooling. Pooled fractions were desalted and concentrated by 
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dialysis using 12 KDa cut off dialysis membrane tube (Sigma) against sterile 

phosphate buffer (pH 7.2). Further concentration was done by diafiltration (Amicon 

ultra filtration stirred cell, Model 8010, Millipore) using a 3 KDa cut off membrane. 

Unit activity and specific activity of individual enzyme fractions, pooled fractions 

and desalted/ concentrated pooled fractions were determined by standard enzyme 

assay.  

 

4.2.4  SDS PAGE gel electrophoresis and gelatin zymography  

SDS-PAGE was carried out for determination of molecular mass of the protease in a 

10 % resolving gel and a 4 % stacking gel according to the method of Laemmli 

(1970). Electrophoresis was carried out at a constant current of 12 mA for 90 

minutes. Broad range protein molecular marker (Genie, Bangalore) was used as 

protein ladder. After electrophoresis, gels were stained with 0.025 % Coomassie 

Brilliant Blue R-250 and then de-stained with a solution containing 5 % methanol 

and 7 % acetic acid.  

 

Zymography is a gel based enzymatic assay useful for detection and semi-

quantitative analysis of proteases and is performed using overlay or co-

polymerization techniques. In overlay assays, samples are fractionated by SDS-

PAGE and, after removal of SDS, the polyacrylamide gel is overlaid on an agarose 

indicator gel containing protein substrate. Enzyme diffuses into the indicator gel 

during incubation of the gel sandwich and results in degradation of protein substrate 

in the indicator gel. The indicator gel is then stained to reveal zones of proteolysis, 

which appear as cleared bands on a dark background. Gelatin zymography was done 

using gelatin indicator gel overlay method. SDS-PAGE gel slab was washed with 2x 

triton X-100 to remove SDS and to facilitate protein re-naturation. Then the washed 

gel slab was carefully overlaid on agarose indicator gel. Agarose indicator gel was 

prepared with 1% agarose in phosphate buffer (pH 7.2) and 0.6% gelatin. Gel 

overlay sandwich was incubated at 37 °C for 24 hr, with moist paper towels and was 

stained briefly. 
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4.2.5 Enzyme immobilization 

All active fractions obtained from ammonium sulphate fractionation were pooled 

and used for immobilization. Sterile starch powder and chitin flakes were used as 

substrata  for enzyme immobilization. Sterile substrata  were mixed gradually with 

pooled enzyme fractions in sterile phosphate buffer (pH 7.2) and allowed to absorb 

the enzyme-buffer mixture completely for 24 hrs at room temperature. The substrata 

- enzyme mixture was dried in sterile Petri dishes at room temperature and stored in 

sterile glass vials as powder. Activity of the  enzyme  was assayed following 

standard protease assay. 

 

4.2.6 In vitro bioremediation experiment using immobilized protease 

A lab scale bioremediation experiment was conducted to assess the potential of 

immobilized enzyme (crude protease-starch mixture) using an artificial effluent 

prepared in aged seawater (30 ‰). Artificial effluent was prepared by mixing 5 % 

powdered shrimp feed in aged seawater base and made into two separate portions as 

autoclaved and un – autoclaved. Sterile and non-sterile artificial effluents (100mL) 

were dispensed in 250mL conical flasks, 0.2g protease-starch mixture was 

administered and incubated on orbital shaker at 60 RPM, at 30 °C for 96 hours. 

Control flasks were administered with sterile starch powder and incubated under 

same conditions. TAN, 5 day BOD and protease activity were monitored throughout 

the experiment. 

  



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 203 
 

4.3 Results  

 

4.3.1 Enzyme activity 

Since Bacillus  5C-81 exhibited  high protease production and activity it was 

selected for further studies on enzyme activity induction. The culture was grown in 

YPD and ZoBells broth with 1 % casein/ soluble starch prepared in 30 ‰ seawater 

and deionized water. Enzyme activity was not detected in YPD (casein and starch) 

& ZoBell's (casein) media prepared with deionized water. But a high protease 

activity (24 hr) was observed in ZoBell's medium with soluble starch prepared in 

deionised water (928U). In Seawater (30 ‰) based media protease activity of 61U 

(YPD + casein) and 441U (ZoBell's + Casein) was recorded after 24 hr incubation.  

In ZoBell's medium without any substrate, protease activity was 119U (24 hr). In the 

presence of starch, an inducing effect on protease production was observed which 

was several folds higher. Meanwhile, trace metal mix addition to the medium  failed 

to establish protease production in deionized water based media, however,  addition 

of starch did establish protease activity within a day. Based on these observations, 

ZoBell's medium and starch were selected as the production medium for further 

studies. When ZoBell's medium with starch was prepared with aged sea water (10, 

20 and 40 ‰) an increase in activity was observed with increase in salinity. 

Maximum activity 2765U (48 hr) was measured in the  medium prepared with 40 ‰ 

seawater.  

 

4.3.2 Ammonium sulphate fractionation  

Crude extracellular protease produced by the cultures was precipitated progressively 

by ammonium sulphate precipitation (20, 40, 60, 80 & 100 % ammonium sulphate). 

A 12 day old culture in ZoBell's medium (containing 1 % starch) was used for 

enzyme fractionation. All fractions (dissolved in sterile buffer) were assayed for 

enzyme activity individually and after pooling. At 20 & 40 % precipitation, very less 

precipitate was yielded, however, at  60 and 80 % saturation very dense precipitate 

was obtained. Pooled fractions were desalted and concentrated by dialysis and 

diafiltration (Amicon ultra filtration stirred cell, Model 8010, Millipore). Unit 

activity and specific activity of individual enzyme fractions, pooled fractions and 

desalted/ concentrated pooled fractions were assessed by standard enzyme assay and 

reported as unit activity where one unit (U) activity was defined as the amount of 
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enzyme required to affect the release of one µg of tyrosine per millilitre per minute 

under standard assay conditions. Enzyme activity was higher in Bacillus cerus 

(MCCB 101) 12 day old supernatant (crude enzyme) but in Bacillus 5C-81, the  

activity was higher in all enzyme fractions and highest activity was recorded in the 

fraction obtained at  60 % ammonium sulphate saturation (Table 4.1). Bacillus cerus 

(MCCB 101) exhibited  highest activity in the fraction obtained at  60 % ammonium 

sulphate precipitation  and Bacillus 5C-81 showed higher activity in both the 

fractions obtained at 60 & 80 ammonium sulphate saturation.  When all fractions 

were pooled, highest activity was observed in the culture supernatant of  Bacillus 

cerus MCCB 101 than that of  Bacillus  5C-81 (Table  4.2). Though the activity of 

individual fractions was higher in the culture supernatant of Bacillus  5C-81, pooled 

fractions showed much lower activity. Activity of desalted/ concentrated pooled 

fractions of the enzyme of both the cultures was higher (Table  4.2) and was around 

13000 to 13700U. Specific activity of enzymes from both cultures increased 

considerably, with concentrated enzymes. However, activity of the enzyme fractions 

and pooled enzyme fractions deteriorated on storage (4 °C) due to high autolysis. 

SDS-PAGE  gel analysis revealed several bands (Figure 4.1) for all crude protease 

samples extracted from selected cultures. Very conspicuous bands were observed 

between 20 to 29 KDa in all three samples (Figure 4.1). For Bacillus 5C-81 and 

MCCB 101, a clear band was observed at around 43 KDa marker. But most 

conspicuous thick bands were visible in the range 63 to 97 KDa in all the three 

samples. Gelatin zymography by the agarose gel overlay method was done to find 

the active enzyme fraction in the SDS-PAGE  gel. The zymogram revealed that the 

bands resolved near 20 to 29 KDa range which showed activity as far as all the three 

samples were concerned.  

 

4.3.3 Enzyme immobilization 

Crude desalted enzyme preparation having an initial activity of 4290 U was used for 

immobilization. Sterile starch powder was used for immobilizing enzyme by 

physical adsorption. Initial enzyme activity of enzyme starch mixture was 1119 U 

per gram per minute but activity deteriorated to 241U after 10 day on storage at 

room temperature. Activity of 72U was retained even after one month storage at 

normal room temperature but there was no activity for samples stored at 4 °C. 
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Freshly prepared enzyme-starch mixture was used for the in-vitro lab scale 

bioremediation experiment. 

 

Table 4.1: Activity of enzyme fractions obtained after enzyme fractionation. 

Enzyme fractions Culture Unit activity (U) 

Crude cell free culture supernatant (12 day 

incubation) 

MCCB 101 5334 

5C-81 2765 

20 % fraction of ammonium sulphate precipitation MCCB 101 1037 

5C-81 2669 

40 % fraction of ammonium sulphate precipitation MCCB 101 804 

5C-81 3890 

60 % fraction of ammonium sulphate precipitation MCCB 101 6729 

5C-81 7114 

80 % fraction of ammonium sulphate precipitation MCCB 101 3231 

5C-81 6881 

100 % fraction of ammonium sulphate precipitation MCCB 101 675 

5C-81 3260 

 

Table  4.2: Activity of enzyme preparations of selected cultures. 

Enzyme preparation Culture Unit 

activity 

(U) 

Specific 

activity 

U mg
-1 

Purification 

fold/ factor 

Protein 

µg mL
-1 

Crude cell free culture 

supernatant (12 day 

incubation) 

MCCB 

101 

5334 2095 1 2545.6 

5C-81 2765 1277 1 2165.9 

Pooled fractions of 

precipitated enzyme 

MCCB 

101 

11857 6510 3.1 1821.3 

5C-81 4927 4407 3.45 1118.1 

Desalted/ concentrated enzyme 

(Diafiltered) 

MCCB 

101 

13662 6746 1.04 2025.2 

5C-81 13068 7414 1.53 1762.7 
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Figure 4.1: SDS Phage gel picture and zymogram of crude protease 

 

(81: Bacillus 5C-81, DD: Bacillus cerus MCCB 101) 

4.3.4 In vitro bioremediation experiment using immobilized protease 

There was marked depletion in BOD (Table 4.3) in treatments administered with 

immobilized enzyme. In sterile control treatment, BOD values were virtually 

unchanged, but in the non-sterile control counterpart there was  gradual decrease in 

BOD  with the addition of sterile starch powder. Tests  (both autoclaved and un-

autoclaved) exhibited a BOD removal of around 15 to 20 mg L
-1

 over four days 

(Figure 4.2 & 4.3). Lowest BOD values of 22 & 27.5 mg L
-1

 were recorded after the 

immobilized enzyme was added to the un-autoclaved and autoclaved effluent 

respectively. However, un-autoclaved effluent with starch administration also 

showed a lower BOD value of 24.5  mg L
-1

. This proved that, immobilized enzymes 

indeed enhance bioremediation rates in both autoclaved  and un-autoclaved 

conditions. 

 

TAN values were lower in autoclaved test treatment (Table 4.3) at the end of 

experiment, where as TAN levels remained same in autoclaved control treatment 

and slightly higher TAN values were observed in un-autoclaved treatments (Fig. 

4.4). Lower TAN level may be due to the enhanced nitrogen removal from the 

system due to increased C:N ratio poised by the addition of starch. But an increasing 

TAN trend in un-autoclaved treatments may be due to the microbial decomposition 

of organic matter and the TAN levels were more or less similar in both test and 
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control treatments. Protease activity in sterile test treatment lasted up to 24 hr and in 

non sterile test treatment it was not detected from 12 hr onwards (Table 4.3). For 

control treatments protease activity was not detected throughout the experiment 

period. 

 

Table 4.3: BOD, TAN and protease trend in the experiment on enzyme 

bioremediation 

Treatment Parameter 6 hrs 12 hrs 24 hrs 48 hrs 72 hrs 96 hrs 

Control 

(Sterile 

treatment) 

BOD 46±1.4 50.5±2.1 50±1.4 49.5±0.7 49.5±0.7 48±1.4 

TAN 0.37±0.03 0.34±0.04 0.37±0.03 0.39±0.02 0.34±0.04 0.35±0.02 

Protease - - - - - - 

Test 

 (Sterile 

treatment) 

BOD 45.5±2.1 39±2.8 31±1.4 28±1.4 25.5±0.7 27.5±0.7 

TAN 0.38±0.02 0.32±0.01 0.3 0.27±0.01 0.29±0.02 0.25± 0.01 

Protease 13 7 4 - - - 

Control 

(Non-sterile 

treatment) 

BOD 43.5±2.1 41.5±0.7 38±1.4 31±1.4 25±1.4 24.5±2.1 

TAN 0.33±0.04 0.38±0.04 0.41±0.02 0.48±0.02 0.44±0.04 0.42±0.02 

Protease  - - - - - - 

Test (Non-

sterile 

treatment) 

BOD 41.5±0.7 30.5±2.1 29.5±2.1 23±1.4 20.5±0.7 22 

TAN 0.34±0.03 0.3±0.03 0.37±0.02 0.4±0.02 0.42±0.03 0.4±0.02 

Protease  9 - - - - - 

 

Figure  4.2: BOD trend in autoclaved treatment 
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Figure 4.3: BOD trend in un-autoclaved treatment 

 

Figure 4.4: TAN trends in the  bioremediation experiments employing immobilized 

enzyme 

 

  

0

5

10

15

20

25

30

35

40

45

50

0 12 24 48 72 96

B
O

D
 (m

g 
L-1

)

Hours

Enzyme treatment: Un-autoclaved

Test Control

0

0.1

0.2

0.3

0.4

0.5

0.6

0 12 24 48 72 96

TA
N

 (
m

g
 L

-1
)

Hours

TAN production Test autoclaved Control autoclaved

Test Un-autocalved Control Un-autoclaved



Development and Validation of Bacterial Consortia for Bioremediation of Detritus in Aquaculture Systems 

 

Deepesh V Page 209 
 

4.4 Discussion 

 

Bacillus is an important genus being exploited for various biotechnological 

applications as bioaugmentors and probiotics. Commercial proteases, used 

worldwide are sourced from the genus Bacillus. They have been preferred over other 

microbes in bioremediation for their versatile metabolisms. They are efficient and 

rapid degraders of organic bio molecules and they convert all bound organic carbon 

to carbon dioxide without any intermediate products. Being spore formers  they can 

be stored for prolonged period.   

 

Members of the genus Bacillus are able to secrete a wide variety of enzymes into the 

culture medium. Every Bacillus species which has been checked produces at least 

one extracellular enzyme (Slepecky & Hemphill, 2006). The array of products 

obtained from Bacillus includes different carbohydrates, several kinds of proteases, 

penicillinases, nucleases, phosphatases, lipase, phospholipase C, thiaminase, and 

bacteriolytic enzymes (Slepecky & Hemphill, 2006). A vast literature exists on the 

use of Bacillus enzyme models for studying secretion mechanisms, cellular location, 

and regulation (Slepecky & Hemphill, 2006). For a period, there has been 

considerable interest in producing large quantities of enzymes for industrial 

purposes especially, proteases for detergent  supplementation,  brewing industry, 

various uses in the food industry and in leather manufacturing and in different 

amylases in food processing and paper industry (Slepecky & Hemphill, 2006). 

 

In the present study, several Bacillus sp.  were enriched and isolated from  marine 

environment. Though there are several studies on marine Bacillus with regard to 

their  protease production, antagonism  to pathogens, as probiotic in aquaculture,  

there are very few studies encompassing large scale screening of marine bacteria to 

be used as bioaugmentors in detritus remediation. As presented here,  the isolates 

obtained from this study are able to produce  a variety of hydrolytic enzymes and are 

able to thrive in various conditions (Seri-Intan et al., 2005). This is in line with the 

versatile nature of Bacillus sp. which has been reported so often (Slepecky & 

Hemphill, 2006). Protease production and activity of Bacillus 5C-81 was in par with 

MCCB 101, a proven detritus bioremediator. Protease activity induction by starch 

and other polymeric carbohydrates was an interesting observation in this study. 
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There was a linear increase in protease activity with increasing salinity, but in the 

presence of starch, activity appeared to be independent of salinity. Such 

observations are not reported for  Bacillus isolated from deep marine sediment. 

According to Slepecky & Hemphill (2006), Bacillus represents a group with 

multifaceted abilities, supported by the observations made in this study.  Das et al., 

(2012) reported a study on protease secreting Bacillus strains isolated from the 

Eastern coast (West Bengal and Visag) which exhibited intracellular metal 

accumulation under  laboratory conditions. The  study showed  wide metabolic 

competence of the genus Bacillus to be applied as bioaugmentor. SDS-PAGE and 

zymogram indicated that the active fraction was having a molecular weight of 21 to 

29 KDa. By the gel over lay sandwich method, faint clearing was visible around the 

bands between 21 to 29 KDa. Partially purified enzyme preparations exhibited  unit 

activity around 13000U, which is very high and comparable to many commercial 

proteases. But on storage the activity was declining due to autolysis. 

 

The in vitro immobilized enzyme mediated bioremediation experiments resulted in  

promising observations. Bioremediation enhancement was clearly exhibited in both 

autoclaved and un–autoclaved  systems. There are very few reported studies on 

enzyme mediated remediation in aquaculture. Mayer (2012) reported the positive 

effect of pond soil quality when a proprietary enzyme preparation was used in 

aquaculture ponds. Najafi et al., (2005) reported a study on immobilization of 

protease and found that the immobilization process has not changed the optimum 

factors for higher enzyme activity. However, there are no reported studies on the use 

of immobilized enzymes in aquaculture to improve soil and water quality. Most of 

the enzyme preparations are supplements and consist of active enzyme component 

in powder form. Immobilized enzymes are safe guarded against autolysis or natural 

degradation and their effect lasted for a longer time in the system.  

 

BOD values in treatments were lower than the controls and the trend showed a 

decline towards the end of the experiment. Corresponding to the low BOD values 

TAN values were lower in tests compared to that  in controls. Since, there is an 

optimum C:N ratio for nitrogen removal from the system, addition of easily liable 

carbohydrate like starch will play an important role in enhancing the C:N ratio to 

optimum level. Usually, C : N ratio of 20:1 is optimum for efficient nitrogen 
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removal from any natural system, but a C:N ratio of 8 to 12 is recommended for 

aquaculture ponds. According to many experts, organic loading in aquaculture 

systems escalates because of low C:N ratio triggered from excessive input of high 

protein such as feed and faecal matter. The concept of adding a simple carbohydrate 

as a substrate for enzyme immobilization will  take care the lower C:N ratio which 

might hinder the natural nitrogen sequestration from the system. Therefore, this 

approach is more environment friendly and enhances the inherent degradation 

capacity of the system. Several experts pointed out that enzyme mediated 

remediation is the first step of bioremediation and the combined effect of beneficial 

bacteria and enzymes will  make  bioremediation a successful venture (Boyd & 

Gross, 1998).  The  study has resulted in  promising results and there is a much more 

need for further investigations  for  better understanding of the process. 
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Chapter V 

 

Conclusion and  

Scope of further Research 
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5.1 Introduction 

 

Sustainable development requires the development and promotion of environmental 

management and a constant search for green technologies to treat a wide range of 

aquatic and terrestrial habitats altered by increasing anthropogenic activities 

(Juwarkar et al., 2010). Bioremediation is an increasingly popular alternative to 

conventional methods for in-situ treatment of perturbed habitats with the possibility 

to degrade contaminants using natural microbial activity mediated by consortia of 

potential microbial strains (Juwarkar et al., 2010). Many studies about 

bioremediation have been reported and the scientific literature has revealed the 

progressive emergence of various bioremediation techniques (Juwarkar et al., 2010). 

Extensive literature on various in situ and ex situ bioremediation techniques 

including phytoremediation, bioaccumulation, composting and biosorption and their 

effectiveness in the biotreatment, stabilization and eventually overall remediation of 

contaminated environments is available (Juwarkar et al., 2010).  

 

In aquaculture waste management, it is discernible that the physico-chemical 

methods are yet the most sought after to improve the water quality in grow-out 

ponds and recirculation systems. Aquaculture feeds and feeding regimes play a 

major role in determining the quality and potential environmental impact of 

aquaculture effluents (Tacon and Forster, 2003). However, the recent efforts are in 

the direction of bioremediation attempted through augmenting beneficial microbial 

populations in culture systems that depurate excessive organic matter and nutrients, 

bioremediation of aquaculture wastewater using microalgae and  co-culture of 

seaweeds in integrated multi-trophic aquaculture system. Cost effective control of 

dissolved nutrients, BOD, dissolved gases, pH, dissolved chemicals and pathogens is 

the main area of concern in aquaculture effluent remediation. Wastewater outputs 

are mainly derived from on-farm feed/ nutrient inputs, either directly in the form of 

uneaten/ leached feeds, excretory products, and/or indirectly through eutrophication 

and consequent increased natural productivity (Tacon and Forster, 2003). In 

principle, suspended solids and dissolved substances present in the effluent from 

aquaculture operations are responsible for eutrophication, which can cause, among 

others effects, the proliferation of harmful algal blooms in inland and coastal waters. 

This is one example of the potential negative impacts on the environment caused by 
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discharge of aquaculture wastewater, which has been enriched with nitrogen and 

phosphorus, into streams, rivers, lakes, the sea or the soil. Bulk of the dissolved/ 

suspended inorganic/ organic matter contained within the effluents of intensively 

managed aquaculture production systems are derived from feed inputs, either 

directly in the form of the end products of metabolism or from uneaten/ wasted feed 

(Tacon and Forster, 2003). Therefore, both suspended solids and dissolved solids 

need to be decreased either by improved farm management or physical or biological 

removal from the effluent as to reduce nutrient loads. For recirculation systems, 

where reused water must be of adequate quality to maintain the culture organisms in 

a healthy and fast growing condition, it is especially important to remove waste 

products as quickly as possible, an area with ample scope for using immobilized 

microbial consortia technology for in situ depuration. 

 

Physical methods, using biofilters that reduce the biochemical and microbiological 

load of the effluent has been in use from the 1990s. Over a decade ago, the use of 

floating bead filters, were advocated for effective capture of suspended solids 

through four identifiable mechanisms, which include straining, settling, interception, 

and adsorption. Apart from this the expandable granular filters has bio-clarification 

behavior similar to sand filters. They function as a physical filtration device by 

removing solids, while simultaneously encouraging the growth of bacteria (both 

heterotrophic and nitrifying) that remove dissolved wastes from the water. Despite 

applied filtration methods, however, small suspended solids still tend to accumulate 

in aquaculture systems and have to be removed in order to ensure good water quality. 

In order to optimize the organic matter decomposition bacteria can be used through 

incorporating the waste into decomposer biomass, but has received little attention. 

The decomposer biomass, among other options, can be fed to micro fauna, fungi, 

worms, sea cucumbers, crustacean and some detritivorous fish to convert it into 

valuable biomass.  

 

Effectiveness of adding  selected species of beneficial microbes to a complex 

ecosystem, called bioaugmentation, is a subject under debate (Morikawa, 2006), and 

the concept of probiotic remains controversial (Tinh et al., 2008). There have been 

relatively few well executed studies on the mechanisms of action of probiotics in 

vivo. Various mechanisms have been proposed to explain the beneficial effect of 
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probiotics, such as antagonism toward pathogens, competition for adhesion sites, 

competition for nutrients, enzymatic contribution to digestion, improvement of 

water quality, and stimulation of host immune responses. However, in most studies, 

the explanation for the mechanisms of action of probiotics is largely based on in 

vitro observations, and the beneficial effect of the probiotics on the host has been 

wrongly attributed to these in vitro observations, neglecting that in vivo physiology 

might be different from the metabolic process in in vitro monocultures (Tinh et al., 

2008). Although several extensive bioaugmentation experiments have been reported 

to be successful, many other experiments conducted by independent laboratories 

have often shown that bioaugmentation had little effect on treatment (Morikawa, 

2006). A great quantum of research need to be initiated on probiotics in pond 

aquaculture by independent parties without any financial interests (Boyd & Gross, 

1998). The general perception on this is to align research focus to elucidate the 

effects of probiotics on aquatic ecosystems, identify conditions under which 

probiotics can be beneficial, and develop appropriate doses and methods of 

application (Boyd & Gross, 1998). Important problems concerning the establishment 

of the inoculated microorganisms in target ecosystem, the insufficiency of substrate, 

competition between the introduced species and the indigenous population and 

grazing by protozoa, have been cited as possible reasons for the failure of 

bioaugmentation experiments (Morikawa, 2006) among many other factors.  

 

The present work was focused on the following objectives: 

 

5.2 Screening and selection of candidate bacterial isolates  

 

Extensive screening to select potential candidate bacterial isolates from marine and 

aquaculture environment was carried out. This study put forth a clear selection 

strategy to isolate putative bioremediator bacteria and to select candidate species 

based on elaborate screening process. There are no reported studies on the screening 

and selection of potential hydrolytic bacteria for the development of probiotic 

consortia for application in aquaculture as pond probiotic/ bioremediator. Most of 

the commercial microbial products available in the market are not backed with any 

background data on selection and development of the microbial preparation; 

triggering genuine doubts on the general concept of probiotics (Wang et al., 2008) 
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and to the claims made by such commercial preparations. Moreover, ineffective 

products that are sold as probiotics have caused farmers to question the probiotic 

concept (Moriarty et al., 2005). Often, selection of probiotic bacteria usually made 

by empirical process based on limited scientific evidence, and failures in probiotic 

concept can be attributed to the selection of inappropriate microorganisms (Gomez-

Gil et al., 2000). It is important to develop a defined selection strategy to ensure the 

flexibility of candidate species to adopt with different target environments. General 

selection procedure includes, collection of background information, acquisition and 

evaluation of the putative probiotic species, assessment of  pathogenicity,  

evaluation of the effect on host animal and economic  benefits. 

 

Through various levels of screening, three defined, mixed bacterial consortia were 

constituted in this study. The  most direct and simple enrichment procedure 

(Morikawa, 2006) was adopted for the selection of bacterial isolates in this study 

and this step essentially fulfill the requirement of traits required for degradation 

under specific conditions (Morikawa, 2006). But, Morikawa, (2006) pointed out that, 

enriched populations are not necessarily typical or representative of indigenous 

communities in the target habitat and could be equally, by chance, derived from 

transient populations. Further, the enrichment cultures are unlikely to have any 

influence on other traits that are also required for enriched strains to be competitive 

and effective in the target environment. These additional traits are required to 

survive prevailing, often fluctuating, environmental conditions and competition from 

indigenous microbial populations and predators, among many other stresses 

(Morikawa, 2006). These problems associated with enrichment cultures has been 

well addressed in the present study by enriching samples collected from various 

locations representing the different bio-geo-physico-chemical properties of east and 

west coast of India dotted with numerous aquaculture hotspots. The concept of 

defined mixed bacterial consortia made from selected bacterial isolates ensures that 

the target environment will receive at least a few potential strains with the desired 

traits to be effective at that specific environment. Unlike pure culture microbial 

preparations, the defined consortia approach makes sure at least a few strains 

proliferate in the target habitat and enhance bioremediation. 
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In this study, various samples collected from different marine/ brackish/ aquaculture 

environments were used to enrich and isolate competent heterotrophic bacteria. A 

simple enrichment system was adopted to enrich bacteria from various salinity 

regimes. A total of 104 samples were enriched to isolate putative strains suitable for 

various environmental conditions. More than 1160 cultures were obtained from  the 

enrichment systems altogether and elaborate screening procedure was employed to 

segregate  putative isolates.  Generally, selection of probiotics for disease protection 

in aquaculture is based on their antagonistic property (Vine et al., 2004). However, 

in the present study, screening and selection of organisms were based on their 

degradative potential of organic matter to use them as bioaugmentors for detritus 

degradation. A few studies  have been reported employing similar approaches for 

enhancing inorganic nutrient regeneration by the addition of effective indigenous 

bacteria for  the decomposition of organic matter in sediment water systems   (Karim 

et al., 2003). Karim et al., (2003) isolated two bacterial strains which could 

decompose organic matter in a eutrophic bottom environment. However, there are 

no reported studies on isolating putative bioaugmentors  from various marine / 

aquaculture environments for use in aquaculture for  bioremediation of detritus and 

this is the first attempt in this direction.     

 

Studies on bacteria inhabiting marine sediments are very scanty though there are 

evidences to suggest that Gram-positive bacteria comprise a relatively large 

proportion of marine bacterial communities (Gontang et al., 2007). Recent research 

suggested that Gram-positive bacteria were likely to play important  roles in the 

marine environment, yet without  fundamental understanding of their diversity and 

eco-physiology.  Gram-positive bacteria have been cultivated from seawater, marine 

invertebrates, marine sediments, including deep sea sediments, the primary oceanic 

habitats (Gontang et al., 2007). Members of the order Bacillales are generally 

saprophytic and include well known producers of important secondary metabolites 

(Gontang et al., 2007). Like their terrestrial relatives, marine Gram-positive bacteria 

play significant roles in the breakdown of recalcitrant organic matter and therefore 

in the Ocean’s biogeochemical cycle (Gontang et al., 2007). In the present study the 

candidate species selected as putative bioremediators were from deep sea sediments 

and three isolates represented  the genus Bacillus. 
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In the present study, three consortia of potential detritus degraders were developed 

from selected cultures isolated from various marine environments, and they  showed 

promising results in lab scale evaluation. Use of these consortia will make 

aquaculture operations much easier and environment friendly as they are capable of 

managing organic waste accumulation in-situ. Therefore, the major outcome of the 

study is that by constituting these consortia it is possible to address detritus 

management in all salinity regimes. It is envisaged that the mixed culture consortia 

will be capable of acting and interacting under a variety of conditions for the 

dynamic  maintenance of aquaculture systems.  

 

5.3 Bacillus as candidate bioremediator organism  

 

The organisms belonging to genus Bacillus is well accepted in aquaculture by virtue 

of its ability to degrade organic matter efficiently when administered frequently at 

high density (Moriarty et al., 2005). Denitrifying ability of Bacillus, enable them to 

breakdown organic waste and use nitrate when oxygen is depleted, which is 

especially effective on the pond bottom (Moriarty et al., 2005). They are able to out-

compete the other bacteria for nutrients and space and can exclude them  through the 

production of various antibiotics (Verschuere et al., 2000). Due to their ability to 

secrete many extracellular enzymes, they have been used widely as putative 

probiotics (Nejad et al., 2006). By virtue of the prolific production of a wide range 

of enzymes, Bacillus spp. are very efficient at breaking down large molecules such 

as proteins and fats (Moriarty et al., 2005). Many Bacillus species produce a wide 

range of antagonistic compounds (Moriarty et al., 2005) which is an added 

advantage as they control the opportunistic pathogens in aquaculture environment. 

By maintaining higher levels of Gram positive bacteria in the production ponds, 

build up of dissolved and particulate organic matter can be minimized (Vershuere et 

al., 2000). Wang et al. (2005) observed enhanced decomposition of organic matter, 

with reduced nitrogen and phosphorous concentrations in probiotic treated ponds 

compared to those of control. In the present study the putative bacterial consortia 

containing Bacillus species. was effective in maintaining lower dissolve organic 

matter (BOD) and lower levels of TAN, nitrite-N, nitrate-N and phosphate. 
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Presently, the genus Bacillus represents a widely used group among the bacteria  as 

probiotics (Wang et al., 2008). Due to the unique physical and biological 

characteristics of the endospore, Bacillus preparations are extremely resistant to the 

environment and have a prolonged shelf life. Commonly used Bacillus species as 

probiotics in aquaculture are B. subtilis, B. cerus, B. coagulans, B. clausii, B. 

megaterium and B. licheniformis (Wang et al., 2008). In this study, strains 5C-81 

and 5A-69 were identified as Bacillus thuringiensis and strain 15A-24 as Bacillus 

firmus. Bacillus thuringiensis is a ubiquitous Gram's positive bacterium widespread 

in nature. The organism grows naturally as  saprophyte, feeding on dead organic 

matter, therefore, the spores of B. thuringiensis persist in soil and vegetative growth 

occurs when nutrients are available (Cetinkaya, 2002). Although, it produces 

parasporal crystal inclusions that are toxic to many orders of insects, many B. 

thuringiensis strains obtained from diverse environments show no insecticidal 

activity (Cetinkaya, 2002). Recently, occurrence of marine Bacillus thuringiensis 

were reported by Maeda et al., (2000) and Dash et al., (2014). But there are no 

reported studies on the use of Bacillus thuringiensis as probiotic organism in 

aquaculture. Isolation of Bacillus thuringiensis from marine / brackish environments 

is limited to few studies and there are not much report on marine isolates. Recovery 

of Bacillus thuringinesis with no halophilism from marine sediments of Bay of 

Japan was reported by Maeda et al., (2000) and some isolates were obtained from 

intertidal brackish water mangrove sediments (Maeda et al., 2001). The B. 

thuringiensis (5C-81) isolated in this study also showed no halophilism as it was 

active in a range of salinity (0 to 50 ‰).  Recently another marine strain of Bacillus 

thuringinesis  with high tolerance to mercury was isolated from the Odisha coast, 

India (Dash et al., 2014). There are reports on Bacillus thuringiensis used for 

biodegradation of fluoranthene and pyrene, the major pollutants of petroleum 

refinery, coal industry or organic combustion (Maiti et al., 2012). The strain can also 

be used for the bioremediation of other toxic hydrocarbons or their analogs to keep 

the environment free from PAH pollutants (Maiti et al., 2012).  

 

Reports on marine Bacillus firmus and  its possible use in aquaculture are very rare 

and scanty. There are no reported studies on the use of B. firmus in aquaculture as 

probiotics. Other putative probiotic strains used for constituting the consortia were 

Paenibacillus barcinonensis (15A-4A), Cellvibrio gandavensis (15Ch-1), 
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Microbulbifer celer (25X-27), Gracilibacillus dipsosauri (40X-30) and 

Marinobacter aquaeolei (40A-10A). These isolates were not reported as potential 

probiotic candidates in aquaculture, and literature on their potential use as probiotics 

is also not available. There was a report on the saprophytic marine bacterium, strain 

2-40 (Microbulbifer sp.), isolated from decaying salt marsh grass (Ensor et al., 

1999). The Microbulbifer sp. was reported to degrades numerous complex 

polysaccharides including agar, alginic acid, carrageenan, cellulose, chitin, glucan, 

laminarin, pectin, pullulan, starch and xylan. Thus, it is believed that Microbulbifer 

sp. (2-40) can recycle a wide variety of plant, animal and microbial complex 

polysaccharides and has an important role in recycling carbon and nitrogen in the 

marine environment (Ensor et al., 1999). There are no such references on other 

isolates Paenibacillus barcinonensis, Cellvibrio gandavensis, Gracilibacillus 

dipsosaur and Marinobacter aquaeolei. 

 

5.4 Efficacy of consortia in bioassay experiments 

 

In the present study,  simulated bioassays have been undertaken and its outcome  

proved the efficacy of bacterial consortia as potential bioremediators in shrimp 

aquaculture systems. Two simulated bioassay experiments were conducted and 

studied thoroughly on the ability to degrade organic waste and to improve water 

quality. There are no reported studies on full fledged bioassay experiments to assess 

the efficacy of microbial bioremediator products. Efficacy of bioremediator bacterial 

consortia on water quality improvement and reduction in organic waste 

accumulation in bioassay systems are rarely conducted and reported. Most of the 

commercial products are not supported with such studies. Few field level 

evaluations of pond bioremediator/ probiotics in the tropics were reported with 

mixed results. Due to a plethora of factors like lack of proper scientific validations, 

ineffective probiotic products, improper field level evaluation and bioassays  the 

scientific community has  divided opinion on the use of microbial pond 

bioremediators. Due to lack of data on validation effectiveness of commercial 

microbial bioremediators are still dubious.  

 

In this  study simulated bioassays  showed promising results  on the possible 

beneficial effect of bacterial consortia on water quality improvement in tests  with 
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respect to control treatments. Growth and survival of experimental animals indicated 

marginal improvement in tests.  In the first bioassay experiment, average test BOD 

values were lower by 30 mg L
-1

 than the average values in controls.  Average BOD 

values observed for the whole experiment was not significant due to similar initial 

surge in the test and control tanks.  But average BOD values across all treatments for 

the last 6 to 9 days were significantly different from the control tanks. This indicated 

that the effect of consortia on decomposition was masked by the initial surge in 

hydrolysis of organic matter. During the initial days of experiment there observed a 

sharp surge in BOD values across in all test & control tanks because of the rapid 

decomposition of residual feed particles and animal excreta. But the BOD values 

were comparatively lower in all tests  due to the enhanced ameliorating capacity 

imparted by the administered bacterial consortia. In the later stages of experiment 

the differences in BOD were significant and it indicated a latent effect of bacterial 

consortia on amenable organic matter. The one time administration of bacterial 

consortia proved to be working fine to bring down the escalating BOD during the 

initial stage and was more effective in maintaining a lower BOD profile after 10 

days. There are no reported studies on BOD removal in simulated experiments and 

many previously reported studies have not observed such lower BOD trends in 

systems treated with potential bioremediators (Lopes et al., 2011).  

 

The differences in BOD values of test and control systems in the second bioassay 

were significant throughout the experiment period. Consistent lower BOD values 

were observed in all tests  compared to those of controls  and this could be due to the 

recurring addition of bacterial consortia once in 7 days. But as experiment 

progressed with linear increase in inputs like feed, in the later stage of experiment 

there observed "leveling off" of BOD. This suggested the requirement of a more 

frequent addition of consortia or increase in the concentration of inoculum as the 

BOD values in tests  were very close to the values observed in control tanks at the 

very end of the experiment. In all tests marginal subsidence of BOD was noted after 

the administration of bacterial consortia. There are no reported studies on extensive 

bioassays focused on the reduction of amenable dissolved organic matters and the 

experiments suggested that the bacterial consortia had influenced the organic matter 

loading in simulated bioassay systems. In the bioassay I, BOD and turbidity  

exhibited positive correlation and in the second phase of bioassay water clarity in 
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comparison with test tanks also indicated the positive influence of bioremediators on 

water quality parameters.  

 

TAN production in the initial stage was higher in many tests in tune with higher 

amelioration observed. This trend was well depicted in the first bioassay  during the 

initial days. Corresponding to the peak BOD values, TAN production in all 

treatments increased and declined over the period of time in both situations.  But the 

initial surge and rapid decline were observed faster in most of the tests indicating the 

enhanced degradation of organic waste. After the initial rapid increase and decline, 

TAN and nitrite-N values  declined to lower levels which were well below the 

values encountered in controls.  Phosphate levels were also lower in all tests  

throughout the experiment period. Similar scenario of lower phosphorous and 

nitrogen  in the farm water was observed by Wang et al., (2005) in L. vannamei 

ponds treated with commercial probiotics. Contrary to this, few significant 

differences were reported by Queiroz & Boyd (1998) in concentrations of water 

quality variables between treated and control ponds when channel catfish ponds 

were treated with commercial bacterial inoculum consisting of Bacillus sp. 

Chiayvareesajja and Boyd (1993) treated laboratory microcosms with a microbial 

inoculum which failed to induce significant difference in TAN concentrations 

between treated and control systems. In another study, pond waters were treated 

with a microbial inoculum at various doses and no significant reduction in ammonia 

concentration was reported (Chiayvareesajja and Boyd, 1993). Valdes et al., (2013) 

reported pH regulation, nitrate reduction and increase in extractable phosphorus in L. 

vannamei ponds when treated with commercial probiotics. In the present study, 

during bioassay  II, all tests exhibited reduction in nitrate in the initial days and 

increase in phosphate towards the end of the experiment.  

 

In the bioassay experiments, slightly higher growth, weight gain and survival of  

animals were noticed in tests, in line with the studies which reported better growth 

and survival in probiotic treated systems (Soundarapandian et al., 2010; Sunitha & 

Padmavathi, 2013). Queiroz & Boyd (1998) reported significantly higher survival 

and net production in treated channel catfish ponds than in controls when treated 

with Bacillus,  but  the authors maintained that, the mechanism by which the 

bacterial treatment influenced survival could not be explained from the data 
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collected during the study. Recently, Valdes et al. (2013) reported significantly 

greater survival of L. vannamei in ponds treated with commercial probiotics. The 

study indicated positive effect obtained with the use of commercial probiotics, to 

improve culture conditions and growth parameters in an intensive culture of L. 

vannamei (Valdes et al., 2013). Mixed Bacillus probiotics were found to be very 

effective in improving growth and survival of Post Larvae of shrimp significantly, 

apart from maintaining beneficial bacteria in the culture - water enhancing water 

quality in terms of pH, ammonia and nitrite (Nimrat et al., 2012). 

 

Recently, the general view as  probiotics based on multiple strains as much more 

effective than probiotics with single strain (Vershuere et al., 2000) has been gaining  

wide acceptance. Therefore, the major outcome of this study is the validation of the 

beneficial effects of bacterial consortia with respect to better amelioration of organic 

waste and better water quality maintenance in simulated bioassay system. In these  

systems an initial surge of TAN was observed compared to control with subsequent 

decline leading to establishment of nitrification. Wang et al., (2005) reported 

enhanced decomposition of organic matter, with reduced nitrogen and phosphorous 

concentrations in probiotics treated ponds compared to control. In bioassay II, more 

or less similar observations were found with enhanced BOD removal followed by 

lower nitrite-N, nitrate-N and phosphate in the controls. However, Boyd & Gross 

(1993) reported that there was no significant change in water / sediment quality  

during a 20 day microbial augmentation experiment using pond mesocosms.  

 

Vershuere et al., (2000) suggested that by maintaining higher levels of Gram 

positive bacteria in the production ponds, build up of dissolved and particulate 

organic matter could be minimized along with more stable phytoplankton bloom 

through increased production of CO2. In this study also the prime constituent of 

consortia were marine Bacillus species. and the outcome of the bioassay suggested 

better waste amelioration  in all tests.  An interesting observation in this study was 

the significantly higher rate of removal of BOD in the experimental tanks. In several 

previously reported studies conducted elsewhere BOD values for the control and 

treated ponds did not show any significant difference. This was especially true with 

the commercial probiotics evaluated by Sharif et al., (2001) and Wang et al., (2005). 

In both bioassay experiments, BOD values in test and control tanks were 
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significantly different and a congenial environment was developed with lower TAN, 

nitrite-N, nitrate-N and phosphate values in tests and these observations were in line 

with the positive impacts of the application of bioremediation for detritus 

management, as proposed by Devaraja et al., (2002). This suggested  that the 

consortia developed in this study showed promising prospects than those reported in 

published works on evaluation of probiotics. In short, the three consortia of detritus 

degraders developed can make the aquaculture operations much easier and 

environment friendly by transforming the effluent fit to be discharged to coastal  

waters after the culture operation.  

 

5.5 Mixture design tool for consortia optimization 

 

An attempt with the statistical tool, ‘mixture design’ to optimize the composition of 

consortia proved to be promising and ideal as the method of choice for the 

formulation of mixed culture consortia where the expected ecological function 

depended on the relative biomass. Lots of work has been done in studying pure 

cultures of microorganisms, while the study of groups of organisms (consortia) is 

rather under represented (Vandecasteele, 2003). There are reports on the use of 

genetic algorithm (GA) to artificially construct a microbial consortium from separate 

isolated strains to optimally perform a certain chosen ecological function 

(Vandecasteele, 2003). Another straight forward approach is to obtain microbial 

consortia from environmental samples by direct isolation or by using enrichment 

cultures. In the present study elaborate screening process was employed to select 

strains and mixed bacterial consortia were developed and a novel approach to 

optimize the consortia using mixture design tool was pioneered. Recently, mixture 

design tool is used extensively in applied microbiology and there  are several 

reported works which make  use of such statistical tools. This approach was used to 

identify the main interaction effects of parameters/ components and their influence 

on the expected ecological functions. In the present study, the novel use of mixture 

design tool for optimizing artificial bacterial consortia was found to be promising.  
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5.6 Application of immobilized protease for bioremediation 

 

The genus Bacillus attracted interest for the reasons of unusual resistance of spores 

to chemical and physical agents, ubiquity of its members, and B. anthracis 

pathogenicity (Slepecky & Hemphill, 2006). Now they continue to attract the 

attention  by virtue of their versatile metabolism and growth. Marine Bacillus is an  

important genus which is being exploited for various biotechnological applications 

and are being employed  for various environmental services. They have been 

preferred over other microbes in bioremediation for their versatile metabolism and 

fast growth. They are efficient and rapid degraders of organic waste and they 

convert all bound organic carbon to carbon dioxide without any intermediate 

products. Members of the genus Bacillus are able to produce wide variety of 

extracellular enzymes and every Bacillus species produces at least one extracellular 

enzyme (Slepecky & Hemphill, 2006). Most of the commercial protease, which has 

been used worldwide are sourced from the genus Bacillus (Rao et al., 1998). 

  

In the present study, several Bacillus sp. were isolated from various marine and 

aquaculture environments. Protease production and activity of Bacillus 5C-81 was in 

par with MCCB 101, a proven bioremediator widely used as probiotic. Protease 

activity induction by starch and other polymeric carbohydrates was a unique 

observation. There was a linear increase in protease activity with increasing salinity, 

but in the presence of starch, the activity was found  to be independent of salinity. 

The in-vitro immobilized enzyme mediated bioremediation experiment resulted in 

promising results. Bioremediation enhancement was clearly exhibited in both 

autoclaved and un-autoclaved experiment system. There are no other extensive 

studies on the use of immobilized enzymes in aquaculture to improve soil and water 

quality. Most of the enzyme preparations are supplements and consist of active 

enzyme component in powder form. Immobilized enzymes are safe guarded against 

autolysis or natural degradation and their effect last for  longer time in the system.  

 

BOD values in tests were lower than that of the controls and the trend showed a 

decline towards the end of the experiment. Corresponding to the low BOD values, 

TAN was lower in tests  when compared to that of the controls. Since, there is an 

optimum C:N ratio for nitrogen removal from the system, addition of easily labile 
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carbohydrate like starch will possibly play an important role in enhancing the C:N 

ratio to optimum level. Usually, C:N ratio of 20:1 is optimum for efficient nitrogen 

removal from any natural system, but a C:N ration of 8 to 12 is recommended for 

aquaculture ponds. According to many experts, organic loading in aquaculture 

systems escalates because of low C:N ratio triggered from excessive addition of high 

protein inputs like feed. The concept of adding a simple carbohydrate as a substrate 

for enzyme immobilization will also take care the lower C:N ratio which might 

hinder the natural nitrogen sequestration from the system. Therefore, this approach 

is more environment friendly as it enhances the inherent degradation capacity of the 

system. Several experts pointed out that enzyme mediated remediation is the first 

step and the combined effect of beneficial bacteria and enzymes will only make the 

process  a successful venture (Boyd & Gross, 1998). This study has registered 

promising results and there is a much more to be done to take the technology to an 

application level. 

 

5.7 Salient findings and achievements of the study 

 

 From various locations of marine and aquaculture environments, 

representing different bio-geo physico-chemical properties, several 

enrichment cultures having degradative capacity on  protein, carbohydrates, 

lipids, chitin, cellulose, hemicellulose, pectin and lignin at different salinity 

(5, 15, 25 and 40 ‰) were developed. 

 

 Several heterotrophic bacterial isolates were obtained from the above 

enrichment systems for  utilizing  organic carbon as substrates at various 

salinity regimes (5, 15, 25 and 40 ‰). 

 

 Elaborate screening procedure was adopted to isolate potential heterotrophic 

bacteria  able to hydrolyze protein, carbohydrates, lipids, chitin, cellulose, 

hemicellulose and pectin at various salinity regimes.  

 

 Potential candidate bacterial isolates were selected,  based on hydrolytic 

activity on  protein, carbohydrates, lipids, chitin, cellulose, hemicellulose & 
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pectin, extracellular enzyme production, versatility of growth / activity at 

different salinity regimes, antagonism and pathogenicity. 

 

 Eight candidate isolates were selected as constituent cultures for the 

development of three mixed, defined bacterial consortia for three different 

salinity regimes. 

 

 Three putative bacterial consortia were developed for three different salinity 

regimes: Consortium C015, C1530 and C30+ for salinity ranges 0 to 15, 15 

to 30 and above 30‰ respectively. 

 

 Selected eight candidate cultures were identified as Bacillus thuringinesis 

(5C-81), Bacillus thuringinesis (5A-69), Bacillus firmus (15A-24), 

Paenibacillus barcinonensis (15A-4A), Cellvibrio gandavensis (15Ch-1), 

Microbulbifer celer (25X-27), Gracilibacillus dipsosauri (40X-30) and 

Marinobacter aquaeolei (40A-10A).  

 

 Efficacy of defined mixed bacterial consortia developed was proved in bench 

scale in-vitro experiments. 

 

 Efficacy of the bacterial consortia was validated in two lab scale simulated 

bioassay systems using Panaeus monodon adults and post larvae. 

 

 A 15 day bioassay  using  Penaeus monodon adults indicated that, a single 

initial administration of bacterial consortia was able to make significant 

differences in BOD, TAN, and nitrite-N.  

 

 The 60 day bioassay proved that, prolonged addition of bacterial consortia  

lowered and maintained BOD, TAN, nitrite-N, nitrate-N and phosphate and 

improved the water quality.    
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 In the bioassays, marginal increase in growth and survival of experimental 

animal was observed in tests.  Amount of accumulated particulate detritus in 

tests were lower when gravimetrically analyzed at the end of the experiments.  

 

 An attempt to optimize consortia composition using ‘mixture design’ tool 

was made and results indicated that optimizing consortia composition would 

maximize total carbon removal. 

 

 Protease production by Bacillus thuringinesis (5C-81) was investigated and 

compared with another  bioremediator  Bacillus cereus (MCCB-101), the  

active ingredient of the  probiotic preparation 'Detrodigest'. 

 

 Bacillus thuringinesis (5C-81) was found to be having  high protease activity 

and production. Protease activity increased considerably in the presence of 

soluble starch and a linear increase in activity was observed with increasing 

salinity. 

 

 Protease from Bacillus thuringinesis (5C-81) was immobilized in sterile 

starch  and an in-vitro enzyme remediation experiment was conducted to 

assess the bioremediation capability useful in lowering BOD and TAN.. 

 

5.8 Scope of further research 

 

 The present study developed defined mixed bacterial consortia for  

bioremediation of organic waste which gets accumulated in aquaculture 

systems. Constituent bacterial isolates were selected after elaborate two level 

screening from a pool of heterotrophic bacterial collections. The efficacy of 

bacterial consortia was also validated in two simulated bioassay experiment. 

Next level of validation is envisaged by extensive on-field evaluation of the 

putative bacterial consortia. Well planned, executed and thoroughly 

monitored field level evaluation will provide valuable information for 

optimizing dose, application and application frequency. Further, field level 

evaluations will provide a holistic effect of beneficial bacterial consortia   as 
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most of the variables in field are accounted in the experiment design. 

Extensive field evaluation in aquaculture hotspots along the east and west 

coast of India will provide actual field level validation for the consortia 

developed in this study. 

 

 Mixture design tool provides an ideal platform for the optimization of 

bacterial consortia composition. Since a mixed bacterial consortia can be 

constituted in various composition by adjusting the biomass density of 

individual constituents and the manifestation of the proportional constituent 

will be reflected on the functional efficiency of the consortia. Consortia 

consist of organisms having different growth rate and the dominant entities 

always regulate the emergence and proliferation of other slow growing 

counterparts. In a mixed consortia constituted by a fast growing Bacillus and 

other slow growing bacteria, there is a possibility of  Bacillus being 

dominant dictating  the growth of  others  by creating resource constraints. 

When the initial cell densities of constituent cultures are adjusted, it is 

presumed that a congenial environment would evolve favouring the growth 

and activity of all constituents. By doing mixture design experiments the 

optimal composition of consortia components which resulted in more 

efficient degradation could be predicted. Another advantage of these 

optimization experiments was exclusion of insignificant constituents and 

inclusion of more active constituents based on the response. 

 

 In the present study, mixture design tool was used for the preliminary 

optimization studies and an in vitro carbon removal experiment was 

conducted to assess the performance of different combinations. The 

performance of key combinations was assessed in lab scale experiments and 

the total carbon removal was measured. The output of the experiment was 

fed to the mixture design model and the programme predicted  possible 

combinations which might result in maximum carbon removal. The work 

was done till this stage, and the validation of the prediction has to be 

undertaken by several laboratory runs. In this process it is also possible to 
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make custom made consortia as per the specific requirements of target 

environment.  

 

 The enzyme remediation experiment has provided promising results and this 

domain has to be further explored to develop the concept in to a marketable 

format. Several lab scale and field level evaluations are required to fine tune 

the immobilized enzyme application. Moreover, studies on substrates, 

enzyme optimization, and various immobilization techniques are avenues of 

further research. Possibility of a microbial formulation consisting 

immobilized enzymes and the effect of C:N ratio and overall bioremediation 

performance provides an excellent avenue for further research. 
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