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Chapter 1

1.1 INTRODUCTION

Shrimp aquaculture started in 1970s as an activity and

developed rapidly with a huge increase in number of hatcheries and

farms. Shrimp farming provides roughly 30% of the shrimp supplied to

the world market (Rosenberry, 1996). Feed is a major concern for

shrimp farmers, representing up to 60% of the total variable production

costs (Akiyama et al., 1992; Sarac et. al., 1993). Good growth

performance of shrimp in ponds is associated with survival during larval

stages (Castille et al., 1993). Looking for the production of good quality
~

post larvae, research on larval nutrition has traditionally focused on the

establishment of suitable feeding protocols for the different

developmental stages (Loya-Javellana, 1989; Gallardo et al., 1995).

In aquaculture , the primary dietary animal protein source is

fishrneal, but its availability is limited and supply varies because of

reductions in fish stocks. Yeasts are a rich source of proteins and B­

complex vitamins. They have been used as a supplement in animal

feeds to compensate for the amino acid and vitamin deficiencies of

cereals, and are recommended as a substitute for other ingredients in

fish. In addition, they are considered a cheap dietary supplement as

they are easily produced on an industrial level from a number of

carbon-rich substrate by-products such as citrus pulp, molasses, paper

industry wastes and fruit waste as well as from hydrocarbons. Yeast

nutritional value varies according to origin, and many researchers have

indicated that yeast grown in alkanes could be of better quality than

that produced using carbohydrates. The use of yeasts also highlights

the profitability of using beer and liquor industry by-products in animal

nutrition.
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General Introduction

This variability can seriously affect aquaculture sustainability

and profitability, and as a response, research in identifying alternative

dietary protein sources has increased (Kissil et al., 2000; Naylor et al.,

2000).

Marine yeasts are reported to be truly versatile agents of

biodegradation. Utilization of this potential in the biotransformation of

cheap raw materials or waste matter into value added products will be a

highly rewarding endeavour. Biotransformation and the partial

conversion of raw material into yeast biomass (single cell protein) is

highly significant due to the nutritional quality of yeast and its possible

utilization as animal or aquaculture feed. Advantages of microbial

protein as food are high productivity, high proportion of cell mass as

protein, a good profile of desirable aminoacids, good performance in

feeding livestock and no toxic or carcinogenic components. Yeast

products are frequently used as feed ingredients in aquaculture because

of the nutritional value of these products, which include protein, lipids,

B-vitamins etc. (Mahnken, 1991; van der Meeren, 1991).

Yeasts are unicellular fungi, nucleated, non motile, spherical,

ovoid or elliptical in shape. They are found in fresh water, marine and

terrestrial environments. Yeasts, specifically the Saccharomyces genus

are often referred to as the "oldest plant cultivated by man" (Russe1 et

al., 1986). As unicellular fungi, yeasts have historically been

recognized for their fermentative capabilities. Traditionally, yeasts

have been used by the food industry principally for their production of

ethanol and carbon dioxide, which are important to the brewing, wine

distilling and baking industries. Today, yeasts are acqumng

increasingly more attention for their other uses. High protein and
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vitamin content of yeasts make them attractive as natural

supplements for improving the nutritional profile of human food and

animal feeds.

Cellular dimensions vary according to the species, but,

generally, yeasts range from 2.5 to 10.511 in width and 4.5 to 2111 in

length (Reed and Peppler, 1973). Since yeasts are eukaryotic, they

have a more highly organized cellular structure than bacterial cells

(prokaryotes), possessing a distinct nucleus and subcellular organelles

such as an endoplasmic reticulum and mitochondria. Yeasts have 14

pairs (haploid) of chromosomes compared to the fruit fly with 8, the

honeybee with 16, man with 46, and bacteria-prokaryotic organisms­

with 1 (Lehninger, 1975).

There are approximately 590 species of yeasts, grouped to

about 83 genera.

Yeasts are aerobically grown on a variety of substrates

specifically for use in the human food and feed industries. These

products are designated by several terms, including dried yeast, dried

inactive yeast, microbial protein, dried Torula yeast, debittered

brewer's dried yeast, and single cell protein (SCP). The Germans were

among the first to capitalize on SCP technology for increasing their

reserves of human food and feed. During World War I, they grew S.

ceruisiae in aerated tanks of molasses and later, they propagated C.

utilis on waste such as sulfite liquor. Today, a number of large-scale

SCP production facilities are in operation world wide.

Yeast populations have been observed to decrease with

increased distance from land (Ahearn et al., 1968) and certain yeast
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General Introduction

species frequently collected in the seawater were obtained in highest

quantities in the vicinity of heavily polluted areas (Fell and van Uden,

1963). Yeast populations appear to be highest in coastal waters where

nu trients are most abundant, at greater depths only 25% of the

samples yielded yeasts probably due to decreased 02 tension and high

concentration of Hydrogen sulphide. Even though yeasts are the most

commonly used source of Single Cell Protein (SCP) in animal feeds

works on marine yeasts are very much limited.

Against this background the present study was undertaken

with the following objectives:

1. Isolation of yeasts from the coastal and offshore waters of

the east and west coas t of India.

2. Characterization and identification of the strains.

3. Screening of marine yeasts for utilization as feed supplement

in aquacul ture.

4. Optimization of media components and physico-chemical

conditions for yeast biomass production.

5. Testing the efficacy of the selected marine yeasts as feed

supplement for Fenneropenaeus indicus.

6. Assessment of the immunostimulant property of rnarrne
yeasts to Fenneropenaeus indicus.

The results of the present study are presented in Six chapters after

giving a General Introduction to the topic in Chapter 1. Isolation and

characterization of the yeasts isolated from marine environment are

presented in Chapter 2. The third chapter deals with the screening of

marine yeast for utilization as feed supplement in aquaculture.

Optimisation of the physico-chemical parameters of the selected
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strains are presented in chapter 4. Testing the efficacy of the selected

marine yeast as growth promoter in Fenneropenaeus indicus are

presented in chapter 5. Testing the utilization of whole cell marine

yeasts as immunostimulants are presented in chapter 6.

Summary, list of references cited and appendices follow this.
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Chapter 2

2.1 INTRODUCTION

The discovery of marine yeasts goes back to 1894, when Fischer

separated red and white yeast from the Atlantic Ocean and identified

them as Torula sp. and Mycoderm.a sp. Following Fischer's discovery,

many other workers such as Hunter (1920), Rhat and Kachwalla

(1955(., Suchim (1960! and Uden van and Fell (1968} isolated marine

yeast from difTt>rent SOUTces viz. seawater, marine deposits, sea weeds,

sea fish, marine mammals and sea birds.

Morphological and cultural characteristics of these yeasts were

studied on wart-agar, wort-gelatin and wort fluid. Kohlmeyer and

Kohlmeyer (1979) named 177 species, which were found in the water,

sediment, algae, animals or detritus of the sea. Of those only 26

species were regarded as obligate marine forms. The most important

genera of true marine yeast are Metchnikowia, Kluyveromyces,

Rhoaospoj-iaium, Candida, Cryptococcus, Rhodoforula and Toruiopsjs.

2.1.1. Ecology and distribution

Yeasts are distributed in almost every part of the aquatic

environment, such as oceans, seas, estuaries, rivers and lakes. Yeasts

are ubiquitously present on the surface of fruits and cereal grains, in

llOney, in the exudates of trees, soil and aquatic environments. Yeasts

found in aquatic environments are generally asporogenous and

oxidative or weakly fermentative (Phaff et al., 1978).

Oceans and seas

As early as 1894, Fischer working on SMS Moltke found yeasts

in Atlantic water samples regardless of the distance from land. During
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the Charriot expedition to the Atlantic, two yeast species were

identified (TsiKlinsky, 1908). ZoBell and Feltham (1934) observed

yeasts on most of their plates inoculated with samples of manne

materials collected from lan d as well as from the open ocean.

Kriss and Novozhilova (1954) made a transect in the black sea

with stations situated at 0.5, 2, 10, 30, 50 and 60 miles from the

shore. From these spots water samples were collected and yeasts were

separated by membrane filter technique. It was found that yeasts were

found in all regions in the surface layers, while in the inshore areas,

yeasts could be found at all depths also. Bhat and Kachwalla (1955)

isolated yeasts from water samples collected from two to SIX miles off

the coast of Bombay. They obtained species like Saccharomyces

italicus, S. cheualicri, S. rosei, Debaryomyces hansenii, Pichia

quilliermondi, Candida tropicalis, Torulopsis glabrata, Torulopsis

candida, Rhodotorula sp., Cryptococcus sp. etc.

During the cruise of the RjV Vitiyaz in 1957-1958,

Debaryomyces globosus was isolated from a depth of 400m in the

central Pacific. Kriss (1961) found that yeasts were observed not only

in the oxygenated zone but also in the H2S zone of the black sea.

Further studies of Kriss revealed that the distribution of yeast in

seawater is characterized by microzonation. Fell et al., in 1960

obtained a total of 179 yeast isolates from 45 sampling stations in the

course of a qualitative yeast survey in Biscayne bay, Florida. Of these,

Candida tropicalis and Rhodotorula rubra were the predominant

species. Fell (1967) found living yeasts in the Indian Ocean from the

surface down to a depth of 200m. van Uden and ZoBell (1962)

obtained yeasts from 45 out of 62 samples collected from algal and
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coral growths in the Tones strait region. Species like Metschnikowia

reukaufii, Pichia farinose, Kluyveromyces aestuarii, Candida marina,

Torulopsis torresii and Torulopsis maris were obtained. Presence of

some salt-tolerant yeast has been reported in the open ocean by uden

Van and Fell (1968).

Roth et al. (1962) and Fell (1965) made a quantitative study of

yeasts distribution in the coastal areas of Southern Florida and in the

Gulf stream of Florida. Freshwater influx and heavy recreational

bathing directly affected viable yeast count in these areas. Candida

tropicalis and Rhodotorula rubra were predominant in the inshore

region.

In coastal waters, upto several thousand yeast cells per Iiter of

water were found (Roth et al., 1962; Meyers et al., 1967). In heavily

polluted waters there could be considerably more. Yeasts are known to

be the normal components of the biota of the world oceans (Kriss et

al., 1967). Yeasts of the Indian Ocean were studied by Fell and van

Uden (1963); D'Souza (1972); and Godinho et al. (1978).

Species of the genera Cryptococcus and Rhodotorula were

predominant among yeasts isolated from deep-sea waters from Lama

Trough, off San Diego, California. In samples collected off La Jolla

California, total yeast count varied from 0 -1920 viable cells/ L. (Uden

van and Branco, 1963). Fell (1967) collected yeasts from 16 stations

during a cruise of R/V Anton Brunn in the Indian Ocean. The highest

population of yeast was found in the Somali current and the species

isolated were grouped according to their distribution. 1. Ubiquitous

species like Rhodotorula rubra and Candida atmospherica, which is

seen in all water masses. 2. Widely distributed species which occurred

10
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III all water masses except Red Sea water and it is represented by

Candida polymorpha and Rhodotorula glutinis. 3. Species of restricted

distribution like Sporobolomyces hispanicus, Sporobolomyces odonis

and Rhodotorula crocea.

Filamentou s fungi and yeasts are common in marine

environments (Norkrans, 1966; Litchfield and Floodgate, 1975; Ahearn

and Meyers, 1976; Hagler et al., 1979; Kohlmeyer and Kohlmeyer,

1979; Phaff et al., 1978). AlIen and Leda (1981) and Kirk and Gordon

(1988) studied the yeasts from marine and estuarine waters with

different levels of pollution in the state of Rio de Janeiro, Brazil. He

found that yeast counts in clean seawater generally range from a few

to several hundred per liter, but in the presence of enrichment, like

pollution or algal blooms, can reach thousands per liter or more. In

addition there is a shift from a prevalence of strictly aerobic yeasts in

clean water to a presence of fermentative yeasts in polluted waters.

Estuaries

In littoral zones of Crimea, Florida and California coasts, yeast

population densities were generally higher than in adjacent open seas.

(Kriss et al., 1952). Taysi and uden N. Van (1964) found that the

higher numbet of yeasts was obtained from regions where there is

relatively light pollution. It is found that with increase in distance from

the estuaries the number of species decreased. Ecological observations

showed that estuaries had more dense yeast populations than

adjacent oceanic zones. Total colony counts and number of species

decreased with distance from the estuaries. The species common to

both estuaries and oceanic regions were the genera Debaryomyces and

Rhodotorula.
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Estuaries probably take an intermediate position with yeast

population fluctuating between high levels in inland waters and low

levels in non-estuarine regions. There are evidences that estuarine

waters contain not only more yeast cells/volume, but also more

species than adjacent sea (uden Van, 1967).

The apparent dominance of some yeast species in estuaries and

their apparent absence in open oceans may be due to a variety of

reasons. One obvious possible source of yeast in estuaries is sewage

pollution and terrestrial run-off. In fact two ecological groups
-e

encountered were yeasts like Rhodotorula glutinis which were wide

spread in es .uaries, the open oceans and inland waters and intestinal

yeasts like Candida tropicalis and Candida intennedia from terrestrial

substrates that were dominant in estuaries but rare in open seas.

(Cook and Matsura, 196 3).

Yeasts are encountered m many flowing waters and are

particularly common in rivers, which carry sewage (Rheinheimer,

1965l. Numerous yeasts were identified from polluted water and

sewage (Cook and Matsura, 1963; Ahearn et al., 1968; Hagler and

Mendonca, 1981).

Elevated yeast densities have been observed at nutrient rich

haloclines in estuaries (Norkrans, 1966). Candida and Rhodotorula

were the main isolated yeasts from this Swedish estuary. Yeasts are

often isolated from waters enriched in nutrients, while yeasts

populations in unpolluted waters are low (Hagler et al., 1979). Hagler

et al. (1979) reported that Candida and Rhodotorula were the most

frequently isolated genera from a polluted estuary. 112 yeast isolates

were obtained from 31 samples of decaying vegetation in the

12
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rhizosphere of the mangrove plants, from 11 sites in Chapora,

Mandavi and Zuari estuaries of Goa (D'Souza and D'Souza, 1979).

Sediments

Fell et al. (1960) in his study at Florida reported that yeasts are

abundant in silty muds than in sandy sediments. Fell and van Uden

(1963) found that yeasts are confined to the upper 2cm of the

substrate at a depth of 540m, in the Gulf stream. In shallow Florida

waters, however where strong wave action and rapid settling of

sediments prevail, yeasts were found in depths upto 9cm. The author

concluded that the availability of oxygen is the limiting factor for

growth process of yeasts within the sediments.

Meyers et al. (1971) observed very high coneentrations of viable

cells of Spartina alteriniflora in marshes of Lousiana coast than

adjacent water samples. Hagler et al. (1982) studied (he densities of

some yeasts in intertidal sediments of a polluted subtropical estuary

in Rio de Janeiro, Brazil. Highest yeast densities were found at the

most pollu ted site, and in the upper 2cm of sediments.

Yeasts also have been found in marine sediments. They occur

particularly in, the top most centimeters and, according to Suehiro

(1963), they are more frequent in black zone than in sandy sediments.

Several hundred living yeast eells per cm- were found in the damp

mud from the Kiel Fjord (Hoppe, 1970).

Relatively high yeast densities upto 2000 viable cells!g have

been reported for marine sediments, with most of the population

contained in the top few centimeters (Fell et al., 1960; Lazarus and

Koburger, 1974). The prevalent isolates from estuarine, littoral and

13
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deep water marine sediments of Florida and the Bahamas have been

mostly oxidative yeasts, including Rhodotorula and Cryptococcus,

typical of sea water (Fell et al., 1960; Lazarus and Koburger, 1974;

Voltz et al., 1974). Candida steatolytica have been reported from an

aquatic source by Hedrick (1976). Yeasts are found in sediments of

eutrophic lakes in numbers upto several thousands per gram

(Niewolak, 1977). Niewolak (1977) found upto 82 yeast cells per ml in

slightly polluted North Poland lakes, but upto 2310 per ml in heavily

pollu ted waters.

The Cryptococcus uishniacii (yeasts of basidiomycetous affinity),

isolated from the soil samples of Dr. W.V.Vishniac's 1973 expedition,

is, peculiar to the dry valleys of Antarctica, constituting the only

heterotrophic biota demonstrably indigenous to the most severe cold

desert on earth. [Vishniac and Hempfling, 1979a and b, Baharaeen et

al., 1982).

Yeast Rhodotorula rubra, was not isolated from sediments of the

most polluted sites (Hagler and Mendonca, 1981). This suggests that

polluted littoral sediments are an unfavorable environment for strictly

oxidative yeasts like Rhodotorula and Cryptococcus which are common

in less polluted sediments. According to Cooke and Rayner (1984),

many types of yeast, which are found in lakes, have been brought in

by wind and rain from the flowers and leaves of land plants. The most

importan t species identified were Candida niqens, C. steatolytica,

Cunaris and C. albicans. Prabhakaran and Gupta (1991), studied

yeasts from sediment samples of EEZ along the South West coast of

India. They found that Candida was the dominant group of all the

species and next in abundance was Rhodotorula.

14
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Weeds and algae

Bunt (1955) examined microbes present in the decomposing

giant kelp at Macquaria island in Antarctica and found that large

amount of yeast were present in decomposing kelp tissue. According to

Kriss (1959), the planktonosphere is richer in yeasts than other zones

of the sea. Plankton catches from the black sea contained yeasts in

90% of the samples. Studies of Suehiro (1960) revealed that

decomposing algae constitute a suitable substrate for yeast

development. The predominat species of yeasts isolated from the

marine algae were Torulopsis sp., Candida albicans} Candida

natalensis, Trichosporon clltaneum and Endomycopsis chodatii.

Suehiro et al. (1962) estimated that more than 50% of the algal

biomass (phytoplankton) was transferred into yeast biornass. He also

estimated that a mixed population of yeasts may be capable of

degrading and assimilating a large proportion of organic material

released from decaying phytoplankton, even in the absence of

bacteria. Fell et al. (1973) isolated several Rhodosporidium sp. from the

planktonic samples of the Pacific Ocean. Patel (1975) found that living

algae contained lower counts of yeasts compared to counts in the

surrounding seawater, but when decomposition starts, yeasts In the

algal material increased to higher numbers than those found In the..
surrounding seawater.

Invertebrates

The studies on invertebrates showed that they are either devoid

of yeasts or supports only a small density of population. Phaff et al.

(1952) obtained yeasts from Mexico shrimp, Penaeus sertiferus and the

yeast species isolated were Trichosporon cutaneum, Rhodotorula
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glutinis, Candida parapsilosis, Pichia quilliermondi and Pullularia

pullulans.

Siepmann and Hohnk (1962) sampled shrimp eggs, sponges

and other invertebrate material collected from the North Atlantic

Ocean and the species isolated were Debaryomyces hansenii,

Torulopsis, Candida and Trichosporon cutaneum. Yeast populations

from conch and spiny lobster on Bahama islands were studied by

Voltz et al. (1974). Chresanowski and Cowley (1977) found Rhodotorula

glutinis and Torulopsis ernobii in the gut of fiddler era b, Uca pugilator..
Fishes, birds and Mammals

or the various species of yeasts associated with fish,

Debaryomyces hansenii is the most dominant species. This species is

frequent in seawater, which may explain its high incidence in fish.

Another important yeast species isolated from fish was Metschnikowia

zobelli. High numbers of Metschnikowia zobelli were isolated from the

gut contents of fish and it has been suggested that yeast flora of fish

merely reflect their feeding habits (Fell and uden Van 1963). Ross and

Morris (1965) reported that the greatest variety and highest number of

yeasts were obtained from fish skin while gill counts gave only less

numbers.

Shore droppings of birds yielded species like Torulopsis glabrata

(Kawakita and uden Van 1965). They suggested that birds like gulls

in traduce yeasts to wa ter bodies the world over. Candida tropicalis was

found in the stomach of marine mammals like dolphin and porpoise

(Morri, 1973).
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2.1.2 Isolation and classification

2.1.2.1 Isolation

Kriss (1959) found that the number of yeasts countable by

direct microscopic observation were higher than those obtained by

plate counting. This disparity can partly be explained by the presence

of non-viable yeast cells. Another explanation is that numerous yeast

cells may be attached to organic or inorganic particles and will

produce only one colony on the membrane filter.

Woods (1982) used various antibiotics containing media for the

enumeration of yeasts and moulds in foods and the comparative

efficiency was worked out. The ability of media to suppress bacterial

growth and to prevent excessive growth of fungal colonies was the two

main factors considered. Broad-spectrum antibiotics are both more

effective in preventing bacterial growth and less harmful to yeast cells

(Mossel et al.,1970; Flannigan, 1974; Beuchat, 1979; Thomson, 1984).

Various compounds have been added to media to inhibit the growth of

moulds, including dichloran (King et al., 1979) and propionate (Bowen

and Beech, 1967). Oxytetracycline glucose yeast extract agar (OGYE)

has been recommended for the selective isolation and enumeration of
~

yeasts and moulds from food stuffs (Mossel et al., 1970).

Yeasts can be maintained on agar slopes of malt extract agar.

Yeasts of certain genera Bensingtonia, Bullera, Cryptococcus,

Leucosporidium, Rhodosporidium, Rhodotorula and Sporobolomyces,

generally su rvive longer on potato glucose agar.
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It was concluded that Rose Bengal Chloramphenicol agar is the

medium of choice for samples heavily contaminated with moulds. Malt

extract agar containing oxytetracycline was recommended for samples

where the main concern is enumeration of yeasts.

2.1.2.2 Classification of yeasts

Yeasts are at present classified on the basis of their morphology

and biochemical characteristics. The workers of the Dutch school were

responsible for much of their pioneering work on the classification of

yeast species known upto 1950. These workers classified all the yeasts

available to them on the basis of cellular morphology, spore shape and

number and nature of conjugation process and at species level based

on the ability to ferment and assimilate 6 sugars, to use ethanol and

nitrate and to hydrolyze arbutin. The distinction between some species

was rather fine as judged by these criteria.

Wickerman and Burton (1948) and Wickerman (1951) at about

the same time, introduced a number of refinements to the Dutch

system, especially the use of a much larger number of carbon

compounds. These included additional hexoses, di-, tri-, and

tetrasaccharides, 2 polysaccharides and a number of pentoses,

polyhydric alcohols and organic acids. They also introduced tests for

vitamin requirements. The ability to use nitrite as well as nitrate at

depressed temperature and on media of high sugar or salt content are

also used.

Difficulties both major and minor accompany the use of these

methods. One is question of the stability of the biochemical criteria for

eg; Candida and Torulopsis are separated solely on the ability of the

18
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former to produce pseudo hyphae, for differentiation into species until

it was observed that the same species may produce two or more forms

simultaneously or at different stages of growth. It has now become

evident that different strains of the same species may differ in their

ability to produce pseudomycelium and the value of this criterion in

distinguishing the two genera approaches the vanishing point.

Another problem is the instability of physiological characters.

Scheda and Yarrow (1966) observed enough variability in the

fermentation and carbon assimilation patterns of a number of

Saccharomyces sp. causing difficulties in the assignment of these

yeast strains to different species. Another difficulty lies in the

relationship of the biochemical tests to metabolism of the organisms.

It was not originally sufficiently appreciated that the various carbon

compounds are not necessarily assimilated independently but may be

metabolized by common pathways. Thus yeasts, which can use a

compound can use a structurally related one by the same metabolic

pathway, Barnett (1968) noted that there was a small percentage of

yeasts that were exceptions to this rule. In general the conclusions

were valid, that the effective number of criteria for the number of

su bstrates reduced distinguishing yeast species metabolized by such

linked mechanisms. The metabolism of most or all of the compounds

used involves a few distinct central pathways and depends on the

cell's ability to convert the substrates into intermediary metabolites of

one of these pathways.

For taxonomic tests, yeasts are usually incubated at 250C,

although optimum temperatures for growth are higher for some yeasts

and lower for others (Watson, 1987). Certain yeasts, such as four
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species of Leucosporidium, only grow at temperatures below 250C. On

the other hand, certain strains of, for example, Pichia jadinii (Candida

utilis) or Saccharomyces cereuisiae, may give faster sustained growth

at 300C than at 250C. However, many types of yeast grow only very

slowly at 300C, but quite fast at 25°C. Growth tests may often be done

successfully at 250C with yeast which, under certain conditions, could

be isolated from a natural habitat only at lower temperature. This is

probably because a minority of the cells of such yeasts grow at 250C

(Buhagiar and Barnett, 1971).

As per Barnett et al. (1990) the chief characteristics used to

classify yeasts are 1) Microscopic appearance of yeasts 2) Mode of

sexual development 3) Certain physiological (especially nutritional)

activities 4) Certain biochemical features 5) Comparisons of genomes

in terms of base sequences, by DNA-DNA, or DNA-RNA reassociation.

1. Microscopical appearance

Taxonomists examine yeast cells microscopically and consider

their size and shape, how they reproduce vegetatively (by multipolar,

bipolar or unipolar filaments) and the form, structure and mode of

formation of ascospores and teliospores. If any of the se are to be found

the shape of cells often indicate the mode of vegetative reproduction.

Budding and fission may also be seen in trichosporon and used in

classification i.e. whether the filaments are psuedohypahe or true

septate hypahe, whether the septae have pores and the occurrence

and arrangement of blastoconidia.
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2. Sexual reproduction

Some yeasts reproduce sexually by ascospores, others by

teliospores and yet others by basidia. For ascosporogenous yeasts,

taxonomic importance is given to whether asci are formed a. from

vegetative cells b. from two conjugating cells or c. from a mother cell,

which has conjugated with its bud.

For yeasts with asci borne on filaments, the arrangement of asci

whether in chains or bunches may be used to distinguish between

genera. The number of ascospores in each ascus, their shape and

whether the ascospore walls are smooth or rough are factors, which

are used in classification.

3. Physiological features

Physiological factors used for classifying yeasts are chiefly the

ability to 1) Ferment certain sugars anaerobically 2) Grow aerobically

with various compounds such as a sole source of carbon or nitrogen

3) Grow without an exogenous supply of vitamins 4) Grow in the

presence of NaCI or glucose 5} Grow at 370C 6) Grow in the presence

of cycloheximide 7) Split fat 8) Produce starch like substances 9)

Hydrolyze urea-I 0) Form citric acid.

4. Biochemical characteristics

Studies of certain biochemical characters may influence

taxonomic decisions, for e.g. the chemical structure of cell walls (Phaff

1971), particularly of the cell wall mannans (Gorin and Spencer, 1970,

Ballaou, 1974). Another example comes from observations on the kind

of ubiquinone (coenzyme Q) present in different yeasts.
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2.2 MATERIALS AND METHODS

2.2.1 Samples used

Yeasts were isolated from sea water samples collected during

cruise No. 147 (Fig.2.1), 156 (Fig.2.2) and 157 (Fig.2.3) of Fisheries

and Oceanographic Research Vessel (FORV} Sagar Sampada of

Department of Ocean Development, Government of India from the

South West Coast and East coast of India upto 200m depth m the

Exclusive Economic Zone.

Samples from 22 stations were used for the study. The stations

were designated as SSl to SS22 (Fig. 2. 1, 2.2. and 2.3).

Water samples collected from the coastal waters off Cochin were

also used for the study. These stations were designated as SI to S8

(Fig. 2.4).

2.2.2 Medium used

Malt extract agar

Malt extract

Peptone

Agar

Sea water

pH

Antibacterial compounds

30g

5g

20g

lOOOml

7

Oxytetracycline lOOmg/lOOOml was added to prevent the

growth of bacteria.
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Isolation ofyeasts from Marine Environment and theirIdentification

Malt extract agar was prepared and sterilized at 1210C for 15

minutes in an autoclave. At about 450C the antibiotic,

(Oxytetracycline) was added into the medium.

2.2.3. Isolation of the marine yeasts

Isolation from water

Since the yeast population is comparatively less in rnarme

environment, the water samples were concentrated/subjected to

enrichment for the isolation of yeasts. 1. Concentration of the

samples by centrifugation and 2. Enrichment of the samples in

selective medium.

1. Concentration of water samples and plating

In order to concentrate the water samples, 50 ml each of the

sample were centrifuged at 7500 rpm at 40C for 15 minutes. The

residue was resuspended in 1ml sterile seawater and was used as the

inoculum. Malt extract agar was used for plating. Pour plate method

was employed and the plates were incubated at 28±2oC for 3-5 days.

Characteristic colonies were isolated into malt extract agar slants.

2. Enrichment and streaking

10 ml each of the water samples were inoculated into 50 ml

malt extract broth supplemented with chloramphenicol and incubated

at room temperature (28±20C) for 48 hours. These enriched samples

were streaked on to previously prepared and surface dried malt extract

agar plates. After incubation at room temperature characteristic yeast

colonies were isolated in to malt extract agar slan ts.
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Preservation

All yeast isolates were repeatedly streaked on malt extract agar

plates for purification and stocked in malt extract agar vials overlaid

with sterile liquid paraffin.

2.2.4 Identification and characterization

The isolated yeast strains were identified as per Barnett et al.

(1990). For this the microscopic appearance of the cell, mode of sexual

reproduction and certain biochemical and physiological characteristics

were studied.

1. Microscopic appearance of yeast cells

a. Non-filamentous vegetative cells

Young growing yeast cultures (1 day old) were inoculated into

sterile malt extract broth and incubated at 28±20C for 3 days. Wet

mount preparations of the cultures were observed under oil immersion

objective for the following characteristics. a) Whether the yeast

reproduce by budding, splitting or both. b) If the yeast form buds,

where do they occur on the mother cell c) What are the shapes and

sizes of the vegetative cells?

b. Microscopic examination for filamentous growth

Slide cultures of isolated yeasts were prepared. For this, malt

extract agar plates were prepared. In each plate four sterile cover slips

dipped in malt extract agar (1% agar) was kept on the medium surface

at 450 angle position by gently piercing the agar. These slides were
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examined microscopically daily or once in two days for upto about 2

weeks. Observations were done to ascertain whether or not there IS

filamentous growth. If so, what kind of cells grows from filaments?

2. Assessing the ability to use nitrogen compounds for aerobic

growth

The test of ability to use nitrate as a sole source of nitrogen is a

valuable aid to identify yeasts. A mineral basal medium supplemented

with glucose as carbon source and KN0 3 as the sole nitrogen source

was employed for the test.

Beijerinck medium (composition)

KH2P04 2g

MgS04.7H20 O.5g

Ca2HP04 0.5g

Glucose 20g

KN03 19

NaCI 20g

Distilled Water 1000 ml

Cultures were inoculated into the medium and incubated at

28±20C for one week. Ability to use nitrate as the sole nitrogen source

was determined by observing the growth and turbidity.

3. Assessing the ability to use sugars anaerobically/aerobically

Marine oxidation fermentation (MOF) medium was used for

testing the ability of yeast to metabolize dextrose aerobically (oxidative)

or anaerobically (fermentative). When dextrose is utilized, acid is
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produced which changes the colour of the medium from pink to

yellow. The pH indicator in the medium is phenol red. Yellow

colouration at the slope region indicates an oxidative reaction, where

as the whole tube turning yellow indicates a fermentative reaction.

4. Urea hydrolysis

Composition of the medium

Yeast extract O.lg

KH2P04 9.1g

Na2HP04 9.5g

NaCI 20g

Urea 20g

Agar 20g

Phenol red 4ml of 0.25% solution

Distilled water lOOOml

pH 6.8

The above ingredients except urea were dissolved in 950ml of

distilled water and autoclaved at 15 lbs for 15 minutes. Urea was

sterilized using solvent ether and dissolved in SOml sterile distilled

water. This urea was added to the basal medium, dispensed into test

tubes (3ml each) and slants were prepared. Cultures were inoculated

and after incubation a change of colour in the medium from yellow to

pink was noted as urea hydrolysis.

5. Starch, lipid and gelatin hydrolysis

Nutrient agar supplemented with starch (1%), gelatin (2%} and

lipid (1%) were prepared separately. Plating was done and spot

inoculation was performed on the various media plated. After
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incubation at room temperature (28±20C) for 3-5 days observations

were made. Starch agar plates were flooded with iodine solution and

the appearance of a halo zone around the colonies was noted for a

positive result. Gelatin agar plates were flooded with mercuric chloride

solution and the appearance of a halo zone around the colonies was

noted for a proteolysis. Lipid agar plates were noted for a clear zone

around the colonies, which indicated lipolysis.

6. Production of starch like substances

Certain yeasts produce starch like substances during

metabolism. For testing this property, a mineral basal medium

supplemented with glucose was used.

Distilledwater- lOOOml

Trace metal mixCornposi tion of medium

NH4Cl 5g

NH4N0 3 19

Na2S04 2g

K2HP04 3g

KH2P04 19

NaCI 20g

Yeast extract lOOmg

Thiamine HCl Img

Trace metal mix Sml

Glucose 20g

Distilled water lOOOml

FeCb

MnCb

Co(N031

MgS04

ZnS04

CUS04

CaCh

- 16mg

- 18mg

- 13mg

- 25mg

-4mg

- O.Olmg

- 14.5mg

The cultures were inoculated into the medium and were

incubated for a week. Gram's iodine was added to each tube. The

change of calor to dark blue indicated the presence of starch like

su bstances.
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7. Cellulose hydrolysis

A mineral basal medium supplemented with Whatman filter

paper strips was used as th e medium.

Composition of basal medium

KH2P04 2g

MgS04.7H2O O.5g

Ca2HP04 O.5g

Glucose 20g

KN0 3 19

NaCI 20g

Distilled Water lOOOml

Cultures were inoculated into the tubes and incubated for 2-3

weeks. Growth and turbidity of the cultures were noted and the

cellulose strips were observed visually for signs of degradation. Final

confirmation was done after adding Benedict's reagent, which shows a

positive reaction for glucose, if the culture is cellulose degrading.

8. Pectin hydrolysis

Composition of the medium

Pectin

CaCb.2H20

NaCI

FeCb.6H20

Yeast extract

Agar

Distilled water

pH

5g

O.2g

20g

O.OIg

Ig

20g

IOOOml

7
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Pectin agar plates were prepared and the cultures were spot

inoculated. After incubation for 4-5 days, the plates were flooded with

1% aqueous solution of Cetavlon and allowed to stand for 20-30

minutes. Clearing zone indicate positive nature of the test.

9. Diazonium Blue B (DBBt test.

A culture at least 10 days old, on malt - yeast-glucose-peptone

agar is held at 550C for several hours and then flooded with ice-cold

OBB reagent. If the culture turns dark red within 2 minutes at room

temperature the result is recorded as positive.

Malt-yeast-glucose-peptone agar (Wickerman, 1951).

Composition of the medium

Malt extract 3g

Yeast extract 3g

Peptone 5g

O-Glucose 109

NaCI 20g

Agar 20g

Water . lOOOml

pH 7

10. Myo-Inositol Test

A mineral basal medium supplemented with myo-inositol was

used for preparing the broth. Cultures were inoculated into this broth

and after one week if the broth shows turbidity then the test is

recorded as positive.
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Composition of mineral basal medium

KH2P04 2g

MgS04.7H20 O.5g

Ca2HP04 O.5g

Glucose 20g

KN03 19

NaCI 20g

Distilled Water lOOOml

Based on the various biochemical and physiological

characteristics all the isolates were classified upto generic level.

2.3 RESULTS

Of the total isolates (260) the most predominan t genera was

Candida (116) followed by Filobasidium (55), Leucosporidium (24) etc.

(Table 2.1). The station details showing the source of isolation of the

yeasts is given in Table 2.2.
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Chapter 2

Table 2.2. Details of the stations showing the source of isolation of yeasts

No. of
8.No. Cultures isolates 8tationNo. Location

1 S 1- 818 18 SI Rolgatty (Off Cochin)

2 819- 825 7 SS 1 Cruise No. 147 (West Coast)

3 826-830 5 SS2 Cruise No. 147 (West Coast)

4 831- 8 33 3 SS3 Cruise No. 147 (West Coast)

5 834 - 8 39 6 SS4 Cruise No. 147 (West Coast)

6 840- 847 8 SS5 Cruise No. 147 (West Coast)

7 848-856 9 S2 Fort Cochin (Off Cochin)..
8 857 - 8 80 24 S3 Vypeen (Off Cochin]

9 881- 891 11 S4 Emakulam (Off Cochin)

10 892-898 7 SS Mulavucadu (Off Cochin)

11 8100- S 146 47 S6 Mattancheny (Off Cochin)

12 S 148- S 162 15 S7 Chellanum (Off Cochin)

13 8163 - 8246 84 S8 Kannamali (Off Cochin)

14 8247· 8256 10 SS6 Cruise No. 156 (West Coast)

15 8257· 8283 27 SS7 Cruise No. 156 (West Coast)

16 8284-8299 16 SS8 Cruise No. 156 (West Coast)

17 8300 - 8 312 13 SS9 Cruise No. 156 (West Coast)

18 8313 - 8320 8 SS 10 Cruise No. 156 (West Coast)

19 8321-8342 22 SS 11 Cruise No. 156 (West Coast)

20 8343-8369 27 SS 12 Cruise No. 156 (West Coast)

21 8370- S 382 13 SS 13 Cruise No. 157 (East Coast)

22 8383 - 8399 17 SS 14 Cruise No. 157 (East Coast)

23 5400-8408 9 SS 15 Cruise No. 157 (East Coast)

24 8409-8415 7 SS 16 Cruise No. 157 (East Coast)

25 8416- 8420 5 SS 17 Cruise No. 157 (East Coast)

26 8421- 8426 6 SS 18 Cruise No. 157 (East Coast)

27 8427 -8430 4 SS 19 Cruise No. 157 (East Coast)

28 8431- 5435 5 SS 20 Cruise No. 157 (East Coast)

29 8436- 5 441 6 SS 21 Cruise No. 157 (East Coast)

30 5442 - 5450 9 8S22 Cruise No. 157 (East Coast)
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Lipomqces, Geotrichum and Arxioma were mainly obtained from

the coastal waters. However, strains like Candida, Filobasidium,

Leucosporidium, Mastigomyces, Rhodotorula, Schizosaccharomuces,

Kluyueromyces, Torulaspora, Oosporidium. and Dipodascus were mainly

encountered in the offshore water samples (Table 2.31.

Table. 2.3. List of yeast strains isolated from the East and West
Coast of India

S.No Genera No.of Isolates Isolates from
isolates from coastal offshore

region(%) region(%)
f-----.

1 Candida 116 37 63
2 Filobasidum 55 20 80
3 Leucasporidiurn 24 33 67
4 Mastiaomuces 15 0 100
5 Lodderomuces 11 100 0
6 Debaruomuces 7 71 29
7 Rhodotorula 4 25 75
8 Dekkera 4 50 50
9 Hormoascus 3 100 0
10 Cryptococcus 3 100 0
11 Schizosaccharomuces 3 0 100
12 Kluuueromuces 2 0 100
13 Williopsis 2 100 0
14 Aciculoconidia 2 50 50
15 Pichia 2 50 50
16 Torulaspora 1 0 100
17 Saccharomucopsis 1 100 0
18 Lipomuces 1 100 0
19 Geotrichum. 1 100 0
20 Arxioxuma 1 100 0
21 Oosporidium 1 0 100
22 Dipodascus 1 0 100

Total 260 36.54 63.46

Most of the isolates were found to be fermentative in nature.

Filamentous growth was very common among the isolates.
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More than 50% of the strains were capable of producing

gelatinase, lipase and amylase. Strains belonging to Mastigomyces

were found to be highly potent in enzyme production with more than

80% showing this capability (Table 2.4).

Table. 2.4. Comparison of marine yeasts based on their physiological I
biochemical characteristics

Isolates Isolates
Isolates capable of producing to/.1 capable of capable of

S.No. Genera Total producing {% producing (%1

No.
Amylase Gelatlnsse Lipase Urease Myo-inositol DBB

1 Candida 116 56 65 66 9 28 39
2 Filobasidium 55 54 78 53 100 25 36
3 LeuCDsporidium 24 80 54 50 92 25 50
4 Mastigomyces 15 9 87 80 0 25 33
5 Lodderomyces 11 29 55 82 55 20 82
6 Debaryomyces 7 0 43 29 14 36 0
7 Rhodotorula 4 50 0 75 75 0 100
8 Dekkera 4 0 75 75 25 25 SO
9 Hormoascus 3 0 33 0 67 SO 67
10 Cryptococcus 3 0 0 100 67 33 100
11 Schizosoccharomyce 3 0 67 33 100 33 0
12 Kluveromyces 2 0 50 100 0 0 0
13 WiIliopsis 2 SO 50 100 0 50 100
14 AciculoCDnidia 2 0 50 SO 0 50 50
15 Pichia 2 0 0 50 50 0 100
16 Torulaspora 1 0 0 100 0 0 0
17 Saceharomycopsis 1 0 0 0 0 0 0
18 Lipomyces 1 0 0 100 0 100 100

19 Arxioxyma 1 0 0 0 0 100 0
20 Oosporidium 1 0 100 100 0 0 100
21 Dipodascus 1 0 100 100 0 0 0
22 Geotrichum 1 0 0 100 0 0 100

260 50 63.1 61.5 41.2 26.5 42.3

Proteolytic and lipolytic forms were found to be 63.1 and 61.5%

respectively. Urea utilization was restricted to 41.2%. Production of
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myo-inositol was also observed in a few isolates (26.5%). Production of

starch like substances was not observed in any of the isolates.

2.4 Discussion

Marine yeasts could be isolated both from coastal and offshore

waters. However, the population was found to be very low and

therefore concentration of the water sample as well as enrichment

technique was employed for isolation. Fischer (1894) found yeasts in

Atlantic water samples regardless of the distance from the land. Kriss

and Novozhilova (1954) found that yeasts were present in all regions in

the surface waters while in inshore areas yeasts could be found at all

depths also. Several thousand yeast cells per liter of water were

observed in coastal waters (Meyers et al., 1967). The majority of yeasts

are obligate aerobes that require oxygen for growth and reproduction.

Therefore yeasts usually do not inhabit anaerobic waters and

sediments. Near shore water samples of 250ml are generally adequate

whereas open ?cean samples of 1 liter or more are routinely required.

Kriss (1961) noted that yeasts could be observed in the anaerobic zone

of the black sea.

As many as 22 genera were isolated from the west and east

coast of India. These isolates were comprised of mainly Candida

followed by Filobasidium, Leucosporidium, Mastigomyces,

Lodderomyces and Debaryomyces etc. Bhatt and Kachwalla (1955) had

isolated Saccharomyces, Debaryomyces, Pichia, Candida, Torulopsis,

Rhodotorula, Cryptococcus etc. off the coast of Bombay. As per Fell et

al. (1960) Candida and Rhodotorula were the predominant species in

Biscayne Bay, Florida. van Uden and ZoEell (1962) had isolated
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Metschnikowia, Pichia, Kluyveromyces and Torulopsis apart from

Candida.

This study and earlier studies show that Candida is \T,rrH

distributed in the marine environment. Whether they are indigenous

to the marine environment or introduced from the terrestrial

environment and got adapted to the marine conditions needs further

investigation. The prevalent yeasts in estuarine, littoral and deep­

water marine sediments of Florida and the Bahamas have been mostly

oxidative including Rhodotorula and CryptococcUs (Voltz et al., 1974).

In the present study also Rhodotorula and Cryptococcus could be

observed even though in small numbers. Cryptococcus is considered to

be typical marine form indigenous to the most sever cold desert in

ea:th, Antarctica (Baharaeen et al., 1982). In the present study also

Rhodotorula could be isolated from unpolluted environment away from

the shore. Prabhakaran and Gupta (1991) found that Candida was the

dominant group in the sediment samples of South West Coast of India.

Hydrolytic potential of the yeasts shows their degradation /

mineralization capacity. This capacity in enzyme production would

help them very much in utilization of wide range of substrates as

nutrients for growth.
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Chapter 3

3.1 INTRODUCTION

In aquaculture operations, essential and expensive components

of the feed are proteins. Fishmeal is used as a major protein source in

most finfish and crustacean diets (Lovell, 1989) due to the high

nutrient quality and digestibility of fishmeal protein. During the last

few decades, there has been an increasing interest to use alternative

plant and animal protein, as low cost substitutes of fish meal (Moore

and Stanley, 1982; Kohler and Kruegger, 1986; Koshio et al., 1992;

Tidwell et al., 1992, 1993 a & b and 1994). Among unconventional

protein sources, Single Cell Protein (SCP) of microbial origin appears

to be a promising candidate. Many workers have reported partial

replacement of fishmeal with yeast, bacteria and soybean protein (Cho

et al., 1974; Bergstrom, 1979; Spinelli et al., 1978). Bellamy, 1969 and

Reese et al., 1972 suggested the use of microbial proteins to

supplement human and animal diets in the wake of the sweeping

starvation and malnutrition problems faced by many developing

countries. The very high protein content of SCP's makes them suitable

for inclusion at high levels in pelleted fish rations (Nose, 1975).

The criteria for microorganisms to be used as food include

many things like, 1) The organism must be non-toxic and grow rapidly

on a simple non-specific medium. 2) It should have high nutritional or

vitamin content and should be edible to humans and other animals.

The organisms should also utilize the energy source without producing

any side effects and any undesirable effects and 3) It should be easy to

separate the cells from the medium.
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Screening of Marine Yeasts for Utilization as Feed Supplement in Aquaculture.

SCP include microalgae, bacteria and yeast and are alternative

to conventional protein sources that are frequently used as feed

ingredients for fish due to their nutritional value (Sanderson and Jolly,

1994; Tacon, 1994). SCP basically comprises proteins, fats,

carbohydrates and minerals such as phosphorous and potassium.

Chemical analysis of microorganisms tested for SCP reveal that they

are comparable in aminoacid content to the plant and animal sources

with the exception of methionine which is low in some SCP sources.

The substrates used for SCP manufacture include, 1) Molasses from

sugar factories, 2) Spent sulphite liquor, the waste product of the

paper industry, 3) The acid hydrolysate of wood, 4) Agriculture waste

and 5) Waste from dairy industry,

Among the many groups of microorganisms used to produce

SCP, yeasts are perhaps the most important one. Being one of the

richest source of vitamins coupled with 45-65% protein content,

yeasts has always surpassed any other microbes as SCP in its public

acceptability. Yeasts have many advantages like,

1. Larger size and easy to harvest

2. Lower content of nucleic acid

3. Long history of use as food, hence so better public acceptance

4. Ability to grow on substrates of low pH, which reduce bacterial

contamination of the medium.

The composition of yeast is given m Table 3.1. The protein

component ranged from 29 to 63%, carbohydrate 21-39% and fat 1 to

23%. Protein content was found to be comparatively high in Candida,

Saccharomyces, Torula and Geotrichum. Phaffia was reported to

contain 23% fat (Sanderson and Jolly, 1994) and comparatively less
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protein (22%). Carbohydrate expressed as NFE was maximum in

Torulopsis and Candida (Kamel and Kawano, 1986).

Freshwater microorganisms and baker's yeast have been

supplied as food for marine zooplankton cultures. However, it was

found that the cells of these organisms get lysed, causing pollution of

the cultures under high osmotic pressure of sea water [Kawano and

Ohsawa, 1971). In order to solve these problems the utilization of

marine microorganisms seems to be th e best answer.

Yeasts are common in sea water (Hernandez-Saavedra et al.,

1992; Nell et al., 1994) and may be natural components of the diet of

oysters. Yeasts can be produced much more efficiently and

economically than photosynthetic algae because of shorter generation

time and the use of inexpensive culture media (Nell, 1993)..Some

yeasts like Candida spp. and Saccharomyces cereuisiae are also

believed to have immunostimulatory properties by virtue of their

complex carbohydrate components and nucleic acid content (Anderson

et al., 1955). Among SCP, yeasts have been the most used within aqua

feeds (Tacon, 1994). Yeasts are a rich source of proteins and B­

complex vitamins. They have been used as a supplement in animal

feed to compensate for aminoacid and vitamin deficiencies of cereals,.
and are recommended as a substitute for soybean oil in diets for fowl

[Gohl, 1991). Yeast products (primarily brewer's yeast and baker's

yeast) are frequently used as feed ingredients in aquaculture because

of the nutritional value of these products, which include protein,

lipids, B-complex vitamins etc (Mahnken, 1991; van der Meeren,

1991). Yeast based diets are rich in proteins, lipids, attractants and
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other nu trients. Some of the yeast species used as fishmeal

substitutes are Candida sp., Kluveromyces sp. and Phaffia sp.

Hirata and Mori (1967) observed that rotifers could grow as well

on a mixture of baker's yeast and Chlorella as on Chlorella alone. They

also found that, when fed baker's yeast alone, the rotifer population

grew as well as when fed Chlorella during the first week, but declined

during the second week of culture, probably as a result of nutritional

deficiency on a diet consisting of baker's yeast exclusively (Hirata,

1979). Many workers found yeast as an inexpensive and easily..
available alternative food for rotifers. (Furukawa and Hidaka, 1973;

Hirata, 1974; Fushimi, 1975; Fukusho et al., 1976; Mochizuki et al.,

1978; Hirata et al., 1979; James et al., 1983, 1987).

Successful incorporation of yeast and bacterial SCP into fish

diets allows replacement of 25-50% of the fishmeal coriponent

(Andruetto et al., 1973; Beck et al., 1979; Mahnken et al., 1980). For

salmonids, diets containing hydrocarbon grown yeasts have worked

well on fishmeal or other sources of protein with yeast (Andruetto et

al., 1973; Shimma and Nakada, 1974a, b; Brannon et al., 1976; Gropp

et al., 1976; Shimma and Shirnma, 1976; Shimma et al., 1976; Roley

et al., 1977).

Another concern with SCP is their high concentration of nucleic

acids, ranging from 5-12% in yeast and 8-16% in bacteria (Schulz and

Oslage, 1976). In brewer's yeast, nucleic acid nitrogen is present

mostly in the form of RNA and represents about 20-25% of the

nitrogen (Rumsey et al., 1991b).
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Epifanio (1979) found that a diet consisting of 50% yeast

Candida utilis (spray-dried) and 50% algae supported growth

comparable to a 100% algal ration when fed to juvenile Argopecten

irradians, Mercenaria mercenaria or Mytilus edulis, but was deficient

for the American Oyster, Crassostrea uirqinica. The limited nutritional

value of yeasts for bivalves has been attributed to their low digestibility

(Epifanio, 1979; Nell, 1985) as well as a deficiency or imbalance of

nutrients (Urban and Langdon, 1984). The supplementation of yeast­

based diets with the deficient amino acids was shown to have

beneficial effects on fish growth (Nose, 1974a and b; Spinelli et al.,

1979; Bergstrom, 1979; Mahnken et al., 1980).

In rainbow trout, Tiews et al. (1979) succeeded to obtain growth

rates equivalent to that of the control diet when fed yeast-based diets

supplemented with methionine. However, other attempts using yeast

as the sole source of dietary protein resulted in reduction cf biogrowth

parameters (Beck et al., 1979; Mahnken et al., 1980; Rumsey et al.,

1991 a). In practice, yeasts have been incorporated in rations at levels

of 30% resulting in a 25-50% replacement of the fish meal content

(Tacon and Jackson, 1985; Tacon, 1994).

Several species of teleostean fishes including carp (Omae, 1979;
~

Iida et al., 1970) and eel (Ghittino, 1970) have been fed experimental

diets containing hydrocarbon -grown yeasts. Only young carp have

shown better growth on hydrocarbon grown yeast diets than on diets

based on fishmeaI (Omae, 1979). Experiment conducted with juvenile

Tilapia (Oreochromis mossambicus) , to evaluate an industrial SCP as

an alternative component to fish meal in complete diets, showed that
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SCP could successfully replace upto 40% of the fishmeal in the

practical diet (Davis and Wareham, 1988).

Baker's yeast, Saccharomyces cereuisiae chemically treated with

sulfhydryl compounds to improve its digestibility were tested on

juvenile Mercenaria mercenaria (Lavens et al., 1989; Coutteau et al.,

1990). The development of techniques to improve the digestibility

(Coutteau et al., 1990) and the nutritional composition (Leger et al.,

1985) of yeast based diets provided the incentive to develop a product

as a potential substitute for unicellular algae. Such a yeast-based diet
~

has proven to be a valuable algal substitution in the larval culture of

marine shrimp [Naessens-Foucquaert et al., 1990). In juvenile Sydney

rock oyster spat {Brown et al., 1996}, substitution with 86% (dry

weight basis) live yeast produced a weight increase, 63-81 % of those

obtained on algal diet.

Rumsey et al. (1990) showed that th ~ lower performance of fish

fed diets containing high levels of brewer's yeast may be caused by

intact yeast cells, as probably not all intracellular ingredients become

available to the fish. Rumsey et al. (1991 b) found that digestibility of

intact brewer's yeast in rainbow trout is significantly lower than that

of disrupted cells. In accordance to this finding, Rumsey et al. (1990)

observed that brewer's yeast could replace 50% of total nitrogen in the

diet of lake trout when the yeast cell walls were disrupted but a growth

depression occurred when intact yeasts were used.

The efficacy of live yeasts as diet compliments ill aquaculture

diets have been tested by many workers (Coutteau et al., 1991 ;

Roques and Dussert, 1991; Coutteau et al., 1993; Coutteau et al.,

1994) as substitu tes for algae. Phaffia rhodozyma is a species of yeast,
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containing astaxanthin, which is the most abundant carotenoid in the

marine environment (Johnson and An (1991) .

Experiments were conducted to determine the effects of high

dietary levels of brewer's dried yeast on the growth, feed conversion

efficiency and uric acid metabolism of rainbow trout (Oncorhynchus

mykiss). Growth was faster and feed conversion more efficient in fish

when fed diets consisting of 25% yeast; the diets containing 50 and

75% yeast were unpalatable to trout. It was concluded that although

feed intake was reduced at yeast levels greater than 25%, the fish did

not appear to be adversely affected physiologically by high dietary

levels of nucleic acid nitrogen (Rumsey et al.. 199Ia).

Rumsey et al. (1991a} observed a feed intake depression in

rainbow trout due to reduced acceptability of diets including more

than 25% of brewer's yeast. Atacl: and Matty (1979) observed reduced

feed intake in rainbow trout fed a brewer's yeast supplemented diet

compared to a herring meal based diet. On the contrary, when

rainbow trout was fed a diet including a yeast nucleic acid extract

corresponding to a dietary level of 50% brewer's yeast, no negative

effect on feed intake was observed (Rumsey et al., 1992).

In contrast, it has been shown that common carps can utilize a

high percen tage of their dietary protein requirement from the yeasts

Candida tropicalis, Candida utilis and Candida lipolytica with better

results than those obtained with soybean or meat and bone meals. For

carp larvae diets, it has been shown that from 62 to 88% of Candida

utilis and Candida lipolytica can be used in combination with other

materials such as fish meal and other animal by-products (Atack et al.,
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1979; Hccht and Viljoen, 1982; Dabrowski et al., 1983; Alami-Durante

et al., 1991).

Experiments conducted in rainbow trout (Oncorhynchus mykiss)

indicated that the nutritional significance of free dietary adenine

versus nucleic acid bound adenine in yeast or yeast nucleic acid is an

important consideration in evaluating the suitability of SCP's in fish

feed formulations. Fish feed with increasing levels of yeast extract

manifested significant increases in growth and nitrogen retention. No

negative effects on feed intake were observed (Rumsey et al., 1992)..
Partial replacement of algal diets by bacteria [Martin and

Mengus, 1977) and yeast (Epifanio, 1979; Urban and Langdon, 1984;

Nell et al., 1994) could significantly reduce bivalve production costs,

particularly if these microorganisms could be purchased commercially

as "off-the-shelf' dried or paste preparations. Recently, bacteria and

yeast isolated from Oyster growing areas were tested as partial

substitutes for live algae in the diet of Sydney rock oyster (Saccostrea

commercialis) larvae and spat (Nell et al., 1994).

Experiments conducted on diets for tilapia (Oreochromis

mossambicus) to evaluate the effects of substituting animal protein

with a mixture of plant feed stuffs including 25,30, 35, 40 and 45% of

the protein with torula yeast (Candida utihs) J 20% with soybean meal

and 15% with Alfalfa Leaf protein Concentrate (ALC). Feeding

efficiency was compared against a diet with fish meal as the sole

protein source and the results showed that 30% yeast diet showed the

best growth performance. The results suggests that it is possible to

replace upto 65% of animal protein with a mixture of plant proteins,
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including 30% torula yeast, in tilapia fry diets without adverse effects

on fish performance and culture profit (Novoa et al., 2002).

Experiments conducted on Nile tilapia (Oreochromis niloticus)

evaluated the effects of three types of probiotics, two bacteria and one

yeast on growth performance. Three diets were formulated containing

the optimum protein level (40%) for tilapia fry: one supplemented at

0.1% with a bacterial mixture containing Streptococcus faecium. and

Lactobacillus acidophilus; a second supplemented at 0.1% with the

yeast Saccharomyces cerevisiae; and third a control diet without

supplements. Of the four treatments, the 40% protein diet

supplemented with yeast produced the best growth performance and

feed efficiency, suggesting that yeast is an appropriate growth

stimulating additive in Tilapia cultivation [Lara-Flores et al., 2003).

Feed is a major concern for shrimp farmers, representing upto

60% of the total variable production costs (Akiyama et al., 1992; Sarac

et al., 1993). It must fulfill several characteristics including

organoleptic properties such as odor, texture, flavor and physical

properties such as particle size. In addition, the feed should contain

all the essential nutrients for the cultured organism, and be readily

available at low cost and highly digestible with the nutrients available
•

for assimilation (Sudaryono et al., 1995).

Although several attempts have been made to rear shrimp on

artificial pelleted diets (Subrahmanyan and Oppenheimer, 1969;

Kanazawa et al., 1970; Cowey and Forster, 1971; Sick et al., 1972) a

formulation, which will promote optimal growth in these animals, have

not been reported. A major obstacle in formulating a complete diet is

the lack of information on the specific nutrient requirement of these
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animals, particularly on the utilization of macronutrients such as

protein, carbohydrate and lipids.

Mixing the probiotic with the feed ingredients is a method that

could be used for application to shrimp, but the benefit of

supplementing live yeast or another microorganism as a probiotic

agent in a commercial shrimp diet will be effective only if it survives

the manufacturing process. Pelleting is the most popular

manufacturing process for shrimp feeds (Estrada and Valdez, 1993), it

is preceded by a steam conditioning phase, particularly important for
~

starch gelatinization, and activation of binders, to provide adequate

feed water stability (Dominy and Lim, 1991), and followed by a short

drying phase.

Supplementation with 0.1% live yeast did not significantly affect

the stability in water of the extruded or pelleted diets. The feed

stability in water is an important characteristic of shrimp feeds, due to

the slow feeding habit of shrimp (Lee and Lawrence, 1997).

Growth appeared to increase with amount of protein in the diet.

The protein requirement for optimal growth of Penaeus monodon has

been reported to be between 35-61% (Lee, 1970; Ting, 1970; Chen and

Liu, 1971; Deshimaru and Kuroki, 1975; New, 1976; Lin et al., 1981;

Alava and Lirn, 1983; Shiau et al., 1991).

Studies on the effects of dietary protein, carbohydrates and

lipid levels on growth and survival of penaeid shrimp was studied by

Andrews et al. (1972). They have reported that 28-32% was the

optimal protein level and addition of starch to the diet enhanced the

growth, and glucose caused a reduction in weight gain. Feeding trials
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on Macrobrachium rosenberqii using diets with different levels of

protein (15, 25 and 35%) showed that higher protein content produced

larger prawns (Balazs and Ross, 1976). The use of dried prawn meal

as a high quality reference protein in the nutrition of juvenile Penaeus

indicus was tested and live weight gain at levels ranging from 21-53%

crude protein was greatest with a 43% protein diet, but Protein

Efficiency Ratio (PER) values declined with successive increases in

dietary protein (Colvin, 1976).

Carbohydrates are not essential for shrimp brood stock.

However, they can be a useful inexpensive source of energy with

protein sparing and lipid -sparing effects. Complex sugars and

polysaccharides are used more effectively than simple sugars

(Deshimaru and Yone, 1978). Polysaccharides is most commonly used.

Carbohydrates are also excellent binders in diet formulation.

Colvin (1976) supplemented a constant level of 5% plant oil in

the experimental diets, in addition to the lipid present in other

ingredients (fish meal) and reported that a diet containing 9.8% lipid

gives better growth in juvenile Penaeus indicus. Kanazawa et al. (1977)

reported poor growth with lipid-free diet, maximum growth with 12%

lipid and reduced growth at 16% when powdered Pollack residual oil
•

was included in diet of Penaeus japonicus. Read (1981) supplemented

lipids at 3 and 4.5% levels in various diets containing selected lipid

sources and found that a diet with a 3% mixture of fish oil and

sunflower oil in the ratio of 2: 1 gives better survival and growth in

juvenile Penaeus indicus. High dietary lipid content of the yeast diets

may have compensated for the deficiency in available calories of the
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algae/yeast diets, which was hypothesized by Urban and Langdon

(1984).

Shrimps do not have an absolute dietary lipid requirement

(D'Abramo, 1989). Rather, the provision of sufficient lipid is based on

satisfying the requirements for specific nutrients such as highly

unsaturated fatty acids (HUFA), phospholipids and sterols, and for

energy. Crustaceans have long been recognized as having limited

ability to synthesize HUFA de novo (Chang and O'Connor, 1983;

Mourente, 1996) and no ability to synthesize sterols de novo

(Kanazawa et al., 1988).

Fat-soluble vitamins A (or !3-carotene), 0 and E were found to

be essential to support shrimp growth (He et al., 1992). Dietary levels

of thiamine, riboflavin, niacin, vitamin 86, vitamin 812, choline,

inositol and ascorbic acid have also been recommended for maximal

growth in several shrimp species (D'Abramo and Conklin, 1992).

Vitamin E has been shown to improve the percentage of normal sperm

and the rate of ovarian maturation on L.setiferus (Chamberlain, 1988).

Studies on mineral requirements of shrimp brood stock are

lacking, probably because of the following implications. Firstly, for

minerals it is necessary to distinguish true dietary requirements and

apparent physiological requirement, since the minerals can be

absorbed from water. Secondly, the input through animal meals in

artificial diets is high, and performing purified diets that would allow

controlled mineral levels do not exist. In most studies, artificial diets

with mineral mixes were formulated specially to fortify with Ca, P, Mg,

Na, Fe, Mn and Selenium (Chamberlain, 1988; Alava et al., 1993 a,b;

Marsden et al., 1997; Mendoza et al., 1997; Xu et al., 1994).
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There is also a strong relationship between Ca and Mg levels in

the diet, and deficiency of the latter led to the retardation of rainbow

trout growth and renal calcinosis (Cowey et al., 1977).

3.2 MATERIALS AND METHODS

3.2.1 Selection of strains

Representative strains (25 numbers) of various genera were

selected for nutritional quality evaluation, which is an important

criteria for the selection of a strain for 8CP production. The following

strains were subjected to proximate composition analysis Le. 133, 88,

813,828,830,842,848,850,856,869,870, S81, 887,8100, 8165,

8169,8170,8186,8297,8303,8382,8394,8425,8434, and 8437.

Preparation of yeast biomass

The selected 25 yeast cultures were swab inoculated onto malt

extract agar plates, incubated at 28±2°C for 72 hrs and harvested with

sterile saline. The cell suspensions were centrifuged at 7000 rpm for

20 minutes in a refrigerated centrifuge (Remi C-30, Mumbai) and the

yeast biomass stored at 40C in a refrigerator.

Proximate composition of the yeast biomass
"

Biochemical composition of the yeast biomass was analyzed to

assess their nutritional quality. Protein was estimated by

Microkjeldhal method (Barnes, 1959) and lipid by Phosphovanillin

method following chloroform methanol extraction of the sample (Folch

et al., 1957) and Carbohydrate by Roe (1955).
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Based on the nutritional quality analysis 14 yeast strains were

selected for the feeding experiment.

3.2.2 Feeding experiment with F.indicus post larvae

Experimental animals

Post larvae (PL-21j of Indian white prawn, (Fenneropenaeus

indicus H.Milne Edwards) of the size range 20-30 mg were brought to

the laboratory from a commercial prawn hatchery in Kannarnali,

Kochi.

Experimental feed preparation

Powdered ingredients as given in table (3.2) were mixed well

into a dough with IDeml water. This was steamed for 10 minutes in

an autoclave and pelletised using a laboratory model pelletiser having

l mm die. Pellets were dried in an oven at sooe for 18hrs. The pellets

were broken into pieces of 4-5mm size. 14 different feeds were

prepared incorporating the biomass of 14 yeast strains plus the

control diet without the yeast biomass. Water stability of feed was

checked by immersing pellets in seawater for 15 hrs and examining

stabili ty by visual observation. Feeds were stored in airtight polythene

bags at -20oe in a freezer.

Proximate composition of the experimental diets.

Protein content of the experimental diets was determined by

microkjeldhal method (Barnes, 19591 and lipid by chloroform­

methanol extraction (Folch et al., 1957). Ash was determined by

incineration at 5500e in a muffle furnace for Shrs and moisture

content by drying in an oven at BOGe to constant weight. Fiber content
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was determined by acid and alkali treatment following AOAC (1990).

The nitrogen free extract (NFE) was computed by difference (Crompton

and Harris, 1969). (NFE= 100 - (% protein + % lipid + %l fiber + (% ash).

Table 3.2 Composition of experimental diets

Ingredients

_.__._---------.-------~
Control diet ! Experimental diet

!

g g

Prawn shell powder 10 10
._ _.._---- _--------_ --..__ ._ ---_ _---_ ------- _.._---- _------_. ,,_..

Yeastil
--_.......--_..__ ....__ .__ ...

20

Fish meal 30 30
--_.._--_._-_ ..__._--.._.._-_.....- _._-_...-_._---_._--------- ...... -_ ..._-_.._.--_ .... -_._--_._---_.

Ground nut oil cake> 8 8

Soybean mealc 10 10

M~d~ 8 8
'-------_ ---_._----------- --- ----- -- --- -------- ._----_.._ _--_._-_.-

Rice bran- la la----_ ..._--"...._-- .---- ._------- ... _---_ .... --_._--- .-_._--_._... - ..--.,,--...

Vitamin and mineral mix' 2 2

---"..,--_._-_._-_.-

----- ------------ -.__ .- _-- --- --_ __._------_.. --------_.

A~ 2 2
....- _ .......-------------

Carboxy methyl cellulose 20 ..
_. ...--_.._--- _....__._------_._----- .._--_._•._--_.....-

Water 100 ml 100 ml

-Biomass'of 14 different yeast strains were incorporated in
the 14 experimental diets prepared.
bPrepared by grinding the cake remaining after oil extraction
from ground nuts
-Prepared by grinding the flakes remaining after oil extraction
from soybean
<Refined wheat flour
cFinely ground rice bran
f\litamin and mineral mix (mg! g vitamin and mineral mix)
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Thiamine
Ribofalvin
Pantothenic acid
Pyridoxine
Cyanocobalamine
Biotin
Retinol
Menaptone
Folic acid
Niacin
Cl tocopherol
Banox
Cholecalciferol
Ascorbic acid
K2HP04

Ca3(PO)4
MgS04.7H20
NaH2P04.2H20

Feeding schedule

0.61 mg
0.48 mg
2.42 mg
0.72 mg
0.02 mg
0.02 mg
0.13 mg
0.24 mg
0.13 mg
2.42 mg
2.42 mg
0.30 mg
0.06 mg
6.05 mg
4.68 mg
6.36 mg
7.12 mg
1.84 mg

Prawns were fed twice daily at 10 a.m. and 5 p.m with fourteen

different feeds including control diet at the rate of 10-15% of the body

weight per day. Pre-weighed experimental diets were placed in

petridishes in the tank. Faecal matter was removed by siphoning twice

daily.

Rearing facility

Fiber reinforced rectangular plastic (FRP) tanks of 30L capacity

were used for the study. Water quality was monitored daily and was

maintained as per Table (3.3). On alternate days after removing the

faeces and unconsumed feed, 50% of water was exchanged from all

the experimental tanks. Aeration was provided from a IHP compressor

through air stones. Physico-chemical parameters like salinity, nitrogen
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and dissolved oxygen of the rearing water were estimated daily by

following standard procedures (APHA, 1995).

Table 3.3. Rearing conditions and water quality parameters of the

experimental system

Initial body weigh t (average)

Stocking densi ty

Tank capaci ty

Feeding level

Feeding frequency

Feeding period

Water temperature

pH

Salinity

NH3

N03

N02

Dissolved 02

Design of experiment

: 20.55±9.4mg

: 25 PL/tank

: 30L

: 10-15% body weight

: Twice daily

: 21 days

: 24-270C

: 7.5 - 8
: 15 - 18ppt

: 0.01 - 0.02mg/L

: Below detectable

: 0.00 - O.Olmg/L

: 6-7mg/L

The post larvae of F. indicas were maintained on prepared

control diet for ~a period of one week. The larvae were then stocked into

30L rectangular fiberglass tanks containing 20L seawater with 25

individuals per tank and reared on the experimental diets for 21 days.

Feeding trials were conducted using triplicate tanks for each

treatment.

Measurements

The initial body weight of the prawns in each rearing tank was

recorded. They were weighed on a precision balance after blotted free
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of water with tissue paper. The mean weight of all the prawns in a

tank was calculated (mean±O.Olg). After 21 days, final weights of all

the prawns were measured and mean weight was found. Parameters

including individual increase in weight (production), food conversion

ratio (FCR), specific growth rate (SGR), relative growth rate (RGR) ,

gross growth efficiency (GGE), and protein efficiency ratio (PER) were

determined based on the data collected during the experimental

period.

The formula used for calculating the growth parameters are

given below:

Production = Final weight - Initial weight

FCR = Food consumed / Live weight gain

SGR = (In final weight - In initial weight) x lOO/days of feeding

experiment

RGR:: (W2 - WI) / Mean weight/No of days

GGE ={(W2 -- WI) / Food consumed} x 100

PER = Live weight gain/ protein consumed in dry weight

Challenge experiment

After termination of the feeding experiment (21days) all

treatment groups including the control, were maintained under the

same rearing conditions. Challenge with white spot virus (WSSV) was

performed through oral administration. For this, prawns were fed with

white spot virus infected prawn flesh (F. indicus adult) in the morning

(after a starvation period of 12 hrs.] and evening ad libitum for one day

ensuring availability of infected meat to all the prawns in the tank and

then maintained on the corresponding experimental diets for the
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following days. All the rearing conditions were also maintained as

earlier.

Survival rates were recorded everyday for a period of 7 days.

Mortality by WSSV infection was cor.firmed by checking the

characteristic circular white spots on the carapace and other

exoskeleton parts of the infected animal.

Data analysis

The data obtained in the feeding experiments were subjected to

one-way analysis of variance (ANOVA). When a significant difference

was found among the various treatments, Duncan's multiple range

tests were done to bring out the difference between the treatment

means. The statistical analysis was performed using the SPSS 7.5

package for windows.

3.3 RESULTS

3.3.1 Proximate composition or yeast biomass (SCP) and feed

Proximate composition of yeast biomass

Protein content of the yeast biomass of varIOUS strains

belonging to different genera was found to be in the range 22-30% and

the maximum was found in SI69 (30.45%) belonging to Debaryomyces

(Fig 3.1 and Table A-I). No significant difference could be observed

between the genera in the biochemical composition. Lipid content of

yeast biomass varied between 2 to 8.25% the maximum being in 828

(Kluveromyces sp.). There was no significant variation in the

carbohydrate content in yeast biomass and it varied from 22.36 to
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29.68% with a minimum in 848 (Lodderomyces sp.) and maximum in

870 (Homoascus sp.}.

a . Protein
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Proximate composition of feeds

Protein content of the feeds ranged from 40.2 to 55.4% with the

maximum in F165 (55.4%) followed by F303 (53.9%). Lipid was

maximum in F69 and F165 (11.2%) followed by F28, F87 and F434

(10.8%). Nitrogen Free Extract was maximum in the control feed C

(36.8%). No significant variation could be obtained in the fiber content

of various feeds and the value ranged from 1.9 to 2.2%. Ash content

was higher in F434 (7.7%) followed by F186 and F303 (7.5%). Moisture

content of the feeds ranged from 3.2 to 9.6%. (Table 3.4)

Table 3.4. Proximate composition of the experimental feeds
(% on dry weight basis)

Feed
Proximate composition (%)

Protein Lipid Fiber Ash Moisture NFE*

Control 40.2 8.1 2.0 7.2 5.8 36.8
F8 443 8.8 2.1 6.7 6.6 31.5

F28 47.6 10.8 2.2 6.8 5.2 27.4
F30 53.2 10.1 2.0 6.8 5.9 22.0
F69 50.2 11.2 2.0 5.7 9.6 21.3
F81 48.9 9.4 2.0 7.1 8.9 23.7
F87 47.4 10.8 2.1 6.2 6.7 26.8

F100 51.9 10.3 2.0 6.3 4.1 25.4
F165 55.4 11.2 2.0 5.4 5.1 20.9
F169 49.1 10.3 1.9 5.8 3.2 29.7
F170 ~8.4 10.2 2.1 6.9 5.2 27.2
F186 48.1 8.3 2.0 7.5 4.6 29.6
F303 53.9 10.0 2.0 7.5 5.9 20.7
F382 51.6 7.0 2.0 6.9 3.3 29.2
F434 49.8 10.8 2.0 7.7 5.9 23.7

* NFE - nitrogen free extract
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3.3.2. Feeding Experiment

The data collected from the experiments were analyzed and the

biogrowth parameters like production, food conversion ratio (FCR) ,

specific growth rate (SGR), relative growth rate (RGR), gross growth

efficiency (GGE), protein efficiency ratio (PER) were determined and are

presented in Fig.3.2 a-f.

All the yeast biomass incorporated feeds supported better

biogrowth parameters compared to the control feed. Performance of

F8, F87, F165, F170, F186 and F303 was notable.

The experimental feed (F8 and Fl86) incorporated with the

biomass of F8 and F186 gave the best performance in terms of

biogrowth parameters followed by F165 and FlOO (Table 3.5).

The highest production was recorde-d in prawns fed with feed F

165 (115.93 mg) followed by F186 (103.48mg) and the lowest was

recorded for control feed (32.70mg) (Fig. 3.2a). Food conversion ratio

(FCR) was found to be the best with feed F8 (0.61), followed by F 186

(0.63) and F 100 (0.68) (Fig.3.2b).

Specific growth rate (SGR) was found to be maximum for F186

(9.82) followed by F165 (8.591 and the lowest value recorded for

control feed (3.24) (Fig.3.2c)

Gross growth efficiency (GGE) was found to be maximum in F8

(165.231 followed by F186 (158.52) and the lowest value was recorded

for F30 (68.74) (Fig.3.2d). Relative growth rate (RGR) was highest for

F186 (0.058) followed by Fl65 (0.057) and the lowest value for F30

(0.022) (Fig.3.2e).
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Screening of Marine Yeasts for Utilization as Feed Supplementin Aquaculture.

Protein efficiency ratio (PER) was found to be the best with F8

(3.37) followed by F186 (3.29) (Fig.3.2f).

Table. 3.5. Relative position of various feeds with respect to their
performance in terms of bio-growth parameters and percentage
survival in F. indicus post larvae maintained on experimental

diets

Parameters PRO FeR SGR GGE RGR PER *Survival

F 165 F8 F 186 F8 F 186 F8 F8

F 186 F 186 F 165 F 186 F 165 F 186 F 100

F 303 F 100 F 382 F 100 F8 F 100 F 169

F8 F87 F8 F 87 F 170 F87 F 186
GO F87 F382 F 170 F 382 F 100 Control F434'l:I
u:. F 170 F 165 F 100 F 165 F87 F 165 F 165- F 100 F81 F87 F 81 F303 F 382 F 170as....
s:: F69 Control F 303 Control F382 F 81 F69ue F 169 F 170 F 81 F 170 F 69 F 170 F303-.:
u F 434 F 303 F434 F 303 F434 F69 F382

i F 81 F 169 F69 F 169 F 81 F 169 F30

F382 F69 F30 F69 F 28 F28 F 87

F28 F 28 F28 F 28 F 169 F 303 Control

F 30 F 434 F 169 F434 Control F434 F 81

Control F30 Control F30 F 30 F30 F 28

*Survival : 7th day post challenge survival when infected with WSV.
..

3.3.3 Post challenge survival

Post challenge survival is presented in Fig.3.3. No mortality was

observed for prawns fed with feed F8, F165, F169, F186 and F434.

(Fig.3.3). All the yeast incorporated feeds showed better survival

compared to control feed.

Death by (White Spot Virus) WSV infection was confirmed by
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the presence of white spots on the carapace of the infected prawns.

I
. 120-

100

80

40

20

8 28 30 69 81 87 100 165 169 170 186 303 382 434 C

Feeds

Ftg.3.3. Percentage surviual ofF. indicus post larvae on seventh
day post challenge with white spot virus.

3.3.4 Statistical analysis

Duncan's multiple range analysis of the various growth

parameters effected by the different feeds showed that the

performance of the yeast incorporated experimental feeds varied

significantly from that of the control feed. Within the various yeast

incorporated feeds itself significant variation could be observed.

Generally the performance of F8, F186, F87 and FIOO was found to be

best compared to other feeds.
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3.4 DISCUSSION

Protein content of yeast biomass of various genera was foun d to

be in the range of 22-30% and the maximum was encountered in S169

(30.45%) belonging to Debaryomyces. Brown et al. (1996) noticed

about 21% protein in Debaryomyces hansenii. Han et al. (1976)

noticed 44.3% protein in Candida utilis and Brown et al. (1996) have

recorded 42% in the same species. However, according to Kamel and

Kawano (1986) Candida sp. contained only 34.9% protein. In this

study Candida was found to contain lower protein content (25-28%)

when compared to earlier studies. As per Brown et al. (1996) various

yeast strains of Dipodascus sp. contained 25-30% protein which is in

agreement with the value recorded (26.5%) for Dipodascus isolated in

the present study. In Torula yeast 46% protein was recorded by

Olivera Novoa et al. (2002) whereas in the present study only 28%

could be noticed. Saccharnmyces sp. was found to contain larger

quanti ty of protein (48-83%) by Kamel and Kawano (1986) whereas

Brown et al. (1996) noticed only 29% protein.

Lipid conten t of yeast biomass was found to be in the range 2 to

6.78% which is found to be almost similar with the earlier reports

(Kamel and Kawano, 1986 and Brown et al. 1996) where a range of

1.05 to 7.7 was noted. However, Sanderson and Jolly (1994) have

reported a very high content of fat (23%) in Phaffia.

As per the literature, carbohydrate content in yeasts ranged

from 21 to 39%. In the present study the amount of carbohydrate

varied from 22.36 to 29.68%. This high carbohydrate content make

yeast SCP a good carbon source for animal feeds.
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The protein content of the feeds ranged from 44-55%. This

range was found acceptable for optimum growth in penaeid prawns as

shown by various earlier workers. Dietary protein has been reported

as the most essential nutrient for the growth of prawns (Andrews et

al., 1972; Forster and Beard, 1973; Venkataramiah et al., 1975; Alava

and Lim, 1983). Penaeid shrimps require 35 to 40% protein, 8-10% fat

rich in PUFA and 35% carbohydrate in their diet. Vitamins, minerals,

fish oil, highly unsaturated fatty acids, phospholipids and cholesterol

are essential additives to the basal diet (Ali, 1989) for optimal growth

in shrimp. The protein quantity of a feed ingredient depends on several

variables, digestibility and content of essential aminoacids, which are

also crucial to biological value of the protein.

Juveniles or adult penaeids have been shown to attain optimum

growth on diets containing 22-60% protein (Hanson and Goodwin,

1977). in the present study, a part of protein in the feed is contributed

by yeast protein. The nutritional value of the microorganisms used in

aquacuIture depends on their digestibility and assimilation

characteristics and the target animal. In the present study most of the

yeast incorporated feeds supported better growth.

Yeast was examined as a replacement for fish meal in rainbow

trout diets by Dabrowski et al. (1980). Yeast and bacteria have been

evaluated as food for bivalve aquaculture. Protein is the major

constituent of both yeast and bacteria (25 to 49 % on dry weight basis).

In the present study, the quantity of lipid in the diet was not

found to have much effect on the growth parameters. However, the

influence of the qualitative composition of the lipids in the various

yeasts cannot be ruled out. Microorgan isms contain a diverse range of
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fatty acid composition and are rich sources of useful unsaturated fatty

acids like PUFA (Brown et al., 1996). Recommended lipid levels for

commercial shrimp feeds range from 6 to 7.5% and a maximum level

of 10% was suggested by Akiyama and Dominy (1989). Lipid content

in the feeds ranged from 7 to 10.8. Qualitative composition was not

estimated and therefore the role of lipids in the performance of the

feeds cannot be explained. Among the lipid components in the diet of

shrimps, polyunsaturated fatty acids, phospholipids and sterols have

received the most attention in crustacean lipid nutrition. Sheen and

Chen (1993) found that growth of P. monodon. fed iso-nitrogencus diets

supplemented with 8, 10 and 12% lipid was significantly higher than

those with lower lipid content. Fatty acids arc reported to promote

growth in penaeids (Lee et al., 1967; Castr-ll et al., 1972; Shewbart and

Mie s, 1973; Sick and Andrews, 1973; Watanabe et al., 1974; Guary et

al., 1976). Millamena et al. (1988) noted grea ter growth in Penaeus

monodon larvae that were fed lipid enriched Artemia nauplii. A

qualitative analysis of the lipids in yeast biomass is essential to

comment on its role as nutritional parameters.

Various studies with Penaeus japonicue have demonstrated that

dietary phospholipids enhance growth and survival of larvae (Teshima

et al., 1982; Kanazawa et al., 1985) and growth and stress resistance
"

in post larval/ juvenile stages (Sandifer and Joseph, 1976; Levin and

Sulkin, 1984; Kanazawa et al., 1979a, b; Camara et al., 1997; Kontara

et al., 1977). Watanabe et al. (1974) have reported that yellowtail fed

diets with alternative protein sources replacing fish meal, had lower

levels of plasma lipid components with increased susceptibility to

infectious disease. This correlation between plasma lipid level to
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resistance and immunity has been further shown by Maita e tal.

(1998).

Deshimaru and Yone (1978) and Abdul Rehman et al. (1979)

have shown that the type of the dietary carbohydrate in purified diets

adversely or positively affects growth and survival of P. japonicus,

Manomaitis (2001) determined that the code protein requirement of

newly released juveniles of red claw to be at least 40%. He also

concluded that a diet of 30% should be utilized for 9 to 19 week red

claw.

The nutritional value of brewer's yeast S. cereuisiae has been

studied in lake trout (Rumsey et al., 1990), rainbow trout (Rumsey et

al., 1991a and b) and sea bass [Oliva-Teles and Goncaives, 2001) by

comparing growth performance, feed efficiency, liver uricase and

nitrogen retention. Based on these studies it was found that brewer's

yeast could replace upto 25-50% of fishmeal protein without adversely

affecting growth of these species.

In the present study, the yeast incorporated feeds were found to

be giving better performance in terms of various growth parameters in

shrimps compared to the control feed. Yeast wise variation could be

noted in the performance, which may be due to the variation in the

protein, lipid, and carbohydrate and vitamin profile of the yeast

biomass. Desired nutritional components in the required proportion

are essential for better growth performance in prawns. This is

evidenced by the prawns fed on various yeast incorporated feeds.

Atack et al., 1979 tested the utilization of SCP's in comparison with

other protein sources for Mirror Carp, Cyprinus carpio and found

bacteria supported highest growth followed by casein, herring meal,
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petro yeast, soybean and algal diet. However, in their study, protein

levels in the various feeds were below optimum requirements of carp

and therefore higher growth could have been due to the higher protein

content of bacterial diet. Numerous workers have shown that protein

levels in the diet markedly effects growth (Ogino et al., 1976; Matty

and Smith, 1978).

Production (weight gain) was found to be more than twice for

some of the yeast diets when compared to the control (free of yeast)

and it was found to be significantly different for all the animals fed on

yeast diets. The study showed that Candida sake S165, Debaryomyces

hansenii S8, Candida utilis S 186 and Debaryomyces hansenii S] CO

supported better growth in prawns compared to other strains. Atack

and Matty (1978 and 1979) while evaluatin g Single Cell Proteins in the

diet of Rainbow trout found that petro yeast and brewer's yeast

differed in their efficacy as a feed supplement. Moo-Young et al. (19'.8)

has reported that Chaetomium cellulolyticum is potentially more

attractive feed supplement than yeast based products because of its

higher content of sulphur amino acids and lower content of nucleic

acids.

The study shows that marine yeasts can serve as potential feed.-
supplements in aquaculture. However, a preliminary screening of the

yeasts before application is essential since they vary in their

nutritional value and to avoid toxic/pathogenic effects, if any.
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4.1 INTRODUCTION

Growth of aquatic microorganisms IS influenced by various

physico-chemical factors such as incubation temperature, pH and salt

concentrations, which may influence their metabolism and

reproduction. The synthesis of enzymes and in consequence the ability

to breakdown substrates may be either promoted or inhibited by the

prevailing physical and chemical conditions (Rheinheimer, 1980).

The batch fermentation kinetics of a novel thermotolerant strain

of yeast Kluveromyces marxianus was evaluated between 30°C and

48°C. The most significant effects of elevated temperature were

reductions in overall biomass and ethanol yields (Hughes et al., 1984).

Low temperatures, such as 80C is close to the minimum temperature

for growth in Debaryomyces hansenii and Saccharomyces cereuisiae

(Sa-Correia and van Uden, 1983; Prista and Madeira- Lopes, 1955).

For the determination of the optimum growth conditions of Candida

sp., the influence of temperature, pH and salinity were determined by

Kame1 and Kawano (1986). Maximum growth was obtained at 370C

and the growth declined with the increase or decrease in temperature.

Yeasts usually have optimum growth temperature from 25-30oC.

Optimum growth was reached at pH values of 4 and 5. No significant

difference in growth was found when salinity varied from 0-40 %0.

An incubation temperature of 20-250C is often used for the

growth of mesophilic yeasts (Deak et al., 1988; Hocking, 1996; Yarrow,

1998). The combined effects of temperature, pH and NaCI on growth of

Debaryomyces hansenii was analyzed by flow cytometry and predictive

microbiology by Sorensen and Jakobsen (1997). Growth was

determined by flow cytometry at different combinations of
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temperatures (to-30°C), pH (4.7-6.0) and NaCl concentrations (1-12%

w Iv). Growth occurred at all environmental conditions. The lag phase

was not affected by changing temperatures in the range 20-30oC, and

it decreases when temperature decreased in the range 10-20oC. An

increase in temperature in the range 10-250C increased the maximum

specific growth rate with optimal growth in the range 25-30oC. At high

salt concentrations the lag phase of the organism was only markedly

prolonged at lower temperatures. Increasing salt concentrations

decreased the maximum specific growth rate, the effect being less

pronounced at low temperature. Changes in pH (4.7 -6) had little effect

on growth of Debaryomyces hansenii.

The effects of temperature (8 and 220C), pH (2.5-6.0) and NaCl

concentration (0.4-8% wIv) on the growth of 13 strains of yeasts

representing five genera: (Debaryomyces, Pichia, Zygosaccharomyces,

Candida and Saccharomyces) were studied. At 22°C, twelve of the 13

yeast species tested were able to grow at 8% NaCl, and all 13 species

were able to grow at pH 2.5. The NaCl concentration permitting growth

at this pH ranged from 0.8% (Debaryomyces sp.) to 8% (eight species).

From this it was evident that there was a synergistic effect between

NaCl and pH at the lower temperature (Betts et al., 1999).

The effect of Na+ and K+ on growth and thermal death of

Debaryomyces hansenii and Saccharomyces cereuisiae were compared

under stress conditions and the results showed that at the

supraoptimal temperature of 340C, both the cations stimulated growth

in Debaryomyces hansenii, while Kt had no effect and the Na"

inhibited growth of S. cerevisiae (Almagro et al., 2000).
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PH

The effects of temperature, pH and xylose concentration on the

fermentation parameters of Candida shehatae and Pichia stipitis were

evaluated by du Preez et al. (1985). The optimum pH was in the region

of pH 4 - 5.5, with an optimum fermentation temperature of 300C. The

prevalence of Kluyveromyces apiculata in the acidic environments of

frui ts is well known (Recca and Mrak, 1952., Spencer et al., 1992).

Growth of Zygosaccharomyces bailii at pH 2.5-3.0 has been reported

by Thomas and Davenport (1985), Cole and Keenan (1986) and Warth

(1986a and b). Yeasts are known to acidify their growth media, largely

as a result of the activity of the plasma-membrane H±ATPase (Vallejo

and Serrano 1989).

Environmental pH is particularly significant in determining the

growth of yeast (Pitt, 1974, Cole and Keenan, 1986) and it may also

affect their responses to high concentrations of salt or sugar (Tokuoka,

1993) although such interactions have not been examined in depth. It

is generally reported that most yeasts prefer a pH range, 3.0-7.0

(Walker, 1977., Miller, 1979., Deak, 1991).

NaCl

English (1954) showed that Zygosaccharomyces rouxii grew in

46% glucose in a pH range 2.0-8.7. Onishi (1957b) found that growth

of osmophilic yeasts in NaCI free medium occurred over the range pH

3.0-7.0, whereas in the presence of 18% NaCI, growth was limited to

the pH range 4.0-5.0. Smittle (1977) reported that increasing

concentrations of salt shifted the pH optimum for growth of

Zygosaccharomyces bailii and Z. acidifaciens to lower values. For most

yeasts, tolerance of NaCI is decreased at the extremes of pH (Onishi,
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1957a and b., Norkrans, 1996). The greater tolerance of Debaryomyces

hansenii and Saccharomyces cerevisiae to NaCI at pH 5.0-7.0

compared with other pH values has been reported by Hobot and

Jennings (1981). The mechanisms by which some yeast species

tolerate high salt and high sugar (low water activity) environments

have been the subject of considerable study [Onishi , 1963., Witter and

Anderson, 1987., Tokuoka, 1993).

Growth of D. hansenii, Zygosaccharomyces rouxii and Pichia

anomala at low water activities (aw 0.89-0.911 produced by NaCI at

concentrations of 15 or greater is well known (Onishi, 1963.,

Norkrans, 1996., Tokuoka and lshitani, 1991., Tokuoka, 1993).

The growth of Zygosaccharomyces rouxii in the presence of 16%

(wIv) NaCI, a condition which prevents contamination by the

Lactobacillus sp., is significantly slower than that in the presence of

10% (w/v] NaCI (Tomita, 1976).

In food systems where Z. bailii grew at water activity aw of 0.90

(16% NaCI) when the pH was 3.6 but only grew at aw 0.95 (8% NaCI)

when the pH was reduced to 3.2 (Meyer et al., 19891. In Debaryomyces

hansenii where growth was observed at 10% NaCI at pH 3-7, but only
.-

occurs at a maximum of 2.5% NaCI at pH 2.0 (Praphailong and Fleet,

19971. In food systems, Zygosaccharomyces bailii grew at water activity

a w 0.90 (16% NaCI) when the pH was 3.6 but only grew at a w0.95 (8%

NaCI) when the pH was reduced to 3.2 (Meyer et al., 1989).

Hamada et al. (1991) reported the continuous production of

Zygosaccharomyces rouxu cells using a chemostat culture

supplemented with 10% (w/v] NaCI to reduce microbial
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contamination, but cells grown in such a glucose-limited culture

displayed significantly lower fermentative activity than those cultivated

in batch culture. Debaryomyces hansenii grows in the presence of high

concentrations of sodium chloride and it has been reported that some

strains are able to grow in the presence of 20% (wIv) NaCl. (Seiler and

Busse, 1990., Besancon et al., 1992) and Zygosaccharomyces rouxii is

recognized for its tolerance of high concentrations of sugars (Tokuoka,

1993).

Debaryomyces hansenii is very salt tolerant and it has been

reported that some strains are able to grow in th; presence of 20%

(w/v) NaCI (Besancon et al., 1992) and Zygosaccharomyces rouxii is

recognized for its tolerance of high concentrations of sugars (Tokuoka,

1993). Debaryomyces hansenii, and its anamorph Candida formata,

are cryotolerant marine yeasts which can tolerate salinity levels upto

24%, whereas Saccharomyces cereuisiae growth is inhibited when

salinity reaches 10%. In recent years considerable effort has been put

in the study and understanding of the mechanisms mediating salt

tolerance in cell-walled eukaryotic organisms (Haro et al., 1993).

Saccharomyces cerevisiae, moderately tolerant yeast, has been used as

a model in these studies.

Baker's yeast cells grown in the presence of 3% NaCI were

reported to have a high leavening ability in dough without NaCI (Oda

and Tonomura, 1993). Although the reason for the high leavening

ability is still not well understood, the physiological state of the cells

grown in the presence of NaCI is probably different from that of cells

grown in the absence of NaCl. Watson (1970) suggested that S.

cerevisiae cells exposed to high NaCI concentrations need large
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amounts of ATP yielding substrates (glucose) to maintain the

intracellular NaCI concentrations lower than the extracellular

concentration.

According to Guerzoni et al. (1993), Yarrouna lipolytica can grow

at a low a w of 0.89 (10% NaCI + 10% Sucrose). The growth of

Saccharomyces cereuisiae and Kluueromyces marxianus at

concentrations up to 7.5% NaCI and 10% NaCl. (Hobot and Jennings,

1981., Besancon et al., 1992., Vivier et al., 1993, 1994). D. hansenii is

a spoilage yeast usually found contaminating brine food and low water

activity products. This is isolated from salty water and solar networks

and is considered a halotolerant yeast [Kreger-van Rij, 1984.,

Tokuoka, 1993). Lipid saturation is important for salt tolerance in

Zygosaccharomyces rouxii (yoshikawa et al., 1995), while adaptation to

low temperature results in an increase in the degree of lipid

unsaturation in several yeast species (Arthur and Watson, 1976).

Norkrans (1996) reported that Debaryomyces hansenii isolated from

sea water and solar salt works was characterized by a high resistance

to salt. The halophilic yeast Zygosaccharomyces rouxii is a well known

species that is tolerant towards highly concentrated salt and sugars

(Ushio et al., 1996). Foods which contain high levels of salt and sugar

will select for yeasts capable of growth under low water activity, such

as Debaryomyces hansenii in the case of high salt (Pitt and Hocking,

1997) and Zygosaccharomyces rouxii in the case of high sugar (Board,

1994).

Studies conducted by Praphailong and Fleet (1997) showed that

S. cereuisiae did not grow at salt levels higher than 7.5% within a 14

day storage period. In D. hansenii where growth was observed at 10%
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NaCl at pH 3-7, but only occurred at a maximum of 2.5% NaCI at pH

2.0. (Praphailong and Fleet, 1997).

Increasing the salt concentration results in increased lag phase.

For example, the lag time for Debaryomyces hansenii in YM medium

was 16.4 hr at a salt level of 1% (w/v) when the temperature was 100C

and the pH was 5.3 (Sorenson and Jakobsen, 1997).

Praphailong and Fleet (1997) found the maximum salt level

(w/v] allowing growth of Zygosaccharomyces bailii within 7-14 days, to

be 50% at pH 5.0 whereas Betts et al. (1998) found, growth of

Zygosaccharomyces bailii in 8% [w/v] salt at pH 5.0 but after 21 days.

Debaryomyces (Torulaspora) hansenii, and its anamorph

Candida fermata, is a cryotolerant, marine yeast, which can tolerate

salinity levels up to 24%, whereas Saccharomyces cerevisiae growth is

inhibited when salinity reaches 10% (Lepingle et al., 2000).

The pH, temperature and inoculum ratio for the production of

~-galactosidase by Kluyveromyces marxianus CDB 002 were optimized

using sugar-cane molasses (lOOg/l) in a lactose free medium. The

culture medium used for the study of the pH and the temperature was

composed of yeast extract (lOg/I), peptone (20g/1) and sugar cane

molasses (100g/1). Maximum cell growth was observed at 28 to 30°C

and decreased as the temperature increased. Little influence of the pH

was noted on cell growth, production of ethanol and rate of substrate

consumption (Furlan et al., 2001).

Effects of pH, temperature and salt concentration on growth of

Zygosaccharomyces rouxii and formation of fusel alcohols from
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branched-chain aminoacids were studied by Jansen et al. (2003).

Results showed that maximum fusel alcohol production occurred at

low pH (3.0-4.0) and low NaCI concentrations (0 - 4%) at 250C. The

highest cell densities were obtained in plates incubated at 30DC.

Nutritional factors in medium formulation

Nutritional ingredients m a fermentation medium are

indispensable for growth of microorganisms. Fermentation media are

composed of carbon sources, inorganic metal salts and buffering

agents such as CaCOJ and special growth factors. Complex nutrients

are preferred as they often support higher yields and for economic

reasons, chemically defined media are rarely used in fermentation

media. The major carbon/nitrogen source of fermentation media are

soybean meal, molasses, corn steep liquor, sulphite waste liquor,

cotton seed meal, yeast extract, peptone etc. Calcium chloride,

ammonium phosphate, phosphates of potassium etc. can be

incorporated for enhanced production of growth. Of all the factors

used, carbon and nitrogen sources are of particular importance in the

medium since microbial cells are composed largely of these elements.

Molasses as substra te

The modern history of SCP began in late 1950 when petroleum

industry began experiments on the use of microorganisms for removal

of paraffin wax and sulphur containing fractions from crude oil. In

1964, the British Petroleum Company announced success in

cultivating a yeast Candida lipolutica on broad petroleum fractions

such as gas oils and slack waxes with the simultaneous removal of

paraffin component from crude fractions. It was found that these
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organisms contained over 50% of high quality protein and so what

started as a by-product became the primary objective of research to

produce SCP. In addition, they are considered a cheap dietary

supplement as they are easily produced on an industrial level from a

number of carbon rich substrates such as citrus pulp, molasses,

paper industry wastes, fruit wastes and hydrocarbons. Nutritional

value of yeasts varies according to origin, and many researchers have

indicated that yeast grown in alkanes could be of better quality than

that produced on carbohydrates. The use of yeasts also highlights the

profitability of using beer and liquor industry by-products in animal.,

nutrition.

Beet and Cane molasses are by-products of the sugar industry.

These molasses are the concentrated syrups or mother liquors

recovered at anyone of several steps in the sugar-refining process,

and different names are applied to the molasses depending on the

particular step from which it was recovered. Of these, blackstrap

molasses prepared from sugar cane normally is the cheapest and the

most used sugar source for industrial fermentations. When molasses

is used as a fermentation medium component, it contains 50%

fermentable sugars.

Beet molasses are produced by procedures resembling those for

sugar cane. However, beet molasses may be limiting in biotin for yeast

growth so that a small amount of cane blackstrap or other source of

biotin should be added for growth of th ese microorganisms. "Hydrol" is

a molasses resulting from the manufacture of crystalline dextrose from

corn starch. It contains approximately 60% sugar, but it also contains
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a relatively high salt concen tration that must be considered if this

molasses is to be used as a medium component.

Carbon sources for fermentation media can be simple or

complex carbohydrates, sugar alcohols or other alcohols , organic

acids, proteins, peptides, aminoacids and even hydrocarbons. These

carbon sources are usually used in a crude form, although semi­

purified sugars, sugar alcohols, polysaccharides, or hydrocarbons may

be required for specific fermentations. Crude source of simple sugars

include beet and cane molasses, corn molasses or "hydrol", whey,

sulfite waste liquor, cull fruits, cannery wastes and so forth.

Polysaccharides such as starches are supplied by corn, wheat, rye,

milo, rice, potatoes, sweet potatoes and other agricultural products.

Cellulosic byproducts also are usable as carbon sources, but they

usually require costly saccharification by a procedure such as acid

hydrolysis. Hydrocarbon substrates are usually mixture of various

hydrocarbon components and are relatively inexpensive. The pure

hydrocarbon compounds or hydrocarbon fractions, however, are more

costly.

Several of the better crude nutritive sources for fermentation

media are in .:themselves complex mixtures of nutrients, supplying

carbon and nitrogen compounds as well as microbial growth factors.

Specific examples are molasses, corn steep liquor and sulfite waste

liquor. The overall composition of the various molasses differs

according to the specific geographic areas of production.

Cane molasses IS the final run-off syrup from sugar

manufacture. Total residual sugars in molasses can amount to 50­

60% (wIv), of which 60% is sucrose. In addition to sucrose there are
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both growth promoting components (Jones et al., 1981) and inhibitors,

e.g. hydroxymethyl furfural (Glacet et al., 1985).

An attempt was made to improve the salt tolerance of the

thermotolerant flocculating yeast, Saccharomyces cerevisiae strain by

maintaining a high concentration of KCl in the medium (Morimura et

al., 1997). Among the selected strains adaptive mutant K 211 had the

highest cell viability and ethanol productivity in a molasses medium

containing 25% (w jv) total sugar at 350C.

The optimal medium for pullulan production by Rhodotorula

bacarum was found to be 8.0% glucose, 2.0% soybean cake

hydrolysate, 0.5% MgS04.7H20, 0.06% (NH4)2S04, pH 7.0 (Chi and

Zhao, 2003).

Maximum production of cephalosporin C by Acremonium

chrysogenum was achieved by employing wheat rawa with 1% (wjw)

soluble starch, 1% (wjw) yeast extract at 300C. (Adinarayana et al.,

2003).

4.2. MATERIALS AND METHODS

4.2.1 Yeasts used for the study

Four yeast cultures were selected for the study based on their

performance in the feeding experiment with Fenneropenaeus indicus

(Fig.4.1 and Fig. 4.2 a-d).

1. Debaryomyces hansenii (S8)

2. Debaryomyces hansenii (S100)

3. Candida sake (S165)

4. Candida tropicalis (S186)
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Taxonomical characteristics of the selected strains (as obtained from

IMTECH Chandigarh, India) are presented in TableA.l.

Table.4.1.Taxonomical characteristics of the selected strains
(as obtained from IMTECH Chandigarh, India)

SI Name of the Teat 8 100 165 186

No. MTCC4361 MTCC4363 MTeC 4364 MTCC4366

1 D-Glucose fermentation + + + +
2 D-Galactose fermentation - - + ?
3 Maltose fermentation - - + +
4 Me aloha-Dvalucoside fermentation - - - -

5 Sucrose fermentation + + + +
6 Alpha, alpha-Trehalose fermentation - - - ?
7 Melibiose fermentation - - - -
8 Lactose fermentation - - - -
9 Cellobiose fermentation - - - -
10 Melezitose fermentation - - - -
11 Raffinose fermentation - - - -
12 Inulin fermentation - - - -
13 Starch fermentation - - - -
14 D-Galactose growth + + + +
15 L-Sorbose growth + ? - -
16 D-Glucosamine growth - - - -

17 D-Ribose e.rowth ? ? ? -
18 D-Xvlose growth + + + +
19 L-Arabinose e.rowth + + - -
20 D-Arabinose zrowth + + - -
21 L-Rhamnose growth + + - -
22 Sucrose arowth + + + +
23 Maltose growth + + + +
24 Alpha, alpha-Trehalose growth + + + +
25 Me alnha-Dvglucoside growth + + + +
26 Cellobiose J<rowth + + + +
27 Salicin Rrowth + + ? ?
28 Arbutin growth + + - +
29 Melibiose grpwth - + - -

30 Lactose growth - - - -
31 Raffinose growth + + - ?
32 Melezitose growth + + + +
33 In ulin growth + + -
34 Stach growth - - - -
3S Glvcerol Rrowth + + + +
36 Erythritol growth - - - -

37 Ribitol growth + + + +
38 Xvlitol growth + + - -
39 L-Arabinitol growth + + - -
40 D-Glucitol growth + + + +

(Cont•••••••d)
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Table.4.1.Taxonomical characteristics of the selected strains(as
obtained from IMTECH Chandigarh, India)

SI Name of the Test 8 100 165 186
MTCC MTCC MTCC MTCC

No. 4361 4363 4364 4366

41 D-Mannitol growth + + + +
42 Galactitol growth - + - -
43 Mvo-inositol growth - - - -
44 D-Glucono-l,5-lactone growth - - + +
45 2-Keto-D-gluconate growth + + + +
46 5-Keto-D-l!luconate growth - - - +
47 D-Gluconate growth - - + +

48 D-Glucuronate growth - - - -
49 DL-Lactate growth - - ? -
50 Succinate growth + + - ?
51 Citrate growth + or - -
52 Methanol growth - - - -
53 Ethanol growth + + + +
54 Growth at 25 dez C + + + +
55 Growth at 30 deg C + + + +
56 Growth at 35 deg C ? ? ? ?
57 Growth at 37 deg C + + + +
58 Growth at 42 dea C ? + - +
59 0.01% Cycloheximide growth - - - -
60 0.1% Cycloheximide I!.rowth - - - -
61 50% D-Glucose growth + + - -
62 60% D-Glucose growth ? - -
63 Stach formation ? ? ? ?
64 Acetic acid production - - - -
65 Urea hydrolysis - - - -
66 Diazonium Blue B reaction - - - -
67 Pink colonies - - - -
68 Budding cells + + - +

69 Polar budding ? ? ? ?
70 Splitting cells - - - -
71 Filamentous + - + +
72 Pseudohypahe + - - -
73 Septate hyphae - - + +
74 Arthroconidia - - - -
75 Ballistoconidia - - - -
76 Symmetric ballistoconidia - - - -
77 Ascospores - - - ?
78 Ascospores, round, conical, reniform - - ?
79 Ascospores cap, hat.saturn.walnut-shaped - - - ?
80 Ascospores needle-shaped or whip like - - - ?
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4.2.2 Preparation of inoculum

The yeast isolates were streaked onto malt extract agar slants

and after incubation for 3-4 days at room temperature (28±20C), the

cells were harvested using sterile physiological saline (0.9% NaCI in

D.W). The optical density of the cell suspension was adjusted to 1 O.D

(approximately 4X108 cells /ml] and this cell suspension was used as

inoculum. 1 ml was inoculated to 100 ml medium.

4.2.3 Measurement of growth

The yeast growth

density at 540nm In

Spectrophotometer.

was estimated by measuring the optical

a Hitachi Model 200-20 UV Visible

4.2.4 Selection of a suitable substrate as Carbon source for

growth

Various substrates such as glucose, sucrose, rice water and

molasses were tested as Carbon sources. Four different media (MI, M2,

M3 and M4) were prepared incorporating these substrates.

~1 M2

Glucose 20g Sucrose 20g

KN03 2g KN03 2g

Sea water 1000ml Sea water 1000ml

pH 5.5 pH 5.5
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Ma

Rice water

KN03

Sea water

pH

100ml

2g

900ml

5.5

Molasses

KN03

Sea water

pH

50ml

2g

950ml

5.5

O.lml aliquots of the inoculum was transferred into lOml

media. Incubated at room temperature (28±2oq , for 48 hours and the

growth were measured by recording the optical density at 540 nm in a

Hitachi Model 200-20 UV-Visible spectrophotometer;

Based on the results medium containing molasses (M4) was

selected for further study.

4.2.5. Optimization of the concentration of molasses in medium

Concentration of molasses in the medium was estimated and

presented in terms of total sugars present. Sag of molasses was added

into lOOml seawater. This solution was considered as the stock. Total

sugars of the molasses solution were estimated by Anthrone Method

(Roe, 1955). Then media with different concentrations of molasses

(total sugars -1 to 10 mg/ml) were prepared. After sterilization, the

selected marine yeasts were inoculated and they were incubated at

room temperature (28±20q , for 48 hours. Growth was estimated at

540nm.

4.2.6 Optimum peptone concentration

Molasses media (M4) with different peptone concentration (0,

0.25,0.5,0.75 and 1%) were prepared. Inoculation was done and the



Chapter 4

cultures were incubated at room temperature (28±20C). After 48 hours

growth was measured at 540 nm.

4.2.7 Optimum yeast extract concentration

Molasses media (M4 ) with different yeast extract concentration

(0, 0.25, 0.5, 0.75 and 1%) were prepared. Inoculation was done and

the cultures were incubated at room temperature (28±20C). After 48

hours growth was mea sured at 540 nm.

4.2.8 Optimum Magnesium sulphate concentration

Molasses media (M4) supplemented with different

concentrations of magnesium sulphate (0, 0.25, 0.5, 0.75 and 1%)

were prepared. Inoculation was done and the cultures were incubated

at room temperature (28±20C) . After 48 hours growth was measured at

540 nm.

4.2.9 Optimum Calcium chloride concentration

Molasses media with different calcium chloride concentrations

(0, 0.25, 0.5, 0.75 and 1%) were prepared. Inoculation was done and

the cultures were incubated at room temperature (28±20 C). After 48
,-

hours growth was measured at 540 nm.

4.2.10 Optimum Potassium dihydrogen phosphate concentration

Molasses media supplemented with different concentrations of

potassium dihydrogen phosphate (0, 0.1, 0.2, 0.3 and 0.4%) were

prepared. Inoculation was done and the cultures were incubated at
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room temperature (28±2°C). After 48 hours growth was measured at

540 nm.

4.2.11 Effect of salinity

Molasses medium (M4) was prepared in seawater of different

strength (0, 10, 15, 20, 25, 30, 35 and 40ppt). Inoculation was done

and the cultures were incubated at room temperature (28±20C). After

48 hours growth was measured at 540 nm.

4.2.12 Effect of pH

Molasses media (M4) with different pH (4,5,6,7,8,9 and 10) were

prepared using various buffers as given below.

Buffers used

Sodium acetate-acetic acid

Tris-Maleic acid

Tris-HCI Buffer

NaHC03 - Na2C03

pH

5.0

6.0 - 7.0

8.0

9.0

All the four yeast strains were inoculated and incubation was done at

room temperature (28±20C) for 48 hours.

4.3 RESULTS

4.3.1 Selection of suitable C source for media pr eparation

Molasses was found to be the best carbon source supporting

maximum growth followed by rice water and sucrose. All the strains

tested preferred molasses as substrate. Maximum growth was
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exhibited by Debaryomyce.s hansenii (SI001 followed by Candida sake

(8165) . Growth was found to be almost double of that found in the

other media. (Fig.4 .3)

1

09

0.6

I 0.7

0.6 -se..
~ OS

_5100

a -S165
2- OA C $186

i 0.3

a 0.2

0.1

0
M1 M2 M3 M4

....la

TItI.4.3 Growth 0/.._ marlow __ In _ with dlJJ.....t
Caoure..

4.3.::11 Elfeet 01 moluM. concentration on powth

Molasses concentration is expressed as total sugara/ml in the

medium. Growth of marine yeasts was found to be influenced by the

concen tration of molasses in the medium. Maximum growth was

observed at a concentration of 9mg/ml for all the four strains tested. A

gradual increase in growth could be observed with the increase of
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molasses concentration . However, the presence of total su gars more

than 9mgjml was found to have adverse effect and resulted in lesser

growth (Fig.4.4) .
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4.3.3 Eaect oCpeptone concentration OD crowth

Increase in growth was not mu ch pronou nced in the presence of

pe ptone and with the increase of peptone in the medium. However, a

slight increase in growth could be observed with the increase in the
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concentration of peptone showing a maxi mum at 0.75% for all the

strains. Growth was found to be decreasing at higher concentration s

of pepto ne (Fig. 4.5) .
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TIg.4.5. Growth O//I8GIt _ ... tit PCIri..... peptone

concentraUo,.. in the mora.-. rrwdlwn

4.3.4 Effect of,.eut eKtract concentration OD powth

Considerable increase in growth cou ld be observed when yeast

extract was introduced into the medium. Growth was fou nd to be

maximum at a concentration of 0.5% yeast extract in the medium.
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Growth was found to decrease with further increase in yeast extract

concentration in the medium (Fig. 4 .6).
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4 .3.5 Err.ct or maene.1um .ulphate concentration OD. crowtb

Generally growth was found to be maximum at a concentration

of 0 .25% MgS04 in the medium. There was a significant variation in
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growth for S 165 with the increase or decrease in MgS04 concentration

(Fig.4 .7) .
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4 .3.6 EfJ'ect o( calcium chloride 011 p'owth

The optimal calciu m chloride concentration for growth was

found to be 0. 15% for all the strains (Fig.4.8).
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4.3.7 Etrect 01 potaaalum dthydrocell pho.pute Oil crowth

The optim u m potassium dihydrogen pho sphate concentration

for growth was found to be 0.3% for 58 , 5100 and 5165. For 5186, a

conc entration of 0.2% was found to be optimal for growth (FigA.9).

107



CluJptn4

88 8100

, a,. • ,.•i ,
~

i a
I I
0 " 0 •••0 0
• •
I • i•e 0 5 e ••

, ,, ,. '2 " ,. ,
" " " "

8 '65 S 186

, a

,'-- - - - - - - - -""""•

B 2 5

i ,
I ------Cl 1.5 •
o• •J0.5

, l- ~

IIBJ'O.-----_.-
,

" " " "

TiI1.4.lIllrolUthO/~_ ... at varI..... 1UloPO.
conecfttratioft In u.. moW". nucffum

4.3.8 EIf.l:t of aal1aJt,. OD crowth

A salinity of 30ppt was preferred by S8 and S186 whereas S100

showed maximum growth in 25ppt and 8165 in 20ppt. (Fig. 4.5)

Considerable increase in growth was observed with the increase in

salinity to the optimum level. (Fig.4.101
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4 .3.9 EfJ'ect or pH OD c:rowt,

Generally growth was foun d to be optimum at pH 6 for most of

the strains . There was no much reduction in growth at pH 7. Growt h

was meager at pH 4 and increased considerably at pH 5 reach ing
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maximum at pH 6 . Drastic reduction in growth could be observed at

alkaline conditions (Fig.4.11).

88

"·'L,
I
oo ,

i
! 0..5

. 1-" _

8 100

".'
~ "I
g
•L.

.1--- - - - - - - - -
. 5 . 7 1 1 10 • , • , • . "

.I-!:_ - - - - - - - -

8'65

"·,
~ "I
o·,10.'

8 '86

",
•
~ "
I. ,
L,

.I-!:_- - - - - - -
• 5 I 7 1 , 10

pH

. 5 1 7 • , ~

pH

FII. 4.11 Effect of pH OD the powth of ..leeted ,.aau

4.4 DISCU8810K

4.4. 1 Proce.. OptlmlaUOD

Results obtained in the present study suggest that optimum

concentrations of nutrients enhance growth resulting in better
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biomass production. Optimization of parameters was essential to

achieve maximum yield as growth.

Molasses

Molasses was found to be the most preferred substrate for

growth. Molasses at a concentration of 9mg/ml was found to be

optimal for growth of the four strains. Morimura et al. (1997) reported

among the selected strains of S. cereuisiae, adaptive mutant strain

K211 had the highest cell viability and ethanol productivity in a

molasses medium containing 25% [w/v] total sugars at 350C. Molasses

being a waste from sugar industry, its utilization would be highly

economical in SCP production. Molasses as a crude C source would

have contributed to the growth in the presence of other nutrients. The

results obtained with rice water was not very promising showing that

it is not the preferred C source for yeasts or the presence of other

nutrients is essential for better growth. Besides the carbon sources

tested, the medium contained only KN03 (N source) and the nutrients

already present in the seawater. This might be the reason for lesser

growth when glucose and sucrose was used as C source in the

medium. Jones et al. (1981) has reported that Cane molasses contains

60% sucrose in addition to growth promoting components.

Peptone concentration

Among the four strains used for the study the optimum peptone

concentration was found to be 0.75%. The pH, temperature and

inoculum ratio for the production of ~-galactosidase by

Kluyveromycees marxianus CDB002 in a lactose free medium was

studied by Furlan et al. (2001). The culture medium used composed of

yeast extract (lOg/I), peptone (20g/l) and molasses (100g/1). Generally
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for bacteria a concentration of 0.5 to 1 % is incorporated in media. In

the present study with yeasts also the optimal concentration falls

within this range.

Yeast extract concentration

The optimum yeast extract concentration for growth was found

to be 0.5% for all the four strains. Adinarayana et al. (2003) reported

that the maximum production of cephalosporin C by Acremonium

chrysogenum was achieved by employing wheat rawa with 1% soluble

starch, 1% w/w yeast extract at 300C. Yeast growth medium require

more amount of yeast extract in it than that required in bacteriological

media. ZoBell's agar contains only 0.1% yeast extract, whereas GPY

contain 1% yeast extract. The presence of hydrolyzed yeast

components would be definitely supporting good growth.

Magnesium sulphate concentration

The optimum magnesium sulphate concentration was found to

be 0.25%. Chi and Zhao (2003) observed that the optimal medium for

pullulan production by Rhodotorula bacarum was found to be 8.0%

(w/v) glucose, 2.0% [w/v] soybean cake hydrolysate, 0.5% (w/v)

MgS04.7H20, and 0.06% (NH4hS04, pH at 7.0.

Calcium chloride concentration

Calcium chloride can control pH of the fermentation media and

has its own effect on growth. In the present investigation, presence of

0.15% calcium chloride in the medium was most favourable for

growth.
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Phosphate concentration

Phosphate can enhance or suppress the production of growth at

different concentrations. According to Lounes et al., 1996 vegetative

growth increased with the initial phosphate concentration up to 5mM,

a further increase of phosphate supply showed no significant effect on

cell yield. In the present study the optimum phosphate concentrations

was found to be in the range of 0.2 to 0.3%.

Salinity

Among the four strains used for the study, two strains (S8 and

S 186) showed 30ppt as their optimal salinity growth. Other two

strains (S100 and S165) showed maximum growth at 25ppt and 20

ppt respectively. Strains which showed a preference for 30ppt

seawater shows their indigenous marine nature. D. hansenii is salt

tolerant and it has been reported that some strains are able to grow in

the presence of 20%(wjv) NaCI (Besancon et al., 1992 ; Seiler and

Busse (1990). Similar observations were made by Pitt & Hocking

(1997) that the D. hansenii can grow under low water activity. The

greater tolerance of Debaryomyces hansenii and Saccharomyces

hansenii to NaCl at pH 5.0 - 7.0 compared with other pH values has

also been reported by Hobot and Jennings (1981). Debaryomyces

hansenii is a cryotolerant marine yeast which can tolerate salinity

levels up to 24%.

PH

An optimal pH of 6 was found to be very much favourable for...

growth by majority of the strains. Environmental pH is particularly
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significant in determining the growth of yeasts (PiU, 1974; Cole and

Keenan, 1986). Most yeast grows within the range of pH 3.0-7.0

(Walker, 1977; Miller, 1979; Deak 1991). The effects of temperature,

pH and NaCl concentration on the growth of 13 strains of yeasts

representing five genera: Debaryomyces, Pichia, Zygosaccharomyces,

Candida and Saccharomyces revealed that there was a synergistic

effect between NaCl and pH at lower temperatures. The pH of seawater

is about 7.8 and therefore Marine yeasts usually prefer a higher pH for

growth compared to those isolated from fruits and terrestrial

environments, which prefer a pH of 4.5-5 for maximal growth (Spencer

et al., 1992).
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5.1. INTRODUCTION

Several studies have proved that the quality of the algal and

yeast proteins is reasonably good (Dirr and Soden, 1942; Goyco et al.,

1959; Kondratiev et al., 1966; Dam et al., 1965; Lee et al., 1967).

Shacklady and Gatumel (1972) found in rats a mixture consisting of

50% maize protein and 50% yeast protein had 55% higher net protein

utilization value than the two components alone. Production of

unicellular algae is laborious and is a major constraint for the

culturing of aquatic filter feeders. Due to small particle size and high

protein content, yeasts are considered as a substitute for micro-algae.

In addition, yeasts have high protein content and can be produced on

the basis of various raw materials, independently of the climate and at

relatively low production costs (Kihlberg, 1972).

Yeast of the genus Candida is most commonly used for the

production of microbial protein from cellulose hydrolysates. Because

of its large cell size, fast growth rate and ability to assimilate a variety

of sugars derived from straw hydrolysate, Aureobasidium. pullulans has

attracted our attention as a possible organism for SCP production

from grass straw (Han et al., 1976).

Feeding experiments on mirror carp with yeast, bacterial, algal

and soybean meal proteins showed that the major portion of protein

requirement could be met by bacterial and yeast proteins (Atack et al.,

1979). Rainbow trout fed with various novel proteins such as herring

meal, soybean, petroleum yeast, brewer's yeast, bacteria, algae etc.

exhibited the highest specific growth rate with the fishmeal and

petroyeast diets. Maximum Protein Efficiency Ratio was obtained with

petroyeast. The petroyeast also had good physical characteristics,
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producing a hard water-soluble pellet (Atack et al., 1979). Bivalve

molluscs grew as fast or faster than controls when fed diets containing

50% yeast (Candida utilis). Growth of soft tissue in Crassostrea

uirqinica, decreased with the amount of yeast in the diet (Epifanio,

1979). The abundance and availabili ty of proteins of vegetable origin

has increased research emphasis on their potential utilization. As a

protein source, SCP of yeast or bacterial origin appear especially

attractive because the protein content and amino acid composition of

these organisms compare well with those of fishmeal (Spinelli et al.,

1979).

It was found that Geotrichum candidum single cell protein could

replace 100, 75 or 50% of fishmeal in a pelleted diet when fed to

rainbow trout (Dabrowski et al., 1980). Yeasts were found to be a

suitable substitute for fishmeal upto 40% level in rainbow trout. Up to

25% substitution in diet was judged to be acceptable for marine coho­

salmon (Mahnkenet al., 1980).

Most of the SCP produced for animal feed is derived from yeast,

and as such appears to have a much higher protein and lower fiber

content (Plavnik et al., 1981) and is therefore more suitable

monogastric animals. Working with two filamentous fungi, Alexander

et al. (1979) reported that digestibility of SCP is lower than casein, and

attributed this to the resistance of rigid cell walls to enzymatic

digestion. Volesky et al. (1975) also reported reduced growth in rat

diets with 20% fungal SCP. Cardoso and Nicoli (1981) developed a

fungal SCP of comparable proximate and aminoacid profile to the

Chaetomium SCP used in these trials. These workers indicated an
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apparent nitrogen digestibility of 64% relative to a casein standard of

90%.

A mixed single cell protein biomass, containing the

microorganisms Hansenula anomala, Candida kruzei and Geotrichum

candidum grown on malt whiskey spent wash, was incorporated at

increasing levels of substitution for casein in semi purified diets of

40% crude protein content for rain bow trout. The SCP could replace

upto 50% of casein without any adverse effects on the growth, but N­

utilization was reduced by 8-13% (Murray and Marchant, 1986).

Yeasts have generally been able to partially replace the protein

components of trout diets at low to intermediate levels of substitution,

although total replacement of the major protein source in trout diet

has resulted detrimental effects on growth and dietary nitrogen

utilization. Factors responsible for the poor performance of the yeast

as the sole source of protein for trout include the high nucleic acid

content (Tacon and Cook, 1980), deficiency of the sulphur amino acids

required by trout (Nose, 1974a,b) and a low content of some essential

minerals, particularly calcium (Arai et al., 1975). The mixed SCP

biomass was of rather poor quality fOT trout, it had similar values to

those reported elsewhere for brewer's yeast (Windell et al., 1974; Atack

and Matty, 1979) and hydrocarbon-grown yeast (Nose, 1974a, b; Arai

et al., 1975) but had inferior values to those reported for alkane yeast

and bacterial SCP's (Atack and Matty, IJ79; Kaushik and Laquet,

19801 as the sole dietary N source for trout. Methionine deficiency and

essential amino acid imbalance reduced efficiency in growth and feed

utilization with diets containing SCP (Mahnken et al., 1980; Davies

and Wareham, 1988).
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The use of yeasts for sustaining laboratory cultures of Artemia

for genetic and morphological studies were described by several

workers (Bond, 1937; Weisz, 1946; Bowen, 1962; Bowen et al., 1985)

Le. yeast products included as a protein source in mixed diets for the

production of brine shrimp biomass, e.g. baker's yeast (Talloen, 1978;

James and Makkeya, 1981), Kluyveromyces (Lavens et al., 1987;

Lavens and Sorgeloos, 1991), brewer's yeast and methanol yeasts

(Robin et al., 1987). Most trials with various species of marine yeasts

led to poor results (Johnson, 1980; Nimmanit and Assawamunkong,

1985).

James et al. (1987) reported high production yields with marine

yeast, Candida when culturing Artemia in batch cultures without

water renewal. Preliminary trials in 51 aquaria by Blanco Rubio (1987)

indicated that Torula yeast (Candida utilis) migh t be a promising food

for cultivating Artemia.

In rainbow trout, the replacement of casein by a mixed SCP

biomass (including predominantly yeasts) in semipurified diets,

although not affecting growth, negatively affected N utilization (Murray

and Marchant, 1986). Rumsey et al. (1992) also observed an increase

of N retention in rainbow trout fed with increasing levels of yeast

extract.

Feeding a diet consisting solely of fresh baker's yeast

(Saccharomyces cerevisiae) under controlled conditions led to poor

growth (Coutteau et al., 1990). However, removing or permeabilizing

the yeast cell wall by an enzymatic treatment could improve the

growth performance. In this way Coutteau et al. (1990) could reveal

that the ineffectiveness of untreated baker's yeast is mainly due to its
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low digestibility. The development of techniques to improve the

digestibility (Coutteau et al., 1990) and the nutritional composition of

(Leger et al., 1985) yeast based diets provided the incentive to develop

a product as a potential substitute for unicellular algae. Such a yeast­

based diet has proven to be a valuable algal substitute in the larval

culture of marine shrimp (Naesse ns-Foucquaert et al., 1990).

Rumsey et al. (1991a and b) found that digestibility of intact

brewer's yeast in rainbow trout is significantly lower than that of

disru pted cells. In accordance to this finding, Rumsey et al. (1990)

observed that brewer's yeast could replace 50% of total nitrogen in the

diet of lake trout when the yeast cell walls were disrupted but a growth

depression occurred when intact yeasts were used. Experiments

showed the lower performance of fish fed diets containing high levels

of brewer's yeast may be caused by intact yeast cells as probably not

all intracellular ingredients become available to the fish.

In brewer's yeast nucleic acid nitrogen is present mostly in the

form of RNA and represents about 20-25% of the nitrogen (Rumsey et

al., 1991a). In humans and most monogastric animals, an excess of

dietary nucleic acid supply is toxic, as the capacity of excretion of the

uric acid formed is limited, leading to deposits of uric acid in the body

and to possible disorders of metabolism (Schulz and Oslage, 1976;

Tuse, 1984). However, no such effect was found in fish due to their

very active liver uricase (de la Huiguera et al., 1981; Rumsey et al.,

1991a)

Urban and Pruder (19921 reported a growth rate of upto 82% of

that obtained for the algal diet when replacing 75% of the algal ration

with Torula yeast for M. mercenaria.

120



Testing the Efficacy of theselected Marine Yeasts as Feed Supplement for F. indicusin culture systems.

Kiessling and Askbrandt (1993) observed significant growth

reduction in rainbow trout fed diets with increasing levels of SCP

(Breoibacterium lactofermentum and Bacterium glutamaticum) when the

bacterium exceeded 4% of the diet. In another study, Davies and

Wareham (1988) also observed growth depression when more than

10% of the fish meal protein was replaced with the bacterium

Microccocus glutamicus in diets for tilapia (Oreochromis mossambicus).

Apparently SCP sources other than yeast provide lower nutritional

value in fish diets. Vazquez-Juarez et al. (1993) observed yeasts

isolated from the intestines of wild rainbow trout when introduced into

the digestive tracts of domestic rainbow trout, produced significant

increase in the growth of the cultured trout.

Partial replacement of fishmeal by brewer's yeast

(Saccharomyces cerevisiae) in diets for sea bass juveniles was studied

by Oliva-Teles et al. (2001). Results of this study showed that

brewer's yeast can replace 50% of fishmeal protein with no negative

effect In fish performance and the inclusion of up to 30% brewer's

yeast In the diet improved feed efficiency. There was no beneficial

effect when the brewer's yeast diets were supplemented with

methionine.

Lara-Flores et al. (2003) evaluated the effects of three types of

probiotics, two bacteria and one yeast on growth performance in Nile

tilapia. Three diets were formulated containing the optimum protein

level (40%) for tilapia fry: one supplemented at 0.1% with a bacterial

mixture containing Streptococcus faecium and Lactobacillus

acidophilus; a second supplemented at 0.1% with the yeast

Saccharomyces cerevisiae; and a third, a control diet without
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supplements. Two additional diets were formulated to contain 27%

protein to serve as a stress factor. and were supplemented at 0.1%

with either the bacterial probiotic mix or the yeast. The two bacterial

strains used in the present study were effective in stimulating fish

performance, though the yeast produced the best results, being the

most viable option for optimising growth and feed utilization in

intensive tilapia culture. Feed utilization was highest in Tilapia fry fed

with the yeast-supplemented diets, meaning the nutrients were more

efficiently used for growth and energy. Based on the results, use of a

0.1% supplement of yeast in tilapia fry feeds is recommended to

stimulate productive performance.

5.2 MATERIALS AND METHODS

5.2.1 Microorganisms used

Based on the results of the preliminary feeding experiment on

F. indicus post larvae, three yeasts were selected for further study. In

addition, Baker's yeast S. cereuisiae (MTCC36) obtained from Institute

of Microbiology (IMTECH) Chandigarh was also included in the study

for comparison. The selected marine yeasts (3 Nos.) were identified by

IMTECH, Chandigarh: (Table. 5. I). These yeasts are deposited at

Microbial Type Culture Collection (MTCC} at IMTECH and the

following numbers were assigned.

Table 5.1 List of yeast strains used for production of SCP

Culture No. Species
MTCCNumber

88 Debaruomuces hansenii MTCC 4361
8100 Debaruomuces hansenii MTCC 4363
8 186 Candida tropicalis MTCC 4366
836 Saccharomyces cereuisiae MTCC 36
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Preparation of yeast biomass

The selected four yeast cultures were swab inoculated onto malt

extract agar plates, incubated at 28±20C for 72 hrs and harvested with

sterile saline. The cell suspensions were centrifuged at 7000 rpm for

20 minutes in a refrigerated centrifuge (Remi C-30, Mumbai) and the

yeast biomass s tared at 40C in a refrigerator.

5.2.2 Proximate composition of the yeast biomass

Biochemical composition of the biomass of 3 yeast cultures (S8,

S100 and S186) were analysed already. Biomass of 836 (S.cerevisiae)

was also subjected to proximate corn position analysis.

5.2.3 Proximate composition of the experimental diets.

Protein conten t of the experimental diets was determined by

microkjeldhal method (Barnes, 1959) and lipid by chloroform­

methanol extraction (Fo1ch et al., 1957). Ash was determined by

incineration at 5500C in a muffle furnace for 5hrs and moisture

content by drying in an oven at 800C to constant weight. Fiber content

was determined by acid and alkali treatment following AOAC (1990).

The nitrogen free extract (NFE) was computed by difference (Crompton

and Harris, 1969). (NFE = 100- (% protein + % lipid + % fiber + % ash).

5.2.4 Feeding experiment with Fenneropenaeus indicus juveniles

Experimental animals

Juveniles of Indian white prawn, iFenneropenaeus indicus H.

Milne Edwards] of the size range 0.10- n.12g were brought to the

laboratory from a commercial prawn hatchery in Kannamali, Kochi.
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Experimental feed preparat ion

Powdered ingredients as given in table 5.2 were mixed well into

dough with 100ml water. This was steamed for 10 minutes in an

autoclave and pelletised using a laboratory model pelletiser having

1mm die. Pellets were dried in an oven at 500C for 18hrs. The pellets

were broken into pieces of 4-5mm size. Four different feeds were

prepared incorporating the biomass of 3 marine yeast strains and the

baker's yeast (S. cerevisiae) plus the control feed (without the yeast

biomass). Water stability of feed was checked by immersing pellets in

seawater for 15 hrs and examining stability by visual observation.

Feeds were stored in airtight polythene bags at -20oC in a freezer.

(Fig. 5.1). A commercially available feed (CF) was also used for the

study.

Table. 5.2 Composition of experimental diets

Ingredients
Control diet Experimental diet

e: e:
Prawn shell powder 10 10

Yeast" - 15 -
Fish meal 30 30

Ground nu t oil cakes 8 8

Soybean meal- 10 10

Maidas 8 8

Rice bran- 10 10

Casein 5 -

Vitamin and mineral mix! 2 2

Agar 2 2

Carboxy methyl cellulose 10 -

twater 100 ml 100 ml
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Rearing facility

Fiber reinforced rectangular plastic (FRP) tanks of 30L capacity

were used for the study (Fig.5.2). Water quality was monitored daily

and was maintained as per Table.5.3. On alternate days after

removing the faeces and unconsumed feed, 50% of water was

exchanged from all the experimental tanks. Aeration was provided

from a IHP compressor though air stones. Physiochemical parameters

like salinity, nitrogen and dissolved oxygen of the rearing water were

estimated daily by following standard procedures (APHA, 1995).

Table 5.3 Rearing conditions and water quality parameters of
the experimental system

Initial body weight (average): 0.10-0.12g

Stocking density : 20 Pl.Ztank

Tank capacity : 30 L

Feeding level : 10-15% body weight

Feeding frequency : Twice daily

Feeding period : 28 days

Water temperature : 24-270C

pH : 7.5 - 8

Salinity (ppt) : 15 - 18ppt

NH3 [mg/L) : 0.01 - 0.02mg/L

N03 [mg/L] : Below detectable

N02 (mg/L] : 0.00 - O.Olmg/L

Dissolved 02 : 6-7mg/L

Design of experiment

Juveniles of Fenneropenaeus indicus were maintained on

prepared control diet for a period of one week. The prawns were then

stocked into 30L rectangular fiberglass tanks containing 20L seawater
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with 20 individuals per tank and reared on the experimental diets for

28 days. Feeding trials were conducted using triplicate tanks for each

treatment.

Feeding schedule

Six different feeds were given to the prawns including four yeast

diet, one commercial feed and one control diet. Preweighed

experimental diets were placed in Petri dishes in the tank. Faecal

matter was removed by siphoning twice daily. Uneaten feed was also

collected twice daily by siphoning and was washed gently with distilled

water to remove salt and filtered through Cl preweighed filter paper and

dried to a constant weight in an electric oven at 80 DC for 24hrs.

Measurements

The initial body weight of the prawns in each rearing tank was

recorded. They were weighed on a precision balance and after they

were blotted free of water by tissue paper. The mean weight of all the

prawns in a tank was calculated. After 28 days, final weight of all the

prawns were measured and mean weight was found. Parameters

including individual increase in weight (production), food conversion

ratio (FCR), specific growth rate (SGR), relative growth rate (RGR),

gross growth efficiency (GGE), consumption per unit weight per day

(CUD), and protein efficiency ratio (PER) were determined based on the

data collected during the experimental period.

The formula used for calculating the growth parameters are given in

3.2.2.
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Data analysis

The data obtained in the feeding experiments were subjected to

one-way analysis of variance (ANOVA). When a significant difference

was found among the various treatments, Duncan's multiple range

tests were done to bring out the difference between the treatment

means. The statistical analysis was performed using the SPSS 7.5

package for windows.

5.2.5 Histology

Histological analysis of hepatopancreas of the experimental

animals was carried out to examine whether the yeast incorporated

feeds do have any toxic effect on the animals. For this, just after the

completion of the feeding experiment one animal each was removed

from all the six different experimental treatments and the

hepatopancreas was dissected out and histological analysis was done

as given below.

Fixation and staining of hepatopancreas sections

The hepatopancreas tissues were fixed in Davidson's fixative.

They were transferred to 70% alcohol for post fixation treatment. The

tissues were then transferred to two changes of 90% alcohol and two

changes of 100% alcohol for one hour each. They were then

transferred to a 1:1 solu tion of absolu te alcohol and methyl benzoate

for 30 min until the tissue became transparent after which they were

transferred to benzene for 15 min and then xylene saturated with

paraffin wax for 6 hours. The tissues were then infiltrated with two

changes of paraffin wax at 58-60oC in a hot air oven for one hour

each. The tissues were embedded in paraffin wax at 60-62oC. The
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blocks with the embedded tissue were sectioned using a microtome at

7.5 II thickness, heat fixed onto albumin coated glass slides,

deparaffinized in xylene, hydrated by passing through a descending

series (absolute, 90%, 70%, 50% and 30%) of alcohol-distilled water

solution. The sections were then stained with Haematoxylin (Mayer's)

and Eosin [Scott's] stains and then subjected to an ascending series

(70%, 90%, 95% and absolute) of alcohol-distilled water solution

cleared in xylene and mounted in DPX. The sections were viewed and

photographed under a light microscope with 40x lens magnifications.

5.3 RESULTS

5.3.1 Proximate composition of yeast biomass

Composition of S8, S100 and 8186 are given m 3.3.1.

Composition of Saccharomyces cereuisiae 836 is given below.

Culture No. Protein Lipid Carbohydrate

836 27.52 4.23 25.8

5.3.2 Proximate composition of feeds

Composition of feeds F8, FlOO and F186 are described in

chapter 3.3.1. and the composition of the other feeds are given below:

Feed
Protein Lipid Fiber Ash Moisture NFE

no.
F 36 45.2 8.2 1.9 5.2 6.3 33.2

CF 48.5 7.2 2.1 6.2 7.3 28.71

Control 47.2 7.9 2.0 5.8 7.2 29.9

128



Testing the EfficaClJ of the selected Marine Yeasts as Feed Supplement for F. indicus in culturesystems.

100

~ 80e,

I
60

40

20

0

I~
F8 FlOO F186 F36 CF Control

Feeds

20

1&

16

~
14

t.. 12

!
10

&

6

4

2

0
F8 I-lOO F 186 I- 36 CF Control

Feeds

()

1-& 1'100 F 186 1'36 CF Control

Feeds

Fig.S.S Proximate composition offlesh of Fenneropenaeus

indicus maintained on different diets
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5.3.3 Proximate composition of prawn flesh

Prawns fed on various diets exhibited almost the same protein

content and the percentage of protein in flesh at the beginning of the

experiment was maintained without much change. (Fig. 5.5) Protein

content was found to be maximum in prawns fed with F8 (73.9%). The

percentage of lipid was found to be maximum in prawns fed with feed

F8 (12.45%) and carbohydrate with feed F100 (1.07%) (Fig. 5.5).

5.3.4 Biogrowth parameters

The data collected from the experiments were analysed and the

biogrowth parameters like production, food conversion ratio (FCR).

specific growth rate (SGR), relative growth rate (RGR), gross growth

efficiency (GGE), protein efficiency ratio (PER), consumption per unit

weight per day (CUD) were determined and are presented in Fig.

5.6a to 5.6g.

All the three marine yeast incorporated feeds were superior in

performance in terms of the observed biogrowth parameters in prawns

compared to both the control feeds and commercial feed. Of the three

yeast diets, the feed F8 incorporated with the biomass of S8

(Debaryomyces hanseniu gave the best performance in terms of

biogrowth parameters followed by F186 and FIOO (Table 5.4).

The highest production was recorded in prawns fed with feed F8

(1.07gms) followed by F186 (0.83gms) and the lowest was recorded for

control feed (0.42) (Fig.5.6a). Food conversion ratio (FeR) also was

found to be the best with feed F8 (1.35), followed by F 186 (1.68)

(Fig.5.6b)
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Table 5.4. Relative position of various feeds with respect to their
performance in terms of bio-growth parameters and percentage

survival in F. indicus juveniles maintained on experimental diets

Parameters PRO FeR SGR GGE RGR PER ~UD

F8 F8 F8 F8 F8 F8 F8

rIJog
F 186 F 186 F 186 F 186 F 186 F 186 F 186Q)

Q)

r.:.- F 100 F 100 F 100 F 100 F 100 F 100 F 100C!I...
s::
Q)

a C F* CF CF CF CF F 36 CF......
Q)

Do F 36 F 36 F 36 F 36 F36 CF F36
~

Control Control Control Control Control Control Control

* Commercial Feed

Specific growth rate (SGR) was maximum for prawns fed diet F8

(7.719) followed by F186 (7.454) and the lowest value recorded for

control feed (5.12) (Fig.5.6c).

Gross growth efficiency (GGE) was found to be maximum with

F8 (75.48) followed by F186 (59.48) and the lowest value was recorded

for control feed (29.27) (Fig.5.6d).

Maximum Relative growth rate (RGR) highest value was

recorded for F8 (0.05) followed by F186 (0.049) and the lowest value in

control feed (0.037) (Fig.5.6e).

Protein efficiency ratio (PER) was found to be the best with F8

(1.70) followed by F186 (1.23) (Fig.5.6f). Consumption per unit weight

per day (CUD) was found to be best with F8 (0.07) and F186 (0.08)

(Fig.5.6g).
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Statistical analysis

Duncan's multiple range analysis of the various growth

parameters effected by the different feeds showed that the

performance of the feed F8 and F186 were significantly different from

other feeds including the control diets.

5.3.5 Histological examination of hepatopancreas

Histological analysis of the hepatopancreas did not show any

structural or functional abnormalities with feeds F8, FlOO, F 186, F36

and control feed. Fig.5.7. shows the cross section of hepatopancreas

tubules of the midgut-gland of shrimps fed the control feed. This has

been taken as the reference for the comparative studies to evaluate the

toxic effects of the experimental diets. The mature B cells are seen in

the tubules which are compactly arranged. The healthy tubules are

with their form intact and possess a characteristic steHate luminal

space. Large numbers of Rand F cells are also seen showing that the

hepatopancreas is in a healthy condition. Healthy F cells have a basic

pyramidal or cylindrical shape.

Fig.5.S. shows the cross section of hepatopancreas tubules of

the midgut-gland of shrimps fed feed F36. Large number of vacuolated

cells occupies the epithelium, these could be both R or B cells.

Obliteration of the lumen of the tubules was found which was mainly

the result of excessive enlargement and vacu alation of B cells.

Fig.5.9. shows the cross section of hepatopancreas tubules of

the midgut-gland of shrimps fed commercial feed CF. The B cells are

more in number and larger suggesting an active and healthy condition

of digestive process. Active B cells which are comparable to those fed
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on the control feed was found. Compression of lumen space is noticed

in some tubules. Sloughing off of the cells was noticed iI1 some

tubules.

Fig.S.lO. shows the cross section of hepatopancreas tubules of

the midgut-gland of shrimps fed feed F8. The B cells are more in

number and larger suggesting an active and healthy condition of

digestive process. The normal healthy structure comparable to that of

the control is observed and no degenerative changes are noticeable in

the tubules.

Fig.S.ll. shows the cross section of hepatopancreas tubules of

the midgut-gland of shrimps fed feed FlOG. Almost normal condition

was noticed in the tubules. They were not completely obliterated or

damaged. Slight disruption of the basal membrane was observed.

Fig.5.12. shows the cross section of hepatopancreas tubules of

the midgut-gland of shrimps fed feed F186. Normal structure of B cells

and F cells are noticed. The homogeneity of inclusions on the basal

vacuoles were found to be similar to those found in control tubules.

Slight disruption of the basal membrane was also observed, no

possible reason can be found for this at this point of study. There was

no shrinkage in the size of the tubules. F cells retain their pyramidal

shape, which is an indication of their healthy condition.

5.4 Discussion

Feeding experiment

Proximate composition of the flesh of prawns did not show any

remarkable change when fed on various yeast feeds, commercial feed
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and the control feed. This shows that all the experimental feeds had

the nutritional components in the required proportion and amounts.

In the present study three marine yeasts (Debaryomyces hansenii S8,

Debaryomyces hansenii S100, Candida tropicalis S186), a Baker's

yeast, Saccharomyces cereuisiae MTCC 36, a commercial feed (CF) and

a control feed were used for the study. The performance of marine

yeast incorporated feeds was superior compared to other feeds. A

detailed analysis of the proteins, fatty acids, carbohydrates, vitamins,

nucleic acids and the mineral content is essential to elucidate the

reason for this difference.

There is major concern regarding the availability of fishmeal for

incorporation in fish diets (Hardy, 1996). Alternative protein sources

such as plant feedstuffs are generally not well accepted due to non­

palatability and amino acid imbalance. Single Cell Protein (SCP) which

include micro algae, bacteria and yeast are alternative protein sources

used in feed ingredients. Among SCP's yeasts have been the most used

within aquafeeds (Tacon, 1994). Yeasts have immunostimulatory

properties by virtue of their complex carbohydrates and nucleic acid

contents (Anderson et al., 1995). Another problem with SCP is their

higher content of nucleic acids, 8 to 12% in yeasts (Schulz and Oslage,

1976) mostly in the form of RNA (Rumsey et al., 1991a). Excess supply

of dietary nucleic acids cause deposition of uric acid in the body

(Schulz and Oslage, 1976). In fishes due to the presence of very active

liver uricase, this problem is not usually observed. There are no

reports related to this type of disorders in prawns. Investigations have

to be undertaken in this area to find out the adverse effects of dietary

nucleic acids in prawns, if any.
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The application of single cell protein in aquaculture is a

relatively recent practice and the interest in such practices are

increasing rapidly. Single cell proteins (SCP) include micro algae,

bacteria and yeast, and are alternative for conventional protein

sources that are frequently used as feed ingredients for fish due to the

nutritional values of their nutrients such as proteins, B-vitamins,

pigments and complex carbohydrates, such as glucans (Sanderson

and Jolly, 1994; Tacon, 1994). Among SCP, yeasts have been the most

used within aquafeeds (Tacon, 1994). As a protein source, single cell

proteins (SCP) of yeast or bacterial origin appear especially attractive

because the protein content and aminoacid composition of these

organisms compare well with those of fish meal (;3pinelli et al.,1979).

Most of the studies performed so far on the use of yeast as food source

for crustaceans and fishes were related to the baker's yeast as main

source. Studies on the use of marine yeast as main source of protein

are limited. In the present study, marine yeasts with better nutritional

value were selected and incorporated into the feed of Fenneropenaeus

indicus.

Live micro algae and Artemia nauplii have been used as

essential sources of nutrition in penaeid larviculture (Cook & Murphy,

1966; Simon, 1978; Tobias-Qunitio & Villegas, 1982). The culture and

maintenance of these live food organisms, however, are tedious, labour

intensive and expensive. Several attempts have been made to

substitute non-living foodstuffs for live food using powdered Soya cake

(Hirata et al., 1975), microencapsulated diet (Jones et al., 1979) and

micro coated diets (Villegas & Kanazawa, 1980). Throughout this long

period, however, reports on developing and using new live food

organisms for shrimp larviculture were scarce.
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Yeast was used as an inexpensive and easily available

alternative food for rotifers (James et al., 1983 and 1987). Imada (1984)

reported rotifers cultured successfully with baker's yeast contained

high levels of vitamin 812. Experiments by Abdel Rahman et al. (1993)

and Chatila, 1994 showed that yeast, Candida utilis, is an excellent

food for rotifers and Artemia and thus it may be a suitable food for

other filter feeders as it has many advantages, such as suitable size

range (7-40Ilm), high nutritive value and simple culture methods. In

the present study, the growth and survival of prawns maintained on

yeast diets were much higher when compared to the control diet and

the commercial feed. Yeast products (primarily brewer's yeast and

baker's yeast) are frequently used as feed ingredients in aquaculture

because of the nutritional value of these products, which include

protein, lipids, 8-vitamins etc. (Mahnken, 1991; van der Meeren,

1991).

Experiments by Hccht and Viljoen, 1982; Dabrowski et al.,

1983; Alami-Durante et al., 1991 showed that common carps can

utilize a high portion of their dietary protein from the yeasts Candida

tropicalis, C. utilis and C. lipolytica with better results than those

obtained with soybean or meat and bone meals. In this study also C.

tropicalis was found to be a good feed supplement for prawns.

James et al. (1987) reponed high production yields in Artemia

when fed with yeast, Candida. Blanco Rubio (1987) also reported

Torula yeast (Candida utilis) as a promisin g food for cultivating

Artemia. Naessens-Foucquaert et al. (1990) reported that yeast-based

diets has proven to be a valuable algal substitute in the larval culture

of marine shrimp.

143



ChapterS

Among the three marine yeasts, Debaryomyces hansenii

S8 supported the best biogrowth parameters, in terms of production,

FCR, SGR, GGE, PER and CUD followed by S 186 (Candida tropicalis)

and S 100 (Debaryomyces hanseniis. Commercial feed was found to be

better in efficiency compared to the Baker's yeast diet and the control

diet.

Nell et al. (1996) evaluated the effect of D. hansenii, C. utilis, S.

cereuisiae and D. capitatus as dietary supplement in oyster and found

it to be inferior to the algal diet. Yeast cell wall constitutes 15-25% of

the dry weight of the whole cell and consists of 80-90% complex,

difficult to digest polysaccharides (Fleet, 1991). Low digestibility of

yeast cell wall may be the reason for the comparatively low nutritional

effect with respect to an algal diet. In the present study algal

supplements were not included and the results obtained with marine

yeast diets for Fenneropenaeue indicus were highly promisin g.

Duncan's multiple range test (Statistical analysis] showed a significant

increase (P<0.05) in the performance of all the three marine yeast

feeds compared to the other diets. A detailed analysis of biochemical

composition of these yeasts is essential to elucidate the reason for the

food value of the marine yeasts. The limited digestibility of yeasts for

bivalves has been attributed to their low digestibility (Epifanio, 1979)

as well as deficiency or imbalance of nutrients (Urban and Langdon,

1984). The bivalve stomach is well equipped for the digestion of algal

carbohydrates by the presence of various carbohydrases (including

chitinase and laminarinase) (Reed, 1981). However the enzymes are

not necessarily appropriate for an efficien t digestion of the
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polysaccharides composing the cell wall of intact yeast cells (Coutteau

et al., 1990).

Feed intake depression in rainbow trout could be observed by

many workers when fed Brewer's yeast diet (Tacon and Cooke, 1980;

Rumsey et al., 1991a and band Atack and Matty, 1979). On the

contrary, Rumsey et al. (1992) and Oliva-Teles and Goncalves (2001)

noted no negative effects on feed intake at 30% level inclusion of

Brewer's yeast for rainbow trout and in sea bass respectively. In the

present study also no reduced feed intake could be noticed.

Histology of hepatopancreas

Histopathological studies envisaged assessment of cellular

damage, variations in the nature of inclusions, proliferation of specific

types of cells and total damage of epithelia or any connected structure

of this important organ. Hepatopancreas is essentially an organ, which

constantly produces new cells, the growth taking place from the basic

embryonic cells (Ernbryonalenzellen) situated at the distal end of the

tubules.

Basically the hepatopancreas has four types of cells. About 75%

of the total number of cells in a tubule is the R cells (Restzellen),

which are essentially absorptive in nature. They contain numerous

mitochondria, golgi bodies, small irregularly shaped vacuoles and an

elaborate brush border. A significant feature of this cell is the presence

of reserve food materials, especially lipid. The F cells, (Fibrillen-zellen)

are characterized by a well-developed network of rough endoplasmic

reticulum and large number of both membrane bound and free

ribosomes. A good number of mitochondria and golgi bodies are also
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seen. Functionally, these cells are secretary, the presence of elaborate

endoplasmic reticulum indicating enhanced production of protein. The

largest of the hepatopancreatic cells is the B cells (Blasenzellen) which

contains a characteristically enormous vacuole, an undulating brush

border on the luminal surface, an active apical complex and a

compressed nucleus at the proximal end. [Gibson and Barker, 1979).

This cell is secretary and often excretory also (by way of exocytosis of

the large residual vacuole) in function (Gibson and Barker, 1979;

Hopkin and Nott, 1980). Release ofcellular contents from the B cells of

decapod hepatopancreas has been reported to be holocrine, merocrine

or apocrine. The R cells undergo variation, as a result of exposure to

toxicants or when subjected to starvation.

The histological examination of the hepatopancreas was carried

out in an attempt to evaluate the toxic effects, if any, in prawns fed

yeast diets. The cross section of hepatopancreas tubules of the

midgut-gland of shrimps fed the control feed has been taken as the

reference for the comparative studies. No histopathological alterations

indicative of toxic effects could be observed in the prawns fed yeast

diets. The study showed that the three marine yeasts used in the

study could very well be used as feed supplement in aquaculture.

This study shows the potential of marine yeasts as a feed

supplement in aquaculture. Yeasts are nu tritionally rich with proteins,

vitamins and carbohydrates. Besides being a nutritional source, yeasts

serve as an immunostimulant also by virtue of its high carbohydrate

(/3, 1-3 glucan) and RNA content. Technology for mass production of

the marine yeasts, storage and incorporation into diet has to be

developed for application in culture systems.
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6.1. INTRODUCTION

Crustaceans contributed about 5.4% by weight (5.9 million t]

and 15% by value (16.8 billion US dollars) to the world's supply of

aquatic produce (less seaweeds) in 1993. Culture of penaeid shrimp

species has increased dramatically during the last decade. Estimates

from global production in 1995 are in the order of 800 thousand

metric tons, with some forecasts suggesting that commercial

cultivation of shrimps may grow to as much as 1.6 million tones by

the turn of the century (Newman, 1996).

Shrimp aquaculture started in the 1970s as an industrial

activity and developed rapidly with a huge increase in the number of

hatcheries and farms. Shrimp farming provides roughly 30% of the

shrimp supplied to the world market. The activity concerns tropical

countries in South East Asia, Central and South America.The industry

saw major growth during the 1980s, but now, production is regularly

and seriously affected by problems linked to environment degradation

and to infectious and non-infectious diseases. This situation has

grown worse with the intensification of shrimp farming based on

progress in zoo technology but with a lack of knowledge of penaeid

physiology and often with little consideration of ecological aspects. The

major constraint for aquaculture seems to be the loss due to diseases.

In India, the loss of shrimp production during 1995-96 due to diseases

is estimated to be over Rs.600 crores. The causative agents of

infectious diseases in shrimp are mainly viruses and bacteria

belonging to Vibrionaceae. These pathogens particularly hamper larval

production and lead to profitability problems due to stock mortalities.

They also lead to the over fishing of wild shrimp larvae and an
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overexploitation of brood stock. Moreover, the local environment can

be contaminated by the discharge of wastewater containing

antibiotics, which can foster the development of drug-resistant

bacteria. Finally, the practice of shrimp transfer at national or

international levels has contributed to the spread of diseases.

White Spot Syndrome Virus (WSSV) is one of the worst shrimp

viral diseases and it affects most of the commercially cultured shrimp

species globally. Diseased shrimps show white spots on the carapace

and reddish discolouration of the body. In the lightly infected

specimens, the prevalence of WSSV is particularly high in the gills,

periopod, haemolymph followed ire order of decreasing prevalence by

the stomach, eyestalk, maxilliped, heart, integument, reproductive

organs, midgut, abdominal muscle, nervous tissue and

hepatopancreas (Huang and Song, 1999). Non-infectious diseases are

often suspected to occur because of environmental degradation

exacerbated by inappropriate management practices. The

sustainability of the shrimp industry depends largely on disease

control and the health status of shrimp. From this point of view, the

Immune system is a tool to assess shrimp health (Bachere et al.,

1995).

Prevention and control of diseases are now considered priorities

for shrimp aquaculture in the vast majority of the shrimp producing

countries. The maintenance and development of this industry are at

stake as shrimp aquaculture faces increasingly significant ecological

and pathological problems on a global scale. The use of antibiotics and

other chemotherapeutics has several shortcomings including the risk

of generating resistant pathogens, the problems of drug residues in
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the treated animal and the impacts of environmental pollution. Till

recently, disease management strategies were based mainly on

chemotherapy. Aoki (1992) indicated that not less than 38

antimicrobials and 22 pesticides are used in Asian aquaculture. The

lack of regulation for their use in most Asian countries has

contributed to their extensive use. However, the emergence of drug

resistance in pathogens, problems associated with drug residues in

cultured fish, and awareness towards environmental problems

associated with the use of chemotherapeutics have led to greater focus

on alternate methods of disease management. The need for alternate

methods for regulating the number of pathogenic bacteria and also

detrimental effects of viruses in aquaculture, have led researchers to

turn to different methods of treatment such as probiotics and

immunostimulants. Probiotics aim at improving the intestinal

microbial balance of the host animal with the objective of having

beneficial micro organisms dominate the harmful bacteria that cause

disease (Ewing and Haresign, 1989).

Immunoprophylaxis for shrimp is being seriously considered by

various investigators but the knowledge about immune system of

shrimp is very limited. In addition to the hard exoskeleton which

forms a structural and chemical barrier tu pathogens and parasites,

crustaceans need an efficient internal immune defence network to deal

with opportunistic or pathogenic microorganisms which can gain entry

into the body cavity either through wounds or during moult. Like in

other animals, crustacean host defence is largely based on the

activities of the blood cells or haemocytes.
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Immunostimulants are aimed at enhancing the non-specific

defence mechanisms in animals. A number of different biological and

synthetic compounds have been found to enhance the non-specific

defence system in animals, including shrimp (Song and Sung, 1990;

Sung et al., 1991). They have been shown to increase the barrier of

infection against a series of pathogens simultaneously to both specific

and opportunistic ones (Raa et al., 1992).

Most evidences indicate that shrimp pathogens are not the

major cause of mortality and should be classified as opportunistic

infections. It is believed that various types of stress reduce the

resistan ce of the shrimp to diseases, making them su sceptible to less

virulent pathogens. Increasing their resistance to a specific pathogen

does not protect them from other pathogens during their growth

period. Therefore, increasing the non-specific immunity of shrimp to

provide them with broad-spectrum defensive ability should effectively

protect shrimp against infections from pathogens.

Another disease management strategy currently under

exploration is nutritional modification. Profound changes in the

immune response are some of the earliest manifestations of

malnu trition (Mac Farlane and Path, 1977). Improvements in the

health status of aquatic organism can certainly be achieved by

balancing the diets with regard to nutritional factors, in particular

lipids and antioxidative vitamins, which is primarily an input of

substrates and eo-factors in a complex metabolic system. This IS

unlike immune-stimulants, which interact directly with the cells of the

immune systems and make them more active. Nevertheless, some

nutritional factors are so intimately interwoven with the biochemical
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process of the immune system that significant health benefits can be

obtained by adjusting the concentration of such factors beyond the

concentration range sufficient to avoid deficiency symptoms below a

certain concentration range (Raa, 2000). This is in the focus of what

has been designated nutritional immunology, which has been studied

in fishes also (Blazer, 1992; Waagbo, 1994).

However, there is a growing understanding of the importance of

the lymphoid tissues along the digestive tract relative to the immune

functions and disease resistance of the whole body (Tristam and Orga,

1994j, including fish and shrimp. Moreover experimental data are

beginning to accumulate which S['(Jw a positive effect on growth and

disease resistance in conjunction with immunostimulants in the feed.

Yeast and chitosan have been reported to affect non-specific immunity

and protection against furunculosis in rainbow trout mixed into feed.

(Siwicki et al., 1994). These results show that immunomodulants

provide protection when administered orally. This is promising news

for aquaculture and aqua feed industry. However, there are still much

uncertainties related to the dosage, time of administration,

formulation of the feed, etc.

Even though an immune response against specific epitopes

and/or immunoglobulins has not been detected in invertebrates, they

are able to recognize and destroy invading microorganisms or

parasites. Proteins involved in the recognition process of cell wall

components from microorganisms, such as lipopolysaccharides (LPS)

and ~-1,3-g1ucans(BG), have been found in invertebrates.

Yeast may improve fish health as antagonists to pathogens and

by immunostimulation (Andlid et al., 1995). Rorstand et al. (19931 also
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reported that a yeast glucan showed an adjuvant effect when included

in vaccines against furunculosis in Atlantic Salmon (Salmo salar L.).

One of the most promising areas of development for strengthening the

defenses of fish is the administration of glucans as adjuvants or

immunostimulants [Yano et al., 1989; Nikl et al., 1991; Chen and

Ainsworth, 1992; Raa et al., 1992).

Robertson et al. (1990) injected Atlantic Salmon (Salmo salar)

with M-glucan, an yeast extract and showed reduced mortality when

fish were challenged with Vibrio anguillarum, V. salmonicida or

Yersinia ruckeri. Chen and Ainsworth, 1992 working with cat fish

(lctalurus punctatus), injected the baker's yeast-derived glucan alone or

with Ediuarsiella tarda bacterins to show increases in the non-specific

defence parameters of phagocytic cell activity, the specific immune

response and protection against disease.

The use of immunostimulants has gained a lot of interest as a

valuable alternative to the use of antibiotics and vaccines in the fight

against infectious diseases in shrimp farming (Subasinghe, 1997). A

number of commercial products (yeast preparations, ~-glucans,

polysaccharides) are nowadays available, 2.11 claiming to have positive

effects on disease resistance (Devresse et al., 1997).

Profound changes in the immune responses are some of the

earliest manifestations of malnu trition (Mac Farlene and Path, 1977).

The relationship of diet and immune response in fish has been

reviewed by Landolt (1989) and reported that nutritional factors play

an important role in enhancing machinery.
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Haemocytes

The circulating haemocytes of crustacean and other

invertebrates are essential in immunity, performing functions such as

phagocytosis, encapsulation, and lysis of foreign cells (Smith and

Soderhall, 1983; Ratc1iffe et al., 1985; Soderhall and Smith, 1986;

Johansson and Soderhall, 1989; Soderhall and Cerenius, 1992). The

number of free haemocytes can vary and can, for instance, decrease

dramatically during an infection (Persson et al., 1987; Smith and

Soderhall, 1983a; Smith et al., 1984; Lorenzo et al., 1999). Thus, new

haemocytes need to be compensatory and proportionally produced,

and it is commonly believed that haerr-ocytes are released

continuously, although at varying rates, from a specialized

haematopoietic tissue. This tissue has been identified in several

crustacean species (Ghiretti-Magaldi et al., 1977; Hose et al., 1992;

Martin et al., 1993; Chaga et al., 1995).

Haemocytes play a central role in crustacean immune defense.

Firstly, they remove foreign particles in the haemocoel by

phagocytosis, encapsulation and nodular aggregation (Soderhall and

Cerenius, 1992). Secondly, haemocytes take part in wound healing by

cellular clumping and initiation of coagulation process through the

release of factors required for plasma gelation (Johansson and

Soderhall, 1989; Ornori et al., 1989; Vargas-Albores et al., 1998), and

carriage and release of the prophenoloxidase [prol-O] system

(Johansson and Soderhall, 1989; Hernandez-Lopez et al., 1996). The

haemogram consists of the total haemocyte count (THC) and the

differential haemocyte count (DHC). For the differential count, three

cell types are identified in penaeid shrimp: large granule haemocytes
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(LGH), small granule haemocytes (SGH) and agranular haemocytes or

hyaline cells (HC) [Tsing et ai., 1989; Martin and Graves, 1985;

Rodriguez et al., 1995; Van de Braak et al., 1996).

For crustaceans, some information exists on the importance of

THC in pathogen resistance. Persson et al. (1987) reported in

Pascifastacus leniusculus a relationship between haemocyte number

and its resistance to the parasite fungus Aphanomyces astaci. They

demonstrated that a decrease in the haemocyte number of crayfish

harbouring A. astaci as a latent infection resulted in an acute infection

with incomplete melanization of fungus hyphae, leading to the death of

the crayfish. Le Moullac et al. (1998) observed that Penaeus stylirostris

with a low THe due to a hypoxia situation, became more sensitive to

infections with highly virulen t Vibrio alginolyticus.

For most crustacean species, the variation In total haemocyte

and differential count values are high between individual animals.

Consequently, they cannot be used to evaluate the physiological state

of the animal.

Granular and semigranular cells can be cytotoxic and lyse

foreign eukaryotic cells. This has been shown with both tumorous and

non-tumorous cell lines as well as erythrocytes as target cells

(Soderhall et al., 1985). Proteins, which are part of or associated with

the proPO system, such as proPO and peroxinectin, are present in the

semigranular and granular cells and are not present in the hyaline

cells.

The haemocyte count can vary greatly in response to infection,

environmental stress and endocrine activity during moulting cycle
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(Smith and Ratcliffe, 1980; Persson et al., 1987; Smith and Johnston,

1992). Experimental injection of a fungal cell wall preparation or of a

~-1 ,3-glucan causes a rapid decrease in the number of free

haemocytes, followed by a slow recovery (Persson et al., 1987b). Also

after an injection of the crayfish parasite Psorospermium haeckelii, the

number was significantly lower than after a control injection of saline,

which, in contrast, gives a dramatic increase in the number of free

haemocytes (Persson et al., 1987b; Soderhall and Cerenius, 1992;

Thornqvist and Soderhall, 1993).

ProPO system and recognition proteins.

Phenoloxidase (PO) is a key enzyme in the reactions related to

biological melanin formation, which catalyzes the hydroxylation of

phenols to o-diphenols and deprotonation of o-diphenols to O>

quinones. In invertebrates, PO normally exists as its precursor,

prophenoloxidase (proPO), and works in various aspects of life such as

sclerotization, pigmentation, wound he aling and defense reactions.

Shrimp immunology is a key element in establishing strategies

for disease control Le. shrimp culture (Bachere, 1998). Shrimps have

been shown to possess a primitive immune system that relies mainly

on pro-phenol oxidase system, phagocytosis, encapsulation,

agglutination and the lysis activity of the haemocytes (Smith and

Soderhall, 1986). Central to any active cellular or humoral response

to microbial or parasitic invasion is the initial recognition of foreign

matter by the host. Crustaceans accomplish this through a complex

cascade of serine proteases and other factors in the haemocytes that

are specifically triggered by foreign molecules. This is known as the

proPhenol Oxidase system or proPO system, and is confined to the
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semi granular cells of the haemolymph. Pro-PO is activated m a

stepwise process by microbial cell wall components such as p-l,3

glucans of fungi, or the lipopolysaccharide (LPS) and peptidoglycans of

gram negative and gram positive bacteria respectively (Soderhall,

1982; Ashida et al., 1982; Soderhall and Hall, 1984; Soderhall and

Smith, 1986; Saul et al., 1987; Duvic and Soderhall, 1990). The pro

PO cascade serves as the receptor for non-self signals, released from

the surface of microorganisms or parasites (Soderhall, 1982) and

terminates in the conversion of proenzyme to active phenoloxidase,

which is needed to synthesize bactericidal melanin.

In crustaceans, glucans have been shown to activate prophenol

oxidase in the haemolymph (Unestam and Soderhall, 1977; Soderhall

et al., 1990; Baracco et al., 1991; Scholz et al., 1999) and thereby

increased survival (Sung et al., 1994; Supamattaya and

Pongmaneerat, 1998). f}-1,3 glucan significantly enhances the

resistance of post-larval juveniles and adult shrimp to WSSV

infections (Su et al., 1995; Liao et al., 1996).

One of the mechanisms available to bivalve molluscs for killing

invading pathogens involves the release of highly reactive oxygen

metabolites (Pipe, 1992). A number of methods for assessing the

release of oxygen metabolites are available including reduction ..of NBT

or cytochrome-C for 0 2- , oxidation of phenol red for H202 and

chemiluminescence.

It has been recognized that defense reactions in many

invertebrates are often accompanied by melanization. In arthropods,

melanin synthesis is involved in the process of sclerotization and

wound healing of the cuticle as well as in defense reactions (nodule
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formation and/ or encapsulations] against invading microorganisms

entering the hemocoel (Soderhall, 1982; Ratcliffe et al., 1985;

Sugumaran, 1996). The enzyme involved in melanin formation IS

phenoloxidase and has been detected in the haemolymph (blood) or

coelom of both protostomes and deutereostomes, as well as in the

eutide of arthropods (Soderhall and Cerenius, 1998). PO is a

bifunctional copper containing enzyme, which catalyses both the 0­

hydroxylation of monophenols and the oxidation of phenols to

quinones (Sugumaran, 1996). Thus, this enzyme is able to convert

tyrosine to DOPA, as well as DOPA to DOPA-quinone, followed by

several intermediate steps that lead to the synthesis of melanin, a

brown pigment. PO is the terminal enzyme of the so-called proPO

system, a non-self recognition system present in arthropods and other

invertebrates (Soderhall, 1982; Ashida, 1990; Soderhall et al., 1996).

The activation of this prophenol cascade is exerted by extremely low

quantities (pg/I) of microbial cell wall components (lipopolysaccharides

(LPS), 13-1 ,3-glucan or peptidoglycan (PG) and resul ts in the produ ction

of melanin pigment, which can often be seen as dark spots in the

cuticle of arthropods (Soderhall, 1982; Sugumaran and Kanost, 1993).

During the forrnation of melanin, toxic metabolites are formed which

have microbicidal activity (SoderhaIl and Ajaxon, 1982; St. Leger et al.,

1988;.Row1ey et al., 1990; Nappi and Vass, 1993).

The PO activity IS measured spectrophotometrically by

recording the formation of dopachrome from L-dihydrophenylalanine

(I-DOPA) at 490nm (Leonard et al., 1985). PO can be obtained in

different ways. The proPO system is released from haemocytes by

incubating them with laminarin or zymosan as elicitor in presence of

Ca2+ (Vargas-Albores et al., 1993a; Le Mou llac et al., 1998). PO can
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also obtain from cellular lysates containing inactivated proPO system;

trypsin is used to activate the proPO to PO (Smith and Soderhall,

1991). The procedure PO activity assay has been simplified, the

reaction carried out completely in microtiter plates (Hernandez-Lopez

et al., 1996).

Phenoloxidase, the major enzyme produced during the proPO

system, is necessary for the melanization process observed in response

to foreign matter. Although in insects the proPO system has been

detected in both cells and plasma (Ashida 1981; Saul et al., 1987;

Brehelin et al., 1989), in shrimps, as in other crustaceans, this system

is confined inside granular haemocytes (Vargas-Albores et al., 1993b).

The shrimp proPO system can be activated directly by laminarin

(Vargas-Albores et al., 1993b), marking the role of this system against

microbial infect ions.

Biochemical studies on shrimp proPO system has been carried

out in Penaeus californiensis (Vargas-Albores et al., 1993a, 1996;

Hernandez-Lopez et al., 1996; Gollas-Golvan et al., 1999), P. paulensis

(Perazzolo and Barracco, 1997), P. stylirostris (Le Moullac et al., 1997)

and P. monodon (Sritunyalucksana et al., 1999b) in the periaeid

shrimp, enzymes of the proPO system re localized in the semigranular

and granular cells (Vargas-Albores et al., 1993a; Perazzolo and

Barracco, 1997). This is in agreement with a recent study showing

that P. monodon proPO mRNA is expressed only in the haemocytes

(Sritunyalucksana et al., 1999a).

In shrimp, as in all crustaceans, a dark pigmented spot appears

after an animal is injured. This is due to the action of phenoloxidase

(PO), which promotes hydroxylation of phenols and oxidation of 0-
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phenols to quinones, necessary for the melanization process observed

in response to foreign intruder in the hemocoel and during wound

healing (Johansson and Soderhall, 1989; Ashida and Yamazaki, 1990;

Soderhall, 1992; Soderhall et al., 19941. Quinones are subsequently

transformed, by a non-enzymatic reaction, to melanin and often

deposited around encapsulated objects, in haemocyte nodules and at

sites of fungal infections in the cuticle. Although a direct antimicrobial

activity has been described for melanin and its precursors (Nappi and

Vass, 1993), the production of reactive oxygen species such as

superoxide anions and hydroxyl radicals during the generation of

quinoids (Song and Hsieh, 1994; Nappi et al., 1995) also has an

important antimicrobial role. In addition, biological reactions such as

phagocytosis, enc apsulation and nodulation are also activated.

In the activation of the proPO system, an LPS-binding protein

has also been proposed (Ashida et al., 1983; Soderhall and Hall, 1.984;

Soderhall et al., 1990; Hughes et al., 1991). In addition, a ~-glucan

binding protein (BGBP) has been characterized from insects (Ochiai

and Ashida 1988; Soderhall et al., 1988) and crustaceans (Duvic and

Soderhall 1990, 1993; Yoshida et al., 1996; Thornqvist et al., 1994).

This protein induces activation of the proPO system after its reaction

with ~-glucans (Duvic and Soderhall, 1990, 1993; Yoshida and

Ashida, 1986; Barracco et al., 1991) and can also function as opsonin

for hyaline cells (Thornqvist et al., 1994).

PO is presen t in the haemolym ph as an inactive pro-enzyme

called proPO. The transformation from proPO to PO involves several

reactions known as the proPO activating system. This system is

specifically activated by BG (Soderhall and Unestam, 1979; Ashida et
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al., 1983; Smith and Soderhall, 1983; Vargas-Albores, 1995; Vargas­

Albores et al., 1996, 1997), bacterial cell walls (Ashida et al., 1983;

Rowley and Rahrnet-Alla, 1990) and LPS (Soderhall and Hall, 1984;

Hernandez-Lopez et al., 1996; Gollas-Galvan et al., 1997). The proPO

activating system is considered a constituent of the immune system

and is probably responsible, at least in part, for the non-self

recognition process of the defense mechanism in crustaceans and

insects (Soderhall, 1982, 1992; Ashida and Soderhall, 1984; Ratc1iffe,

1985; Ratcliffe et al., 1985, 1991; Johansson and Soderhall, 1989,

1992; Ashida and Yamazaki, 1990; Soderhall et al., 1990, 1994; Lanz

et al., 19931. Furthermore, the proPO system has been proposed as

invertebrate counterpart of the vertebrate complement system since it

can be activated by BG (Soderhall, 1982; Smith and Soderhall, 1983;

Leonard et al., 1985; Vargas-Al-bores et al., 1993b), has a cascade

reaction, and involves proteinases (Aspan et al., 1990; Soderhall,

1992; Soderhall et al., 1994). However, other than these similarities,

no direct lytic activity of the proPO system has been detected.

Although LPS or Il-glucans can activate directly the horseshoe

crab coagulation cascade (Liang et al., 1985; Muta et al., 1991) and

the proPO activating system of arthropods (Soderhall, 1982, 1992;

Soderhall et al., 1990; Vargas-Albores et al., 1993b; Yoshida et al.,

1996), the presence and participation of plasma recognition proteins

can amplify this activation.

The first immune process is the recognition of invading

microorganisms, which is mediated by the haemocytes and by

plasmatic proteins (Vargas-Albores and Yepis-Plascencia, 2000;

Marques and Barraceo, 2000). There is little information about the

161



Chapter 6

molecular mechanisms that mediate recognition; however, In

crustaceans, several types of modulator proteins have been described

that recognize cell wall components of microorganisms. In freshwater

crayfish P. leniusculus, a 13-1,3 glucan-binding protein has been

characterized and cloned, and a haemocyte receptor has been partially

characterized that binds the plasmatic glucan-binding protein after

the latter has reacted with 13-1,3-glucan (Duvic and Soderhall, 1992).

In the shrimp, P. calijorniensis, a protein that responds to 13-1,3 glucan

has been purified and characterized [Vargas-Albores et al., 1996).

Measurement of plasma protein concentration

Crustaceans have an open circulatory system III which the

haemolymph carries out several physiological functions. One of these

functions is the transport of molecules such as the respiratory protein

(haemocyanin), which is the most abundant molecule of the

haemolymph (60% to 95% of total protein) (Djangmah, 1970) followed

by the clotting protein and other humoral components. The

measurement of plasma protein is based on Lowry's method (Lowry et

al., 1951).

Chisholm and Smith (l994) found a relation between the

protein ::C'.... "e"trRtion and water temperature, showing low plasma

protein concentrations when temperatures are at their lowest and

highest in the year. The concentrations of total proteins are also

related to the moult cycle of the shrimp. In P. japonicus, Chen and

Cheng (1993) have reported lower levels of protein concentration

during postmoult stage (41.37 mg/rnl] as opposed to higher levels

(74.90 mg/rnl] found in early premoult (DO). In apparently healthy P.
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uannamei juveniles reared under laboratory conditions the plasma

protein concentration is around 120 mg/rnl (unpublished data), but

this concentration changes under different environmental conditions.

Engel et al. (1993) reported a negative effect of low levels of dissolved

oxygen on haemocyanin concentration in serum of the blue crab, C.

sapidus.

To undertake health monitoring or; farms, it is necessary to

monitor immune status of animals to know the relationships between

environmental conditions and normal or abnormal values of immune

responses of shrimp. The use of resistance criteria opens many

research possibili ties: survivors of experimental infections and shrimp

with high level of expression of resistance markers could be used in

the selection of broodstock.

6.2. MATERIALS AND METHODS

Microorganisms used

Based on the results obtained through the feeding experiments,

two marine yeasts Debaryomyces hansenii S8 and Candida tropicalis

S186 were selected for this study. Saccharomyces cereuisiae (MTCC

36) was also included as a reference strain.

Preparation of yeast biomass

Yeast biomass was prepared as given in 5.2.1

Preparation of experimental feeds

Experimental feed preparation was done as described in 5.2.4.

Four different feeds were prepared incorporating the two different
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marine yeast biomass, Baker's yeast S. cerevisiae and the control feed

(without the yeast biomasel. These feeds were air-dried over night and

stored at -200C in a freezer. (Fig. 6.1)

F••d.tnc: experiment

Adults of Indian white prawn (Fenneropenaeus indicus) were

brought from a fann in Kannamali, Cochin, acclimatized to laboratory

conditions and maintained on the control diet for a period of one week

(Fig.6.2). They were distributed in aquarium tanks. Feeding

experiment was carried out for 14 days. Physico-chemical parameters

of the rearing water were monitored daily (Table.6.t) . Salinity, NH3N,

N02~N and dissolved 0 2 were estima ted as per APHA (1995) .

ChaD.nle of the experimental anlmala wltb wbite .pot viJua

After the termination of the feeding experiment (14 days) all the

treatment groups including the control were maintained under the

same rearing conditions mentioned earlier. Challenge with White spot
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virus (WSSV) was performed through oral administration of the white

spot virus (SEMBV) via diet (flesh of infected prawns). The animals

were starved for 12 hrs before the challenge to ensure the feeding of

the infected prawn flesh (Fenneropenaeus indicus adult). 24 hours

after challenge, they were maintained on the test feeds and survival

was noted everyday till the 10 th day post challenge.

Table .6.1. Rearing conditions and Water quality parameters of
the experimental system

Rearing and feeding conditions

Initial body weight (average) : 40-60g
Number of prawns stalked : 50
Tank capacity : lOcaL
Feeding level : 10-15% body weight
Feeding frequency : Twice daily
Feeding period : 14 days

Water Quality Parameters

Water temperature : 28 - 300C

pH : 7 -7.5
Salinity (ppt] : 26 - 28ppt

NH3 (mgjL) : 0.01 - O.02mgjL

N03 (mgjL) : n.d

N02 (mgjL) : <O.OlmgjL
Dissolved 02 : 7-8mgjL

n.d = not detectable

Haematological parameters

Haemolymph was taken from Fenneropenaeus indicas at

different times during the feeding and challenge experiment for

immunoassays i.e. at the beginning of the feeding experiment, just

before challenge (0 hr), 24 hr post challenge I 48 hr post challenge, 72

hr post challenge,S days post challenge and 7 days post challenge.
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Haemolymph was drawn from 4 animals maintained on a particular

test diet (n=4) and the various assays were done.

Preparation of the anticoagulant buffer solution.

An anticoagulant solution (0.025M Sucrose, 0.01 M trisodium

citrate in 0.01 M Tris HCI) was prepared; pH was adjusted to 7.6 and

stored at 40C.

Haemolymphcollection

Haemolymph was drawn from the rostral sinus of the animals.

The spot for haemolymph withdrawal was wiped with sterile cotton

swabs and using Specially designed glass capillary tubes [rinsed

thoroughly with anticoagulant) haernolymph was withdrawn and

transferred to an eppendorf rinsed with anticoagulant and maintained

at 40C till further analysis. Haemolymph of four animals from each

treatment were taken for the analysis (n=4).

The following parameters were then analysed.

I. Total haemocyte count

2. Phenol oxidase

3. Nitroblue tetrazolium reduction

4. Alkaline phosphatase

5. Acid phospahatase

1. Total haemocyte count

An aliquot of fresh haemolymph soon after withdrawal was

placed on Neubauer haemocytometer for enumeration of total

circulating haemocytes. The result was expressed as number of cells

per ml haemolymph.

166



Testingtheefficacy of Marine Yeasts as immunostimulani in Penaeid Prawns

2. Phenoloxidase activity

Phenoloxidase activity was estimated using L-

dihydroxyphenylalanine (L-DOPA, Sigma) as substrate. lOO!!}

haemolymph was taken in an eppendorf and 100J.ll of 1% Sodium

dodecyl sulphate (SDS) solution was added. This was added to 2 ml of

substrate (0.01 M L -DOPA in O.OSM Tris-HCI, pH 7) solution. SOS

was used to activate the pro-enzyme (Prophenoloxidase). The

absorbance at 420nm was recorded every 30 seconds, for a period of 3

min in a Hitachi 200-20 DV-Visible spectrophotometer. One unit of

enzyme activity is defined as an increase in absorbanceymin Zmg

protein (Soderhall and Unestam, 1979).

Haemolymphprotein

To 1001-11 haemolymph 1.9 ml ethanol was added and

centrifuged. The supernatant was discarded and the residual pellet

consisting of precipitated haemolymph protein was dissolved in 1 N

NaOH and used for protein estimation by Bradford method (1976).

3. Intracellular super oxide anion (NBT) assay

This test allows to indirectly assess the intracellular superoxide

anion levels. Nitroblue tetrazolium (NBT) is reduced by 0-2 produced

by phagocytes during the respiratory burst giving a bluish colour.

100111 of haemolymph was added to 100j..ll O.OSM Tris-HCl buffer

containing 2% NaCI taken in an eppendorf tube. 1001A NBT (2mg/ml

NBT in Tris-HCI buffer, pH. 7.6) solution was added to the samples

and incubated at room temperature for one hour. After incubation, the

samples were centrifuged at 7000 rpm for 10 minutes. The
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supernatant was carefully tipped out and the residue was washed

twice with phosphate buffered salt solution (PBS). After the final wash

and centrifugation, the supernatant was discarded and 100%

methanol was added to the residue and incubated for 10 minutes. The

supernatant was again discarded after centrifugation and the tubes

were dried in vacuum desiccators for 1 hr. After this, the eppendorf

tube was rinsed with 50% methanol 3 to 4 times to fix the residue.

This residue was then allowed to solubilize with 60ll KOH. 7011 DMSO

was added and mixed well. 2 ml of distilled water was added to this

coloured solution to make it upto a readable volume. The optical

density was read at 620nm in 8. Hitachi 200UV-Visible

spectrophotometer against a blank. The blank was prepared using all

reagents in the same volume with equal volume of distilled water

instead of haemolymph. The optical density was expressed per mg

haemocyte protein.

Haemocyte protein

100111 haemolymph was centrifuged at 2000 rpm at 40Cin a

refrigerated centrifuge (Remi, C-30, Mumbai) and washed with

phosphate buffered saline twice and the supernatant was decanted.

0.1 ml of IN NaOH was added to the residual pellet to dissolve and the

estimation was done by Bradford method.

4. Alkaline phosphatase assay

Alkaline phosphatase catalyse the hydrolytic cleavage of

phosphoric acid esters and their pH optima lie in the alkaline pH

range of 9.0. The procedure was carried out according to Gonzales et

al., (1994). lOOIII of haemolymph solution was added to 2ml of p-
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nitrophenyl phosphate substrate solution (0.5% in Glycine-NaOH

buffer (pH 9.0). The mixture was incubated at 370C for 30 minutes. At

the end of the incubation period the enzyme reaction was terminated

by adding 2.9ml of 0.1 N NaOH. The yellow coloured solution was read

against a blank at 405nm. The blank is prepared by incubating a

mixture of 2.9ml of O.lN NaOH and 2ml of substrate solution to which

finally IOOlll of haemolymph was added.

5. Acid phosphatase assay

Acid phosphatases were assayed according to Reichardt

et al. (1967) using p-nitrophenyl phosphate a colourless substrate that

produces a calorimetric end-product p-nitrophenol. The buffer­

substrate mixture for the assay was prepared by dissolving 0.5% in

citrate buffer. The mixture was incubated at 370C for 30 minutes. At

the end of the incubation period the enzyme reaction was terminated

by adding 2.9ml of 0.1 N NaOH. The yellow coloured solution was read

against a blank at 405nm. The blank is prepared by incubating a

mixture of 2.9ml of O.IN NaOH and 2ml of substrate solution to which

finally l Ouul of haemolymph was added.

6.3. RESULTS

Generally the performance was best with the two marine yeast

incorporated feeds, F8 and F186. The performance of Baker's yeast

was almost the same as that of the control feed.

6.3.1 Post challenge survival

Post challenge survival was found to be significantly high with

F.indicus maintained on feed F8 compared to other feeds (Fig. 6.3). 3 rd
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day post challenge data was almost similar for feeds Fl86 and Fe.
However, on the 7 tb day the survival percentage of Fennerope naeus

indicus reduced considerably for all the feeds . 9 tb day post challenge

survival was found to be significantly high for feed Fa. Death by WSSV

infection was confirmed by the presence of white spots on the

carapace of the infected prawns .
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6.3.2 Haematological parameters

Feed F8 exhibited significant immunostimulatory property

being evidenced by better post challenge survival and haematological

profile supporting an immune boost up. The other feeds F36 and Fe

did not show a significant increase in the performance compared to

F8.

6.3.2.1Haemocyte count

No remarkable change could be observed in the haemocyte

count between the various treatment groups (Fig.6.4). However, the

prawns fed on marine yeast incorporated feeds showed a marginal

increases on haemocyte count. Uniformly for all treatment groups

reduction in the haemocyte could be observed after 24 hours followed

by an increase at 48 hours and subsequent lowering of the haemocyte

count resulting in very low count on 7 th day.

6.3.2.2 Phenoloxidase activity

The performance of prawns fed on feed F8 was best followed by

F186 (Fig.6.5). No significant difference could be observed in the

performance of F 36 with that of the control. An increase in phenol

oxidase activity could be observed at post challenge for the prawns fed

on marine yeast incorporated feeds (F8, F186) reaching a maximum on

3 rd day followed by a decrease culminating in very low values on 7 th

day.
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Testing theefficacy of Marine Yeastsas lmmunostimulant in Penaeid Prawns

6.3.2.3 NBT Activity

NBT reduction was found to be considerably better for prawns

fed on marine yeast incorporated feeds compared to Baker's yeast and

the control feed (Fig.6.6). Unlike the phenol oxidase activity the

maximum performance could be observed at 48 hours followed by a

gradual decrease over the 7 day 0 bservation period.

6.3.2.4 Alkaline phosphatase Activity

Considerable increase in alkaline phosphatase activity could be

observed in prawns fed on marine yeast incorporated feeds F8 and

F186 % (Fig 6.7). Generally in all treatment groups maximum act.ivity

could be observed on 2n d day followed by lower activity during the

ensuing days resulting in very low values in 7 th day. Performance of

Baker's yeast incorporated feed F36 was slightly better compared to

the control feed.

6.3.2.5 Acid phosphatase Activity

Maximum acid phosphatase activity was exhibited by Fl86

(Candida tropicaliss incorporated feed followed by F8 (Debaryomyces

hanseniis (Fig.6.8). In this case also the activity was maximum at 48

hours post challenge followed by a sharp decrease resulting in very

low values on 7 th day.

6.4 DISCUSSION

Aquaculture production IS directly related to growth and the

survival of animals in the culture ponds and losses attributed to

bacterial, viral and fungal diseases remain an important concern to
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Chapter 6

the industry. Immunostimulants have been reported to increase

resistance to these infectious diseases in teleost fish and shellfish by

enhancing the non-specific immune system.

In this study the potency of two marine yeasts as

immunostimulan t to Fenneropenaeus indicus was studied. The

immunological assays employed were haemocyte count, phenol

oxidase activity, NBT reduction, alkaline and acid phosphatase assay.

When the experimental animals were challenged with white spot virus,

maximum survival could be obtained in Fenneropenaeus indicus fed

with marine yeast incorporated diet compared to that of Baker's yeast

diet and the control diet. Yeasts are rich nutritionally with proteins,

vitamins and carbohydrate and this might have contributed to better

health and resistance to the pathogens. Better performance by both

the marine yeasts compared to S. cereuisiae may be due to the

presence of desired nutritional components including minerals in the

rate and proportion required for penaeid prawns. Cell wall component,

~-1,3 glucan also might have contributed to the improved immune

response exhibited by the yeast fed animals compared to the controls.

Burgents et al., 2004 have reported the disease resistance in

Litopenaeus uannamei following the dietary administration of yeasts. It

was found that when the animals were challenged with Vibrio after the

administration of yeast incorporated diets for 3 weeks, the survival

was significantly high compared to the control. In the present study a

significant increase in the disease resistance of marine yeast fed

animals could be observed compared to the control and S. cereuisiae

fed yeasts. Both the marine yeasts used in this study had higher P-l ,3

glucan content (D. hansenii 88-16.73% and C. tropicalis - 16.23%) as

per Vrinda (2002). This higher glucan content can be one of the
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Testing theefficacy of Marine Yeasts as lmmunestimulant in Penoeid Prawns

reasons for the better immunostimulation effected in prawns by these

marine yeasts. Andlid et al. (1995) showed that yeast may improve

fish health as antagonists to pathogens and by immunostimulation. A

detailed analysis of the biochemical composition of these yeasts is

essential to elucidate the reason for this differential efficacy in

immunostimulation. Marine yeasts are rich in minerals and these

minerals might be imparting immunostimulation Pipe et al. (1995)

reported that cadmium at 400 ug /1 resulted in significantly enhanced

number of circulating haemocytes and increased uptake of neutral red

in marine mussel, Mytilus edulis.

Presence of higher amounts of ~-1,3 glucan in the cell wall of

both the manne yeasts could be another reason for better

immunostimulation. (3-1,3 glucan of fungi and yeasts have already

been proved as an effective immunostimulant in fin fishes and shell

fishes against microbial infection. Sung et al. (1994) found that

immersion of P. monodon in high concentration of glucan (>lmgjml)

had adverse effects on shrimp, causing tissue damage and lower

resistance to infection. Song et al. (1997) have reported an enhanced

resistance of P. monodon to Vibriosis and WSSV infection by the

application of 13-1,3 glucan. Oral administra tion of Beta glucan at 2g

kg-I diets for 10-20 days significantly induced the resistance of post

larvae, juveniles and adult shrimp, P. monodon to Vibrio damsela,

Vibrio harveyi and WSV infection (Su et al., 1995; Liao et al., 1996;

Chang et al., 1999; Chang et al., 2000 and Chang et aI., 2003). Dose

and frequency of administration of immunostimulants are very much

important SInce overdose can cause immunosuppression and

mortality succumbing to infection and challenge by pathogens. In this

study yeast biomass was incorporated at 10% level in the diet and was
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administered ad libitum on all the days. Glucan at a dose of 0.1 % in

the diet was found to be optimal for immunostimulation in P.monodon.

Scholz et al. (1999) studied the efficacy of 5 different yeast

supplemented diets in prawns and found that Phaffia rhodozyma

supported better performance in terms of bacterial clearance in

prawns. Burgents et al. (2004) found that 1% yeast (dried) in the diet

imparted maximum resistance in Litopenaeus uannamei against white

spot virus infection.

In the present study, the immunological parameters VlZ,

haemocyte count, NBT reduction and the alkaline and acid

phosphatase activity was uniformly found to be maximum at day 2

post challenge whereas phenol oxidase activity was maximum at day

3. This pattern of enhancement in immune parameters has not been

reported earlier in shrimp on challenge with pathogens. However, a

sudden depression in the haemocyte count, NBT activity and phenol

oxidase post challenge could be observed by Chang et al. (2003).

Immunological parameters were found to be at a low level even on day

6 post challenge followed by a gradual increase showing higher values

at day 9, 12 and 24. These observations are not in agreement with our

findings when we have witnessed a depression immediately after

challenge (day 1) only in haemocyte count and all the other

immunological parameters showed an increase. This continued up to

day 2 and gradually decreased further recording very low values on

day 7 uniformly for all the parameters except for phenol oxidase for

which the maximum was ob served on day 3.

The present study shows that acid and alkaline phosphatase

activity also can be used as a reliable index in the assessment of
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immune status in penaeid prawns. Lysosomal enzymes play an

important role in the lysis of phagocytosed particles and therefore

elevated the acid and alkaline phospahatse in haemolymph indicate

higher defense potential of the infected animals.

On challenge with white spot virus, about 50% survival could

be obtained on 7 th day for prawns fed on marine yeast incorporated

diet. In a similar study Burgent et al. (2004) could obtain about 50%

survival on 6 th day in P. vannamei fed on yeast-incorporated diet. They

found that the percentage of survival remained the same after 9 th day

post challenge without any mortality up to 24 days whereas the 100%

mortality could be observed in the case of controls on the 9 th day itself.

The present study shows that the marine yeasts are a good

source of immunostimulants with potential application In

aquaculture. Utilization of whole cell yeast instead of the cell wall

component P-l,3 glucan warrants much importance due to the

nutritional quality of the yeast biomass. While extracting glucan from

the cell wall all other nutritional components are lost, besides time,

energy and production cost. However, a study on the comparative

efficacy of yeast (whole cell) and the cell wall component P-1,3 glucan

as immunostimulant to prawns should be made before making any

conclusion in this matter. Landolt (1989) has reported that nutritional

factors especially vitamins and minerals play an important role in

enhancing immunity in fishes.

White spot virus is a highly virulent pathogen causing 100%

mortality within 4-7 days of infection. Application of these

immunostimulants helps to enhance the disease resistance through

stimulation of the non-specific immune system of the prawns.
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Enhanced disease resistance resulting in reduced mortality in prawns

itself would be a big relief to the farmers since they get sufficient time

to plan for a harvest and thereby avoid crop loss to a considerable

extent.
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Summary and Conclusion

Feed is a major concern for the shrimp farmers, representing

upto 60% of the total variable production costs. The main ingredient of

the feed as in many cases is protein. In aquaculture, the primary

dietary animal protein source is fishmeal, but its availability is limited

and supply varies due to various reasons. This can seriously affect

sustainability and profitability. Yeasts are a rich source of proteins

and B-complex vitamins and have been used as a supplement in

animal feed and are recommended as a substitute for other

ingredients in fishmeal

In addition, they are considered as a cheap dietary supplement

as they are easily produced on an industrial level from a number of

carbon rich substrate by products such as citrus pulp, molasses,

paper industry waste, and fruit waste as well as from hydrocarbons.

Yeasts can be produced much more efficiently and economically than

the presently used photosynthetic algae because of shorter generation

time and the use of inexpensive culture.

The present work was undertaken to study the potential of

marine yeasts as a source of single cell protein and immunostimu lant

for application in aquaculture. The results of the present study are

summarized as follows:

~ Totally about 260 marine yeasts belonging to 22 genera could

be isolated out of which Candida was the most predominant

followed by Filobasidium, Leucosporidium, Mastigomyces,

Lodderomyces etc.



Sllmmary and Conclusion

f.t Candida, Leucosporidium, Mastigomyces, Rhodotorula,

Schizosaccharomyces, Kluyueromyces, Torulaspora, Oosporidium

and Dipodascus were mainly isolated from the offshore waters.

Lodderomqces, Hormoascus, Cryptococcus, Williopsis,

Saccharomycopsis, Lipomyces, Geotrichum and Arxioxyma were

isolated only from the coastal waters.

~ Yeast isolates were found to be with good hydrolytic potential

especially with protease (63.1%) and lipase (61.5%) production.

Mastigomyces, Candida and Filobasidium were the potent

genera in enzyme production.

~ Protein content of yeast biomass of various genera was found to

be in the range of 22-30% and the maximum was encountered

in S169 (30.45%) belonging to Debaryomyces sp. Lipid content

varied between 2 to 8.25% the maximum being in S28

(Kluueromyces sp.]. Carbohydrate content of yeast biomass was

in the range 22.36 tt029.68%.

\t Protein, lipid and ni trogen free extract (NFE) of the feeds were in

the range 40.2 to 55.4%, 7 to 11.2% and 20.9 to 36.8%

respectively.

~ All the yeast biomass incorporated feeds supported better

biogrowth parameters (production, FeR, SGR, GGE) compared

to the control feed. F8 and F186 gave the best performance in

terms of biogrowth parameters followed by F165 and FIOO.
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Summaryand Conclusion

~ Statistical analysis (Duncan's multiple range test) showed that

the performance of yeast incorporated experimental feeds varied

significantly from that of control feed (P<.05).

\1t Generally a salinity of 30ppt was preferred by various strains

for growth. Growth was favoured by a salinity of 25ppt for S100

and 20ppt for S165.

~ Molasses at a concentration of 9mgjml (total sugars] was found

to be optimum for growth of the selected strains.

\1t Generally a pH of 6 was preferred by various strains for growth.

A pH of 7 favoured growth of 8 186.

~ The optimum peptone concentration for growth was found to be

0.75% for all four strains.

~ The optimum yeast extract concentration for growth was found

to be 0.5% for all four strains.

~ Generally the optimum magnesium sulphate concentration for

growth was found to be 0.25% for 88, 8100 and 8186. Growth

was also favoured at 0.5% for S165.

¥! The optimum potassium dihydrogen phosphate concentration

for growth was found to be 0.3% for S8, S100 and S165. For

S186, 0.2% was found to be favourable for maximum for

growth.

~ The optimal calcium chloride concentration for growth was

found to be 0.15% for all the strains.
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Summary and Conclusion

\!I Based on the preliminary feeding experiment on P. indicus, S8,

S100, S165 & S186 were selected for further study. In addition,

Baker's yeast S.cerevisiae was also included in study for

comparison.

\1l No significant variation in proximate composition could be

observed in prawns fed yeast diets, commercial diet and control

diet. Protein and lipid content was found to be maximum

(70.21% and 12.41% respectively) in prawns fed !"8 and

carbohydrate with feed FI00 (1.07%).

~ All the three marine yeast incorporated feeds were superior in

performance compared to the commercial feed and control feed.

Feed F8 incorporated with the biomass of Debaryomyces

hansenii S8 supported the best performance followed by F186,

F100 and commercial feed. FCR of 1.35 to 2.00 could be

obtained with the marine yeast incorporated feeds where as for

the commercial feed it was 2.6 and S. cerevisiae incorporated

feed recorded 2.96.

~ Production (weigh t gain) in marine yeast fed prawns were

almost double that of other feeds used in the study. Specific

growth rate (SGR) was about 7 with the marine yeast diets

compared to 6 that of Baker's yeast diet and commercial diet.

~ Gross Growth Efficiency (GGE) was approximately in the range

60-7S for marine yeast feeds whereas for F36, CF and control

the values were almost half of it.

186



Sunimuru and Conclusion

~ Relative Growth Rate (RGR) did not vary much among the

various feeds (0.37 to 0.5).

• Considerable variation could be observed in the Protein

Efficiency Ratio (PER) of the various feeds, the maximum being

observed for F8 (1.7) followed by F186 (1.23), FI00 (0.97), CF

(0.81), F36 (0.75) and control feed (0.73).

• Consumption per unit weight per day (CUD) was found to be

comparatively low for marine yeast incorporated feeds F8 (0.07),

FIOO (0.09) and F186 (0.08) whereas for the other three feeds

(CF, F36 and control feed) the value ranged from 0.11 to 0.13.

~ Histological analysis of the hepatopancreas did not show any

structural or functional abnormalities with feed F8, FIOO, F186,

F36, commercial feed and control feed.

• Based on the results obtained from the growth studies and post

challenge survival, two marine yeasts were selected for the

immunostimulant aspects of the study.

~ No remarkable change in the haemocyte count could be

observed between the various treatment groups. A remarkable

reduction in the haemocyte count could be observed at 24

hours after infection followed by a remarkable increase at 48

hours and subsequent lowering resulting in a very low count on

7 th day.

~ An increase in phenol oxidase activity could be observed at post

challenge for prawns fed on marine yeast incorporated feeds.
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PO activity was found to be maximum at 3 rd day post challenge

followed by significant decrease ensuring days.

~ An increase in NBT reduction could be observed in prawns fed

on marine yeast incorporated feeds on post challenge with white

spot virus. Maximum NBT reduction could be observed on 2nu

day post challenge with a gradual decrease during the following

days.

~ Acid phosphatase activity was maximum in prawns fed on S 186

(Candida tropicalis) incorporated feeds followed by 88

(Debaryomyces hansenir). The activity was maximum on 2nd

day. Post challenge with white spot virus followed by a sharp

decrease resulting in very low values on 7th day.

The study revealed the potential of marine yeasts as a source of

single cell protein and immunostimulant for prawns. Prawns fed with

the selected marine yeasts were showing more growth compared to the

control feed and commercial feed. Yeasts being rich with proteins,

vitamins and carbohydrates serve as a growth promoter for prawns as

being evidenced in this study. The better performance of marine

yeasts, D. hansenii S8 and 8100 and C. tropicalis 8186 compared to S.

cerevisiae 836 as a feed supplement is worth investigating. Besides

being a rich nutritional source, yeasts act as immunostimulants by

virtue of its high carbohydrate (~, 1-3 glucan) and RNA content. ~, 1-3

glucan, a cell wall component of yeasts /fungi is the most commonly

used immunostimulant in aquaculture. The present study shows that

even the whole cell yeast could serve as a good immunostimulant

when supplied through diet. Extraction of [3-1,3 glucan results in the

removal of nutrients like proteins, vitamins etc. from the cell biomass.

188



Suinntan] mul Conclusion

Utilization of the yeast biomass as such in the diet would help perform

a dual role as nutritional component and immunostimulant for

aquaculture applications.

189



References

Abdel Rahman, S.H., Zkanazawa, A. and Teshima, S., 1979. Effects of

dietary carbohydrates on growth and the levels of the

hepatopancreatic glycogen and serum glucose of the prawn. Nippon

Suisan Gakhaishi, Bull. Jap. Soc. Sci. Fish, 45, 1491-1494.

Abdel Rahman, S.H., Ghanem, K.H. and Chatila, K.H., 1993. Culture

of the rotifer, Brachionus plicatilis muller using the yeast, Candida

utilis. In: Proceeding of the International Conference on Future

Aquatic Resources in Arab Region, (Beltagy, A.I., ed) pp. 305-310,

NIOF Publishers, Alexandria.

Adinarayana, K., Prabhakar, T., Srinivasulu, V., Anitha Rao, M.,

Lakshmi, P.J. and Ellaiah, P., 2003. Optimization of process

parameters for cephalosporin C production under solid state

fermentation from Acremonium chrysogenum. Process Biochem., 39,

171-177.

Ahearn, D.G., Roth, F.J. and Meyers, S.P., 1968. Ecology and

characterization of yeasts from aquatic regions of South Florida. Mar.

eu«, 1,291-308.

Ahearn, D.G. and Meyers, S.P., 1976. Fungal degradation of oil in the

marine environment, p. 125-133. In E.B. Ganth Jones (ed.), Recent

advances in aquatic mycology. John Wiley and Sons, Inc., New York.

Akiyama, D.M. and Dominy, W.G., 1989. Penaeid shrimp nutrition for

the commercial industry. In: D.M.Akiyama (ed.), Proceedings of the

peoples Republic ofChina Aquaculture and Feed workshop, Singapore,

Sept. 17-30. American Soybean Association, Singapore p.143-163.



References

Akiyama, D.M., Dominy, W.G. and Lawrence, A.L., 1992. Penaeid

shrimp nutrition. In: Fast, A.W., Lester, L.J. (Eds.). Marine Shrimp

Culture: Principles and Practices. Elsvier. Amsterdam, pp. 535-568.

Alami-Durante, H., Charlos, N., Escaffre, A.-M. and Bergot, P.,1991.

Supplementation of artificial diets for common carp (Cyprinus carpio

L.) larvae. Aquaculture, 93,167-175.

Alava, V.R. and Lim, C., 1983. The quantitative dietary protein

requirements of Penaeus monodon juveniles In a controlled

environment. Aquaculture, 30, 53-61.

Alava, V.R., Kanazawa, A., Teshima, S. and Koshio, S., 1993a. Effect

of dietary phospholipids and n-3 highly unsaturated fatty acids on

ovarian development of Kuruma prawn. Nippon Suisan. Gakkaishi,

59(7), 345-351.

Alava, V.R., Kanazawa, A., Teshima, S. and Koshio, S., 1993b. Effect

of dietary vitamins A, E and C on the ovarian development of Penaeus

japonicus. Nippon Suisan Gakkaishi; 59(7), 1235-1241.

Alexander, J.C., Ku, C.Y. and Gregory, K.F., 1979. Biological

evaluations of two thermotolerant filamentous fungi as dietary protein

sources for rats. Nutr. Rep. Int., 20, 343-351.

Ali, S.A., 1989. Studies on the evolution of different sources of

protein, carbohydrate and mineral requirements for juvenile penaeid

prawn, Penaeus indicas (H. Milne Edwards). Ph.D. Thesis. Cochin

University of Science and Technology.

Allen, N.H. and Leda, C.M.H., 1981. Yeasts from marine and

estuarine waters with different levels of pollution in the state of Rio de

Janero.

192



References

Almagro, A., Prista, C., Castro, S., Quintas, C., Madeira-Lopes, A.,

Ramos, J and Loureiro-Dias, M.C., 2000. Effects of salts on

Debaryomyces hansenii and Saccharomyces cereuisiae under stress

conditions. Int. J. Food Microbiol., 56, 191-197.

Anderson, D.P., Siwicki, A.K. and Rumsey, G.L., 1995. Injection or

immersion delivery of selected immunostimulants to trout

demonstrate enhancement of non-specific defense mechanisms and

protective immunity. In: Shariff, M., Arth.ir, J.R., Subasinghe, R.P.

(eds). Diseases in Asian Aquaculture: n. Fish Health Section. Asian

Fisheries Society, Manila, pp. 413-426.

Andlid, T., Juarez, R.V. and Gustafsson, L., 1995. Yeast colonizing the

intestine of rainbow trout (Salmo gairdnen) and turbot (Scophthalmus

maximus). Microb. Ecol.,30, 321-334.

Andrews, J.W., Sick, L.V. and Baptist, G.J., 1972 The influence of

dietary protein and energy levels on growth and survival of penaeid

shrimp. Aquaculture, 1,341-347.

*Andruetto, S., Vigliani,E. and Ghittino,P., 1973. Possible nei pellets

per trota di proteine da lieviti colitvati su idrocarburi ("Proteine B.P").

Riv. ItaI. Piscie. Ittiopatol., 9(4), 97-100. (English Abstract).

AOAC (Association of Official Analytical Chemist), 1990. Official

Method of Analysis. 15th Edn. Association of Official Analytical

Chemist Washington, DC., 1094p.

Aoki, T., 1992. Present and future problems concerning the

development of resistance in aquaculture. In: Chemotherapy in

Aquaculture : from theory to reality edited by C.M. Michel and D.J.

Alderman, Paris, Office International des Epizooties, pp. 254-62.

193



References

APHA (1995). Standard Methods for the Examination of Water and

Wastewater. 19th Edition.

Arai, S., Muller, R., Shirnma, Y. and Nose, T., 1975. Effects of calcium

supplement to yeast grown on hydrocarbons as feedstuffs for rainbow

trout. Bull. Freshwater Fish Res. Lab., 25, 33-40.

Arthur, H. and Watson, K., 1976. Thermal adaptation in yeast: growth

temperatures, membrane lipid, and cytochrome composition of

psychrophilic, mesophilic, and thermophilic yeasts. J. Bacieriol., 128,

56-68.

Ashida, M., 1981, A cane sugar factor suppressing activation of

prophenoloxidase in haemolymph of the silkworm, Bombyx mori.

Insect Biochem., 11,57-65.

Ashida, M. et al., 1982. In proceedings of the third International

Colloquim on Invertebrate Pathology (Paynes, C.C and Burges, H.D.,

eds}, pp. 81-86, University of Sussex.

Ashida, M., Ishizaki, Y. and Iwahana, H., 1983. Activation of pro­

phenoloxidase by bacterial cell walls or P-1,3-glucans in plasma of the

silkworm, Bombyx mori. Biochem. Biophys. Res. Commun., 113, 562­

568.

Ashida, M. and Soderhall, K., 1984. The prophenoloxidase activating

system in crayfish. Comp. Biochetn. Physiol, 77B, 21-26.

Ashida, M., 1990. The prophenoloxidase cascade in insect immunity.

Res. Immunol., 141,908-910.

Ashida, M. and Yamazaki, H., 1990. Biochemistry of the

phenoloxidase system in insects: with special reference to its

194



References

activation. In: Ohnishi, K, Ishizaki, H. (Eds.), Molting and

Metamorphosis. Springer, Berlin, pp. 239-265.

Aspan, A., Hall, M. and Soderhall., 1990. The effect of endogenous

proteinase inhibitors on the prophenoloxidase activating enzyme, a

serine proteinase from crayfish haemocytes. Insect Biochem., 20,485­

492.

Atack, T. and Matty, A.J., 1979. The evaluation of some single cell

proteins in the diet of rainbow trout: n. The deteremination of net

protein utilization, biological values and true digestibility. In: Halver,

J .E., Tiews, K. (Eds.), 1979. Finfish Nutrition and Fishfeed

Technology, vol. I. Heenemann, Berlin, pp. 261-273.

Atack, T.H., Jauncy, K. and Matty, A.J., 1978. The evaluation of

single cell proteins in the diet of rainbow trout. n. The determination

of net protein utilization, biological values and true digestibility.

Symp. Fin-fish Nutr. And Feed Technol., Hamburg, F.R.G., 20th June,

1978. E.I.F.A.C/78/Syrnp.E/59, FAOAccess No. 41435, 21 pp.

Atack, T. H., Jauncey, K. and Matty, A.J., 1979. The utilization of

some single cell proteins by fingerling mirror carp (Cyprinus carpio}.

Aquaculture, 18, 337-348.

Bachere, E., Mialhe, E. and Rodriguez, J., 1995. Identification of

defence effectors in the haemolymph of crustacean with particular

reference to the shrimp Penaeus japonicus (bate): prospects and

applications. Fish Shellfish Immunol., 5, 597-612.

Baharaeen, S., J.A. Bantle, and H.S. Vishniac., 1982. The evolution of

Antarctic yeasts: DNA base composition and DNA-DNA homology.

Can. J. Microbiol., 28, 406-413.

195



References

Balazs, G.H. and Ross, E., 1976. Effect of protein source and level on

growth and performance of the captive freshwater prawn,

Macrobrachium rosenberqii. Aquaculture, 7, 299-313.

Ballou, C.E., 1974. Some aspects of the structure, immunochemistry,

and genetic control of yeast mannans. Advances in Enzymology and

Related Areas ofMolecular Biology, 40, 239-270.

Barnes, T.G., 1959. Apparatus and methods in oceanography. George

AlIen Unwin, New York. 125p.

Barnet, J .A., 1968., Biochemical differentiation of taxa with special

reference to the yeasts. In The Fungi. An Advanced Treatise, vol. Ill,

pp. 557-595. Edited by G.C. Ainsworth and A.S. Sussman. New York:

Academic Press.

Barnett, J.A., Payne, R.W. and Yarrow, D., 1990. Yeasts:

Characteristics and identification. IInd Edition, Cambridge University

Press, New York. pp. 1002.

Barracco, M.A., Duvic, B. and Soderhall, K., 1991. The p-l,3-gluan­

binding protein from the crayfish Padfastacue leniusculus, when

reacted with a P-l,3-g1ucan, induces spreading and degranulation of

crayfish granular cells. Cell Tissue Res., 266, 491-497.

Beck, H., Gropp, J., Koops, H. and Tiews, K., 1979. Single cell

proteins in tout diets. In: Halver, J.E., Tiews, K. (Eds.}. 1979. Finfish

Nutrition and Fishfeed Technology, vol. 1. Heenemann, Berlin, pp.

269-280.

Bellamy, W.D., 1969. Cellulose as a source of single cell protein. A

preliminary evaluation Report No 69 C- 335, General Electric Res.

And Dev. Center, Schenectady, NY.

196



References

Bergstrom, E., 1979. Experiments on the use of single cell proteins in

Atlantic salmon diets. In: Halver, J.E., Tiews, K. (Eds.).1979. Finfish

Nutrition and Fishfeed Technology, vol. 1. Heenemann, Berlin, pp.

105-116.

Besancon, X., Smet, C., Chabalier, C., Rivemale, M., Reverbel, J.P.,

Ratomahenina, R and Galzy, P., 1992. Study of surface yeast flora of

Roquefort cheese. Int. J. Food Microbiol., 17,9-18.

Betts, G., Linton, P. and Betteridge, RJ., 1998. Microbiological

spoilage: modelling growth of yeasts in relation to chilled dairy,

fermented and low pH products. Chipping Campolen Food Research

Association Research and Development. Report No. 55.

Betts, G., Linton, P. and Betteridge, RJ., 1999. Food spoilage yeasts:

effects of pH, NaCI and temperature on growth. Food Control, 10, 27­

33.

Beuchat, L.R, 1979. Comparison of acidified and antibiotic­

supplemented potato dextrose agar from three manufacturers for its

capacity to recover fungi from foods. Journal of Food Protection, 42,

427-428.

Bhat, J.V. and N. Kachwalla, 1955a. Marine yeasts of the Indian

coast. Proc. Ind. Acad. Sci., Sec. B; 41, 9-15.

*Blanco Rubio, J.C., 1987. Intensive rearing Artemia salina larvae on

inert food: yeast of Torula (Candida utilis). Cuadernos Marisqueros.

Publication Tecnica de la Conselleria de Pesca Xunta de Galicia, 12,

565-568.

Blazer, V.B., 1992. Nutrition and disease resistance III fish. Annu.

Rev. Fish Dis., 2, 309-323.

197



References

Board, R.G., 1994. Introduction to food spoilage. PHLS Microbiol.

Digest., 11, 105-123.

Bond, R.M., 1937. A method for rearing Ariemia salina. In: Galtoff,

P.S., F.E. Lutz., P.S. Welch and G.G. Needham (eds.), Culture

Methods for Invertebrate Animals. Dover Publications. New York: 205­

206.

Bowen, S.T., 1962. The genetics of Artemia salina. I. The reproductive

cycle. Biol. Bull., 122, 25-32.

Bowen, J.F., Beech, F.W., 1967. Yeast flora of cider factories. Journal

ofApplied Bacteriology, 30, 475-483.

Bowen, S.T., E.A. Fogarino. KN. Hitchner, G.L. Dana., H.S. Chow,

M.R. Buoncristiani and J.R.Carl, 1985. Ecological isolation in

Artemia: population differences in tolerance of anion concentrations.

J. Crust. ei«, 5, 106-129.

Bradford, M., 1976. A rapid and sensitive method for the quantitation

of microgram quantities of protein utilizing the principle of protein­

dye binding. Anal. Biochem., 72, 248-254.

Brannon, E.L., Roley, 0.0. and Roley, S.E., 1976. Research in

Fisheries. Annual Report of the College of Fisheries, university of

Washington, Seattle, Washington. Contribution, 44, 64-65.

Brehelin, M., Orif, L., Baud, L. and Boemare, N. 1989. Insect

haemolymph: Cooperation between humoral and cellular factors in

Locusta migratoria. Insect Biochem., 19, 301-307.

Brown, M.R., Barrett, S.M., Volkman, J.K., Nearthos, S.P., Nell, J.A.

and Geoff, A.L., 1996. Biochemical composition of new yeasts and

198



References

bacteria evaluated as food for bivave aquaculture. Aquaculture, 143,

341-360.

Buhagiar, R.W.M. and Barnett, J.A., 1971. The yeasts of strawberries.

Journal ofApplied Bacteriology, 34, 727-739.

Bunt, J.S., 1955., The importance of bacteria and other

microorganisms in the sea water at Macquaria Island. Aust. J. Mar.

Fresh water Res., 6,60-65.

Burgents, J.E., Burnett, K.G. and Burnett, L.E. 2004. Disease

resistance of Pacific white shrimp, Litopenaeus vannamei, following

the dietary administration of a yeast culture food supplement.

Aquaculture, 231, 1-8.

C.-F. Chang, H.-Y. Chen, M.-S. Su and I.-C. Liao., 2000.

Immunomodulation by dietary 13-1,3 glucan in the brooders of the

black tiger shrimp, Penaeus monodon. Fish Shellfish Immunol., 10,

505-514.

Camara, M.R., Coutteau, P. and Sorgeloos, P., 1997. Dietary

phosphatidylcholine requirements in larval and postlarval Penaeus

japonicus Bate. Aqua. Nutri; 3, 39-47.

Cardoso, M.B. and Nicoli, J.R., 1981. Single cell protein from the

theromotolerant fungus Phanerochaete chrysosporium grown in

vinasse.1. Production and composition. Nutr. Rep. 1nL, 24,237-247.

Castell, J.D., Shinnhuber, R.O. and Wales, J.H., 1972. Essential fatty

acids in the diet of rainbow trout (Salmo gairdneriz) growth, eed

Conversion and some gross deficiency symptoms. J..Nutr., 102, 77-86.

199



References

Castille, F.L., Sarnocha, T.M., Lawrence. A.L., He, H., Frelier. P. and

Jaenike, F., 1993. Variability in growth and survival of post larval

shrimp (Penaeus tannamei Boone 1931). Aquaculture, 113, 65-81.

Chaga, 0., Lignell, M. and Soderhall, K., 1995. The haemopoetic cells

of the freshwater crayfish, Pacifastacus leniusculus. Anim. Biol., 4, 59­

70.

Chamberlain, G.W., 1988. Stepwise investigation of environmental

and nutritional requirements for reproduction of penaeid shrimp. PhD

dissertation, Department of Wildlife and Fisheries Science, Texas A &

M University, TX, USA.

Chang, C.F., Su, M.S., Chen, H.Y., La, C.F., Kou, G.H. and Liao, I.C.,

1999. Effect of dietary ~-1,3 glucan on resistance to white spot

syndrome virus (WSSV) in postlarval and juvenile Penaeus monodon.

Dis. Aquat. Orqan., 36,163-168.

Chang, C.F., Su, M.S., Chen, H.Y. and Liao, I.C., 2003. Dietary ~-1,3

glucan effectively improve immunity and survival of Penaeus monodon

challenged with white spot syndrome virus. Fish and Shellfish

ImmunoL,2003, 1-14.

Chang, E. and O'Connor, J., 1983. Metabolism and transport of

carbohydrates and lipids. In: Bliss, D.E. (Ed.), The Biology of

Crustacea, 5, Academic Press, New York, pp. 263-287.

Chatila, K.H., 1994. Studies on the utilization of some

microorganisms as secondary food for fish larvae. M.Sc. Thesis,

Alexandria University. 140p.

200



References

Chen, D. and Ainsworth, A.J., 1992. Glucan administration

potentiates immune defense mechanisms of channel catfish, Ictalurus

punctatus. J. Fish Dis., 15(4),295-304.

Chen, J.C. and Cheng, S.Y., 1993. Studies on haemocyanin and

haemolymph protein level of Penaeus japonicus based on sex, size and

moulting cycle. Comp. Biochern. Physiol., Part B: Biochem. Mol. Biol.,

106(2), 293-296.

Chen, S.C. and Liu, C.Y., 1971. Feeding experiment of grass prawn

with artificial diets. Taiwan Fish Res. Inst., 29, 1-21.

Chi, Z. and Zhao, S., 2003. Optirnisation of medium and cultivation

conditions for pullulan production by a new pullulan-producing yeast

strain. Enzyme and Microbial Technobgy, 33, 206-211.

Chisholm, J.R.S. and Smith, V., 1994. Variation of antibacterial

activity in the haemocytes of the shore crab, Carcinus maenas, with

temperature. J. Mar. Bio. Assoc., U.K. 74,979-982.

Cho, C.Y., Bayley, H.S. and Slinger, S.J., 1974. Partial replacement of

herring meal with soybean meal and other changes in diet for rainbow

trout. J.FishRes.Board. Can., 31, 1523-1528.

Chresanowski, T.H. and Cowley, G.T., 1977. Response of Uca

pugilator to diets of two selected yeasts. Mycologia, 69, 1062-1068.

Cole, M.B. and Keenan, M.H.J., 1986. Synergistic effects of weak acid

preservatives and pH on growth of Zygosac£haromyces bailii. Yeast, 2,

93-100.

Colvin, P.M., 1976. Nutritional studies on penaeid prawns: protein

requirements in compounded diets for juvenile Penaeus indicus (Milne

Edwards). Aquaculture, 7, 315-326.

201



References

Cook, H.L. and M.A. Murphy, 1966. Rearing penaeid shrimp from

eggs to postlarvae. Proc. Con! Southeast Assoc. Game Comm., 19,

283-288.

Cook, W.B. and Matsura, C.S., 1963. A study of yeast populations in

a waste stabilization pond system. Protoplasma, 57, 163-187.

Cooke, R.C. and Rayner, A.D.M., 1984., Ecology of Saprophytic Fungi.

London, New York: Longman, 415 pp.

Coutteau, P., Lavens, P. and Sorgeloos, P., 1990. Baker's yeast as a

potential substitute for live algae in aquaculture diets: Artemia as a

case study. J. World Aquacult. Soc., 21, 1-9.

Coutteau, P., Hadley, N., Manzi, J. and Sorgeloos, P., 1991.

Manipulated yeast diets as a partial algal substitute for the nursery

culture of the hard clam, Mercenaria mercenatia. Special Publ: Eur.

Aquacult. Soc., 14. Abstract in ASFA 1,24 (6), 311-312.

Coutteau, P., Brendonck, L., Lavens, P. and Sorgeloos, P., 1992. The

use of manipulated baker's yeast as an algal substitute for the

laboratory culture of Anostraca. Hydrobiologia, 234, 25-32.

Coutteau, P., Dravers, M., Dravers, P., Leger, P. and Sorgeloos, P.,

1993. Manipulated yeast diets and dries algae as a partial substitute

for live algae in the juvenile rearing of the Manila clam Tapes

philippinarum. and the Pacific oyster Carssostrea gigas. In: G. Barnabe

and P.Kestemont (Editors), Production Enviroment and Quality.

Bordeaux Aquaculture '92, European Aquaculture Society Special

Publication 18, Ghent, pp, 1-9.

Coutteau, P., Triantaphyllidis, G.V., Abatzopoulos, T.J., Alially, E. and

Sorgeloose, P., 1994. Algal substitutes for the laboratory culture of

202



References

the brine shrimp, Artemia fronciscana. Spec. Publ. Eur. Aquacult. Soc.,

19. Abstract in ASFA 1, 24 (6), 319.

*Cowey, C.B. and Forster, J.R.M. (1971) Marine Biology, 10(1),77-81.

Cowey, C.B., Knox, D., Adron, J.W., George, S. and Pirie, B., 1977.

The production of renal calcinosis by magnesium deficiency in

rainbow trout (Salmo gaidnen). Br.J.Nutr., 38, 127-135.

Crompton, E.W. and Harris, L.E., 1969. Applied animal nutrition, 2 n d

ed. Freeman and Co., San Francisco. pp. 45-50.

D'Abramo, L.R., 1989. Lipid requirements of shrimp. Advances in

Tropical Aquacultre. AQUACOP-IFREMR, Tahiti, pp. 271-285.

D'Abramo, L.R., Conklin, D.E., 1992. New developments m the

understanding of the nutrition of penaeid and crustacean species of

shrimp. In: Browdy, C.L., Hopkins, S.J. (Eds.), Swimming Through

Troubled Water. Proceedings of the Special Session on Shrimp

Farming. Aquaeulture '95. World Aquaculture Society, Baton Rouge,

LA, USA, pp. 95-107.

D'Souza, J.F., 1972. Studies on fungi isolated from the marine

environment, M.Sc. Thesis, Bombay University.

D'Souza, N.A. and D'Souza, J., 1979. Studies on estuarine yeasts: V.

Petinase activity. Maha.sagar, 12(4), 263-267.

Dabrowski, K., Hassard, S., Quinn, J., Pitcher, T.J. and Flinn, A.M.,

1980. Effect of Geotrichum candidum protein substitution in pelleted

fish feed on the growth of Rainbow trout (Salmo qairdneri RICH.) and

on utilization of the diet. Aquaculture, 21, 213-232.

203



References

*Dabrowski, K., Bardega, R and Przedwojski, R 1983. Dry diet

formulation study with common carp (Cyprinus carpio L.) larvae. Z.

TierphysioL Tieremahrq. U. Futtermittelkde, 50,40-52.

Dam, R, Lee, S., Fry, P.C. and Fox, H. 1965. Utilization of algae as a

protein source for humans. J. Nutrition, 86, 376-382.

Davies, S.J. and Wareham, H., 1988. A preliminary evaluation of an

industrial single cell protein in practical diets for tilapia (Oreochromis

mossambicus Peters). Aquaculiure, 73, 189-199.

De la Huiguera, M., Sanchez-Muniz, F.J., Mataia, F.J.and Varela, G.,

1981. Nitrogen utilization by rainbow trout (Salmo gairdneri) Ied on

the yeast Hansenula anomala. Comp. Biochem. Phusiol., 69A, 583­

586.

Deak, T. 1991., Foodbome yeasts. Advances in Applied Microbiology

36, 179-278.

Deak, T., Beuchat, L.R., Guerzoni, M.E., Lillie, A., Peter, G., Rohm, H.,

Schnurer, F., Tabajdi, P.V. and Westphal, S., 1988. A collaborative

study on media for the enumeration of yeasts in food. International

Journal afFood Microbiology, 43,91-95.

Deshimaru, O. and Kuroki, M. 1975. Studies on a purified diet for

prawn. V. Evaluation of casein hydrolysate as a nitrogen source. Bull.

Jpn. Soc. Sci. Fish, 41, 101-103.

Deshimaru, O. and Yone, Y., 1978. Effect of dietary carbohydrate

sources on the growth and feed efficiency of prawn. Bull. Jpn. Soc. Sci.

Fish, 44, 1161-1163.

Devresse, B., Dehasque, M., Van Assche, J. and Merchie, G., 1997.

Nutrition and health. In: Tacon, A., Basurco, B. (Eds.). Cahiers

204



References

Options Mediterraneennes, Feeding Tomorrow's Fish. Proceedings of

the workshop of the CIHEAM Network on Technology of Aquaculture

in the Mediterranean (TECAM) , 24-26 June, 1996, Mazarron, Spain

vol. 22, 35-66.

Dirr, K. and Soden, O.V. 1942. The adequacy of yeasts for human

nutrition. n. The biological utilization of dry yeast grown on wood

carbohydrates. Biochem. Z., 312,233-251.

Djangmah, J.S., 1970. The effects of feeding and starvation on copper

in the blood and hepatopancreas, and on blood proteins of Crangon

vulgaris (Fabricius). Camp. Biochem. Physiol., 32, 709-731.

Dominy, W.G. and Lim, C., 1991. Performance of binders m pelleted

shrimp diet. In: Akiyama, D.M., Tan, R.K.H., (Eds.), Proceedings of the

Aquaculture Feed Processing and Nutrition Workshup, 19-25 Sept.

1991, Thailand and Indonesia. American Soybean Association,

Singapore, pp. 149-157.

du Preez, J.C., Bosh, M. and Prior, B.A., 1985. Xylose fermentaion by

Candida shehatae and Pichia stipitis: effects of pH, temperature and

substrate concentration. Enzyme Microb.Technol., 8, 360-364.

Duvic, B. and Soderhall, K., 1993. [3-1,3 glucan binding proteins from

plasma of the fresh water crayfishes Astacus astacus and

Procambarus darkia. J. Crustacean Biol , 13, 403-408.

Duvic, B. and Soderhall. K., 1990. Purification and characterization of

a P-1,3-glucan binding protein from plasma of the crayfish

Pacifastacus leniusculus. J. Bio!. Chem., 265, 9327-9332.

205



References

Duvic, B. and Soderhall. K., 1992. Purification of a 13-1,3-glucan

binding protein membrane receptor from blood cells of the crayfish

Pacifastacus leniusculus. Eur. J. Biochem., 207,223-228.

Engel, D.W., Brouwer, M. and McKenna, S., 1993. Haemocyanin

concentrations in marine crustaceans as a function of environmental

conditions. Mar. Ecol.: Prog. Ser., 93, 235-244.

English, M.P., 1954. Some observations on the physiology of

Saccharomyces rouxii Boutroux. J. Gen. Microbiol., la, 328-336.

Epifanio, C.E., 1979. Comparison of yeast and algal diets for bivalve

molluscs. Aquaculture, 16, 187-192.

Estrada, F.S. and Valdez, M.S.E., 1993. Critical operations on

manufacture of pelleted feeds for crustaceans. Aquaculture, 114, 83­

92.

Ewing, W. and Haresign, W., 1989. Probiotics, UK, Chalcombe

Publications, Great Britain.

Fell, J.W., 1965. Bionomics and physiological taxonomy of marine

occurring yeasts. PhD Dessertation. University of Miami.

Fell, J.W., 1967. Distribution of yeasts in the Indian Ocean. Bull.

Marine Sci. GulfCaribb., 17,454-470.

Fell, J.W., Ahearn, D.G., Meyers, S.P. and Roth, F.J. Jr., 1960.

Isolation of yeasts from Biscayne Bay, Florida, and adjacent benthic

areas. Limnol. Oceanogr., 5, 366-371.

Fell, J.W. and uden.N.van., 1963. Yeasts in marine environment. C.H.

Oppenheimer (edj. Symposium on marine microbiology. Thomas

Sprigfield, p. 329-334.

206



References

Fell, J.W., Hunter, I.L. and Tallman, A.S., 1973. Marine

basidiomycetous yeasts (Rhodosporidium spp.n.) with tetrapolar and

multiple allelic bipolar mating systems. Can. J. of Microbiol., 19, 643­

657.

*Fischer, B., 1894. Die Bakterien des Meeres nach den

Untersuchungen der Plankton Expedition unter gleicheitiger

Berucksichtigung eineirger alterer and meuerer Untersuchungen. In:

V. Hensen (Ed.) Ergebnisse der Plankton-Expedition der Humboldr

Stiftung. VoL IV. Lipsius u. Tischer, Kie1, pp.1-83.

Flannigan, 8.,1974. The use of acidified media for enumeration of

yeasts and moulds. Laboratory Pm:..dice, 23, 633-634.

Fleet, G.H., 1991. Cell walls. In: A.H. Rose and J.H. Harrison (Eds.).

The yeasts. VolA. 2n d Edn. Yeast Organelles. Academic Press. London,

pp. 199-277.

Folch, J., Lees, M. and Stanley, G.H.S., 1957. Simple method for the

isolation and purification of total lipids from animal tissues. J. Bioi.

Chem., 226, 497-509.

Forster, J.R.M. and T.W. Beard., 1973. Growth experiments with the

prawns Palaemon serratus fed with fresu compounded feed. Fish

Innest Series Il, 27, 16pp.

Fukusho, K., Hara, O. and Yoshio, J., 1976. Mass culture of rotifers,

Brachionus plicatilis, in large volumes with Chlorella and yeast.

Aquaculture, 24, 96-101.

FurIan, S.A., Schneider, A.L.S., Merkle, R, Carvalho-Jonas, M.F and

Jonas, R 2001. Optimization of pH, temperature and inoculum ratio

207



References

for the production of B-Galactosidase by Kluyveromyces marxianus

using a lactose-free medium. Acta Biotechnol., 21 (1), 57-64.

*Furukawa, 1. and Hidaka, K., 1973. Technical problems encountered

in the mass culture of the rotifer, Brachionus plicatilis, using marine

yeast as food organisms. Bull.Plankton Soc. Jpn., 20, 61-71 (in

Japanese with English summary).

Fushimi, T., 1975. Feeding and growth of larval fish. Japan Soc. Sci.

Fish(Ed.). Kokeisha-Koseikaku, Tokyo, pp.67-73.

Gallardo, P.P., Alfonso, E., Gaxiola, G. and Soto, L.A., 1995. Feeding

schedule for Penaeus setiferus larvae based on diatoms (Chaetoceros

ceratosporums, flagellates (Tetaselmis chuiz) and Artemia nauplii:

Aquacu lture, 131, 239-252.

Ghiretti-Magaldi, A., Milanese, C. and Tognon, G., 1977.

Hemotopoiesis in crustacean decapoda: origin and evolution of

hemocytes and cyanocytes of Carcinus maenus. Cell Differ., 6, 167­

186.

Ghittino, P., 1970. Diet requirements of the eel. Riu. Ital. Piscic. lttio.,

A. V.N., 1, 19-20.

Gibson R. and Barker, P.L., 1979. The decapod hepatopancreas.

Oceanogr. Mar. BioL, 17, 285-346.

Glacet, A., Letoumeau, F., Leveque, P. and Villa, P., 1985. Kinetic

study of nitrate inhibition during alcoholic fermentation of beet

molasses. Biotchnology Lett., 7, 47-52.

Godinho, M.A., N.J. D'Souza and Y.M. Freitas., 1978. Techniques of

isolating hydrocarbon utilizing yeasts from the marine environment.

IndianjoumalofMicrobiology, 18 (1), 67-68.

208



References

Gohl, B. 1991. Tropical Feeds. FAO/Oxford Computer Journals LTD,

Version 1.7.

Gollas-Galvan, T., Hernandez-Lopez, J. and Vargas-Albores, F., 1997.

Effect of calcium on the prophenoloxidase system activation of the

brown shrimp (Penaeus califomiensis Holmes). Comp. Biochem.

Physiol., 117A, 419-425.

Gollas-Galvan, T., Hernandez-Lopez, J. and Vargas-Albores, F., 1999.

Prophenoloxidase from brown shrimp (Penaeus calijomiensis)

hemocytes. Comp. Biochem. PhysioL, 122B, 77-82.

Gonzalez, F., Ester Farez-Vidal, M., Arias, J.M. and Montaya, E.,

1994. J.Appl. Bacteriology., 77, 567-573.

Gorin, P.A.J. and Spencer, J.F.T., 1970. Proton magnetic resonance

spectroscopy- an aid in identification and chemotaxonomy of yeasts.

Advances in Applied Microbiology, 13, 25-89.

Goyco, J.A., Santiago, C.L. and Rivera, E. 1959. Nitrogen balance of

young adults consuming a deficient diet supplemented with Torula

yeast and other nitrogenous products. J. Nutrition, 69, 49-57.

Gropp, J., Koops,H., Tiews, K. and Beck, H., 1976. Replacement of

fishmeal in trout feeds by other feedstuffs. FAO Technical Conference

on Aquaculture, Kyoto, Japan, 26 May 1976, FAO­

FIR:AQ/Conf/76.E.24, 10 pp.

Guary, J.C., Kayama, M., Murakami, Y. and Ceccaldi, H., 1976. The

effects of a fat free diet and compounded diets supplemented with

various oils on malt, growth and fatty acid composition of prawn

Penaeus pponi£us Bate. Aquaculture

209



References

Guerzoni, M.E., Lanciotti, R. and Marchetti, R, 1993. Survey of the

physiological properties of the most frequent yeasts associated with

commercial chilled foods. Int. J. Food Microbiol., 17, 329-341.

Hagler, A.N., Santos S.S, and Mendonca-Hagler, L.C., 1979. Yeasts of

a polluted Brazilian estuary. Rev. Microbial., 10, 36-41.

Hagler, A.N. and Mendonca-Hagler, L.C., 1981. Yeasts from marine

and estuarine waters with different levels of pollution in the state of

Rio de Janeiro, Brazil. AppL Environ. Microbiol., 41, 173-178.

Hagler, A.N., De Olieveira, R.B. and Hagler, M.L.C., 1982. Yeasts in

thee intertidal sediments of a polluted estuary in Rio De Janero

Brazil. Antonie van Leeuwenhoek., 48, 53-S6.

Hamada, T., Fukushima, Y., Hashiba, H. and Motai, H., 1991.

Improved production of viable cells of the salt-tolerant yeast

Zygosaccharomyces rouxii by continuous culture. Appl. Microbial.

Biotechnol., 36, 388-393.

Han, Y.W., Cheeke, P.R., Anderson, A.W. and Lekprayoon, C., 1976.

Growth of Aureobasidium pullularis on straw hydrolysate. Appl: and

Envtal. Microbial. 32(6), 799-802.

Hanson, J.A. and Goodwin, H.L., 1977. Shrimp and prawn farming in

the western hemisphere. Dowden, Hutchinson and Ross Inc.,

Stroudsburg, Pennsylvania, USA.

Hardy, R.W., 1996. Alternate protein sources for salmon and trout

diets. Anim. Feed Sci. Technol., 59, 71-80.

Hccht, T. and Viljoen, J.H., 1982. Observations on the suitability of

various dry feeds for the commercial rearing of carp Cyprinus carpio

larvae in South Africa. Water SA, 8, 58-65.

210



References

He, H., Lawrence, A.L. and Liu, R., 1992. Evaluation of dietary

essentiality of fat-soluble vitamins, A, D, E and K for penaeid shrimp

(Penaeus vannamel). Aquaculiure, 103, 177-185.

Hedrick, L.R., 1976., Candida fluoiotilis sp. novo and other yeasts from

aquatic environments. Antonie van Leeuwenhoek, 42, 329-332.

Hernandez-Lopez, J., Gollas-Galvan, T. and Vargas-Albores, F.,1996.

Acivation of the prophenoloxidase system of the brown shrimp

(Penaeus californiensis Holmes) haemolymph. Comp. Biochem.

Phusiol., 1048, 407-413.

Hernandez-Saavedra, N.Y., Hernandez-Saavedra, D. and Ocha, J.L.,

1992. Distribution of SporoboIomyces (Kluyver et van Niel) genus in

the western coast of Baja California Sur, Mexico. Syst. Appl.

Microbiol., 15, 319-322.

Hirata, H., Mori, Y. and Watanabe, M., 1975. Rearing of prawn larvae

Penaeus japonicus fed soycake particles and diatoms. Mar. Biol., 29,

9-13.

Hirata, H., Yamasaki, S., Kadowaki, S., Hirata, I. and Mae, K., 1979.

Marine zooplankton culture in a feed back system. Spec. Publ. Eur.

Maricult. Soc., 4, 377-388.

*Hirata, H. and Mori, Y., 1967. Cultivation of the rotifer, Brachionus

plicatilis, fed on a mixed diet of marine Chlorella and baker's yeast.

Saibai Gyogyo, 5, 36-40 (in Japanese).

Hirata, H., 1974. An attempt to apply an experimental microcosm for

the mass culture of marine rotifer, Brachiomis plicatilis. Mem Fac.

Fish. Kagoshima Univ., 23, 163-172.

211



References

Hirata, H., 1979. Rotifer culture in Japan. Spec. Publ. Eur. Maricult.

Soc., 4, 361-375.

Hirayama, K. and T. Watanabe., 1973. Fundamental studies on

physiology of rotifer for its mass culture. Nutritional effect of yeast on

population growth of rotifer. Bulletin of the Japanese Society of

Scientific Fisheries, 39, 1129-1133.

Hirayama, K., 1987. A consideration of whey mass culture of the

rotifer Brachiotuis plicatilis with baker's yeast is unstable.

HydrobiolDgia, 147, 269-270.

~-1obot, J.A. and Jennings, D.H., 1981. Growth of Debaryomyces

hansenii and Saccharomyces cereuisiae in relation to pH and salinity.

Exp. Mycol., 5,217-228.

Hocking, A.D., 1996. Media for preservative resistant yeasts: a

collaborative study. International Journal of Food Microbiology,

29,167-175.

Hopkin, S.P. and Nott, J.A., 1980, Studies on the digestive cycle of the

shore crab Carcinus maenas (L.) with special reference to the B cells

in the hepatopancreas. J. Mar. Biol. Assoc.UK., 60, 891-907.

Hoppe, H.G. 1970., Okologische Untersuchungen an Hefen aus dem

Bereich der westlichen Ostsee. Dissertation, University of Kiel.

Hose, J.E., Martin, G.G., Tiu, S. and Mckrell, N., 1992. Patterns of

haemocyte production and release throughout the moult cycle in the

penaeid shrimp Sycionia inqentis. Biol. Bull., 183, 185-189.

Huang, C.C. and Y.L. Song, 1999. Material transmission of immunity

to white spot syndrome associated virus (WSSV) in shrimp (Penaeus

monodon). Dev. Camp. Immunol. In preparation.

212



References

Hudinaga, M., 1942. Reproduction, development and rearing of

Penaeus aponicus Bate. Jap. J. Zool., 10,305-393.

Hughes, T.K., Smith, KM., Barnett, J.A., Charles, R. and Stefano,

G.B., 1991. LPS stimulated invertebrate haemocytes: A role of

immunoreactive TNF and IL-1. Dev. Comp. Immunol., 15, 117-122.

Hughes, D.B., Tudroszen and Moye, C.J., 1984. The effect of

temperature on the kinetics of etahanol production by a

thermotolerant strain of Kluuerottujces marxianus. Biotechnology

Letters, 6(1), 1-6.

Hunter, A.C., 1920. A pink yeast causing spoilage in Oysters. u.s.
Dept. Agr. Bull., 819, 1-24.

Iida, A., Tayama, T., Kumai, T., Takamura, C. and Nishikawa, T.,

1970. Syudies on the nutritive value of petroleum yeast in carp and

rainbow trout feeding. Suisan ZOshoku, 13, 35-43.

*Imada, O. 1984. Hakko boeki no shigenka nit suite. Hakko to kogyo,

42, 103-113 (in Japanese).

James, C.M. and B.A. Makkeya., 1981. Production of rotifers

Brachionus plicatilis, brine shrimp, Artemia salina and copepods for

aquaculture. Annual research report 1981, Kuwait Institute for

Scientific Research: 103-107.

James, C.M., Ben-Abbas, 8., Al-Khars, AM., Al-Hinty, S. and Salman,

A.E., 1983. Production of the rotifer Brachiomis plicatilis for

aquaculture in Kuwait. Hudrobioloqia, 104,77-84.

James, C.M., Dias, P. and Salman, A.E., 1987. The use of marine

yeast (Candia sp.) and baker's yeast (Saccharomyces cereuisiae in

213



References

combination with Chlorella sp. for mass culture of the rotifer

Brachionus plicatilis. Hydrobiolngia, 147, 263-268.

Jansen, M., Veurink, J.H., Euverink, G.W. and Dijkhuizen, L., 2003.

Growth of the salt tolerant yeast Zygosaccharomyces rouxii in

microtiter plates: effects of NaCl, pH and temperature on growth and

fusel alcohol production from branched-chain amino acids. FEMS

Yeast Res., 3, 313-318.

Johansson, M.W. and Soderhall, K., 1989. A cell adhesion factor from

crayfish haemocytes has degranulating activity towards crayfish

granular cells. Insect Biochetn., 19, 183-190.

Johnson, D.A., 1980. Evaluation of various diets for optimal growth

and survival of selected life stages of Artemia. In Persoone, G., P.

Sorgeloos, O. Roels and E. Jaspers [eds.], The Brine Shrimp Arternia.

Volume 3. Universa Press. Wetteren, Belgium: 185-192.

Johnson, E.A. and An, G,-H., 1991. Astaxanthin from microbial

sources. Crit. Rev. Biotehnol., 11,297-326.

Jones, D.A., Kanazawa, A. and Ono, K., 1979. Studies on the

nutritional requirements of the larval stages of Penaeus japonicus

using micro-encapsulated diets. Mar. BioI., 54, 261-267.

Jones, RP., Pamment, N. and Greenfield, P.F., 1981. Alcohol

fermentation by yeasts. The effect of environmental and other

variables. Process Biochetn., 16, 42-45.

Kamel, S.M. and Kawano, T., 1986. Studies on mass culture of

marine yeast Candida sp. for feeding zooplankton and shrimp larvae.

Proc. Symp. Coastal. Aquaculture, 4,1217-1227.

214



References

Kanazawa, A., Shimaya, M., Kawasaki, M. and Kashiwada, K.,1970.

Bull. Jap. Soc. Sci. Fish, 36, 949-954.

Kanazawa, A., Teshima, S. and Tokiwa, S., 1977. Nutrituional

requirement of prawn - VIII. Effect of dietary lipidson growth. Bull.

Jap. Soc. Sci. Fish, 43(7), 849-856.

Kanazawa, A., Teshima, S., Tokiwa, H., and Ceccaldi, J., 1979a.

Effects of dietary linoleic and linolenic acids on growth of prawn.

Oceanological Acta., 2, 41-47.

Kanazawa, A., Teshima, S. and Endo, M., 1979b. Relationship

between essential fatty acid requirements of aquatic animals and the

capacity for bioconversion of lonolenic acid to highly unsturated fatty

acids. Comp.Biochem.Phusiol; .63B, 295-298.

Kanazawa, A., Teshima, S. and Sakamoto, M., 1985. Effects of dietary

lipids, fatty acids and phospholipids on grc..wth and survival of prawn

(Penaeus japonieus) larvae. Aquaculture, 50, 39-49.

Kanazawa, A., Chim, L. and Laubier, L., 1988. Tissue uptake of

radioactive cholesterol in the prawn Penaeus japonicus Bate during

ovarian maturation. Aquat. Living Resaur., 1, 85-91.

Kaushik, S.J. and Luquet, P., 1980. Influence of bacterial protein

incorporation and of sulphur aminoacid supplementation to such

diets on the growth of rainbow trout (Salmo qairdneri Richardson).

Aquaculture, 19, 163-175.

Kawakita, S. and uden N. Van., 1965. Occurrence and population

densities of yeast species in the digestive tract of gulls and terns. J.

Gen. Microbiol., 39, 125-129.

215



References

Kawano, T. and Ohsawa., 1971. The culture and development of

marine yeast. Ocean Exploitation, 4 (1), 1-8.

Kiessling, A., Askbrandt, S., 1993. Nutritive value of two bacterial

strains of single-cell protein for rainbow trout (Oncorhynchus mykiss).

Aquacultu re, 109, 119-130.

Kihlberg, R., 1972. The microbe as a source of food. Annu. Rev.

Microbiol., 26, 427-466.

King, A.D., Hocking, A.D. and Pitt, J.I., 1979. Dichloran-rose Bengal

medium for enumeration and isolation of moulds from foods. Applied

and Environmental MicrobiDlogy, 37, 959-964.

Kirk, P.W. and Gordon, A.S., 1988. Hydrocarbon degradation by

filamentous marine higher fungi. Mycologia, 80, 776-782.

Kissil, G.W., Lupatsch, 1., Higgs, D.A. and Hardy, R., 2000. Dietary

substitution of soy and rapeseeds protein concentrates for fish meal

and their effects on growth and nutrient utilization on gilthead

seabream Spanis aurata L. Aquaculture Res., 31, 593-601.

Kohler, C.C. and Kruegger, S.P., 1986. Use of pressed Brewer's grain

as feed for freswater prawn. J. World Maricult. Soc., 16, 181-182.

Kohlmeyer, J. and Kohlmeyer, E., 1979. Yeasts in marine mycology :

the higher fungi. Academic Press, inc., New York.

*Kondratiev, Y.I., Bychkov, V.P., Ushakov, A., Boiko, N.N. and

Klyushkina, N.S. 1966. Use of 150 grams of dried biomass of

unicellular algae in food rations of man. Vopr. Pitaniy, 25{6): 14-19.

Kontara, E.K.M., Coutteau, P. and Sorgeloos, P., 1977. Effect of

dietary phospholipid on requirements for and incorporation of n-3

216



References

highly unsaturated fatty acid in post larval Penaeus japonicus Bate.

Aquaculture, 158(3-4), 305-320.

Koshio, S., Castell, J.D. and O'Dor, R.K., 1992. The effect of different

dietary energy levels in carb-protein-based diets on digestibility,

oxygen consumption and ammonia excretion of bilaterally eyestalk­

ablated and intact juvenile lobsters Homanis americanus.

Aquaculture, 108, 285-297.

Kreger-van Rij, N.J.W. (ed.). 1984. The yeasts: a taxonomic study, 3 rd

ed., p. 135-145. Elsevier, Amsterdam, The Netherlands.

Kriss, A.E. and Novozhilova, M.N., 1954. Are yeasts inhabitants of

seas and oceans? Mikrobioloqia. 23, 669-683.

*Kriss, A.E., 1959. "Morskaja Mickrobiologija" Akad. Naud USSR,

Moscow (English trans (1963): "Marine Microbiology" Oliver and

Boyd, Edinburgh). pp.536.

Kriss, A.E., Rukina, E.A. and Tikhonenko, K.S.A., 1952. A

distribution of yeasts in the sea. Zh. Obshch. Biol., 13,232-242.

*Kriss, A.E., 1961. Meeresmikrobiologie. Jena: Fischer, 570S.

Kriss, A.E., LE. Mishustina., N. Mitskevich and E.V. Zemtsova., 1967.

Microbial Populations of Oceans and Seas. Edward Arnold

(Publishers) Limited, London, 287 pp.

Landolt, M.L.,1989. The relationship between diet and the immune

response of fish. Aquaculture, 79, 193-206.

Lanz, H., Hernandez, S., Garrido-Guerrero, E., Tsutsumi, V.,

Arechiga, H., 1993. Prophenoloxidase system activation in the

crayfish Procambarus clarkii. Dev.Comp. Itnmunol., 17, 399-406.

217



References

Lara-Flores, M., Olvera-Novoa, M.A., Guzman-Mendez, B.A. and

Lopez-Madrid, W. 2003. Use of the bacteria Streptococcus faecium and

Lactobacillus acidophilus, and the yeast Saccharomyces cerevisiae as

growth promoters in Nile Tilapia (Oreochromis niloticus). Aquaculiure,

216,193-201.

Lavens, P. and P. Sorgeloos., 1991. Chapter 13: Production of Artemia

in culture tanks. In Browne, R.A., P. Sorgeloos and C.N.A. Trotman

(eds), Handbook of Arternia Biology, CRC Press, Boca Raton, Florida,

USA: 317-350.

Lavens, P., A. De Meulemeester and P. Sorgeloos., 1987. Evaluation of

mono- and mixed diets as food for intensive Artemia culture, In:

Sorgeloos, P., D.A. Bengtson, W. Decleir and E. .Jaspei s (eds), Artemia

Research and its Application. Volume 3. Ecology, Culturing, Use in

Aquaculture. Universa Press. Wetteren, Belgium: 309-319.

*Lavens, P., Coutteau, P., Vandamme, E. and Sorgeloos, P., 1989.

Aliment pour aquaculture. International patents PCt/BE89/00009,

EP-89870040.6.

Lazarus, C.R. and Koburger, J.A., 1974. Identification of yeasts from

the Suwannee River Florida estuary. Appl. Microbiol., 27,1108-1111.

Le Moullac, G., Le Groumellec, M., Ansquer, D., Froissard, S.and

Levy, P., AQUACOP, 1997. Haematological and phenoloxidase activity

changes in the shrimp Penaeus stulirostris in relation with moult

cycle: protection against vibriosis. Fish Shellfish Immunol., 7, 227­

234.

Le Moullac, G., Soyez, C., Saulnier, D., Ansquer, D., Avarre, J.C. and

Levy, P., 1998. Effect of hypoxic stress on the immune response and

218



References

the resistance to vibriosis of the shrimp Penaeus stylirostris. Fish

Shellfish Immunol., 8, 621-629.

Lee, D.L., 1970. Study on digestion and absorption of protein in

artificial feeds by four species of shrimp. China Fish. Monthly, 208, 2-4.

Lee, P.G. and Lawrence, A.L., 1997. Digestibility. In: D'Abramo, L.R.,

Conklin, D.E.and Akiyama, D.M. (eds.]. Crustacean Nutrition,

Advances in World Aquaculture, Vol. 6, World Aquaculture Society,

Baton Rouge, LA, pp. 194-260.

Lee, S.K., Fox, H.M., Kies, C. and Dam, K, 1967. The supplementary

value of algal protein in human diets. J. Nutrition, 9, 281-285.

Leger, P., Bieber, G.F. and Sorgeloos, P., 1985. International study on

A rtemia. XXXIII. Promising results in larval rearing of Penaeus

stylirostris using aprepared diet as algal substitute and for Artemia

enrichment. J. World. Maricult. Soc., 16,354-367.

Lehninger, A.L. 1975. DNA and the structure of genetic material. In

"Biochemistry" 2n d ed., p.859. Worth Publishers, Inc., N.Y.

Leonard, C., Ratc1iffe, N.A. and Rowley, A.F., 1985. The role of

prophenoloxidase activation in non-self recognition and phagocytosis

by insect blood cells. J. Insect Physiol., 31, 789-799.

Lepingle, A., Casaregola, S., Neuveglise, C., Bon, E., Nguyen, H.,

Artiguenave, F., Wincker, P. and Gaillardin, C., 2000. Genomic

exploration of the Hemiascomycetous yeasts : 14. Debaryomyces

hansenii var. hansenii. FEBS Lett., 487, 82-86.

Levin, D.M. and Sulkin, S.D., 1984. Nutritional significance of long

chain poly unsaturated fatty acids to the zoeal development of the

219



References

brachyuran crab, Eurypanopeus depressus (Smith). J. Exp. Mar.

Biol.Ecol., 81, 211-223.

Liang, S.M., Hascall, G., and Liu, T.-Y., 1985. Limulus amebocyte

clotting cascade: roles of endotoxin and adenylate cyclase. J. Protein

Chem., 4, 151-162.

Liao, I.C., su, M.S., Cheng, C.F., Her, B.Y. and Kojima, T., 1996.

Enhancement of the resistance of grass prawn Penaeus monodon

against Vibrio damsela infection by l3-1 ,3 glucan. J. Fish. Soc. Taiwan.

23 , 109-116.

Lin, C.S., Chang, D.G., Su, M.S. and Shitanda, K., 1981. Requirement

of white fish meal protein in diet of grass shrimp, Penaeus monodon.

China Fish. Monthly, 337, 7-13.

Litchfield, C. and Floodgate, G., 1975. Biochemistry and microbiology

of some Irish Sea sediments. 11. Bacteriological analyses. Mar. Biol.,

30,97-103.

Lorenzo, S., De Guarrini, S., Smith, V.J. and Ferrero, E.A., 1999.

Effects of LPS injection in circulating haemocytes in crustaceans in

vivo. Fish Shell. Immunol., 9, 31-50.

Lovell, R.T., 1989. Nutrition and feeding of fish. Van Nostrand­

Reinhold, New York, USA.

Lounes, A., Lbrihio, A., Bensilimane, C.M., Lefebvre, G. and Germain,

P., 1996. Regulation of spiramycin synthesis in Streptomyces

ambofaciens: effects of glucose and inorganic phosphate. J. Antibiot.,

17, 254-259.

220



References

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J., 1951.

Protein measurement with the folin phenol reagent. J. Biol. Chem.,

193,265-275.

Loya-Javellana, G., 1989. Ingestion saturation and growth responses

of Penaeus monodon larvae to food density. Aquaculture, 81, 329-336.

Mac Farlane, H. and Path, M.R.C., 1977. Malnutrition and immunity.

In : N. Catsim Poolas (Editor). Immunological aspects of food. AVI

Publishing Co., Westport, CT. pp.372-387.

Mahnken, C.V.W., Spinelli, J. and Waknitz, F.W., 1980. Evaluation of

an alkane yeast (Candida sp.) as a substitute for fish meal in oregon

moist pellet: feeding traials with coho salmon (Oncorhynchus kisutch)

and rainbow trout (Salmo gairdneri). Aquaculiure, 20,41-56.

Mahnken, C.V.M., 1991. Coho salmon farming in Japan. In: R.R.

Stickney (Editor), Culture of Salmonid Fishes. CRe Press, Boca

Raton, FL, pp. 131-149.

Maita, M., Satoh, K., Fukuda, Y., Lee, H.K., Winton, J.R. and

Okamoto, N., 1998. Correlation between plasma component levels of

cultured fish and resistance to bacterial infection. Fish Pathology.

33(3), 129-133.

Manomaitis, L., 2001. Assessment of the crude protein requirement of

juvenile red claw crayfish (Cherax quadricarinatus). MSc Thesis,

Auburn University, Auburn, AL.

Marques, M. and Barracco, M., 2000. Lectins, as non-self-recognition

factors, in crustaceans. Aquaculture, 1991,23-44.

Marsden, G .E., McGuren, J.J. and Hansford, S.W.,1997. A moist

artificial diet for prawn broodstock: its effect on the variable

221



References

reproductive performance of wild caught Penaeus monodon:

Aquaculture, 149, 145-156.

Martin, G.G., Hose, J.E., Choi, M., Provost, R., Omori, G., McKrell , N.

and Lam, G., 1993. Organization of haematopoietic tissue in the

intermoult lobster Homarus americanus. J. Morphol., 216, 65-78.

Martin, G.G. and Graves, B., 1985. Fine structure and classification

of shrimp haemocytes. J. Morphol., 185,339-348.

*Martin, Y.P. and Mengus, B .M., I 977. Utilisation des ouches b acteriennes

selectionees dans I'alimentation des larves de Mytilus galloprovincialis Lmk

(Mollusque Bivalve) en e1evages experimentaux. Aquaculture, 10,253-262.

Mendoza, R., Revol, A., Fauvel, C., Patrois, J. and Guillaume, J.-C.,

1997. Influence of squid extracts on the triggering of secondary

vitellogenesis in Penaeus vannamei. Aquacult: Nutr., 3,55-63.

Meyers, S.P., Ahearn, D.G. and Roth, F.J., 1967. Mycological

investigations of the black Sea. Bull. Marine Sci., 17, 576-596.

Meyers, S.P., Miles, P. and Ahearn, D.G., 1971. Occurrence of

pu1cherimin producing yeasts in Lousiana marshland sediments.

Meyer, R.S., Grant, M.A., Luedecke, L.O. and Leung, H.K., 1989.

Effects of pH and water activity on microbiological stability of salad

dressing. Journal ofFood Protection, 52(7), 477-479.

Millamena, O. M., Bombeo, R.F., Jumalon, N. A. and Simpson, K.L.,

1988. Effects of various diets on the nutritional value of Artemia sp.as

food for the prawn Penaeus monodon. Mar. Bioi., 98, 217-221.

Miller, M.W., 1979. Yeast in food spoilage: an update. Food Technol.,

33,76-80.

222



References

Mochizuki, T., Shimizu, H., Tanaka, M. and Endo, K., 1978. Studies

on the growth of zooplantkton. H. Continuous culture of Brachionus

plicatilis. Aquaculture, 25, 138-141.

Moore, L.B. and Stanley, R.W., 1982. Corn silage as a feed

supplement for grows out of Macrobrachium. rosenberqii in ponds. J.

World Maricult. Soc., 13, 86-94.

Moo-Young M, Chahal, D.S. and Vlach, D., 1978. Single cell protein

from various chemically pre-treated wood substrate using

Chaetomium cellulolyticum. Biotechnol Bioenq., 20,107-118.

Morimura, S., Ling, Z.Y. and Kida, K., 1997. Ethanol production by

repeated batch fermentation at high temperature in a molasses

medium containing a high concentration of total sugar by a

thermotolerant flocculating yeast with improved salt tolerance. J.

Ferment. Bioenq., 83, 271-274.

Morri, H., 1973. Yeasts predominating in the stomach of little toothed

whales. Bull. Jpn. Soc. Sa. Fish., 39, 333.

Mossel, D.A.A., Kleynen-Semmeling, A.M.C., Vincentie, H.M., Beerens,

H. and Catsaras, M., 1970. Oxytetracycline-glucose-yeast extract agar

for selective enumeration of moulds and yeasts in foods or clinical

materials. Journal oJApplied Bacteriology, 33, 454-457.

Mourente, G., 1996. In vitro metabolism of C-14-polyunsaturated

fatty acids in midgut gland ovary cells from Penaeus kerathurus

Forskal at the beginning of sexual maturation. Camp. Biochem.

Physiol., 115 (2), 255-266.

223



References

Murray, A.P. and Marchant, R, 1986. Nitrogen utilization in rainbow

trout fingerlings (Salmo qairdneri Richardson) fed mixed microbial

biomass. Aquaculture, 54, 263-275.

Muta, T., Miyata, T., Misumi, Y., Tokunaga, F., Nakamura, T., Toh, Y.,

Ikehara, Y. and Iwanaga, 1991. Limulus factor-C - and endotoxin

sensitive serine protease zymogen with a mosaic structure of

complement-like, epidermal growth factor-like and lectin-like

domains. J. Bioi. Chem., 266, 6554-6561.

Naessens-Foucquaert, E., Van bllaer, E., Candreva, P., Leger, P. and

Sorgeloos, P., 1990. Successful culture of P.monodon and P.vannamei

postlarvac at production scale using artificial diets for live food

replacement. In: World Auaculture '90, 10-14 June 1990, Halifax, NS,

Canada, Book of Abstracts. IMPRICO, Qubcc, Canada, pp. 20.

Nappi, A.·T. and Vass, E., 1993. Melanogenesis and generation of

cytotoxic molecules during insect cellular immune reactions. Pigm.

Cell Res., 6, 117 - 126.

Nappi, A. J., Vass, E., Frey, F. and Carton, Y., 1995. Superoxide

anion generation in Drosophila during melanotic encapsulation of

parasites. Eur. J. Cell Bio., 68, 450 -456.

Naylor, R.L. et al., 2000. Effect of aquaculture on world fish supplies.

Nature, 405, 1017-1024.

Nell, J.A., 1985. Comparison of some single cell protein in the diet of

the Sydney rock oyster (Sacostrea commercialist. Prog. Fish-Cuit., 47,

110-113.

Nell, J.A., 1993. The development of oyster diets. Aust. J. Agric. Res.,

44, 557-566.

224



References

Nell, J.A., MacLennan, D.G., Allan, G.L., nearhos, S.P. and Frances,

J., 1994. Evaluation of new microbial foods as partial substitutes for

microalgae in a diet for Sydney rock oyster Saccostrea commercialis

larvae and spat. In: J.A. Nell, D.G. MacLennan, G.L. Allan, S.P.

Nearhos, and J. Frances (Editors), New Microbial Foods for

Aquaculture. Final Report to Fisheries Research Development

Corporation (FRDC), NSW Fisheries, Brackish Water Fish Culture

Research Station, Salamander Bay, N.S.W., 98 p.

Nell, J.A., Diemar, J.A. and Heasman, M.P., 1996. Food value of live

yeasts and dry yeast-based diets fed to Sydney rock oyster Saccostrea

commercialis spat. Aquaeulture, 145, 235-243.

New, M.B., 1976. A review of dietary studies with shrimp and prawn.

Aquaeulture, 9, 10 1-144.

Newman, S.G., 1996. Non-specific immune stimulants to prevent

shrimp disease. Fisheries World, 2, 4-8.

Niewolak, S., 1977. The occurrence of yeasts in some of the Masurian

Lakes. Acta. Mycol., 12,241-256.

Nikl, L., Albright, L.J. and Evelyn, T.P.T., 1991. Influence of seven

immunostimulants on the immune response of coho salmon to

Aeromonas salmonicida. Dis. Aquat. Org., 12,7-12.

Nimmannit, S. and S. Assawamunkong, 1985. Study on yeast as feed

for marine organisms (brine shrimps). Proc. Living Aquatic Resources,

Chulalongkorn University, 7-8 March, 21 pp.

Norkrans, B., 1996. Studies on marine occurring yeasts: growth

related to pH, NaCI concentration and temperature. Arch. Mikrobiol.,

54, 374-392.

225



References

Nose, T., 1974a. Effects of aminoacids supplemented to petroleum

yeast on growth of rainbow trout fingerlings-I. A preliminary

experiment. Bull. Freshwater Fish Res. Lab., Tokyo., 24, 57-63.

Nose, T., 1974b. Effects of aminoacids supplemented to petroleum

yeast on growth of rainbow trout fingerlings-II. Methionine and

cystine. Bull. Freshwater Fish. Res. Lab., Tokyo., 24, 101-109.

Novoa, O.M.A., Pal acios, C.A.M. and Castillo, L.O., 2002. Utilization of

torula yeast (Candida utilis) as a protein source in diets for tilapia

(Oreochromis mossambicus Peters) fry. Aquaculture Nutrition, 8, 257­

264.

Ochiai, M. and Ashida, M., 1988. Purification of a ~-1,3 glucan

recognition protein in the prophenoloxidase activating system from

haemolymph of the silkworm, Bombyx mori. J.Bio1. Chem., 263,

12056-12062.

Oda, Y. and Tonomura, K., 1993. Sodium chloride enhances the

potential leavening ability of yeast in dough. Food Microbiol., 10, 249­

254.

Oliva-Teles and Goncalves, P. 2001. Partial replacement of brewer's

yeast (Saccaromyces cereuisae in diets for sea bass (Dicentrarchus

labrax) juveniles. Aquaculture, 202, 269-278.

Omae, H., 1979. Influence of single cell protein feeds on the growth

and reproductivity of carp with reference to fatty acid composition. In:

Halver and K. Tiews (editors), Finfish Nutrition and Fishfeed

Technology, Vol. n. Schriften der Bundesforschungs-anstalt fur

Fischerei, Berlin, West Germany, pp. 63-74.

226



References

Omori, S., Martin, G.G. and Hose, J.E., 1989. Morphology of

haemocyte lysis and clotting in the ridge back prawn, Sicyonia

ingentis. Cell Tissue Res., 255, 117-123.

Onishi, H. 1957a., Studies on osmophilic yeasts. Part 1. Salt-tolerance

and sugar tolerance of osmophilic soy-yeasts. Bull. Agr. Chem. Soc.

Jpn; 21, 137-142.

Onishi, H. 1957b., Studies on osmophilic yeasts. Part 11. Factors

affecting growth of soy yeasts and others in the environment of a high

concentration of sodium chloride. Bull. Agr. Chem. Soc. Jpn, 21, 137­

142.

Onishi, H., 1963. Osmophilic yeasts. Adv. Food Res., 12, 53-94.

Patel, K.S., 1975. The relationship between yeasts and marine algae.

Perazzolo, L.M. and Barracco, M.A., 1997. The prophenoloxidase

activating system of the shrimp, Penaeus paulensis and associated

factors. Dev. Comp. Immunol , 21,385-395.

Persson, M., Cerenius, L and Soderha11, K., 1987. The influence of

haemocyte number on the resistance of the freshwater crayfish

Pacifastacus leniusculus Danna, to the parasite fungus, Aphanomyces

astaci. J. FishDis., 10,471-477.

Phaff, H.J., Marak, E.M. and Williams, O.B., 1952. Yeasts isolated

from shrimp. Mycologia, 44, 431-451.

Phaff, H.J., 1971. Structure and biosynthesis of the yeast cell

envelope. In The Yeasts, vo1.2, p. 135-210. Edited by A.H. Rose and

J.S. Harrison. London: Academic Press.

Phaff, H.J., M.W. Miller, and E.M. Mrak., 1978. the life of yeasts, 2nd

ed. Harvard University Press, Cambridge, Mass.

227



References

Pipe, R.K., 1992. Generation of reactive oxygen metabolites by the

haemocytes of the mussel Mytilus edulis. Dev. Camp. Immunol., 16,

111-122.

Pipe, R.K., Coles, J.A., Thomas, M.E., Fossato, V.U. and Pulsford,

A.L., 1995. Evidence for environmentally derived immunomodulation

in mussels from the Venice Lagoon, Aquatic Toxicology, 32, 59-73.

Pitt, J.1. and Hocking, A.D., 1997. Fungi in food spoilage. Blackie

Academic and Professional, London.

Pitt, J.1., 1974. Resistance of some food spoilage yeasts to

preservatives. Food Technol. Aust., 26, 238-241.

Plavnik, 1., Bornstein, S. and Hurwitz, S., 1981. Evaluation of

methanol-grown bacteria and hydrocarbon-grown yeast as sources of

protein for poultry. Studies with young chicks. Br. Poult. Sci., 22, 123­

140.

Prabhakaran, N. and Ranu Gupta., 1991. Yeasts from the sediment

samples of the EEZ along the south west coast of India. J. mar. Bioi.

Association India. 33 (2), 455.

Praphailong, W. and Fleet, G.H., 1997. The effect of pH, sodium

chloride, sucrose, sorbate and benzoate on the growth of food spoilage

yeasts: Food Microbiol, 14, 459-468.

Prista, C. and Madeira-Lopes, A., 1995. Thermokinetic and energetic

profiles of the yeast Debaryomyces hansenii in the presence of sodium

chloride. Biotechnol. Lett., 17, 1233-1236.

Raa, J., 2000. The use of immunostimulants in fish and shellfish

feeds. In: Cruz-Suarez, L.E., Ricque-Maire, D., Tapia-Salazar, M.,

Olvera-Novoa, M.A. and Civera-Cerecedo, R., (Eds.). Advances en

228



References

Nutricion acuicola V. mernorias del V Simposium Internacional de

Nutricion Acuicola. 19-22. Noviembre, 2000. Merida, Yucatan,

Mexico.

Raa, J., Roerstad, G., Engstad, R and Robertson, E., 1992. The use

of immunostimulants to increase resistance of aquatic organisms to

microbial infections. In: Shariff, M., Subasinghe, RP., Arthur J.R

[Eds.], Diseases in Asian Aquaculture. 1. Fish Health Section, Asian

Fisheries Society, Manila, Philippines, pp. 39-50.

Ratc1iffe, N.A., 1985. Invertebrate immunity - a primer for the non­

specialist. Immunol. Lett., 10, 253 - 270.

Ratcliffe, N.A., Rowley, A.F., Fitzgerald, S. Vi", Rhodes, C. P., 1985.

Invertebrate immunity: basic concepts end recent advances. Int. Rev.

Cytol., 97, 183 - 350.

Read, G. H.L., 1981. The response of Penaeus indicus (Crustacea:

Penaeidea) to purified and compounded diets of varying fatty acid

composition. Aquaculture, 24, 245-256.

Recca, J. and Mrak, E.M., 1952. Yeasts occurring in citrus products.

Food Technol., 6, 450-454.

Reed, R 1981. Use of microbial cultures: Yeast products. Food
Technol., 89-94.

Reed, G. and Peppler, H.J. 1973. Biological aspects of yeasts. In

"Yeast Technology," p.15. AV! Publishing Co., Inc., Westport, Conn.

Reese, KT., Mandels, M., and Weiss, A.L.1972. Cellulose as a novel

energy source. In Adv. in Biochem. Eng., 2, 181.

Reichardt, W., Overbeck, J. and Steubing, L. 1967. Free dissolved

enzymes in Lake waters. Nature, 216, 1345-1347.

229



References

*Rheinheimer, G., 1965. Mikrobiologische Untersuchungen in der

Elbe zwischen Schnakenburg und Cuxhaven. Arch. Hydrobiol., 29,

181-251.

Reinheimer, G., 1980. Aquatic Microbiology Second Edition. John

Wiley and Sons.

Robertson, B., Roestad, G., Engstad, R. and Raa, J., 1990.

Enhancement of non-specific disease resistance in Atlantic Salmon,

Salmo salar L., by a glucan from Saccharomyces cereuisiae cell walls.

J. Fish Dis., 13, 391-400.

Robin, J.H., C. Le Milinaire and G. Stephan, 1987. Production of

Artemia using mixed diets Z: control of fatty acid content for marine

fish larvae culture. In In Sorge1oos, P., D.A. Bengtson, W. Decleir and

E. Jaspers (eds), Artemia Research and its Application. Volume 3.

Ecology, Culturing Use in Aquaeulture. Universal Press. Wetteren,

Belgium: 437-447.

Rodriguez, J., Boulo, V., Mialhe, E. and Bachere, E., 1995.

Characterization of shrimp haemocytes and plasma components by

monoc1onal antibodies. J. Cell sa, 108, 1043-1050.

Roe, J.H. 1955. The determination of sugar in the blood and spinal

fluid with anthrone reagent. Ibid, 335-343.

Roley, D., Roley, S.E., Hardy, R. and Brannon, E., 1977. Feather meal

and Candida yeast as substitutes for fish meal in he diets of Chinook

salmon fry (Oncorhynchus tschawytscha). 1976. Research 10

Fisheries, Annual Report of The College of Fisheries, University of

Washington, Seattle, Washington, Contribution, 460,77.

230



References

Roques, C. and Dussert, L. 1991. The interest of live yeast

supplementation in aquaculture and its improving effect on feed

conversron. Spec. PubI. Eur. Aquacult. Soc. 14. Abstract in ASFA 1,

24(6), 305.

Rorstad, G., P.M. Aasjord, and B. Robertsen., 1993. Adjuvant effect of

yeast glucan in vaccines against furunculosis in Atlantic Salmon,

(Salmo salar, L.). Fish Shellfish Irnrnunol., 3, 179-190.

Rosenberry, B., 1996. World shrimp farming 1996, In: Rosenberry, R.

(Ed.), Shrimp News International. 167pp.

Ross, S.S. and Morris, 0., 1965. An investigation of the yeast flora of

marine fish from Scottish coastal waters and a fishing ground off

Iceland. J. AppL Bacieriol., 28, 224-234.

Roth, F.J., Ahearn, D.G., Fell, J.W., Meyers, S.P. and Meyers, S.A.,

1962. Ecology and taxonomy of yeasts isolated from various marine

substrates. Limnol: Oceanoqr., 7, 178~185.

Rowley, A. F., Brookman, J.L., Ratcliffe, N.A., 1990. Possible

involvement of the prophenoloxidase system of the locust, Locusta

miqratoria, in antimicrobial activity. J. Inuertbr. Pathol., 56, 31-38.

Rowley, A. F. and Rahmet-Alla, M., 1990. Prophenoloxidase activation

in the blood of Leucophaea maderae by microbial product and

different strains of Bacillus cereus. J. Insect PhysiDl., 36, 931-937.

Rumsey, G.L., Hughes, S.G. and Kinsella, J.L., 1990. Use of dietary

yeast Saccharomyces cereuisiae nitrogen by lake trout. J, World

Aquacult. Soc., 21, 205-209.

Rumsey, G.L., Kinsella, J.L., Shetty, K.J. and Hughes, S.G., 1991a.

Effect of high dietary concentrations of brewer's dried yeast on growth

231



References

performance and liver uricase in rainbow trout (Oncorhynchus

mykiss). Anim. Feed Sci. Technol., 33, 177-183.

Rumsey, G.L., Kinsella, J.L., Shetty, K.J. and Hughes, S.G., 1991b.

Digestibility and energy values of intact, disrupted extracts from

brewer's dried yeast fed to rainbow trout (Oncorhynchus rr..ykisSj.

Anim. Feed Sci. Technol., 33, 185-193.

Rumsey, G.L., Winfree, RA. and Hughes, S.G. 1992. Nutritional value

of dietary nucleic acids and purine bases to rainbow trout

(Oncorynchus mykiss). Aquaculture, 108,97-110.

Russell, I., Jones, R and Stewart, G. 1986. The genetic modification

of brewer's yeast and other industrial yeast strains. In "Biotechnology

in Food Processing," ed. S.K. Harlander and T.P. Labuza, p. 172.

Noyes Publications, Park Ridge, N.J.

Sa-Correia, I. and van Uden, N., 1983. Temperature profiles of ethanol

tolerance: effects of ethanol on the minimum and the maximum

temperatures for growth of the yeasts Saccharomyces cereoisiae and

Kluyveromycesjragilis. Biotechnol Bioeng., 25, 1665-1667.

Sanderson, G.W. and Jolly, S.O., 1994. The value of Phuffia yeast as

feed ingredient for salmonid fish. Aquaculture, 124, 193-200.

Sandifer, P. A. and Joseph, J.D., 1976. Growth responses and fatty

acid composition of juvenile prawns (Marcobrachium rosenbergir) fed

a prepared ration augmented with shrimp head oil. Aquaculture, 8,

129-138.

Sarac, Z., Thaggard, H., Saunders, J., Gravel, M., Neill, A.and Cowan,

RT., 1993. Observations on the chemical composition of some

232



References

commercial prawn feeds and associated growth responses in Penaeus

monodon. Aquaculture, 115, 97-110.

Saul, S.J., Bin, L. and Sugumaran, M. 1987. The majority of

prophenoloxidase in the haemolymph of Manduca sexta is present in

the plasma and not in the haemocytes. Dev. Comp. Immunol , 11, 479­

486.

Scheda, R. and Yarrow, D., 1966. Ach. Mikrobiol., 55, 209.

Scholz, U., Diaz, G.G., Ricque, D., Suarez, L.E.C., Albores, F.V. and

Latchford, J., 1999. Enhancement of vibriosis resistance in juvenile

Penaeus vannamei by supplementation of diets with different yeast

products. Aquaculture, 176, 271-283.

Schulz, E. and Oslage, H.J., 1976. Composition and nutritive value of

single cell protein (SCP). Anim. Feed Sci. TechnoL, 1, 9-24.

Seiler, H. and Busse, M., 1990. The yeasts of cheese brines. Int. J.

food Microbiol., 11, 289-304.

Shacklady, C.H. and Gatumel, E. 1972. The nutritional value of yeast

grown on alkanes. In Proteins from Hydrocarbons, ed. H Gounelle de

Pontanel, pp. 27-52, London, New York: Academic Press.

Sheen, S.S. and Chen, J. C., 1993. The feasibility of extruded rice in

shrimp feed to replace wheat flour for tiger prawn, Penaeus monodon.

J. Fish Soc. Taiwan 20(1), 65-72.

Shewbart, R.W. and Mies, W.L., 1973, Studies on nutritional

requirements of brown shrimp- the effects of linolenic on growth of

Penaeus anecus. Proe. World Mariculi. Soc., 4, 277-278.

233



References

Shiau, S.Y., Kwok, C.C. and Chou, B.S., 1991. Optimal dietary

protein level of Penaeus monodon juveniles reared in seawater and

brackish water. Nippon Suisan Gakkaishi, 57(4), 711-716.

Shimma, Y. and Nakada, M., 1974a. Utilization of petroleum yeast for

fish feed- I. Effect of supplemented oil. Bull. Freshwater Fish. Res.

Lab., 24, 47-56.

Shimma, Y. and Nakada, M., 1974b. Utilization of petroleum yeast in

fish feed - Il. Effect on growth and body lipids of rainbow trout

fingerlings raised in cages. Bull. Freshwater fish. Es. Lab., Tokyo, 24,

111-119.

Shimma, Y. and Shimma, H., 1976. Utilization of petroleum yeast in

fish feed - IV. Plasma cholesterol content and fatty acid composition

of erythrocytes of rainbow trout. Bull. Freshwater fish. Es. Lab.,

Tokyo, 26, 1-78.

Shimma, Y., Kato, T., Fukuda, Y., Yamaguchi, M., Arai, S., Nose, T.,

Tomukai, S., Shimma, H., Yokote, M. and Takashima, F., 1976.

Utilization of petroleum yeast in fish feed - Ill. Long-term feeding tests

on rainbow trout at 9.50 and 170 C. Bull. Freshwater fish. Es. Lab.,

Tokyo, 26, 71-78.

Sick, Lowell, Andrews, J.W. and White, David B., 1972. Fish Bull.,

70(1) 102-108.

Sick, L.V. and Andrews, J.M., 1973. Effects of selected dietary lipids,

carbohydrates and proteins on the growth, survival and body

composition of Penaeus durarutn: Proc. Word maricult Soc. 4,263:276.

234



References

*Siepmann, R. and Hohnk, W., 1962. Uver Hefenundeinige Pinze

(Fungi. imp; Hyphanes) aus dem Nordatlantik. Veroffentlichungen des

Instituts fur Meetrsforschung in Bremerhaven 8, 79-97.

Simon, C.M., 1978. The culture of diatom, Chaetoceros gracilis and its

use as a food for penaeid protozoeallarvae. Aquaculture, 14,105-113.

Siwicki, A.K., Andersen, D.P. and Rumsey, G.L., 1994. Dietary intake

of immunostimulants by rainbow trout affects non-specific immunity

and protection against furunculosis. Vet. Immunol: Immunopaihol., 41,

125-139.

Smith, V.J. and Soderhall, K., 1986. Cellular immune mechanisms in

the crustacean. In: Lackie, A.M., (Ed.), Immune mechanisms in

Invertebrate Vectors. Zoological Society of London Symposia, No. 56.

Oxford Science Publications. pp.59-79.

Smith, v.J. and Johnston, P.A., 1992. Differential haemotaxic effect of

pca congeners in the common shrimp, Crangon cranqon. Camp.

Biochem. Physiol., Part C: Pharmacol. Toxicol. Endocrinol., 101, 641­

649.

Smith, V.J. and Ratc1ife, N.A., 1980. Host defence reactions of the

shore crab, Carcinus maenas (L): clearance and distribution of

injected particles. J. Mar. BioI. Assoc., U.K. 60, 89-102.

Smith, V.J. and SoderhalI, K., 1983. p-l,3-glucan activation of

crustacean hemocytes in vitro and in vivo. Bioi. Bull. 164,299 - 314.

Smith, V.J. and Soderhall, K., 1991. A comparison of phenoloxidase

activity in the blood of marine invertebrates. Dev. Camp. Immunol., 5,

251-262.

235



References

Smith, V.J., Soderhall, K. and Hamilton, M., 1984. J3-1,3-glucan

induced cellular defense reactions in the shore crab, Carcinus maenas

. Comp. Biochem. Physiol.., Part A: Mol. Integr. Physiol. 77, 635-639.

Smittle, R.B., 1977. Influence of pH and NaCI on the growth of yeasts

isolated from high acid food products. J. Food Sci., 42, 1552-1553.

Soderhall, K and Hall, L., 1984. Lipopolysaccharide induced

activation of prophenol oxidase activating system in crayfish

haemocyte lysate. Biochemical and Biophysical Acta, 797-99-104.

Soderhall, K, 1982. Phenoloxidase activating system and

melanization - a recognition system of arthropods? a review. Deu.

Comp. Immunol , 6, 601-611.

Soderhall, K, 1992. Biochemical and molecular aspects of cellular

communication in arthropods. Biol. Zool., 59, 141-151.

Soderhall, K., 1999. Editorial. Invertebrate immunity. Dev. Comp.

ImmunoL, 23, 263-266.

Soderhall, K and Ajaxon, R, 1982. Effect of quinone and melanin on

mycelial growth of Aphanomyces spp. And extracellular protease of

Aphanomyces astaci, a parasite of crayfish. J. Inuertbr. Pathol., 39,

105-109.

Soderhall, K., Aspan, A. and Duvic, B., 1990. The proPO system and

associated proteins - role in cellular communication in arthropods.

Res.Immunol., 141,896 - 907.

Soderhall, K. and Cerenius, L.,1992. Crustacean immunity. Annu.

Rev. Fish Dis., 2, 3-23.

236



References

Soderhall, K, Cerenius, L. and Johansson, M.W., 1994. The

prophenoloxidase activating system and its role in invertebrate

defense. Ann. N. Y. Acad. Sci. 712, 155 - 161.

Soderhall, K, Cerenius, L. and Johansson, M.W., 1996. The

prophenoloxidase activating system in invertebrates. In: Soderhall, K,

Iwanaga, S., Vasta, G.R. (Eds.), New Directions in Invertebrate

immunology. SOS Publications, Fair Haven. pp. 229-253.

Soderhall, K and Cerenius, L., 1998. Role of the prophenoloxidase

activating system in invertebrate immunity. CUff. Opin.Immunol., 10,

23-28.

Soderhall, K, Rogener, W., Soderhall, 1., Newton, R.P. and RatcIiffe,

N.A. 1988. The properties and purification of a Blaberus craniifer

plasma protein which enhances the activation of haemocyte

prophenoloxidase by a J3 1-3 glucan. Insect Biochem., 18, 323-330.

Soderhall, K and Smith, V.J., 1986. The prophenoloxidase activating

system cascade as a recognition and defense system in arthropods.

In: Gupta, A.P., (Ed.), Humoral and Cellular Immunity in Arthropods.

WHey, New York, pp. 251-285.

Soderhall, K and Unestam, T., 1979. Activation of serum

prophenoloxidase in arthropod immunity: the specificity of cell wall

glucan activation and activation by purified fungal glycoproteins of

crayfish phenoloxidase. Can. J. Microbiol., 25, 406-414.

Soderhall, K, Wingren, A., Johansson, M.W. and Bertheussen, K,

1985. The cytotoxic reaction of heamocytes from the freshwater

crayfish Astacus astacus. Cell immunol., 94, 326-332.

237



References

Song, Y.L. and Sung, H.H. 1990. Enhancement of growth in tiger

shrimp (Penaeus monodoru by bacterin prepared from Vibrio

vulnificus. Bull. Eur. Ass. Fish Pathol., 10,98-99.

Song, Y.L. and Hseigh, Y. T., 1994. Immunostimulation of tiger

shrimp (Penaeus monodon) hemocytes for generation of microbial

substances: analysis of reactive oxygen species. Dev. Comp.lmmunol.,

18,201 - 209.

Song, Y.L., Liu, J.J., Chan, L.C. and Sung, H.H., 1997. Glucan

induced disease resistance in tiger shrimp (Penaeus monodon). In:

Fish Vaccinology (R. Gudding; A. Lillehaug; P.J. Midtlyng and F.

Brown, eds.]. Dev. Biol. Stand. Basel, Karger, 90, 413-421.

Sorensen, B.B. and Jakobsen, M., 1997. The combined effects of

temperature, pH, and NaCI on growth of Debaryomyces hansenii

analyses by flow cytometry and predictive microbiology. Int. J. Food

Microbiol., 34, 209-220.

Spencer, D.M., Spencer, J.F.T., De Figueroa, L. and Heluane, H.,

1992. Yeasts associated with rotting citrus fruits in Tucuman,

Argentina. Mycol. Res., 96, 891-892.

Spinelli, J., Mahnken, C. and Steinberg, M., 1978. Alternative sources

of proteins for fish meal in salmonid diets. Syrnp. Fin-fish Nutr. And

Feed Technol., Hamburg, F.R.G., 20 June 1978. E.I.F.A.C./78/Syrnp:

E/27, FAO, Rome, FAO Access No.41409, 21pp.

Spinelli, J., Mahnken, C. and Steinberg, M., 1979. Alternate sources

of proteins for fish meal in salmonid diets. In: J.Halver and K.Tiews

(Editors), 1979. Finfish Nutrition and Fishfeed Technology, VoUI.

Schriften der Bundesforschungs-anstalt fur Fischerei, Berlin, West

Germany, pp. 131-142.

238



References

Sritunyalucksana, K., Cerenius, L. and Soderhall, K., 1999a.

Molecular cloning and characterization of prophenoloxidase in the

black tiger shrimp, Penaeus monodon. Dev. Comp. Immunol., 23, 179­

186.

Sritunyalucksana, K., Sithisam, P., Withayachumnarnkul, B. and

Flegel, T.W., 1999b. A preliminary study on activation of agglutinin

and antibacterial activity in haemolymph of black tiger shrimp,

Penaeus morodon. Fish Shellfish Immunol., 9, 21-30.

St. Leger, R.J., Cooper, R.M. and Charnely, A.K., 1988. The effect of

melanization of Manduca Sexta cuticle on growth and infection by

Me'urhizium anisopliae. J. Inuertbr. Pathol., 52,459-470.

*Su, M.S., Liu, K.F., Chang, C.F. and Liao, I.C., 1995. Enhancement

of grass prawn Penaeus monodon post larvae viability by [31,3 glucan

fror.i Schizophyllum commune. J. Taiwan Fish Res., 3, 125-132. (In

Chinese with English Abstract).

Subasinghe, R., 1997. Fish health in quarantine. Review of the state

of the world aquaculture. FAO Fisheries Circular No. 886. Food and

Agriculture Organisation of the United nations, Rome, pp.45-49.

Subrahmanyan, C.B. and Oppenheimer, C.H. (1969) in Proceedings of

the 1969 Food-Drugs from the Dea Conference, H.W. Youngken, Jr.

(Ed.), pp. 65-75. Mar. Technol. Soc., Washington, D.e.

Sudaryono, A., Hoxey, M.J., Kailis, S.G. and Evans, L.H., 1995.

Investigation of alternative protein sources in practical diets for

juvenile shrimp, Penaeus monodon. Aquaculture 134, 313-323.

239



References

Suehiro, S., 1960. Studies on the yeast developing in purified marine

algae. Sci. Bull. Fac. Agric. Kyushu Univ., 17, 443-449.

Suehiro, S., 1962. Studies on the marine yeasts Il. Yeasts isolated

from Thalassiosira subtilis decayed in flasks. So. Bull. Fac. Agric.

Kyushu Uniu., 20, 101-105.

Suehiro S., 1963. Studies on the marine yeasts. Ill. Yeasts isolated

from the mud of tideland. Sa. bull. Fac. Agr. Kyushu uniu., 20, 223­

227.

Sugumaran, M., 1996. Roles of the insect cuticle in host defense

reactions: In: Soderhall, K., Iwanaga, S., Vasta, G.R. (Eds.), New

Directions in Invertebrate immunology. SOS Publications, Fair Haven,

pp. 355-374.

Sugumaran, M. and Kanost, M., 1993. Regulation of insect

haemolymph phenoloxidases. In: Beckage, N.E., Thompson, S.M.,

Federici, RA., [Eds.], Parasites and Pathogens of insects. Academic

Press, San Diego, pp. 317-342.

Sung, RH., Kuo, G.H. and Song, Y.L., 1994. Vibriosis resistance

induced by glucan treatment in tiger shrimp (Penaeus monodon). Fish

Pathology, 29 (1), 11-17.

Sung, H.R, Song, Y.L. and Kou, G.H., 1991. Potential uses of

bacterin to prevent shrimp vibriosis. Fish Shellfish Immunol., 1, 311­

312.

Supamattaya, Pongmaneerat., 1998. The effect of Macrogard" on

growth performance and health condition of black tiger shrimp.

Scientific Report, Prince of Songkhla Univ.

240



References

Tacon, A.G.J., 1994. Feed ingredients for carnivorous fish species:

alternatives to fishmeal and other dietary resources. FAO Fish. Circ.

881,35 pp.

Tacon, AG.J., Cooke, D.J., 1980. Nutritional value of dietary nucleic

acids to trout. Nutr. Reports Int., 22, 631-640.

Tacon, A.G.J. and Jackson, AJ., 1985. Utilisation of conventional and

unconventional protein sources in practical fish feeds. In: Cowey,

C.B., Mackie, AM., Bell, J.G. (Eds.). Nutrition and Feeding in Fish.

Academic Press, Londoon, pp. 119-145.

Talloen, M., 1978. The use of locally available food for the mass­

culture of the brine shrimp Artemia salina. Bulletin of the Jepara

Brackishwater Aquaculture Development Center.

Taysi, 1. and uden N. Van., 1964. Occurrence and population

densities of yeast species in an estuarine- marine area. Limnol.

Oceanoqr., 9, 42-45.

Thomas, D.S. and Davenport, R.R., 1985. Zygosaccharomyces bailii- a

profile of characteristics and spoilage activities. Food Microbiol., 2,

157-169.

Thomson, G.F., 1984. Enumeration ofyeasts and moulds-media trial.

Food Microbiology, 1, 223-227.

Thornqvist, P.-O., Johansson, M.W. and Soderhall, K., 1994. Opsonic

activity of cell protein and ~-1,3-glucan binding protein from two

crustaceans. Dev. Camp. Immunol ; 18,3-12.

Thornqvist, P.-O. and Soderhall, K., 1993. Psorospermium haeckeli

and its interaction with the crayfish defence system. Aquaeulture, 117,

205-213.

241



References

Tidwell, J.H., Webster, C.D., Clark, J.A. and D'Abramo, L.R., 1993a.

Evaluation of distillers dried grains with solubles as an ingredient in

diets for pond culture of the freshwater prawn, Macrobrachium

rosenberqii. J. World Aquaeult. Soc., 24, 66-70.

Tidwel1, J.H., Webster, C.D., Clark, J.A. and D'Abramo, L.R., 1992.

Evaluation of distillers grains with solubles as protein source in diets

for the freshwater prawn, Macrobrachium rosenberqii. Aquaculture'92:

Growing towards the 21 s t Century World Aquaculture Society (USA).

May 1992. pp. 216-217.

Tidwell, J.H., Webster, C.D., Goodgame-Tiu, JJ. and D'Abramo, L.R.,

1994. Population characteristics of Macrobrachium rosenbergii fed

diets containing different protein sources under cool water conditions.

J. World Aquaeult Soc., 28 (2), 123-132.

Ticlwell, J.H., Webster, C.D., Yancey, D. and D'Abrarno, L.R., 1993b.

Partial and total replacement of fish meal with soybean meal and

distillers by-products in diets for the freswater prawn, Macrobrachium

rosenberqii. Spec. Publ. Eur. Aquaeult. Soc., 19, Abstract in ASFA 1, 24

(3), 300.

Tiews, K., Koops, H., Gropp, J. and Beck, H., 1979. Compilation of

fish meal free diets obtained in rainbow trout (Salmo gairdnen) feeding

experiments at Hamburg (1970-1977/78). In: Halver, J.E., Tiews, K.

(Eds.). 1979. Finfish. Nutrition and Fishfeed Technology, vol. I.

Heenemann, Berlin, pp. 219-228.

Ting, Y.Y., 1970. Protein digestibility of several feeds on grass shrimp.

Taituan Fish. Res. Inst., 16,119-126.

Tobias-Qunitio, E. and Villegas, C.T., 1982. Growth, survival and

macro nutrient composition of Penaeus monodon Fabricius larvae fed

242



References

with Chaetoceros calcitrans and Tetraselimis chuii. Aquaculture, 29,

253-260.

Tokuoka, K and Ishitani, T., 1991. Minimum water activities for the

growth of yeasts isolated from high-sugars foods. J. Gen. Microbiol.,

37, 111-119.

Tokuoka, K, 1993. Sugar and salt-tolerant yeasts. J. AppL Bacteriol.,

74, 101-110.

Tomita, M., 1976. Characterization of an osmo-tolerant yeast for miso

making. J. Ferment. Technol., 54, 287-291.

Tristram, D.A. and P.L. Ogra., 1994. Immunology of the

gastrointestinal tract: In: Viral infections of the Gastrointestinal Tract

(A. Z. Kapikian, Ed.). New York: Marcel Dekker.

*Tsiklinsky, P., 1908. La Flora microbienne dans les regions du pole

sud. "Expedition antartique francaice (1903-1905)" Paris.

Tsing, A., Arcier, J.M. and Brehelin, M., 1989. Haemocytes of penaeid

and palaemonid shrimps, morphology, cytochemistry and

haemograms. J. Invertebr. Pathol., 53, 64-77.

uden N. Van and Castello-Branco, R., 1963. Distribution and

population densities of yeast species in Pacific water, air, animals and

kelp of Southern California. Limnol: Oceanogr., 8, 323-329.

uden N. van., 1967. Occurrence and origin of yeasts in estuaries in

G.H. Lauf (ed). Estuaries. P. 306-310. American Assoc. for the

Advancement of Science Washington, D.C.

uden, N. Van and J. W. Fell., 1968. Marine yeast, in: M.R. Droop and

E.J.F. Wood (Ed.). Advances in Microbiology of the sea. Academic

press. Pp. 167-201.

243



References

Unestarn, T. and Soderhall, K., 1997. Soluble fragments from fungal

cell walls elicit defense reactions in crayfish. Nature, 267, 45-46.

Urban, E.R. and Pruder, G.D., 1992. A method of economic

comparisons for aquaculture diet development. Aquaculture, 99,127­

142.

Urban, E.R.., and Langdon, C.J., 1984. Reduction in costs of diets for

the American Oyster, Crassostrea uirqinica (Gmelin), by the use of

non-algal supplements. Aquaculture, 38, 277-291.

Ushio, K., Otsuka, H., Yoshikawa, S., Taguchi, G., Shimosaka, M.,

Mitsui, N. and Okazaki, M., 1996. Cloning of the SATI gene concerned

with salt tolerance of the yeast Zygosaccharomyces rouxii. J. Ferment.

Bioeng., 82, 16-21.

Vallejo, e.G. and Serrano, R., 1989. Physiology of mutants with

reduced expression of plasma membrane H± ATPase. Yeast, 5, 307­

319.

Van de Braak, C.B.T., Faber, R. and Boon, J.H., 1996. Cellular and

humoral characteristics of Penaeus monodon (Fabricius, 1798)

haemolymph. 6 Springer-Verlag, London. Pp-194-203.

Van der Meeren, T., 1991. Production of marine fish fry in Norway.

World Aquacult., 22(2) , 37-40.

van Uden, N. and Zobell, C.E., 1962. Candida marina novo spec.,

Torulopsis torresii novo spec. and T mans novo spec., three yeasts

from the Torres Strait. Antonie van Leeuwenhoek., 28, 275-283.

Vargas -Albores, F., 1995. The defense system of brown shrimp

(Penaeus califomiensis): humoral recognition and cellular responses.

J. Mar. Biotechnol , 3, 153 -156.

244



References

Vargas-Albores, F., Guzman-Murillo, M.A. and Ochoa, J.L., 1993a, An

anticoagulant solution for haemolymph collection and phenoloxidase

studies of Penaeid shrimp (Penaeus califomiensis). Comp. Biochem.

Physiol., 106A, 299-303.

Vargas-Albores, F., Hernandez-Lopez, J., Gollas-Galvan, T., Montano­

Perez, K., Jimenez-Vega, F. and Yepiz-Plascencia, G., 1998. Activation

of shrimp cellular defence functions by microbial products. In: Flegel,

T. (Ed.), Advances in Shrimp Biotechnology. National Center for

Genetic Engineering and Biotechnology, Bangkok, pp. 161-166.

Vargas-Albores, F., Jimenez-Vega, F.and Soderhall, K., 1996. A

plasma protein isolated from brown shrimp (Penaeus califciiensiss

which enhances the activation of prophenoloxidase system by 13-1,3­

glucan. Deu. Camp. Immunol., 20, 299-306.

Vargas-Albores, F., Jimenez-Vega, F. and Yepiz-Plascencia, G. 1997.

Purification and comparison of p-l,3-glucan binding protein from

white shrimp (Penaeus ranname'. Comp. Biochem. PhysioL, 116B,

453-458.

Vargas-Albores, F. and Yepiz-Plascencia, G., 2000. Beta glucan

binding protein and its role in shrimp immune response. Aquaculture,

1991, 13-21.

Vazquez-Juarez, R., Ascensio, F., Andlid, T., Gustafsson, L. and

Wadstrom, T., 1993. The expression of potential colonization factors

of yeasts isolated from fish during different growth conditions. Can. J.

Microbiol., 39, 1135-1141.

Venkitaramiah, A., Lakshmi, G.J. and Gunther, G., 1975. Effect of

protein level and vegetable matter on growth and food conversion

efficiency of brown shrimp. Aquaculture 6: 115-125.

245



References

Villegas, C.T. and Kanazawa, A., 1980. Rearing of the larval stages of

prawn, Penaeus japonicus Bate, and using artificial diet. Mem.

Kagoshima Uniu. Res. S. Pacific., 1,43-49.

Vishniac, H.S. and W.P. Hempfling., 1979a. Cryptococcus vishniacii

sp. nov., an Antarctic yeast. Int. J. Syst. Bacteriol., 29, 153-158.

Vishniac, H.S. and W.P. Hernpfling., 1979b. Evidence of an

indigenous microbiota (yeast) in the DIy Valleys of Antarctica. J. Gen.

Microbiol., 112, 301-314.

Vivier, D., Ratomahenina, R., Moulin, G. and Galzy, P., 1993. Study of

physicochemical factors hrnitir.g the growth of Kluyveromyces

marxianus. J. 1nd. Microbiol., 11, 157-161 .

Volesky, B., Zajic, J.E. and Carroll, K.K., 1975. Feeding studies in

rats with high protein fungus grown on natural gas. J. Nutr., 105,

311-316.

Voltz, P.A., Jerger, D.E., Wurzburger, A.J. and Hiser, J.L., 1974. A

preliminary survey of yeasts isolated from marine habitats at Abaco

Island, the Bahamas. Mycopathol. Mycol. Appl., 54, 313-316.

Vrinda, S. 2002. Yeast glucans as immunostimulants for penaeid

prawns. M.Sc.Dissertation. Cochin University of Science and

Technology, Kochi. 88pp.

Wagabo, R. 1994. The impact of nutritional factors on the immune

system in Atlantic Salmon, Salmo salar, L., a review. Aquaculture and

Fisheries Management, 25, 175-197.

Walker, H.W., 1977. Spoilage of food by yeasts. Food Technol., 31, 57­

61,65.

246



References

Warth, A.D., 1986a. Preservative resistance of Zygosaccharomyces

bailii and other yeasts. CS/RO Food Res. Q., 46, 1-8.

Warth, A.D., 1986b. Effect of nutrients and pH on the resistance of

Zygosaccharomyces bailii to benzoic acid. Int. J. Food Microbiol., 3, 263-271.

Watanabe, T., Ogino, C., Koshishi, Y. and Matsunaga, T.Y. 1974.

Requirement of rainbow trout for essential fatty acids. Bull. Jap. Soc.

Aci. Fish 41, 493-499.

Watson, K., 1987. Temperature relations. In The Yeasts, vol. 2, pp.

41-71. Edited by A.H. Rose and J.S. Harrison. London: Academic

Press.

Watson, T.G., Effects of sodium chloride on steady-state growth and

metabolism of Saccharomyces cerevisiae. J. Gen. Microbiol., 64, 91-99.

Weisz, P.B., 1946. The space-time pattern of segment formation in

Artemia salina. Biol. Bull., 91, 119-140.

Wickerman, L.J. and Burton, K.A., 1948. Carbon assimilation tests

for the classification of yeasts. J. Bacteriol., 56, 363-371.

Wickerman, L.J., 1951. Taxonomy of Yeasts. Technical Bulletin No.

1029. United States Department of Agriculture.

Windell, J.T., Armstrong, R. and Clinebell, J.R., 1974. Substitution

for brewer's SCP into jpelleted fish feed. Feedstuffs, 46: 22-23.

Witter, L.D. and Anderson, C.B., 1987. Osmoregulation by

microorganisms at reduced water activity. In Food microbiology. Vol.

1. Concepts in Physiology and Metabolism. (Ed. Montville, T.J.), pp. 1­

34. Boca Raton, Florida, CRC Press, Inc.].

247



References

Woods, G.F. 1982. Comparison of culture media for enumeration of

moulds and yeasts. RHM, HIGH WYCOMBE (UK). P.19.

Xu, X.L., Ji, W.L., Castell, J.D. and O'Dor, R.K., 1994. Influence of

dietary lipid sources on fecundity, egg hatchability and fatty acid

composition of Chinese prawn (Penaeus chinensis) broodstock.

Aquaculture, 119, 359-370.

Yano, T., Mangindaan, R.E.P. and Matsuyama, H., 1989.

Enhancement of the resistance of carp, Cyprinus carpio, to

experimental Edwardsiella tarda infection, by some f3-1,3 glucans.

Nippon Suisati Gakkaishi, 55: 1815-1819.

Yarrow, D., 1998. Methods for the isolation, maintenance and

identification of yeasts: In: Kurtzman, C.P., Fell, J.W. (Eds.), The

Yeasts, A Taxonomical study. 4 th edn. Elsevier, Amsterdam, p. 77­

100.

Yoshida, H. and Ashida, M., 1986. Microbial activation of two serine

enzymes and prophenoloxidase in the plasma fraction of the

haemolymph of the silkworm, Bombyx man. Insect Biochemistry,

16,539-545.

Yoshida, H., Kinoshita, K. and Ashida, M., 1996. Purification of a

peptidoglycan recognition protein from haemolymph of the silkworm,

Bombyx mori. J. Bioi. Chem., 271, 13854 - 13860.

Yoshikawa, S., Chikara, K., Hashimoto, H., Mitsui, N., Shimosaka, M.

and Okazaki, M., 1995. Isolation and characterization of the yeast

Zygosaocharomyces rouxii mutants defective in proton pumpout

activity and salt tolerance. J. Ferment. Bioenq., 79, 6-10.

248



References

Yoshikawa, S., Mitsui, N., Chikara, K., Hashimoto, H., Shimosaka, M.

and Okazaki, M. ,1995. Effect of salt stress on plasma membrane

permeability and lipid saturation in the salt tolerant yeast

Zygosaccharomyces rouxii: J. Ferment. Bioenq., 80, 131-135.

Zobell, C.E. and Feltham, C.B., 1934. Preliminary studies on the

distribution and characteristics of marine bacteria. Bull. Scipps. Instn.

Oceanogr. Tech. Ser., 3, 279-296.

* Not referred in original.

249



Appendix 1

Table. A.I. Proximate composition of yeast biomass

Culture Genera Proximate composition (%)

No. Protein Lipid Carbohydrate

83 Williopsis 22.13 2.15 22.45
58 Debaruomuces 23.45 3.16 23.56
813 Lodderotnuces 24.56 4.25 26.48
828 Kluueromuces 23.35 8.25 25.68
830 Aciculoconidia 22.56 2.31 22.93
542 Rhodotorula 25.23 3.14 26.53
848 Lodderomuces 26.55 3.62 22.36
850 Cruptococcus 24.35 4.25 26.45
856 Pichia 26.22 4.22 23.47
569 Lipotnuces 27.33 6.35 24.86
870 Honnoascus 27.85 2.85 29.68
881 Arxioxuma 25.36 3.26 25.89
887 Debaruomuces 25.42 4.22 24.63
8100 Debaruomuces 28.65 6.78 27.89
8 165 Candida 27.89 3.65 24.69
8169 Debaruomuces 30.45 3.25 25.68
8 170 Dekkera 23.45 6.54 24.36
8 186 Candida 24.95 2.53 26.27
8297 Leucosporidium. 24.22 3.65 23.45
8303 Torulaspora 27.89 4.58 26.89
8382 Candida 25.36 2.69 28.96
8394 Leucosporidium 23.48 3.96 25.63
5425 Dipodascus 26.45 5.86 22.56
8434 Filobasidiutti 27.89 3.65 23.54

8437 Mastiaomuces 25.65 4.31 25.65
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