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Abstract

A new approach of microbial community management like biofloc technology in the culture of

aquatic organisms is very needed to increase the production along with less feed application and
environmental friendly culture practice. The present study was conducted from August to

December, 2017 at water quality laboratory, Fisheries and Marine Resource Technology
discipline, Khulna University. The study was furnished to investigate the effect of biofloc

teclmology and CIN ratios on the potential gut microflora of Macrobrachium rosenbergii. In this
experiment different CIN ratios e.g. 10:1 (Ti), 15:1 (T2) and 20:1 (T3)along with a control group

(C) without any additional carbon source were planned to apply in prawn culture. The results of
this study demonstrated that although it was not significant (P>0.05) but we observed highest
heterotrophic bacterial count in T2 followed by Ti and T3 while lowest in control. However,
Enterococcus spp. density was found in T2 (9 ±1.1) x 104 MPN/g) and T3 (6.7 ± 1.5) x 104

MPN/g) compared to TJ (8.8 ± 1.08) x 103MPN/g) and C (1.07 ± 0.4) x 103MPN/g) (P<0.05).

Similarly, although it was not significant (P>O.05), but Lactobacillus spp. was found higher in
the Tl (9.9 ± 5.2) x 105 CFU/g), T2 (1.3 ± 0.5) x 106 CFU/g) and T3 (1.5 ± 0.7) x 106 CFU/g)
compared to C (6.3 ± 5.4) x 105 CFU/g). In conclusion, different CIN ratios have different effects
on potential bacterial composition in prawn gut. Therefore, further study should be conducted for
total bacterial composition determination through 168 rRNA gene analysis.
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Chapter-l
•

INTRODUCTION

Bangladesh is covered with a large number of aquatic resources like as various rivers, ponds,

beels, lakes and extensive flood plain areas etc. As a riverine country, Bangladesh possesses

an immense potential for fisheries which provide 60% of total animal protein supply needed

in the nationwide. One of the main cultured species is the freshwater prawn (Macrobrachium

rosenbergii)' Bangladesh is considered as one of the most suitable country in the world for

freshwater prawn, Macrobrachium rosenbergii fanning due to its climatic conditions. South-

western region of Bangladesh, especially Khulna, Satkhira, Bagerhat are most suitable for the

aquaculture practice of the freshwater prawn (Ahmed, 2008b).

There are twenty-four species of freshwater prawn are found in Bangladesh of which ten of

them are Macrobrachium. Among all these freshwater prawn only M rosenbergii has

aquaculture potential and is commercially cultured (Akand & Hasan, 1992; Ahmed, 2001;

Muir, 2003a). A sub-tropical climate and a vast area of water bodies provide a unique

opportunity for the production of Macrobrachium spp.

Freshwater prawn (M. rosenbergii) farming is currently one of the most important sectors of

the national economy and during the last two decades. Its development has attracted

considerable attention because of its export potential. The prawn and shrimp sector as a

whole is the second largest export industry after readymade garments, which generating US$

526 million annually and 4.6% of the total value of export earnings (DoF, 2017). There are

1.0 million people employed in prawn and shrimp production and a further 4.5 million

household members are associated with the sector (USAID, 2016). Unfortunately the export

value and the number of people involved in prawn fanning is not known because statistics

often do not distinguish between prawn and shrimp. Despite the growth of this sector, a

number of issues are important for freshwater prawn farming in Bangladesh including

production technology, socioeconomic and environmental aspects all of these are important

parameters of sustainability .
•

Biosecurity is a priority in aquaculture industry. For example, in shrimp farming,

considerable impact of disease outbreaks during the past two decades greatly affected the

operational management of shrimp farms worldwide (Wasielesky et al., 2006). Infected PLs

1
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• and incoming water seem to be the main pathway for pathogen introduction. This scenario

forced fanners to look for more biosecure culture practices to minimize the risk associated

with exposure to pathogens (Browdy et al., 2001).•

Biofloc technology is mainly based on the principle of waste nutrients recycling, in particular

nitrogen, into microbial biomass that can be used in situ by the cultured animals or be

harvested and processed into feed ingredients (Avnimelech, 2009~ Kuhn et al., 2010).

Heterotrophic microbiota is stimulated to grow by steering the elN ratio in the water through

the modification of the carbohydrate content in the feed or by the addition of an external

carbon source in the water (Avnimelech, 1999), so that the bacteria can assimilate the waste

ammonium for new biomass production. Hence, ammonium/ammonia can be maintained at a

low and non-toxic concentration so that water replacement is no longer required. Biofloc

technology brings an obvious advantage of minimizing consumption and release of water,

recycling in situ nutrients and organic matter. Furthermore, pathogens introduction is

reduced, improving the fann biosecurity.

Lactobacillus is a genus of Gram-positive, facultative anaerobic or microaerophilic, rod-

shaped, non-spore-forming bacteria (Makarova et al., 2006). They are a major part of the

lactic acid bacteria group (i.e. they convert sugars to lactic acid). In humans, they constitute a

significant component of the microbiota at a number of body sites, such as the digestive

system, urinary system, and genital system. Lactobacillus forms biofilms in the vaginal and

gut microbiota, allowing them to persist during harsh environmental conditions and maintain

ample populations (Salas-Jara et al., 2016). Lactobacillus exhibits a mutualistic relationship

with the human body as it protects the host against potential invasions by pathogens, and in
turn, the host provides a source of nutrients (Martin et al.• 2013). Lactobacillus is the most

common probiotic found in food such as yogurt, and it is diverse in its application to maintain

human well-being as it can help treat diarrhea, vaginal infections and skin disorders such as

eczema (Inglin R).

•

Lactobacilli are members of the lactic acid bacteria whose primary fermentation end product

is lactic acid. They are commercially important bacteria with a wide variety of application

both in food and nonfood industries due to their "Generally Recognized as Safe" (GRAS)

status. Lactobacilli have been extensively studied for their molecular biology in order to

improve their specific beneficial characteristics (Pouwels and Leer, 1993).

2
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• Enterococcus faecalis, a gram positive bacteriwn was formerly known as Streptococcus

faecalis. In addition to being gram positive it is also a commensal bacterium that lives in a

mammal's gastrointestinal tract. Ei faecalis is typically considered to be a beneficial gut

bacterium that has been shown to be capable of modulating the activities of specific animal

pathogens and the host immune response; consequently, several strains have been applied as

probiotics for the maintenance of a healthy gut and the treatment of gut diseases, including

diarrhea, irritable bowel syndrome, and ulcerative colitis (Hadji-Sfaxi et al., 2011).

Enterococcus is a large genus of lactic acid bacteria (LAB) of the phylum Finnicutes.

Enterococci are Gram-positive cocci that often occur in pairs (diplococci) or short chains, and

are difficult to distinguish from streptococci on physical characteristics alone (Gilmore et al.,

2002). Enterococci are facultative anaerobic organisms, Le., they are capable of cellular

respiration in both oxygen-rich and oxygen-poor environments (Fischetti et al., 2000).

Members of the genus Enterococcus were classified as group D Streptococcus until 1984,

when genomic DNA analysis indicated a separate genus classification would be appropriate

(Schleifer and Kilpper-Balz, 1984).

Enterococci are part of the normal intestinal flora of fish and shrimp (Gomes et al., 2010).

Enterococcus faeca/is and Enterococcus faecium are the most prevalent species cultured from

humans, accounting for more than 90% of clinical isolates. Enterococci have both an intrinsic..
and acquired resistance to antibiotics, making them important nosocomial pathogens

(Liaskovs'kyi, 2008)_ Some strains present probiotic properties due to health promoting

effects. Some of them may inhibit growth of pathogenic and spoilage microorganisms,

presenting a potential application in food preservation. In the past, enterococci were

considered commensals but lately there has been increasing concern about the prevalence of

virulence factors and antibiotic-resistance genes, which could compromise their application

in foods.

Salmonella is a genus of rod-shaped (bacillus) gram-negative bacteria of the family

Enterobacteriaceae. The two species of Salmonella are Salmonella enterica and Salmonella
bongori. Salmonella enterica is the type species and is further divided into six subspecies (Su

LH and Chiu CR, 2007) that include over 2,500 serotypes.

Salmonella species are non-spore-forming, predominantly motile enterobacteria with cell

diameters between about 0.7 and 1.5 um, lengths from 2 to 5 um, and peritrichous flagella

(all around the cell body) (Fabrega et al., 2013). They are chemotrophs, obtaining their

3
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• energy from oxidation and reduction reactions usmg organic sources. They are also

facultative anaerobes, capable of generating ATP with oxygen ("aerobically") when it is

available; or when oxygen is not available, using other electron acceptors or fermentation

("anaerobically") (Fabrega et aI., 2013). S. enterica subspecies are found worldwide in all

warm-blooded animals and in the environment. S. bongori is restricted to cold-blooded

animals, particularly reptiles (Tortora, 2008).

SalmoneJla species are intracellular pathogens (Jantsch et 01., 2011) certain serotypes cause

illness. Nontyphoidal serotypes can be transferred from animal-to-human and from human-to-

human. They usually invade only the gastrointestinal tract and cause Salmonella food

poisoning; symptoms resolve 'Without antibiotics. However, in sub-Saharan Africa they can

be invasive and cause paratyphoid fever, which requires immediate treatment with

antibiotics. Typhoidal serotype.'> can only be transferred from human-to-human, and can cause

Salmonella food poisoning, typhoid fever and paratyphoid fever (Ryan et al., 2004). Typhoid

fever occurs when Salmonella invades the bloodstream-the typhoidal form; or in addition

spreads throughout the body, invades organs, and secretes endotoxins-the septic form. This

can lead to life-threatening hypovolemic shock and septic shock and requires intensive care

including antibiotics.

Microorganisms playa key role in BIT systems. The maintenance of water quality, mainly

by the control of bacterial community over autotrophic microorganisms, is achieved using

a high carbon-to-nitrogen (C:N) ratio, since nitrogenous by-products can. be easily taken up

by heterotrophic bacteria. High carbon-to-nitrogen ratio is required to guarantee optimum

heterotrophic bacteria growth, using this energy for maintenance (respiration, feeding,

movement, digestion, etc.) but also for growth and to produce new bacteria) cells.

The environmental friendly aquaculture system called "Biofloc Technology (BFT)" is

considered as an efficient alternative system since nutrients could be continuously recycled

and reused. The sustainable approach of such system is based on growth of microorganism

in the culture medium, benefited by the minimum or zero water ex.changes (Ray A 2012).

These microorganisms (biofloc) has two major roles: (i) maintenance of water quality, by the

uptake of nitrogen compounds generating «in situ" microbial protein; and (ii) nutrition,

increasing culture feasibility by reducing feed conversion ratio and a decrease of feed costs.

Increasing concerns in recent years about the environmental impact of marine shrimp farms,

4
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• associated with the incidence of diseases, has led to the development of production systems

with little or 110 water exchange (Hopkins et al., 1995) ...
Objectives

Considering the above facts, the present study will be undertaken with following objectives:

I. To investigate the effect of ON ratios on the potential gut microflora of

Macrobrachium rosenbergii under biofloc developing cuture system.

2. To determine the microbial content on the gut of M. rosenbergii,

5
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Review of Literature

Chapter- 2- REVIEW OF LITERATURE

Approximately 16.7% of animal protein consumed by the world's population is originated

from fish, and over one billion people worldwide depend on fish as their main source of

animal protein (FAO, 2006). Aquaculture offers one way to supplement the production of

wild capture fisheries and it will continue to increase in importance as demand increase in

future (White et al., 2004). The ever growing demand for seafood leads to the intensification

of aquaculture through high stocking density and intensification of the artificial feeds, leading

to the aquaculture sector as most cost-effective as well as waste promoting industry. Like

other form of intensive food production, industrial-scale fish farming generates significant

environmental costs (White et al., 2004). Aquaculture development should be in a sustainable

manner. Sustainable development is defined as the management and conservation of the

natural resource-base and the orientation of technological and institutional change in such a

manner as to ensure the attainment and continued satisfaction of human needs for present and

future generations. Such sustainable development conserve land, water, plant and animal

genetic resources, is environmentally non-degrading, technically appropriate, economically

= viable and socially acceptable (FAO, 1991).

Aquaculture production has increased at an average annual rate of 8.9% since 1970, as

compared with an annual growth rate of 1.2% and 2.8% for capture fisheries and terrestrial

farmed meat production over the same frame. Yet, to supply demands, aquaculture

production must grow by five fold in the next five decades. This development has to

overcome three major constraints: a) Produce more fish without significantly increasing the

use of basic natural resource of water and land, b) Develop sustainable systems that will not

damage the environment, c) Develop systems providing a reasonable costlbenefit ratio, to

support the economic and social sustainability of aquaculture (Avnimelech, 2009).

•
The nutrient rich environment of aquaculture tanks and ponds favors the proliferation

of microbes. Exposed body surfaces of fish, including the gut, are quickly colonized right

after hatching mostly due to the influence of water communities (Reitan et al., 1998~

Verschuere et al., 2000). Feed microbiota becomes important later mostly from the time

that active feeding occurs (Hansen and Olaf sen, 1999; Ringo and Birkbeck, 1999). This

""If
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dynamic community is subjected to changes related to the developmental stage of the

host and constantly adapts to shifts in the nutritional and environmental situation (Nayak,

2010b~ Romero and Navarrete, 2006~ Navarrete et aI., 2012; Li et al., 2012b). Fish gut

microbiota vary within species due to factors such as season, salinity, pH, temperature,

trophic level and feed (Nayak, 201Ob; Sullam et al., 2012).

Although water and feed are the main sources of microbes, fish and their gut bacteria

seem to have more complex relationships than one would expect from a simple reflection

of the free-living microbial community in the environment (Sullam et al.. 2012). For the

ingested microbes, the gut provides different (micro) habitat niches leading to the

establishment of a very complex microbial community upon which the host has a great

influence (Sommer and Backhed, 2013; Hansen and Olaf sen, 1999).

The majority of the ingested microbes are only transient in the gut (Sugita et al., 1996). For

ingested bacteria to proliferate and persist as "resident" microbiota, they must be capable

to adapt to the environmental conditions inside the gut, such as nutrient availability, pH

and digestive enzymes (Hansen and Olaf sen, 1999). Host dependent selective pressures

impacting gut microbiota in fish, are mostly attributed to gut habitat (ecology) and host

genotype (Yan et al., 2012~ Rawls et al., 2006; Navarrete et aI., 2012).

Fish microbial communities are strongly influenced by, but also influence, their hosts.

(Sullam et al., 2012). The beneficial role of the intestinal microbiota in fish is recently being

explored, suggesting that microbiota stimulates nutrient metabolism, innate immune

response and epithelial proliferation (Roeselers et aJ., 2011). Additionally, gut microbiota

constrains the colonization of infection agents and, by interacting with the host, mediate

the development, maintenance and effective functionality of the intestinal mucosa

(Dimitroglou et al., 2011).

Alagarswami (1995) identified adverse impacts of aquaculture on social and physical

environments and emphasized the need to adopt eco-friendly technologies. Intensive

aquaculture systems are used to efficiently produce dense biomasses of fish or shrimp,

intensive aquaculture industry faces two major problems. The first is the water quality

deterioration caused by the high concentrations of metabolites and the second is the low feed

utilization in cases when high water exchange, within or outside the pond system, is practiced

7
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(Avnimelech, 2007). Artificial formulated feed is the main investment in aquaculture i.e.;

feed is the largest single cost item, as it constitutes 40-60% of operational cost in prawn

production (Mitra et 01., 2005).

The major portion (>80%) of artificial feed is lost in the aquaculture system as uneaten feed

and faeces (Daniels and Boyd, 1989; Siddiqui and Al-Harbi, 1999; Rahman, 2006). Artificial

feed, which is lost in the system, has a great effect on water quality through decomposition

(Homer et ai., 1987; Poxton and Allouse, 1987; Cowey and Walton, 1989; Poxton and Lloyd,

1989; Wilson, 1994; Moreira et al., 2008). Higher dietary protein deteriorates the water and

soil qualities in shrimp grow-out ponds (Boyd, 1989). To great extent water quality

determines the success or failure of aquaculture operation. Physical and chemical

characteristics such as suspended solids, temperature, dissolved gases, pH, mineral content

and the potential danger of toxic metals must be considered in the selection of a suitable

water source (Boyd and Tucker, 2009).

The salmon and shrimp aquaculture have proven to be destructive to the natural environment

and population of aquatic animals (Gowen and Bradbury, 1987; Folke et 01., 1994; Kautsky

et a/., 1997; Naylor et al., 2000; Milewski, 2001). Crustacean aquaculture is fraught with

environmental problems that arise from: (i) the consumption of resources such as land, water,

X seed and feed; (ii) their transformation into products valued by society; and (iii) the

subsequent release into the envirorunent of wastes (Kautsky et a/., 2000; Ronnback, 2001).

The direct impacts include release of eutrophicating substances and toxic chemicals, the

transfer of diseases and parasites to wild stock, and the introduction of exotic and genetic

material into the environment. The environmental impact can also be indirect through the loss

of habitat and niche space, and changes in food webs. Whereas traditional and extensive

shrimp aquaculture uses natural production in the ponds or in the incoming waters, semi-

intensive and intensive production systems are heavily dependent on formulated feeds based

on fishmeal and fish oils. These latter systems use more than two times more protein, in the

form of fishmeal, to feed the fanned shrimps than is ultimately harvested (Tacon, 1996).

Most aquaculture systems are so-called throughput systems (Daly and Cobb, 1989). This

means that resources, collected over large areas, are introduced and used in the aquaculture

production site, and released back into the environment in concentrated forms as nutrients

and pollutants, causing various environmental problems (Folke and Kantsky, 1992). Uneaten

food, faecal and urinary wastes may lead to eutrophication and oxygen depletion, the

[
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r--- magnitude of which is dependent on the type and size of operation as well as the nature of the

site, especially size, topography, and water retention time (Kautsky et al.• 2000). In semi-
•

..

intensive and intensive farms, artificial feeds provide most of the nitrogen (N), phosphorus

(P) and organic matter inputs to the pond system. Only 17% (by dry weight) of the total

amount offeeds applied to the pond is converted into shrimp biomass (Primavera, 1993). The

rest is leached or otherwise not consumed, egested as faeces, eliminated as metabolites, etc.

Effluent water during regular flushing and at harvest can account for 45% of nitrogen and

22% of organic matter output in intensive ponds (Briggs and Funge-Smith, 1994).

Consequently, pond sediment is the major sink of N, P and organic matter, and accumulates

in intensive shrimp ponds at the rate of almost 200 t (dry weight) per ha and production cycle

(Briggs and Funge-Smith, 1994). During pond preparation between cropping the top

sediment is removed and usually placed on pond dikes, from where it continuously leaks

nutrients to the environment. Several methods have been proposed to ameliorate the impact

of shrimp pond effluents on the water quality of the recipient: improved pond design

(Dierberg and Kiattisimkul, 1996); construction of waste-water oxidation-sedimentation

ponds, reduction of water exchange rates (Hopkins et al., 1995); reduction of nitrogen and

phosphorus input from feed (Jory, 1995); removal of pond sludge; a combination of semi-

closed farming systems with settling ponds and biological treatment ponds using poLycultures

(Dierberg and Kiattisimkul, 1996; Troell et al.• 1999) and the use of mangroves as biofilters

for pond discharge prior to the release of effluent to estuarine waters (Robertson and Phillips,

1995). Furthermore, the use of fertilisers should be restricted to organic products ..

....

Knoesche and Tscheu (1974) already adopted the idea of intensive heterotrophic bacteria

growth in aquaculture systems and could retain 7% feed N and 6% feed. P (estimated from

1% P feed, KarpiCo Supreme-Zlix, Coppens International, The Netherlands). They used an

activated sludge process to treat water in a recirculation system, and proposed to mix

produced sludge with grains for later re-use as fish feed for carps. The principles of growing

fish or shrimp in limited water exchange intensive ponds were developed simultaneously for

shrimp in the Waddel Mariculture Centre in the USA and for fish, mostly tilapia, in Israel

(Avnimelech et al., 1989, 1994~Hopkins et al., 1993; Chemberlain and Hopkins, 1994) and

practiced in the USA (Serfling, 2000), in the beginning of the 1990's_The idea of addition of

carbohydrate for the immobilization of ammonia excreted by the fishes was suggested by

Avnimelech and Lacher (1979), Boyd (1985), and Muthuwani and Lin (1996). But idea about

9
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the general water quality of the pond is essential before any modification or manipulation in

aquaculture systems (Boyd and Tucker, 2009)_

Good water quality is the key factor for the success of aquaculture and that ensures the

survival, production and growth rate of the cultured animals (Boyd, 1990; Burford, 1997)_

Biofloc technology, aFT, (called also active suspension ponds, heterotrophic ponds, green

soup and other terms) was first developed to solve water quality problems. Water quality

management is based upon developing and controlling dense heterotrophic bacteria within

the culture component (Avnimelech, 2007). The addition of fertilizers or carbon sources

directly to the pond water is a way to augment the natural productivity (Crab et al., 2007;

Uddin et al., 2007). The removal of toxic nitrogenous compounds, especially ammonium,

from water through its assimilation into microbial protein by the proper addition of

carbonaceous materials to the culture system is the basic principle of biofloc technology. The

success of this technology mainly depend on the selection of species, because the cultured

animal should have the ability to harvest the bacterial floccules developed in the system, and

should have the ability to digest and utilize the microbial protein. The bacterial floc produced

as the result of biofloculation serve as an important source of feed protein. Experimental

trials showed that microbial floes of different sizes can be taken up by fish or shrimp and

serve as a feed source (Avnimelech et al., 1989; Beveridge et al., 1989; Rahmathulla and

Beveridge, 1993; Tacon et al., 2002; Burford et al., 2004) which will help to reduce the cost

of production by reducing the protein content of the artificial feed and improving the overall

economics (Mc Intosh, 1999; Moss, 2002).

Avnimelech (2007) schematically represented and explained the process behind biofloc

production and harvest by the fishes as

D(BF] I dt =BFproduction- (BFharvesting + BFdegradation)

Where D[BF] / dt is the bio-floc concentration change with time, as affected by production,

harvesting by fish and biodegradation. The process shown in this equation depends on a

verity of factors:

• 1) Production of biofloc depends on the supply of organic substrates to the microbial

community, both external sources (feed supply, algal activity) or by the excretion of

un-utilized feed components by fish. In addition bioflocs production most probably [
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•

depends on the quality of the added substrates, its C/N ratio, hie-availability and other

factors .

2) Uptake of the bio-flocs by fish depends most probably on the fish species and feeding

traits, fish size, floc size and floc density. It is possible that biofloes harvesting

depends also on the presence and rate of formulated feed added to the pond. In
addition, feed eaten by the fish may be utilized and accumulate in the fish, or excreted

and serve as a substrate for the production of more bioflocs.

3) Biodegradation of the floc depends on the microbial community associated with the

bioflocs, be it bacteria, protozoans or others. 4) Finally, all of these processes may be

affected by environmental and operational conditions such as temperature, water

salinity, water exchange rate (affecting floc mean residence time), mixing intensity

and many oth.ers.

-

Biofloc aquaculture is a sustainable solution for the development of aquaculture and this

technology is fully based on the concept of carbon nitrogen (CrN) ratio. The control of

inorganic nitrogen accumulation in the pond is based upon carbon metabolism and nitrogen

immobilization into microbial ceJls (Avnimelech et 01., 1989; Avnimelech, 1999; Crab et al.,

2007). Bacterial cells are composed of proteins. carbon nitrogen ratio of most microbial cell

is about 4-5 (Rittmann and Mc Carty, 2001). When bacteria fed with organic substrates that

contains mostly carbon and little or no nitrogen (sugar, starch, molasses, cassava meal, etc.),

they have to take up nitrogen from the water in order to produce the protein needed for the

cell growth and multiplication. C/N ratio in an aquaculture system can be increased by the

addition of cheap carbohydrate source or reduction of protein content in the feed

(Avnimelech, 1999; Hargreaves, 2006).

Avnimelech and Mokady (1988) and Avnimelech et al.. (1992) suggested managing the

heterotrophic food web by the development of active suspension ponds, intensive ponds with

zero or limited water exchange, accumulating high amounts of organic substrates.

-
Tn summary, inorganic nitrogen accumulation is controlled through the addition of

carbonaceous substrates, raising the C'N ratio and leading to the immobilization of nitrogen

through the production of microbial proteins (Avnimelech et al., 1989, 1992, 1994~ Crab et

01.,2007) .

11
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Fish harvest the bacteria, as bacterial floes and utilize this protein source (Avnimelech et al.,

1989; Milstein et al., 2001~ Mc Intosh, 2000a).The amount of carbohydrate needed for

reducing the ammonium was worked by Avnimelech (1999). The equation proved its success

both in indoor and farm level experiments by various researchers (Hari et al., 2004, 2006;

Varghese, 2007; Saritha, 2009).

Kurup (2009) summarised the advantages of the application of BFT to shrimp culture

systems in India as:

...

• It is the best means for tbe control of toxic inorganic nitrogen in water and for

accumulating production of microbial protein by adjusting elN ratio.

• It can convert uneaten nitrogen for being utilized to produce microbial protein rather

than generating toxic component.

• Microbial protein, the end product which is suspended in the system as microbial

floes can be utilized as feed by shrimps.

• The level of protein utilization is doubled in microbial reuse system.

• The dense heterotrophic microbial biomass decreases the outbreak. of microbial

diseases and finally .

• The technology enables high yield in environmentally and economically sustainable

system.

...

Minimal-exchange, intensive aquaculture systems offer an environmentally attractive means

of shrimp and fish production, allowing for high density culture and little or no water

exchange (Ray et al., 20l0b). The basic principle of the activated suspension technique and

the elN ratio controlled systems were recently referred as biofloc technology (BFT) is the

retention of waste and its conversion to biofloc as a natural food within the culture system

(Azim and Little. 2008). One of the features of natural aquatic envirorunent is the ability to

recycle the nutrients. Microbial floc generally consists of floc formers, filamentous bacterial

particles, protozoans, zooplankton. colloids, organic polymers, cations and dead cells

surrounded by a gelatinous matrix. which contains extra-cellular polymeric substances that

encapsulate the microbial cells and play a major role for binding the floc components

together (Jorand et al., 1995; Avnimelech, 2007). The grouping of bacteria within the floc

mainly depends upon the zeta potential and Van der Waals forces (Sobeck and Higgins,

2002). Typical bacterial floes are irregular by shape have a broad distribution of particle size,

are fine compressible, highly porous and permeable to fluids (Chu and Lee, 2004).

12
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- Accumulation of toxic inorganic nitrogen species (NH4, N02) is prevented in bio-flocs

system by maintaining a high C/N ratio and inducing the uptake of ammonium by the

microbial community (Avnimelech et al., 1994; Mc Intosh, 2000b). Nitrogen removal from.

aquaculture pond water by heterotrophic nitrogen assimilation in labscale sequencing batch

reactor was studied by Schryver and Verstraete (2009).

Sesuk et al. (2009) demonstrated Inorganic nitrogen control in a novel zero-water exchanged

aquaculture system integrated with airlift-submerged fibrous nitrifying biofilters. The

microorganisms not only remove excess nutrients, but have been implicated in nutritional

provision for animals, including shrimp and tilapia, that can result in improved growth rate,

feed conversion ratio (FCR) and weight gain (Moss and Pruder, 1995; Burford et al., 2004;

Wasielsky et al., 2006 Azim and Little, 2008). This process was quantitatively formulated

(Avnimelech, 1999), verified and practiced by farmers world-wide (Browdy et al., 2001;

Panjaitan, 2004).

There are several factors that influencing floc formation and floc structure (Schryver et al.,.

2008). Ritvo et al. (2003) studied the salinity and pH effect on the colloidal properties of

:=:" suspended particles in super intensive aquaculture systems. The mixing intensity imposed by

a chosen aeration device at a certain power input will determine the steady-state floc size, this

) is in equilibrium between the rate of aggregation and the rate of breakage, and floc size

distribution (Spicer and Pratsinis, 1996; Chaignon et 01., 2002). Dissolved oxygen is another

factor that influences the bioflocs. Previous studies revealed that biofloc with a higher floc

volume index. (FVI) are produced at lower dissolved oxygen levels. The organic carbon

source of choice will to a large degree determine the composition of floc produced

(Mikkelsen et al.,1996; Hollender et al., 2002; Oehmen et al., 2004). Organic loading rate,

temperature and pH are the other factors that affect the biofloc formation (Schryver et al.,

2008). pH level has a significant role in the floc formation both qualitatively and

quantitatively in the culture of P. monodon, pH of 7.5 is found to be optimum for better

biofloeulation in shrimp aquaculture (Devi, 2009; Kurup and Devi, 2010).

"

Schneider et al. (2006) used molasses as carbon source for heterotrophic bacteria production

on solid fish waste. Crab et ai. (20l0a) monitored effect of different carbon sources on the

nutritional value of biofloc, in the culture system of M rosenbergii post-larvae, In that

experiment floes were grown on acetate, glycerol and glucose as sources. Varghese (2007)

evaluated performance of various locally available carbohydrate sources for biofloculation
[
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~ the culture system of P. Monodon; tapioca powder was the biofioculating agent selected by

Hari et al. (2004,2006), Varghese (2007), and Kurup and Varghese (20073, 2007b).

::;;:"..

J

Initial studies were conducted to optimize the addition of carbohydrate source in aquaculture

systems for the process of biofloculation and standardize the quantity of carbohydrate source

required for biofloculation. Mechanism and principle behind this technology was also

interesting field of research (Avnimelech, 1999, 2009). Eminent Israeli scientist Yoram

Avnimelech is the pioneer in this field. Species selection is one of the major factors that

decide the success of the BFT aquaculture (Avnimelech, 2007; Azim and Little, 2008). BFT

is proved to be beneficial for both shrimp and finfish culture (Milstein et al., 2001; Burford et

al., 2003; 2004; Serfling, 2006; Wasielsky et al., 2006). Tilapia was the first studied species

for the biofloc ponds, the nibbling habit and feeding behaviour were the reasons for the

selection of this fish. Later, marine shrimps were also identified as the suitable species for

BFT aquaculture (Burford et aI., 2003,2004; Wasielsky et al., 2006; Hari et a/., 2004,2006;

Varghese, 2007; Kurup and Varghese, 2007a, 2009b; Arnold et al., 2009; Ballester et al.,

2009; Kuhn et al., 2009).

Studies by Avnime1ech (2007) revealed that microbial floes developing in BFT ponds are

effective potential food source for tilapia; according to his observation, fish growing in the

BFT pond did not rush on to the added feed pellets, since the pond contained floes as a

potential feed, feed that is available 24 hours per day. Avnimelech et al., (1994) estimated

that feed utilization is higher in BFT systems, while tilapia in such ponds is fed a ration 20%

less than conventional one. Varghese (2007) studied various aspects of BFT in the culture of

P. monodon. Optimization of protein in the feed by the application of CIN ratio) effect of

various modes of carbohydrate application. on fann application of BFT. optimization of

stocking density in BFT tanks, performance of carbohydrate sources, and combined

application of BFT with periphyton based aquaculture were the focal theme of the study. The

author summarises the study as, C/N ratio optimization by the addition of suitable

carbohydrate sources is a potential method for controlling the inorganic nitrogen species in

aquaculture systems.

Kurup and Varghese (2007a), and Varghese (2007) explained the suitability of various

carbohydrate sources for controlling elN ratio in shrimp culture system. They also studied

the combined effect of BFT and periphyton based aquaculture. Biofloc can act as a feed for

different cultured species such as Nile tilapia (Oreochromis niloticus) and whiteleg shrimp) L. [
14
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vannamei (Azim and Little, 2008; Crab et 0/.,2009; Kuhn et al., 2009). Burford et al. (2004)

suggested that "flocculated particles" rich in bacteria and phytoplankton could contribute

substantially to the nutrition of L. vannamei in intensive shrimp ponds. Effect of natural

production in a zero exchange suspended microbial floc based super-intensive culture system

for L. vannamei was studied by Wasielsky et aJ. (2006).

Several researchers followed the uptake of microbial protein through the use of 15N enriched

microbial biomass (Preston et al., 1996; Epp et al., 2002; Burford et al., 2004; Avnimelech,

2007). Avnimelech and Kochba (2009) conducted a detailed study on the uptake and

utilization of microbial protein by tilapia, using N15 tagging to get data on the dynamics of

the biofloc system and to critically evaluate the available experimental procedures. Authors

also estimated the residence time of bioflocs, It was estimated that the residence time of

bioflocs was about 8 hours, i.e. bioflocs were regenerated three times a day.

Ray et al. (201Ob) characterized microbial communities in minimalexchange, intensive

aquaculture systems and studied the effects of suspended solids management.

Characterisation of microbial community structure in shrimp biofloc cultures using

;:::7 biomarkers and analysis of floc amino acid profile was done by Ju et al. (2008). Ray et al...
(2010 a) also studied the mechanism behind the suspended solids removal to improveJ production of L. vannamei and part of the same study the team has evaluated a plant based

feed in minimal-exchange, super intensive culture systems. According to their study, shrimp

biomass production (kg/m-3) was increased 41% when biofloc concentration was managed

through the use of external settling chambers. They also showed a 60% reduction in nitrate-

nitrogen concentration and a 61% reduction in phosphate concentration when biofloc

concentration was managed.

..

Michaud et al. (2006) studied the effect of particulate organic carbon on heterotrophic

bacterial populations and nitrification efficiency in biological filters. Addison.er of. (2010)

studied the effect of biofloc replaced fish meal and soybean meal in semi-purified shrimp

diets. Ju et al. (2008) studied the enhanced growth effect on shrimp (L. vannamei) from

inclusion of whole shrimp floc or floc fractions to a formulated diet. The results suggest that

inclusion of the floc material in shrimp diets could enhance the shrimp growth. They

observed enhanced growth when compared with that of the control (P<0.05); the diet

preference and pellet stability study were also positive. Shrimp preferred the experimental

diets over commercial diet and the feed stability was same as that of commercial diet.

15
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;:::? Addison et al. (2010) reported increased growth of L. Vennamei by replacing fishmeal and

soybean with biofloc. Microbial floes produced in suspended growth bioreactors could offer

the shrimp industry a novel alternative feed. Study by Kuhn et al. (2009) showed that

bioflocs harvested from the sequencing batch reactors (SBRs) and membrane biological

reactors proved to be a suitable and often superior ingredient, to soybean protein and fishmeal

in lab-scale feeding trials with L. vannamei. High quality control diets were compared against

experimental diets in 35~ day feeding trials. Result was that experimental diets were varied

greatly and notable independent variables included complete replacement of soybean protein,

two-thirds replacement of fishmeal, and no fish oil. Biofloc inclusion always increased

growth rates and ranged from a low average increase of 4% to a high average of 67% over the

control diets; the latter percent increase was significant at P < 0.01. It seems that biofloc

technology represents a promising option for sustainability of the aquaculture industry.

Ballester et al. (2010) compared the performance of Farfantepenaeus paulensis reared with

partial diet with different protein levels under zero exchange microbial floc intensive system.

Forty five days experimental trial concluded that shrimps fed with a protein percentage of 35

which are maintained in biofloc ponds showed maximum growth parameters. It was

significantly greater when compared to the feed with 25, 30, 40 and 45% of crude protein.-
?

J
Kuhn et al. (20 10) compared the possibilities of incorporating two types of microbial floes in
the feed of L. vannamei derived from biological treatment of fish effluent. Logan (2010)

presented the possibilities of commercializing the biofloc feeds in recent World Aquaculture

Society conference held at California, the product is expected to be available in the market by

2012 as the trade name Obron SCP ingredient.

..

In addition to being a tool for water quality and feed management, biofloc technology also

has potential to protect the cultured organisms from infections with pathogenic bacteria,

which are responsible for major economic losses in aquaculture (Crab et al., 2010b). Biofloc

can be a novel strategy for disease management on a long-term basis, in contrast to

conventional approaches such as antibiotic, probiotic and prebiotic application (Sinha et ai.,

2008). Recent research questions focus on the possible extra added value of bioflocs, more

specifically regarding pathogen control, because infectious diseases burden the aquaculture

industry. It was observed that the regular addition of carbon to the culture is known to select

for polyhydroxyalkanoate (PHA) accumulating bacteria (Salehizadeh and Von Loosdrecht,

2004) such as Alcaligenes eutrophus, Azotobacter vinelandii, Pseudomonas oleovorans and

others that synthesise PHA granules. Such granules are synthesised under conditions of
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nutrient stress, that is, when an essential nutrient like nitrogen is limited in the presence of an

excess carbon source (Avnimelech, 1999). These PHAs are polymers of ~-hydroxy short

chain fatty acids and if degraded in the gut, they could have antibacterial activity similar to

short chain fatty acids (SCFAs) or organic acids. The breakdown of PHA inside the

gastrointestinal tract can be carried out via enzymatic and chemical hydrolysis (Yu et al.,
2005). Apart from inhibiting the growth of pathogenic bacteria by lowering the pH of

surrounding milieu, SCFA have also been shown to specifically down-regulate virulence

factor expression and positively influence the gut health of animals (Teitelbaum and Walker,

2002). Moreover, these compounds are capable of exhibiting bacteriostatic andlor

bacteriocidal properties, depending on the physiological status of the host and the

physiochemical characteristics of the external environment (Ricke, 2003). Defoirdt et al.
(2006) reported increased survival of artemia nauplii when fed formic, acetic, propionic,

butyric and valerie acid and challenged with a luminescence pathogenic Vibrio campbellii

strain. In another study, the same authors (Defoirdt et ai., 2007) reported that commercial

polyhydroxy butyrate (PHB) particles or PHB accumulating bacteria offered a preventive and

curative protection to artemia against luminescent vibriosis. Crab et al. (2010b) studied the

use of bioflocs as new bio-control agents for aquaculture using a model system with

gnotobiotic brine shrimp (Anemia Jranciscana). They found that the bioflocs can also be used

by brine shrimp (A. Jranciscana) nauplii as a feed. The technique has also proved to be

beneficial in the nursery rearing of P. monodon, wherein the use of carbon source and

artificial substrates was found to positively influence growth and production of shrimp

juveniles in addition to providing more favourable water quality conditions irrespective of

elevated stocking densities (Arnold et al., 2009; Anjalee and Kurup, 2011).

Eventhough more than 25 species of freshwater prawns have been reported from Kerala, M

rosenbergii is the only species with aquaculture importance. There is a vast potential for the

development of prawn culture and nearly 65,000 ha comprising ponds, tanks and check dams

are found suitable for freshwater prawn fanning in monoculture or polyculture with carps

(Kumar and Velayudhan, 2006). Prawn farming has been considered as an important

aquaculture activity in the state due to its domestic as well as export market and the

_--7 possibility of integration or rotation with paddy cultivation which in turn provides an

additional income. The increase in the aquaculture production from the state of Kerala

mentioned earlier may be due to the utilisation of many of these potential areas for culture

purposes as denoted by the increase in the area brought under the culture. Raising of
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? freshwater prawn production through expansion of pond area would demand large additional

quality of water and land area, both are very scarce resources. The most practical way to raise

freshwater prawn production is by increasing pond productivity per unit land area and water

(Asaduzzaman et 01., 2008). M. rosenbergii is omnivore in the feeding behaviour and is more

or less similar to the feeding of the tiger shrimp, Peanaeus monodon. The benefits ofBFT has

been described extensively for shrimp culture (Buford et 01., 2003, 2004; Hari et 01., 2004,

2006; Wasielsky et al., 2006) and for finfish culture (Avnimelech, 1999; Avnimelech, 2007;

Milstein et al., 2001; Serfling 2006). There are only few works on its applicability and

advantages of the technology to M rosenbergii grow outs (Asaduzzaman et al., 2008, 2009a,

2009b 201Oa, 20l0b) and in larviculture (Saritha, 2009; Saritha and Kurup, 2011).

-T

Asaduzzaman et 01. (2008,20098, 2009b, 201Oa, 2010b) conducted a series of experiments

on diversified application of elN ratio control in giant freshwater prawn culture. In 2009, the

research team studied the effects of addition of tilapia, Oreochromis niloticus, and substrates

for periphyton developments on pond ecology and production in elN-controlled M

rosenbergii farming systems. In the same year the team investigated effects of stocking

density of M rosenbergii and addition of different levels of Oreochromis niloticus on

production in elN controlled periphyton based system. Asaduzzaman et al. (20 1Oa)explained

the effects of CIN ratio and substrate addition on natural food communities in freshwater

prawn monoculture ponds. Asaduzzaman et al. (2010b) investigated the possibilities of

combining elN ratio control, fish-driven re-suspension and periphyton based aquaculture in

freshwater prawn culture with varying stocking densities of tilapia and Labeo rohita. They

also studied the effect of two carbohydrate sources for controlling the elN ratio in the culture

pond. In the same year, the team scanned various carbohydrate sources for maintaining a high

elN ratio and fish driven re-suspension on pond ecology and production in periphyton-based

freshwater prawn culture systems.

The biofloc technology has been widely used in shrimp culture for reducing the accumulation

of toxic metabolites like ammonia by its conversion to heterotrophic bacterial biomass,

especially in static systems. The modified static green water system of seed production of M.

rosenbergii faces the problem of elevated levels of metabolites like ammonia and nitrite.

Saritha (2009), Kurup and Saritha (2010) and Saritha and Kurup, 2011) made an attempt to

evaluate the effectiveness of biofloc technology in larval rearing of the giant freshwater

[
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:::> prawn wherein the quantity of carbohydrate addition has been optimised to assimilate the

toxic metabolites generated and consequently converting them into bacterial floccules.

Application of BFT making culture more sustainable by 54% increase of total revenue from

the harvested shrimp, reduce water based nitrogen species discharge to the environment and

also reducing the protein content of the feed substantially (Kurup, 2009). Enhanced pond

productivity through stimulation of suspended and attached algal development and by using

them to improved water quality, provide additional food, higher carrying capacity in

combination with reduced nutrient discharge, improving environmental sustainability. This

technology is simple and cheap, making it also socially and economically sustainable, even

for small scale or poor farmers (Hari et al., 2004,2006; Varghese, 2007; Kurup, 2009).

-
]
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Chapter- 3

MATERIALS AND METHODS

3.1 Study area

The experiment was conducted in the laboratory of Fisheries and Marine Resource

Technology (FMRT) Discipline of Khulna University. For the determination of the

Lactobacillus spp., Emerococcus spp, and Salmonella spp. the freshwater prawn

Macrobrachium rosenbergii were cultured with calculated feed application along with

molasses application and then the samples were taken in the Biocbemistry and Molecular

Genetics Laboratory of FMRT Discipline, Khulna University for culture and enumeration of

l.actobacillus spp., Enterococcus spp. and Salmonella spp. bacteria

Figure 1: Map ofBangladesb indicating the study ares. Figure 2: Tank in laboratory

area. twelve fiber glass tanks were selected to carry out the experiment Each of

rectangular in shape and had water holding capacity of 10 litres. The sample

collected from the experimental tanks and bacterial load were counted in the

Biochemistry and Molecular Genetics Laboratory ofFMRT Discipline, Khulna University.
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pen, foil paper, pipette, micro-pipette, tips and tips box (Swanson et al., 2001) were needed

for conducting study.

3.3.2 Reagents and chemicals

Peptone water, absolute alcohol, Ethyl alcohol (75%), distilled water and detergent powder

were required during the study periods.

3.3.3 Types of media needed during culture period

Lactobacillus MRS agar medium was required for the culture and enumeration of

Lactobacillus spp. SF (Streptococcus faecalisy broth medium was required for culture and

estimation of Enterococcus spp. This media was specific or selective for Enterococcus spp.

bacteria Broth Medium I (Tetrathionate Bile Brilliant Green Broth) will be required. This media will

be specific or selective for harmful Salmonella spp.

3.3.4 Sample collection

About three samples of gut were collected from each experimental tank for each and every

enumeration at every three days' interval. So, twelve samples were collected under each treatment. As

a result, there were total twenty-four sampling days from twelve experimental tanks under three

treatments. Then collected sample was carried immediately to the Molecular Biology Laboratory of

FMRT Discipline, Khulna University using plastic vial maintaining the cool chain system. Gut and

intestine of the collected prawn were separated by dissecting the body. To avoid cross

contamination, separate sterile surgical blade, dissection tray was used for each individual.

Two gram of pooled gut sample of fresh prawn (Macrobrachtum rosenbergiij was collected

from each experimental tank. As the prawn individual was smaller in size, it was needed to

catch 4-5 individual prawn for the collection of two-gram gut sample. The sample was kept in

1.S ml tube with 1 ml distill water. All the samples were instantly used for microbial analysis

and also properly labeled and stored in -20oe temperature for further analysis.

3.4 Laboratory work

3.4.1 Sterilization of equipment

Test tubes, conical flask, plastic tips and other glassware were sterilized by autoclaving at a

temperature of 121DC and a pressure of 15 pound per square inch for 15 minutes (Swanson et
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al., 2001). For completing the autoclaving procedure about 2 hours and 45 minutes was

needed.

3.4.2 Sample preparation and dftution

The prawn individual was dissected and gut sample was separated. Accurate amount (2 g) of

pooled sample was weighed Then the sample was taken into a sterile mortar for blending.

The sample was taken into 8 flask containing L8ml 0.1 % sterile peptone water. The mixture

was homogenised for 2 min. This provided a dilution of )0.1. This was the stock solution for

the bacterial culture.

Samples .:fromeach of the experimental tank was taken and prepared in the same way. The

prepared samples of the twelve tanks were kept in separate conical flask.

3.5 Enumeration of LactobacUIM..fO spp.

3.5.1 Culture media aod bacterja culture

Lactobacillus spp. bacteria were cultured in the Lactobacillus MRS agar medium. The composition

of the media is the following:

..

Ingredients GmsiLitre
Hi VegPeptone 6.0
Hiveghydrolysate 4.0
Yeast extract 3.0
HiVeg extract l.5
Dextrose 1.0
Agar l5.0
Total 3O.S.

30.5 g of the media was dissolved in 1 L of distilled water, followed by heat sterilization by

autoclaving at 15 lbs pressure (121 "C) for is minutes. By streaking the bacteria was inoculated into

the media and incubated for t 8-48 hours at 35-37 "C.

3.5.2 Cultural Response

Cultural characteristics observed during incubation at 35 - 37°C after eight hours of

incubation.

3.S.3 Confinnation tests of LactobaciUus 5pp.

For the confirmation of Laaobactllus spp., the following biochemical tests wilJ be conducted:

l. Catalase test
2. Oxidase test
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• 3. Urease test
4. Methyl red test
5. Voges-proskauer test

3.5.4 Counting of colonies

After the specified period of incubation, the bacterial colonies of each Petri dish were counted by

using the colony counting equipment. To calculate the number of bacteria per gram of diluted sample

following the equation (Herigstad et al .• 2001):

Number ofCFU Number of CFU

Volume plated (ml) x total dilution used ml

3.6 Enumeration of Enterococcus spp,

3.6.1 Composition or culture media

Enterococcus spp. bacteria were cultured in the SF Broth media. SF Broth was produced by

Hi Media Laboratories according to the formulation developed by Hajna and Perry (1943).

The media composition has been given in the section of appendix-I.

3.6.2 Preparation of culture media

..

36.032 g media (SF Broth) was mixed in 1000 ml of distilled / deionized water. Heat was

provided to dissolve the medium completely. Then it was dispensed in tubes and sterilized by

autoclaving at 15 lbs pressure (121°C) for 15 minutes. The Final pH of the media was

adjusted to 6.9 ± 0.3 at 25°C before autoclaving. The media was stored below 30°C in tightly

closed container and the prepared medium was at 2 - goC.

3.6.3 Principle and Interpretation of culture media

SF Broth is prepared according to the formula ofHajna and Perry (1943) for the detection of

faecal Streptococci in the swimming pools, water and milk samples. SF Broth is also

recommended for detection of faecal streptococci in water and other samples (Eaton et.al,

2005). Streptococci grow luxuriantly at 4S.5°C with an acidic reaction, seen as color change

from purple to yellow.

In this medium.the indicator turning yellow in presence of Enterococci is evident after 18-20

hours but to proceed for the isolation, a supplementary incubation in Petri plates is

recommended. A positive reaction for the presence of group D Enterococci is indicated by
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• turbidity and a color change in the medium from purple to yellow. A negative reaction is

indicated by absence of growth and a purple color (no color change).

3.6.4 Culture of Enterococcus spp,

Then the bacteria were cu1tured in the prepared culture media (SF broth). The bacteria were

cultured in five dilutions and each dilution had three tubes. So, fifteen test tubes were needed

for one stock solution. Twelve stock solutions were prepared from the twelve experimental

tanks and used for bacterial analysis. (12 x 12) = 144 test tubes were needed for the culture of

bacteria of tanks.

9 ml of prepared media was taken in each of the lest tubes. Then I ml of stock solution was

taken in a test tube with a micro pipette. It was the culture of 10,1 dilution. This tube was

centrifuged in a vortex machine tor 2 minute. Then I ml was taken from the tube with micro

pipette after changing tip and poured into another test tube. J1 was the culture of 10'2 dilution.

The culture of 10.3, 10-4 and 10') dilutions were done in the same way. There were three

replication tubes for the culture of each dilution. Thus the samples taken from the twelve

replication tanks were cultured in the same manner. The test tubes were then incubated at

specific temperature (45.50C) for bacterial growth.

Stock

Solution !~t.p !,>, ".·r ..... ~ ... ;.'10

Incubation:
45.5° C for
18 hours

3 tubes for
each dilution Each tube contains 9 ml SF broth

Estimation of Number of positive tubes out
of 3 replication tube for each of the 5 dilution

Figure 3: Flow chart of culture techniques of Enterococcus spp. in SF broth.
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• 3.6.5 Cultural Response

Cultural characteristics were observed after incubation at 4S-46°C for 18-48 hours, The color

of the tubes was changed from purple to. yellow giving the positive result in which the growth

Enterococcus spp. was luxuriant. Some tubes remained unchanged (purple color) which gave

the negative result due to. Jack of growth. As the SF broth media is selective for Enterococci

and the presence of Enterococcus spp. was identified by the color change (from purple to.

yellow) at the time of culture, so.any further confirmation test was not necessary.

3.6.6 Data eelleedcn

In the tube culture method, the number of bacteria cannot be found directly. Only the number

of'positive and negative tube for each dilution were found and recorded. Then an established

Most ProbabJe NUJDber (MPN) chart was used to. estimate the number of bacterial cell by
using the number of positive tube for each dilution. The MPN chart was prepared by J.L.

Oblinger and I.A. Koburger in 1975 on the basis of poisson counting statistics regarding the

number of positive tubes cut of all the cultured tubes. The bacteria] culture was done in a

five-fold dilution each of with three replication tubes. So., three tubes MPN chart was used for

the estimation of the load of Enterococcus spp. Then the Most Probable Number (MPN)

bacterial data was recorded, accumulated, grouped and interpreted according to the objectives

as welJ as parameters.

3.7 Enumeration of SaJlfW1teIla spp.

3.7.1 CuJture media and bacteria culture

Salmonella spp. bacteria were cultured in the broth medium J (Tetrarhionate Bile Brilliant Green

Broth media). The composition of the media is the following:

Ingredients GmslLitre
Peptone 8.600

Ox-bile dried 8.000
Sodium chloride 6.400
Calcium carbonate 20.000
Potassium Tetrathionate 20.000
Brilliant green 0.070
TotaJ 63.07

63.07 gm of the media were dissolved in 1 L of distilled water, followed by heal sterilization by

autoclaving at ]5 lbs pressure (121°C) for 15 minutes. By streaking the bacteria were inoculated into

the media and incubated at anaerobically at 41-43°C for 18-24 hOUTS.
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• 3.7.2 Data collecrion

In the tube culture method, the nwnber of bacteria cannot be found directly. Only the number

of positive and negative tube for each dilution were found and recorded. Then an established

Most Probable Number (MPN) chart was used to estimate the number of bacterial cell by
using the number of positive tube for each dilution. The MPN chart was prepared by J.L.

Oblinger and l.A. Kobnrger in 1975 on the basis of Poisson counting statistics regarding the

number of positive tubes out of all the cultured rubes. The bacterial culture was done in a

five-fold dilution each of with three replication tubes. So, three tubes MPN chart was used for

the estimation of the load of Salmonella spp. Then the Most Probable Number (MPN)

bacterial data was recorded, accumulated, grouped and interpreted according to the objectives

as well as parameters.

3.7.3 Biochemical tests for Salmonella spp.

..

Test Results
Indole test Negative (- )
Methyl RedlY oges Proskauer Negative (-)
Motility Test Positive (+)
Gas Production Positive (+)
Catalase test Positive (+)
Oxidase Test Negative (-)
Gl ucose fermentation Positive (+)
Sucrose fermentation Negative (-)
H2S Positive (+)..

3.8 Data analysis

Collected data were stored, explored and analyzed using Microsoft Excel, SPSS and

Microsoft Word program to present the results and discussion. The normality test of the data

was done in SPSS at first. But they were not normally distributed and as they were the

bacterial count data, the Chi- square test was conducted in SPSS to compare the data of

control and treated ponds.
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• Chapter- 4

RESULTS

To analyze the proliferation of microbial content in the gut of fresh water prawn in biofloc

contained water, four different treatments were used. One control and three treatments with three

replications were used in the laboratory ofFMRT discipline in Khulna University.

4.1 Total bacterial count

The mean number of total heterotrophic bacteria (THB) in T2 was (11.3 ± 5.7) xl09 CFU/g

higher in the treated group and lowest mean number found in control group (2.0 ± 0.3) xl09

CFU/g. The mean volume ofTHB in T3 and TI was (9.8 ± 3.3) -io" CFU/g and (4.0 ± 2.4) xl09

T1 T3 cT2

._._.__._..__.__._J
Figure-e.I: Count of total heterotrophic bacteria (Log CF1J/g) in the gut of M rosenbergii

cultured at different elN ratio based biofloc culture system. The error bars indicate the standard
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• deviation of three replications. Same letters indicate there had no significant difference among

the treatments (One-way anova, P<0.05).

4.2 Enterococcus spp. count

The mean number of Enterococcus spp. was the higher in T2 (9 ± 1.1) x 104 :MPN/g and T3 (6.7 ±

1.5) x ] 04 'MPN/g compared to T l and C (P<0.05). In control group, lowest number (1.07 ±O.4)

x 103 MPN/g of Enterococcus spp. was counted in the gut of M rosenbergii.

There had significant differences (P<O.05) between control and T2 as well as T 3.

6 I b b!,
5

4
a

~
Z3e,
:E

2

~
1

o
T1 T2 T3 c

Figure-4.2: Count of Enterococcus spp. (MPN/g) in the gut ofM. rosenbergii cultured atdifferent

elN ratio based biofloc culture system. The error bars indicate the standard deviation of three

replicates. Different letters indicate significant difference among the treatments (One-way anova,

P<O.05).
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• 4.3 Lactobacillus spp. count

In case of Lactobacillus spp. although not significant, but higher load was recorded in T3 (1.5 ±

0.7) x 106 CFU/g and T2 (1.3 ± 0.5) x 106 CFU/g c-ompared to T 1 and C (P<0.05). Similar to

Enterococcus spp., Lactobacillus spp. was found lower (6.3 ± 5.4) x105CFU/g in control group.

-------- -------------

6.2

6

5.8
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'- 5.4
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4.6
Tl T2 13 C

•

Figure-4.3: COWlt of Lactobacillus spp. (Log CFU/g) in the gut of M. rosenbergii cultured at

different CIN ratio based biofloc culture system. The error bars indicate the standard deviation of

three replications. Same letters indicate there had no significant difference among the treatments

(One-way anova, P<O.05).

4.4 Salmonella spp. count

The presence of Salmonella spp. was not found in any of the experimental tanks.
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Chapter- 5

DISCUSSIONS

In this study, proliferation of bacterial colonies and microorganisms in the gut of
Macrobrachium rosenbergii was directly influenced by the C/N ratio. There were three elN ratio
(10:1, 15:1; 20: 1) in the study and abundance of bacterial colonies are comparatively higher in
elN ratio in 15:1 than other CIN ratios except Lactobacillus spp. Bakar et al. (2015) showed that
among various CIN ratios, and when using molasses, the optimal ratio was 15 in terms of
removing ammonia in 8 bioflocs based system culturing C. gartepinus.

Smith et 01. (2004) showed that bacteria use nitrogen in the nitrate formation. In Diofloc culture
system, total bacteria take nitrogen as food and increase their community. Avnimelech et al.

(1992); Kochva et a1. (1994); Avnimelech (1999) who found that numbers of heterotrophic
bacteria increased in response to increasing levels ofC:N ratio,

Addition of carbon source in a limited amount leads to the development of beneficia] bacteria in
fish culture medium. Thus cost of producti.on can be reduced as fish take these bacteria as food ...
Ebeling et al. (2006)~ Hari et at. (2006); Avnimelech and Koehva (2009); Crab et 01. (2010)

showed that adding a carbon source (direct or indirect Carbon sources) to the culture medium ill

limited-discharge systems (changing CIN ratio), cause significant enhancement of useful

microbial growth and the fixation of toxic nitrogen metabolites.

Proliferations of Enterococcus spp in CIN ratio 15:1 shows higher abundance than C/N ratio 10:1
and 20: 1. The mean number of Enterococcus spp, was (9 ± 1.1) x 104 MPN/g. Where lowest
amount of Enterococcus spp. found in control and was (1.07 ±0.4) xl03 MPN/g using no
additional carbon source. Proliferations of Lactobacillus spp. in CIN ratio 20: 1 shows higher
abundance than CIN ratio LO:1and 15:1. The mean number oiLaciobacttlus spp. was (1.5 ± 0.7)
x 106 CFU/g. Where lowest amount of Lactobacillus spp. found in control and was (6.3 ± 5.4)
><] OS CFU/g using no additional carbon source. Chamberlain and Hopkins (1995) showed that if

a carbon source such 8S wheat bran, rice bran, molasses and cellulose is sprayed on the surface of
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pond water with continuous aeration, at the optimum elN ratio 15:1; bacterial growth will

increase. The bacteria consume the carbon source as energy and, reduce the ammonia

concentration through nitrification, while the fish feed on the bacteria.

Finally, the study shows the abundance of Salmonella spp, was nil. It might be that the cultural

system was good and quite hygienic, so the beneficial microbes might exclude the growth of the

pathogenic agent. Like as, the association of floes acts as a bio regulator of water quality and as

an inhibitory agent to prevent the growth of Vibrio spp. during the cultivation of shrimp in the

biofloc system (pacheco- Vega et af., 2018).

Moreover, the addition of lactic acid bacteria in shrimp diets has been suggested to decrease the

adherence and colonization of pathogenic bacteria and to improve fish health (Ringo et al.,

2010). So, the Lactobacillus spp. may be the cause ofinbibiting the Salmonella spp.

In the study, the mean number of total heterotrophic bacteria (THB) in T2 was the highest and it

was (11.3 ± 3.7) xl09 CFU/g. According to Zhu and Chen (2001), the increase in the elN ratio

from 0 to 15 reduced the efficiency in 70% of the nitrification rate. In this way, the authors

verified a reduction in the nitrification rate due to the increase in organic carbon promoting the..
.. dominance of heterotrophic bacterial community.

In this study, the mean number of the total heterotrophic bacteria (THB) in control unit is higher

than the treatment unit. There, in control unit no external carbon source was added. Without

balanced elN ratio, there is a possibility to grow pathogenic bacteria along with the beneficial or

probiotic bacteria. It is similar to the Sthephaniee et al. (20J6), noted that a better removal of

contaminant nitrogen compounds, the growth increase of heterotrophic bacteria, which together

probiotic bacteria, inhibit the development of potential pathogenic bacteria in aquaculture aud

recognized the beneficial effect of external carbon source used to obtain rue type and quantity of

bacteria that development in culture production systems.

That is similar to the Han et a1. (2004) showed that the addition of a carbohydrate source to the

pond water column benefited the extensive shrimp culture practices in three ways (1) increased

heterotrophic bacterial growth supplying bacterial protein to augment the shrimp production, (2)
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reduced demand for supplemental feed protein and subsequent reduction in feed cost and (3)
reduced toxic inorganic nitrogen levels in the pond as well as effluents .

•
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Chapter- 6

CONCLUSION

From this present study the following conclusions can be drawn

1. Higher CIN ratio, 15 and 20 have significant effect on the Enterococcus spp. growth in

the gut of M rosenbergii. However, with the increasing the ratio the bacterial load can be

decreased.

2. There were no significant differences, but carbon sources can increase the Lactobacillus
spp. load in prawn gut.

3. Higher carbon source can increase total heterotrophic bacteria, e/N 15 and 20 compared

to 10. However, no carbon source might cause risk of higher load of pathogenic bacteria.

Recommendations:

....

1. Further research should be conducted to investigate other potential beneficial and harmful

bacteria in prawn gut in biofloc based culture system at different C/N ratios using

different available carbon sources.

2. Micro-environments of gut bacteria should be studied through other microbial

community management approach .

•

34

-
[

[-



_ .

•

'"-
.,
,;

Chapter Seven

REFERENCES

L



I

• References

• Chapter-7

REFERENCES

Ahmed, N. (2001). Socio-economic aspects of freshwater prawn culture development in

Bangladesh. Scotland, UK: Institute of Aquaculture, University of Stirling. 16 (2-3), 127-

135.

Ahmed, N., Brown, J. H., & Muir, J. F. (2008). Freshwater prawn farming in gher systems in

southwest Bangladesh. Aquaculture Economics & Management, 12 (3), 207-223.

Akand, A. M .• & Hasan, M. R (1992). Status of freshwater erawn (¥acrobrachium s!,?p.)culture

in Bangladesh. Freshwater Prawns (ed. by EG Silas), 33-41.

Asaduzzaman, (2008, 2009a, 2009b, 2010a, 2010b)., Prajith, K. K., & Madhusoodana, K. B.

(2011). Application of Biofloc Teclmology (BFT) ill the nursery rearing and farming of

giant freshwater prawn, Macrobrachium rosenbergii (deMan) (Doctoral dissertation,

Cochin University of Science and Technology).

•
Avnimelech, Y. (1999). Carbon/nitrogen ratio as a control element in aquaculture systems.

Aquaculture, 176(3-4), 227-235 .

A,yn...imel~..b,Y. (200].). feeding wjth.mi~obial. floes. b)t tilapia.in.mmimal. discharge bio-flocs.

technology ponds. Aquaculture, 264 (1-4),140-147.

Avnimelech, Y. (2009). Biofloc technology. A practical guide book. The World Aquaculture

Society. Baton Rouge. 182.

Avnimelech, Y., & Kochba, M. (2009). Evaluation of nitrogen uptake and excretion by tilapia in

bio floc tanks, using 15N tracing. Aquaculture, 287 (1-2), 163-168.

Avnunelech, Y., Kochva, M., & Diab, S. (1994). Development of controlled intensive

aquaculture systems with a limited water exchange and adjusted carbon to nitrogen ratio.

Israeli Journal of 'Aquacuiture-Bamtdgeh, 46 (3), 119-131.

35

[-r



References•

• Bakar, N. S. A., Nasir, N. M., Lananan, F., Hamid, S. H. A., Lam, S. S., & Jusoh, A. (2015) .

Optimization of elN ratios for nutrient removal in aquaculture system culturing African
catfish, iCtarias gartepinuss utilizing Bioflocs Technology. lnternational

Biodeterioration & Biodegradation, 102, 100-106.

Browdy, C. L., Brarvold, D., Stokesland, A. D., & Mcintosh, P. (2001). Perspective on the

application of closed shrimp culture systems. Journal of Aquaculture Research. 109, 189-

204.

Crab, R., Avnimelech, Y., Defoirdt, T., Bossier, P., & Verstraete, W. (2007). Nitrogen removal

techniques in aquaculture for a sustainable production. Aquaculture, 270(1-4), 1-]4.

Crab, R., Lambert, A, Defoirdt, T, Bossier, P., & Verstraete, W. (2010). The application of

bioflocs technology to protect brine shrimp (Anemia franciscanay from pathogenic

Vibrio harveyi. Journal ofapplied mtcrobiology, 109( 5), 1643- J 649.

Daniels, H. V., & Boyd, C. E. (1989). Chemical budgets for polyethylene-lined, brackishwater

ponds. Journal a/the World Aquaculture SOCiety, 20(2). 53-60.

Dirnitroglou, A., Merrifield, D. L., Carnevali, 0., Picchietri, S., Avella, M, Daniels, C., &

Davies, S. J. (20U). Microbial manipulations to improve fish health and production-a

Mediterranean perspective. Fish & shellfish immunology, 30(1), 1-16.

DoF (2017) Fisheries Statistical Year book of Bangladesh 2016-17. Fisheries Resources Service

System, Department of Fisheries (DoF), Ministry of Fisheries and Livestock, Dhaka,

Bangladesh, 42pp.

Eaton, A. D., Clesceri, L. S., Rice, E. W., Greenberg, A. E., & Franson, M. A. (2005). Standard

methods for the examination of water and wastewater, 21st end. American Public Health

Association, American Water works Association. Water Environmental Federation.
257pp.

Ebeling, J. M., Timmons, M. B., & Bisogni, J. J. (2006). Engineering analysis of the

stoichiometry of photoautotrophic, autotrophic, and heterotrophic removal of ammonia-
nitrogen in aquaculture systems. Aquaculture, 257(l-4). 346-358.

36



References•

• FAO (1991). Environmental sustainability in fisheries. COFlJ9113.Documenl presented at the

19'" Session ("If thp. ('("Immittee on Fisheries, April ! t 2~ Food ~nd. A griculture

Organization of the United Nations. FAO, Rome. 23pp.

FAO (2000). The state of world fisheries and aquaculture 2000. Food and

agriculture organization of the united nations. FAO, Rome. 67pp.

Ferreira, G. S., Bo1fvar, N. C., Pereira, S. A., Guertler, C., do Nascimento Vieira, F., Mourino, J.
L. P., & Seiffert, W. Q. (2015). Microbial biotloc as source of probiotic bacteria for the

culture of Litopenaeus vannamei. Aquaculture, 448, 273-279.

Fischetti VA., Novick RP., Ferretti JJ., Portnoy DA., Rood 11., eds. (2000). Gram-Positive
Pathogens. ASM Press. rS.BN 1-55581-166-3

Folke, C., & Kautsky, N. (1992). Aquaculture with its environment: prospects for sustainability.

Ocean & coastal management, 17(1),5-24.

Gilmore, M. S., Clewell, D. B., & Courvalin, P. (Eds.). (2002). The enterococci: pathogenesis, molecular
biology; and antlbionc resistance. Zondervan. 304. ) 14-128.

•.. Gomes, C.. Escreveate, C; & Costa, 1. (2010). Mutant superoxide dismutase 1 overexpression in
NSC-34 cells: effect of trehalose on aggregation, TDP-43 localization and levels of co-
expressed glycoproteins. Neuroscience letters, 475(3), 145-1.49.

Hadji-Sfaxi, 1'., El-Ghaish, S., Ahmadova, A., Batdorj, 8., Le Blay-Laliberte, G., Barbier, G., ...

& Chobert, 1. M. (2011). Antimicrobial activity and safety of use of Enterococcus

faecium PC4. 1 isolated from Mongo) yogurt. Food Control, 22( 12),2020-2027.

Hajna, A. A., & Perry, C. A. (,1943). Comparative study of presumptive and continnanve media
for bacteria of the coliform group and for fecal streptococci. American Journal Q{ Public

Health and the Nations Health, 33(5),550-556.

Hansen, G. H., & Olafsen, J. A. (L999). Bacterial interactions in early life stages of marine cold
water fish. Microbial ecology, 38(1), 1-26.

37



References•

• Hari, B., Kurup, B. M., Varghese, 1. T., Schrarna, J. W., & Verdegern, M. C. 1. (2004). Effects of

carbohydrate addition ('In production in extensive shrimp ~1jltl.lreSYStetl1S. Aq7lflcu/(ure,

241(1-4), 179-194.

Han, B., Kurup, B. M., Varghese, J. T., Schram a, 1. W., & Verdegem, M. C. 1. (2006). The

effect of carbohydrate addition on water quality and the nitrogen budget in extensive
shrimp culture systems. Aquaculture, 252(2-4),248-263.

Hari, B., Kurup, B. M., Varghese, 1. T., Schrama, 1. W., & Verdegem, M C. 1. (2006). The

effect of carbohydrate addition on water quality and the nitrogen budget in extensive
shrimp culture systems. Aquaculture, 252(2-4), 248-263.

Herigstad, B., Hamilton, M., & Heersink, J. (200 I). How to optimize the drop plate method for
enumerating bacteria. Journal a/microbiological methods, 44(2), 121-129.

Homer, G.H., Rosenthal, H., & Kroner, G., (1987). Fluctuation of water quality during the

experimental rearing of juvenile Sarotherodon golilaeus. Joumal of Aquaculture in

Tropics. 2, 273-276.

Hopkins, J. S., Sandier, P. A., & Browdy, C. L. (1995). Effect of two feed protein levels and feed

rate combinations on water quality and production of intensive shrimp ponds operated

without water exchange. Journal of the World Aquaculture Society, 26(1), 93-97.

Inglin, R C. (2017). Combined Phenotypic-Genotypic Analyses of the Genus Lactobacillus and

Selection of Cultures for Biopreservatton of Fermented Food (Doctoral dissertation, ETH
Zurich), 3432),112-129.

Kautsky, N., K(}nnback. P., 'I'edengren, M., & Troell, M. (:LUUU).Ecosystem perspectives on
management of disease in shrimp pond fanning. Aquaculture. 191(1-3), 145-161.

Kuhn, D. D., Lawrence, A. L., Boardman, G. D., Patnaik, S., Marsh, L., & Flick Jr. G. 1. (2010).

Evaluation of two types of bioflocs derived from biological treatment of fish effluent as

feed ingredients for Pacific white shrimp, Litopenaeus vannamei. Aquaculture, 303(1.-4),

28-33.

38



References•

Li, X, Yu, Y., Feng, W., Yan, Q., & Gong, Y. (20]2). Host species as a strong determinant of

the intestinal microbiota offi~h larv~~. The Journal {yM;croMo!(lgy, 50(1), ?<)- ~7.

Liaskovs'kyt TM., Rybalko SL., Pidhors'kyl VS., Kovalenko NK & Oleshchenko LT (2008).

Effect ofprobiotic lactic acid bacteria strains on virus infection. Mikrobiol Z., 69: 55-63.

Ma, B., Forney, L. J., & Ravel, J. (2012). Vaginal microbiome: rethinking health and disease.

Annual review ofmicrobiology, 66, 371-389.

Makarova, K, Slesarev, A., Wolf, Y., Sorokin, A., Mirkin, B., Koonin, E., ... & Shakhova, V.

(2006). Comparative genomics of the lactic acid bacteria. Proceedings oj the National

Academy ofSciences, 103(42), 15611-15616.

Martin, R., Miquel, S., Ulmer, J., Kechaou, N., Langella, P., & Bermudez-Hurnaran, L. G. (2013). Role of

commensal and probiotic bacteria in human health: a focus on inflammatory bowel disease.

lvii(:lvbiul ~tdJ.fu{:i(Jji.,;.~,12( 1), 7 t.

Mitra, G., Mukhopadhyay.P.K., Chattopadhyay, D.N., 2005. Nutrition and feeding in Giant

Freshwater prawn (Macrobrachtum rosenbergiii Fanning. Aqua Feeds: Fonnulation &

Beyond, 2 (1) ...
Muir, J.F. (2003b) The future for fisheries: livelihoods, social development and environment.

Fisheries Sector Review and Future Development Study. Commissioned with the

association of the World Bank, DANIDA, USAlD, FAO, DFID with the cooperation of

the Bangladesh Ministry of Fisheries and Livestock and the Department of Fisheries,

Dhaka,Slpp.

Navarrete, P., Magne, F., Araneda, C., Fuentes, P., Barros, L., Opazo, R., ... & Romero, J.

(2012). PCR-TTGE analysis of 16S rRNA from rainbow trout (Oncorhynchus mykiss)

gut microbiota reveals host-specific communities of active bacteria. PluS one, 7(2),

e3l335.

Nayak, S. K. (2010). Role of gastrointestinal microbiota in fish. Aquaculture Research, 41(11),

1553-1573.

39



References•

• Naylor, R. L., Goldburg, R. J., Primavera, J. H., Kautsky, N., Beveridge, M C., Clay, 1., ... &

Troell, M. (2000). Effect of aquaculture on world fish supplies. Nature, 405(6790), 1017.

Oblinger, J. L., & Koburger, J. A. (1975). Understanding and teaching the most probable number

technique. Journal of Milk and Food technology, 38(9),540-545.

Pouwels, P. H., & Leer, R. J. (1993). Genetics of lactobacilli: plasmids and gene expression.

Antonie Van Leeuwenhoek, 64(2), 85-107.

Poxton, M. G., & Allouse, S. B. (1987). Cyclical fluctuations in anunonia and nitrite-nitrogen

G\ resulting from the feeding of turbot, Scophthalmus maxim us (L.), in recirculating
c:...\} systems. Aquacultural Engineering, 6(4), 301-322.

,~

'" Primavera, J. H. (1993). A critical review of shrimp pond culture in the Philippines. Reviews in

t8 Fishenes Science, 1(2), 151-201.

~ Rahman, M. M. (2006). Food web interactions ana nutrients dynamics In polyculture ponds. 89pp
('4')

I Rahmatullah, S. M., & Beveridge, M. C. M. (1993). Ingestion of bacteria in suspension Indian
.0::a major carps (Catla catZa, Labeo rohitas and Chinese carps (Hypophthaimtchthys molitrix,
'-

-.J•• Aristtchthvs "'oJ-I·};..\ Hydrobiologia 26~(2)70 Q4v J'h~ •• ~ ..l'I-\U""".~6.)'&;u ..._.Ot,..u .. ., ..,;, _'-v-r.
..

~
~Rawlg, J. F., Mahowald, M. A., Ley, R E., & Gordon, J. I. (2006). Reciprocal gut micro biota transplants

...:.:s from zebrafish and mice to germ-free recipients reveal host habitat selection. Cell, 127(2), 423-
t

..:::J 433 .
.::..L

Ray, A. (2012). Biofloc technology for super-intensive shrimp culture. Biofloc Technology-a

praaical guide book. 2nd ed., The World Aquaculture Society. Balon Rouge, Louisiana,
USA,167-i88.

• Ray, A. r., Lewis, B. L., Browdy, C. L., & Leffler, J. W. (2010). Suspended solids removal to

improve shrimp (Luopenaeus vannameiy production and an evaluation of a plant-based

feed in minimal-exchange, snperintensive culture systems. Aquaculture, 29.?(1-4), 89-98.

Reitan, K. I., Natvik, C. M., & Vadstein, O. (1998). Drinking rate, uptake of bacteria and microalgae in

turbot larvae. Journal of Fish Biology, 53(6), 1145-l154 .

•

40

!'.'I_~-----------~



References•

• Ringe, E., & Birkbeck, T. H. (1999). Intestinal rnicroflora of fish larvae and fry. Aquaculture
research, 30(2), 73-93.

Ringo, E., Olsen, R. E., Gifstad, T. 0., Dalmo, R. A., Amlund, H., Hemre, G. L, & Bakke, A. M.

(20]0). Prebiotics in aquaculture: a review. Aquaculture Nutrition, 16(2), 117-136.

Roeselers, G., Minge, E. K., Stephens, W. Z., Parichy, D. M., Cavanaugh, C. M, Guil1emin, K,

& Rawls, J. F. (2011). Evidence for a core gut microbiota in the zebrafish, The ISME

journal, 5(10), 1595.

Romero, 1., & Navarrete, P. (2006). 16S rONA-based analysis of dominant bacterial populations

associated with early life stages of coho salmon iOncorhynchus kisutch). Microbial

ecology, 5/(4),422-430.

Ronnback, P. (200 I). Mangroves and seafood production: The ecological economics of sustainability

(Doctoral dissertation, Department of Systems Ecology, Stockholm University). 3(4), 53.

Salas-Jara, M. J., lIabaca, A., Vega, M., & Garcia, A. (2016). Biofilm forming Lactobacillus:
new challenges for the development of probiotics, Microorganisms, 4(3), 35.

Schleifer, K. H., & Kilpper-Balz, R. (1984). Transfer of Streptococcus faecalis and
Streptococcus faectum to the genus Enterococcus nom. rev. as Enterococcus faecalis

comb. nov. and Enterococcus faecium comb. nov. International Journal of Systematic

and Evolutionary Microbiology, 3-1(1), 31-34.

Sesuk, T., Powtongsook, S., & Nootong, K. (2009). Inorganic nitrogen control in a novel zero-
water exchanged aquaculture system integrated with airlift-submerged fibrous nitrifying

biofilters. Bioresource technology, 1()()(6), 2088-2094.

Siddiqui, A. Q., & Al-Harbi, A. H. (1999). Nutrient budgets in tanks with different stocking

densities of hybrid tilapia. Aquaculture, l70(3-4), 245-252.

Smith, M. S., & Zimmerman, K. (1981). Nitrous Oxide Production by Nondenitrifying Soil

Nitrate Reducers I. Soil Science Society of.America Journal, 45(5), 865-871.

4J



References•

• Sommer, F., & Backhed, F. (2013). The gut microbiota-masters of host development and

physiology. Nature Reviews Microbiology, 11(4). 227.

Sthephaniee Maya Gurierrez., Marta del Carmen Monroy Dosta., Aida Handam Partida., Jorge

Castro Mejia and Gustavo Alejandro Rodriguez Montes de Oca (2016). Effect of two

carbon sources in microbial abundance in a Biofloc culture system with Oreochromis

niloticus (Linnaeus, ] 758). J5( 6), 212.

Su, L.. & Chiu, C. (2007). Salmonella: clinical importance and evolution of nomenclature.

Chang Gung medical journal, 30(3), 210.

Sugita, H., Shibuya, K., Shimooka, H, & Deguchi, Y. (1996). Antibacterial abilities of intestinal

bacteria in freshwater cultured fish. Aquaculture, J -15(1-4), 195-203.

Sullam, K. E., Essinger, S. D., Lozupone, C. A., O'CONNOR, M. P., Rosen, G. L., Knight, R. O.

B., ... & Russell, J. A. (2012). Environmental and ecological factors that shape the gut

bacterial communities offish: a meta-analysis. Molecular ecology, 21(13), 3363-3378.

Tacon, A. G. 1. ( 1996). Nutritional studies in crustaceans and the problems of applying research

findings to practical farming systems 1. Aquaculture Nutrition, 2(3), ]65-174.

Tortora G A. (2008). Microbiology: An lntroduction] (9th edn.). Pearson. pp. 323-324.

ISBN 8131722325.

Uddin, M. S., Farzana, A., Fatema, M. K, Azim, M. E., Wahab, M. A., & Verdegem, M. C. J.

(2007). Technical evaluation of tilapia (Oreochromis niloticusi monoculture and tilapia-

prawn (Macrohrachium rosenbergii} polyculture in earthen ponds with or without

substrates for periphyton development. Aquaculture, 269(1-4), 232-240.

USAID (2016) A Pro-Poor Analysis of the Shrimp Sector in Bangladesh. The United States

Agency for International Development (USAJO), Development and Training Services,

Arlington, VA, 93pp.

Wasielesky Jr, W.o Atwood, H., Stokes, A., & Browdy, C. L. (2006). Effect of natural production

in a zero exchange suspended microbial floc based super-intensive culture system for

white shrimp Litopenaeus vannamei. Aquaculture, 258(1-4), 396-403.

42



• ~ej(erences

~ White, K., O'Neill, B., & Tzankova, Z. (2004). At a crossroads: will aquaculture fulfill the

promise of the. blue revolution, Silver Spring Meriland Seaweb: http.r/www. seaweb.

org/resources/documents/reports _crossroads. pill 265(1-6), 369-403,

Yan, Q.• Van Der Gasr, C. 1., & Yu, y. (2012). Bacterial community assembly and turnover

within the intestines of developing zebrafish, PLoS One, 7(1), e30603.

Zhu, S., & Chen, S. (2001). Impacts of Reynolds number on nitrification biofilm kinetics.

Aquaculture! engineering, 24(3),213-229 .

..

•

I

43

! ""' ... II" ...,_-------------~~



APPENDIXES

]

JL
-



r" __..

]

l
j

Appendixes

Appendix-l

SF (StreptococcusJaecalis) broth medium composition:

Ingredients Amounts per Amounts per Amounts per

liter· 100ml 200m)

Tryptone 20.0 g 2.0 g 4.0 g

Dextrose 5.0 g 0.5 g 1.0 g

Dipotassium Phosphate 4.0 g 0.4 g 0.8 g

Monopotassium Phosphate 1.5 g 0.15 g 0.30 g

Sodium Chloride 5.0 g 0.5 g 1.0 g

Sodium Azide 0.5 g 0.05 g 0.10 g

Bromcresol Purple O.m2g O.OO32g O.OO64g

Sterile Distilled Water 10OO.OOm} lOO.OOmI 200.00ml

Final pH 6.9 ± 0.2 at 25°C

(Hajna and Perry, 1943)

*Adjusted and/or supplemented as required to meet performance criteria
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Appeodix-2

PHOTO GALLERY

Figure 1. Dissection of the prawn sample

Figure 3. SF broth media preparaiiou

Figure 5. Sample in the media for bacteria
culture

Figure 2. Sample preparation in mortar

Figure 4. Using Vortex mixer

Figure 6. Bacteria colony counting
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Figure 7. Incubation of culture media

Figure 9. Biochemical test for
Lactobacillus spp.

Figure 8. Color identification after
incubaion

Figure 10. Biochemical test for
Enterococcus spp.
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