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Abstract: 

 

Two different experiments were carried out with Sparus aurata larvae. In the first, 

the effects of microalgae addition (Chlorella minutissima) in the rearing system on 

growth performance (total length and wet weight), quality (% deformities) and survival 

of the larvae during the first 60 days post hatching were evaluated. Also, the ontogeny 

of the endogenous antioxidant defenses (superoxide dismutase, glutathione reductase, 

glutathione peroxidase, glutathione S-transferase and glutathione) and the pancreatic 

proteases (trypsin and chymotrypsin) was studied. Two groups of S. aurata larvae were 

reared until 60 days post hatch in a system with (pseudo-green water system, PGW) or 

without microalgae (clear water system, CW) and samples were taken at different 

developmental stages for the analysis of the enzymes. Additionally, at 120 days post 

hatching, survival and wet weight was evaluated. Up to our knowledge, this is the first 

time that the effects of green water on the antioxidant defences are studied. Significantly 

better growth performance was registered in the PGW group in terms of total length and 

wet weight. Differences between groups in the various antioxidant and digestive 

enzymes were discussed. 

The second experiment studied the effects of bacteriophages KVP40 addition to 

the larval rearing system (PH system) on the growth performance, quality and survival 

of the larvae during the first 120 days post hatch. Phages were added to the PH tanks at 

4, 8 and 20 days post hatching. Differences, although not significant, in growth 

performance were detected between PH and CW groups. 
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1. INTRODUCTION 

 

1.1. World Aquaculture 

 

Throughout the history of humanity have been evolving different ways of 

farming, grazing and ranching to increase food production in order to cover the food 

requirements necessary for an exponentially growing world population. The aquatic 

environment has always been a source of exploitable resources in this regard since 

marine organisms, particularly fish, are a source of high quality nutrients (proteins, 

essential fatty acids, vitamins, minerals, etc) fundamental in human nutrition, either 

directly or as by-products and derivatives. 

For many years, obtaining a higher number of captures from wild fisheries has 

been achieved at the expense of an increasing pressure on fish stocks. For this has been 

developed modern fishing gear, boats with greater capacity and autonomy, satellite 

detection systems and other new technologies. All this has managed to increase the 

level of exploitation of marine fisheries resources to the current state, in which an 

increase in fishing effort generally does not lead to an increase in performance. This has 

proven that the sea (although it looks like because of its vastness) is NOT an 

inexhaustible resource. 

Aquaculture appears to be the most logical, effective and promising option to 

increase the production of commercially important aquatic organisms. Although the rate 

of growth of global aquaculture is decreasing, it is still the sector within the food 

industry with the fastest growth rate. Currently produces almost half of the total supply 

of edible fish (FAO, 2010. Figure 1) and FAO estimations for 2030 talk about 65% of 

the aquatic food coming from aquaculture. Moreover, for some species such as mussels, 

clams, oysters, sea bream, sea bass, trout, tilapias, and carps, the majority of the 

production comes almost entirely from aquaculture. 

This great development is mainly due to the aforementioned better knowledge in 

the field of aquatic biology in general and certain technological improvements. 
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Figure 1: Total global production (FAO, 2010) 

 

Aquaculture is a relatively new multidisciplinary science, coupling expertise not 

only of biology but also of engineering, systems of production and economics. Its 

ultimate goal is the controlled production of commercially important aquatic organisms 

by managing their life cycle and controlling the environmental factors that influence 

their development. Among the advantages that aquaculture presents, one can emphasize 

on (i) the better control over the final product quality, (ii) the increased productivity in 

comparison to agriculture and terrestrial farming, (iii) the limited impact on the 

environment, (iv) the job creation, (v) the development of rural areas, and (vi) the 

diversification of the economy. 

 

1.2. European Aquaculture 

 

Aquaculture in the Mediterranean region is an activity which started many 

centuries ago. There are evidences over aquaculture activities in the Mediterranean 

since the ancient Egyptian civilization (Basurco and Lovatelli, 2003). The main 

technique was to capture juveniles and keep them alive until reaching an adult height. 

Modern marine aquaculture has started effectively 50 years ago and most Mediterranean 

countries are involved in its development. This new form of aquaculture has developed 

as a result of significant research mainly on reproduction, larval rearing, feed 

manufacturing and engineering technology, among other specialties. 

As regard to species, recent aquaculture developments focus on the popular 

carnivorous finfish species with either a low production volume from capture fisheries 
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or from over-fishing stocks. The technology applied has evolved rapidly as a result of 

the modifications of existing farming facilities (e.g. water recirculation for land based 

installations) and the development of new farming concepts (e.g. off-shore submerged 

netcage technology). As a consequence of such developments, nowadays, in the 

Mediterranean a wide-range of production activities of marine species co-exist in 

different environments using a variety of production technologies (Basurco and 

Lovatelli, 2003). 

European aquaculture is considered today as a world leader in the production of 

some high value species (salmonids, sea bass, sea bream) and contributes to global 

aquaculture development through knowledge and technology transfer (FAO, 2010). 

Between 1990 and 2009, the production volume of European aquaculture increased by 

55% from 1.6 to 2.5 million tonnes, while the production value doubled (Figures 2, 3). 

The increase was mainly because of the growth of marine finfish aquaculture (FAO, 

2010). 
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Figure 2: European aquaculture production (tonnes). (FAO, 2010) 
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Figure 3: European aquaculture production (value). (FAO, 2010) 

 

1.3. Aquaculture in Spain 

 

Spain has almost 8000 km of coast, with varied topography and climate, which 

give the country the characteristics necessary for the development of marine 

aquaculture. It has also numerous fluvial resources, lakes and reservoirs, which provide 

ideal conditions for developing inland aquaculture also (FAO, 2010). 

Spanish aquaculture production is the largest within all European countries, it 

reached over 266,000 tonnes in 2009, of which around 250,000 corresponded to the 

production of marine species (96% of the total production) and the rest to inland 

aquaculture (4% of the total production). Around 190,000 tonnes of this production 

corresponds to the production of mussels mainly in Galicia. The total value of the 

production of aquaculture in Spain was 413 million euros in 2009 (APROMAR, 2011). 

In 2010 however, the production of marine finfish aquaculture in Spain suffered a 

reduction of 9.4% over the previous year, occurring in all finfish species reared: sea 

bass, sea bream and turbot (APROMAR, 2011) (Figure 4). 

Aquaculture in Spain, as in the rest of Europe, is facing a series of constraints 

mainly related to the evolution of markets, site availability, diseases, planning, 

infrastructures and human resources. The sea bass and sea bream industry could be 

described as a sector entering a mature phase, in which competition has increased, and 

prices and margins have significantly diminished, demanding additional efficiency, 

productivity and economies of scale (Basurco and Lovatelli, 2003). However, better 
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knowledge on the reared species may allow the creation of more advanced methods for 

rearing which, together with the increasing diversification, may certainly reinforce the 

competitiveness of the sector. 
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Figure 4: Spanish production of sea bream (Sparus aurata) (FAO, 2010) 

 

1.4. Sparidae 

 

Sparidae, commonly called breams and porgies, is a family of the order 

Perciformes and includes about 115 species classified in 33 genera (Nelson, 2006). 

They have a wide distribution, from tropical to temperate waters, and are found in the 

Atlantic, Indian and Pacific Oceans, and the Mediterranean Sea. This family is 

composed mainly of marine coastal fish, of high economic value, exploited and farmed 

for human consumption, as well as for recreational purposes. The total Sparidae 

production was around 700,000 tonnes in 2009 (FAO, 2010), with around 37% 

(261,000 tonnes) of the production coming from aquaculture (Figure 5). 

Sparidae are physically characterized by an oblong body, moderately deep and 

compressed, with a large head profile often with a steep upper profile, regularly curved 

with a maxilla hidden by a sheath when the mouth is closed (Carpenter and Niem, 

2001). They have 24 vertebrae and a single dorsal fin, usually with 10–15 spines, and 

three spines in the anal fin. Their overall colour is highly variable, from pinkish or 

reddish to yellowish or greyish, often with silvery or golden reflections, and dark or 

coloured spots, stripes, or bars. Most of them are carnivorous and feed on benthic 
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invertebrates. Many species have been found to be hermaphroditic: some have male and 

female gonads simultaneously, while others change sex as they get larger. 

 

Sparidae aquaculture production

0

50000

100000

150000

200000

250000

300000

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09

T
o

n
n

es

 

Figure 5: Global aquaculture production of Sparidae (FAO, 2010) 

 

The gilthead seabream has an oval body, rather deep and compressed, with a head 

profile regularly curved with small eyes (FAO 2005-2009). The overall colour is 

silvery-gray; a large black blotch at the origin of the lateral line extends on the upper 

margin of the operculum; a golden frontal band exists between the eyes. The gilthead 

seabream is commonly found throughout the Mediterranean; it is also found in the 

Atlantic Ocean from the British Isles to Cape Verde and around the Canary Islands. It is 

a benthopelagic (demersal behaviour) specie, found in coastal environments to depths of 

about 30 meters (adults may be found up to 150 meters deep). The species is mainly 

carnivorous (molluscs, crustaceans and fish), but also herbivorous. As regards it 

reproductive biology, this species is a protandrous hermaphrodite, with the majority of 

individuals being functional males in the first two years (20-30 cm) and then turn into 

females (33-40 cm). Spawning typically occurs from December to April (Cataudella et 

al., 1995). 

Although the UN Food and Agriculture Organization aquaculture statistics 

compiles data for about 20 species, more than 75% of the production is referred to just 

two species, the gilthead seabream (Sparus aurata, 136000 tonnes) cultured mainly in 

the Mediterranean region (Figure 6), and the red sea bream (Pagrus major) cultured in 

the Asia-Pacific region. 
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Figure 6: Global production of gilthead sea bream (FAO, 2010) 

 

When analyzing the evolution of gilthead sea bream production, the first FAO 

production statistics recorded for gilthead sea bream are those from Italy in 1970 with 

10 tonnes. Ten years later, in 1980, eight countries reported production outputs for a 

total of 775 tonnes. Since then production grew rapidly and in 2009 statistics include 

more than 20 countries, with Greece being the major producer and Spain being the 

third. The main reason for the slow development of the gilthead sea bream industry at 

the early stages was the initial difficulty in the production of large quantities of quality 

juveniles. However, the establishment of better hatchery techniques in the 80 - 90s, 

including adequate broodstock management, larval culture, and feeding, proper hygiene 

measures and enabled the supply of the required juveniles (Basurco et al., 2011). 

The availability of controlled reproduction techniques for gilthead sea bream 

(Sparus aurata), as well as for European sea bass (Dicentrarchus labrax), generated a 

production scheme based on a reliable and consistent supply of juveniles, and it opened 

the door towards the industrialization of marine aquaculture in the Mediterranean region 

(Basurco et al., 2011). 

Hatcheries have evolved and increased their production capacity as the demand 

for seed has expanded over the years. Thus, in the early days hatcheries producing 

yearly outputs of 1 million juveniles were considered to be large, while currently the 

production of 10 million or more juveniles from a single facility is the norm. At present, 

about 100 commercial hatcheries are in operation in Europe, with production capacities 

ranging from 5 million to 20 million fingerlings or more (Basurco et al, 2011). 
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The total gilthead sea bream harvest in 2009 was 144,130 tonnes, with about 94% 

coming from aquaculture (Figure 6) and the remaining 6% (8,600 tonnes) coming from 

capture fisheries from Mediterranean countries (FAO, 2010). 

Most of the life cycle takes place in sea cages at average densities of 15-25 kg·m-3 

with a food conversion ratio (FCR) of 1.5-2. The culture period varies with location and 

water temperature, but usually it takes between 18 and 24 months for a specimen to 

reach 400 g from hatched larvae. Commercial size can vary from 250 g to 1.5 kg 

(APROMAR, 2011). 

Gilthead sea bream eggs are produced in land-based hatcheries from selected 

broodstock of various age groups, from 1-year old male to 10-year old females. A single 

female can produce more than 1 million eggs in a reproductive season and the normal 

fertilization rate is 90-95% (Sola et al., 2007). Larval may be cultured under controlled 

conditions in small (2-6 meters) circular tanks. Between 3 and 4 days post hatching, 

larvae start exogenous feeding and are offered live food (rotifers Brachionus plicatilis, 

followed by Artemia spp.) and then commercial dry food until they complete 

metamorphosis. Larval rearing is explained with more detail in the next section. 

 

1.5. Larval rearing 

 

Fish larvae is a transitional life form that develops from the fertilized egg through 

various embryonic stages with yolk as its only nutrient and energy supply to the stage of 

metamorphosis through exogenous feeding phase in which it is capable of detect, 

capture and digest live prey. In nature, survival and success of fish larvae depend 

mainly on food supply and the avoidance of predators, with only a few larvae surviving 

through metamorphosis to become juvenile fish that can be recruited into the fish stock. 

All organs and biological systems that develop during the embryonic and larval stages 

and how these systems are established during early development will influence how the 

fish performs later in life. As opposed to farm animals, in which the most sensitive life 

stages occur inside the mother in a constant environment and with a steady supply of 

nutrition, fish in their early stages directly contend with a fluctuating, harsh 

environment. 

Under culture conditions, the success rate for fish larvae is much higher than in 

nature due to regulated food supply and absence of predators, but even under such 

conditions the mortality rate is high and can vary greatly between different batches. 
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Therefore, aquaculture and especially intensive and hyperintensive cultures need a strict 

control of the parameters of the rearing, trying to avoid fast or big changes in 

temperature, pH, oxygen and water currents. 

Larval rearing of sea bream (Sparus aurata) is performed using several 

methodologies ranging from extensive to hyperintensive in presence or absence of 

phytoplankton. Divanach et al. (1999) used a scheme to classify European larviculture 

techniques for sea bream (Figure 7), incorporating measures of tank volume, larval 

stocking density, source of microalgae and prey (endogenous/exogenous) and nature of 

water supply (open/closed circuit). According to this scheme, the “intensity” of the 

rearing method is based entirely on larval stocking density and tank volume. Within 

each intensity category, there can be variation in water source, extent of trophic 

autonomy, prey type and presence/absence of phytoplankton. Although the last decade 

has seen an increase in the production of juveniles, this is not due to a total control of 

the intensive technologies applied but rather as a result of repeated applications of 

rearing and to progress on the control of reproduction (Divanach et al., 1999). 

 

 

Figure 7: Classification of larviculture methods for gilthead sea bream (Divanach 

et al., 1999) 
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With the extensive methodology, high quality fry can be produced but just at low 

densities (Figure 7) and this is a problem for the industrial development. On the other 

hand are the two intensive rearing techniques widely applied: “clear water” and “green 

water”, both have some constraints. The “clear water” technique (Coves and Gaset, 

1993; Kentouri et al., 1993) is characterized by high mortality at the early stages of 

development, skeletal deformities associated with the absence of swim-bladder, 

unconformity with wild fish (Divanach et al., 1996), low growth rate and unbalanced 

size distribution of the population. The “green water” technique is based on the 

establishment of optimum conditions for endogenous phytoplankton bloom of specific 

organisms (Saroglia et al., 1989); its problems are the slow and season-dependent 

development of the endogenous food chain deterioration that can lead to a complete 

failure and larval mortality (Divanach and Kentouri, 1983; Dhert et al., 1998). 

The pseudo-green water methodology (Papandroulakis et al., 2001) is 

characterized by daily addition of microalgae and zooplankton to the larval rearing 

tanks (Figure 7) to keep the desired concentrations in the tanks. With this methodology, 

microalgae and live prey are produced in separate facilities and not in the larval rearing 

tanks as in the green water technique, in this way the maintenance and the quality of the 

food chain could be guaranteed. 

In finfish mariculture, seed production and larval rearing still is one of the major 

bottlenecks for the industrial development with high mortality rates that can vary 

greatly between batches. The control of the environment, particularly the bacterial one, 

seems to be of particular importance during the rearing of the early developmental 

stages (Rekecki et al., 2009). The addition of microalgae to the system has been shown 

to improve the survival in some species (Naas et al., 1992; Hernández-Cruz et al., 1994; 

Gulbrandsen et al., 1996; Cahu et al., 1998; Lazo et al., 2000; Al-Abdul-Elah et al., 

2001; Papandroulakis et al., 2001; Skiftesvik et al., 2003; Faulk and Holt, 2005; 

Makridis et al., 2009). In sea bream, the use of phytoplankton is a pre-request for 

successful larvae rearing improving the survival and accelerating the development. The 

precise mechanism remains unknown, the main hypothesis are explained in the next 

section. 
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1.6. The use of microalgae in larval rearing 

 

There is a growing international body of evidence for significant advantages from 

adding phytoplankton to larval fish rearing systems (Hernandez-Cruz et al., 1994; Liao 

et al., 2001; Papandroulakis et al., 2001, 2002; Faulk and Holt, 2005). The most recent 

hypothesis for the better performance of fish larvae reared under controlled green-water 

systems are that microalgae: 

 

• provide a direct and indirect nutritional value for larvae 

• act as chemical and digestive stimulants 

• enhance the non-specific immune system 

• enhance environmental conditions for feeding from increased turbidity, 

light scattering and visual contrast enhancement 

• improve water quality due to stripping of nitrogenous substances and 

increased oxygenation rates 

• possess antimicrobial and antiviral properties 

• possess detoxifying properties (Palmer et al., 2007; Makridis et al., 2009) 

Some of these hypotheses are presented in more detail below. 

 

1.6.1 Nutritional value: 

 

Marine fishes are unable to convert shorter chain fatty acids such as linolenic acid 

(18:3n-3) and linoleic acid (18:2n-6) to longer chain highly unsaturated fatty acids 

(HUFAs) due to low activity of the necessary enzymes, thus making it necessary to 

provide these fatty acids through the diet (Mourente and Tocher, 1993; Ghioni et al., 

1999). As rotifers and Artemia are naturally deficient in HUFAs it is necessary to enrich 

these live feeds with essential fatty acids prior to offering them to the larvae (Sargent et 

al., 1997). Marine microalgae are widely used as enrichment in first-feeding of marine 

fish larvae. With the enrichment with microalgae, the protein level can be improved as 

well (Reitan et al., 1997). 

The algae are also added to the larval tanks in order to modify and stabilize the 

nutritional quality of the rotifers in the period before they are consumed by the larvae 

(Reitan et al., 1993, 1997). Reitan et al. (1993) found that the nutritional quality of 
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rotifers decreased more rapidly in “clear water” than in “green water” culture systems 

and that, over time, the fatty acid profile of the rotifers began to reflect that of the 

microalgae added to the systems. Without any algae present, the rotifers may starve and 

lose both their lipid content and individual protein weight, which may be important for 

their use in first-feeding of marine fish larvae (Reitan et al., 1997; Makridis and Olsen, 

1999). 

Moreover, the ingestion of unicellular algae by some marine fish larvae is well 

documented (Moffat, 1981; Van der Meeren, 1991; Holmefjord et al., 1993; Reitan et 

al., 1991, 1993, 1994, 1998; Tytler et al., 1997). So, a direct nutritional value for fish 

larvae is also possible. Additionally, it has been suggested that algae, by releasing 

attractant compounds, may stimulate the appetite of larvae (Stottrup et al., 1995). 

In short, the algae may act as a food source for the early stages of fish larvae and 

also for the live feed, the rotifers, maintaining their nutritional value in the larval rearing 

tanks. 

 

1.6.2 Immune system: 

 

Several studies have demonstrated that the specific immune system in marine fish 

develops several weeks post hatching and therefore at the very early stages, fish are 

solely based in the non-specific immune system. Microalgae have also possible 

immunostimulant effect, as their incorporation in the diet increased disease resistance as 

shown in other studies (Austin et al., 1992; Makridis et al., 2009). The mechanism is 

probably related to the active uptake of polysaccharides present in algal cell walls by the 

fish larvae stimulating the non specific immune system (Lavens and Sorgeloos, 1996). 

 

1.6.3 Light conditions and feeding behaviour: 

 

Most fish species depend on vision in their search for prey. In the family Sparidae, 

the normal development of the visual system is essential for successful prey capture and 

predator avoidance, leading to increased larval growth and survival (Roo et al., 1999). 

Visual ability or visual range of fish has been measured in various ways by the use of 

psychophysical (Anthony, 1981a) and behavioural studies (Confer et al., 1978; Gregory 

and Northcote, 1993). In most instances visual range is manifested through behaviour. 

A common measure is the reaction distance, which is the distance at which an animal 
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reacts to an object in its environment. The probability of prey detection in fish is 

proportional to reaction distance (Confer and Blades, 1975). Light intensity, spectral 

quality and turbidity are known to affect larval feeding capabilities by altering prey 

search behaviour, reaction distances and ultimately feeding success (Huse, 1994; Link 

and Edsall, 1996; Utne-Palm, 1999; Cobcroft et al., 2001). 

Visibility of a prey depends upon the ability of the fish to detect contrast between 

prey and background. Contrast may be detected by fish in the form of brightness or 

colour. The relative importance of colour and brightness contrast is determined by the 

fish’s visual pigments, the reflectance characteristics of the prey, the radiance level and 

the spectral distribution of the ambient light (Anthony, 1981b) and the visual sensitivity 

to these properties (Lythgoe, 1968; Douglas and Hawryshyn, 1990). Spectral 

composition of a fish’s cone pigments is often related to the water colour at ambient 

depth and the visual tasks of the species (Lythgoe, 1980, 1984). 

The use of algal cell-induced turbidity in larval culture has been shown to 

improve visual feeding responses of larvae, including the timing of first-feeding, the 

proportion of larvae feeding and feeding intensity (Naas et al., 1992; Reitan et al., 1997; 

Cahu et al., 1998; Lazo et al., 2000; Al-Abdul-Elah et al., 2001; Skiftesvik et al., 2003; 

Faulk and Holt, 2005; Rocha et al., 2008). The hypothesis is that suspended particles a) 

enhance visual contrast and b) scatters and disperse light allowing larvae to better 

visualize the prey. In fact, in turbid media, a high level of scattered lights occurs where 

particle size is greater than the light wavelength, light intensity is reduced with depth 

and spectral quality may also be altered (Lythgoe, 1988). Some authors have 

demonstrated that the feeding performance of fishes is adversely affected in turbid 

environments and suggested that this is the general case (Benfield and Minello, 1996; 

Utne, 1997; Carton 2005). However, other studies have produced conflicting results; 

Boehlert and Morgan (1985) found an enhanced feeding rate at moderate to high 

turbidities (500-1000 ppm) in a study of larval pacific herring Clupea harengus pallasi. 

Miner and Stein (1993) found the same increase in feeding rate in a study of larval 

bluegill Lepomis macrochirus. One explanation for these findings is the physical effect 

hypothesis, that turbidity increases the contrast between the prey and its surroundings 

and thereby increases the ability of the fish to detect the prey (Boehlert and Morgan, 

1985; Miner and Stein, 1993; Utne, 1997). 

In turbid water, light scattering will function to illuminate the preys from all 

directions, decreasing apparent transparency and increasing contrast by increasing 



 23

backlighting (Boehlert and Morgan, 1985). Increased visual contrast will therefore 

result in enhanced prey detection at close range in intermediate turbid waters. 

It is also possible that the visibility of the prey could be improved by algal 

pigments in the guts (Naas et al., 1992). Dendrinos et al. (1984) observed increased 

feeding efficiency of sole larvae when Artemia was stained with colours which 

contrasted with the background. 

Otherwise, the presence of algae in the rearing tanks stimulated feeding behaviour 

in red drum larvae (Lazo et al., 2000). Many compunds such as betaine, inosine 5-

monophosphate and amino acids have been shown to stimulate feeding in fish 

(Metailler et al., 1983; Mearns, 1986; Knutsen, 1992; Kolkovski et al., 1997; Rocha et 

al., 2008) and are natural constituents of phytoplankton and/or zooplankton. It is of 

particular interest to note that β-dimethylsulfoniopropionate (DMSP) is a naturally 

occurring analogue to betaine, which many marine microalgae utilize as osmolyte 

(Kiene et al., 1998). Since betaine is considered to be one of the most effective feeding 

stimulants, DMSP might act as an agonist to betaine in the chemical stimulation of 

feeding behaviour in fish (Lazo et al., 2000). Microalgae contain significant fractions of 

compounds such as soluble polypeptides, free amino acids, and polyamines which are 

commonly considered chemoattractants in larval feeds (Hamana and Niitsu, 2006). 

 

1.6.4 Water quality: 

 

The presence of microalgae in the larval tanks has positive effects on the water 

quality in the rearing system by removing metabolic by-products excreted by the fishes 

and producing oxygen (Houde 1975, 1978; Naas et al., 1992). 

 

1.6.5 Microbial and viral community: 

 

Phytoplankton may reduce the microbial load and the number of pathogenic 

bacteria. Antimicrobial activity has been detected in extracts of microalgae (Duff and 

Bruce 1966; Austin and Day 1990; Austin et al., 1992; Tendencia and de la Peña 2003; 

Kokou et al., 2011) and in bacteria isolated from microalgae (Makridis et al., 2006). 

This antimicrobial activity can be caused by a) associated microbiota (Makridis et al., 

2006), b) antimicrobial proteins or fatty acids produced by the microalgae cells (Kokou 

et al., 2007) or c) free oxygen radicals produced due to the photosynthetic activity of the 
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microalgae cells (Marshall et al., 2005). In microalgal cultures, culturable members of 

the Vibrio group were absent or present in very low numbers (Salvesen et al. 2000; 

Eddy and Jones, 2002; Tendencia and de la Peña 2003; Sainz-Hernandez and Maeda-

Martinez 2005; Makridis et al. 2006; Conceiçao et al., 2010) 

Gut microflora in fish affects nutrition, growth, and susceptibility to disease 

(Conway, 1989; Nicolas et al., 1989; Hansen et al., 1992; Olsson et al., 1992; 

Gatesoupe, 1993; Vadstein et al., 1993; Ringo et al., 1995). Many bacterial diseases of 

marine fish larvae probably begin in the gut from normal flora or opportunistic 

pathogens and are more likely after consumption of infected food organisms (Muroga et 

al., 1987; Tanasomwang and Muroga, 1988; Conway, 1989; Nicolas et al., 1989; 

Hansen et al., 1992; Olsson et al., 1992; Gatesoupe, 1993; Vadstein et al., 1993; Ringo 

et al., 1995). The larval gut flora may be dependent on the bacterial flora both of the 

water and of the prey (Rogers et al., 1980; Nicolas et al., 1989); bacteria ingested by 

larvae can contribute to establishment of the primary intestinal microflora. In this 

regard, rotifers fed on algae have a better microbial quality for the larval fish than those 

fed on baker’s yeast. The microalgae in larval feeding tanks contributed to the 

establishment of an early gut microbial flora in Atlantic halibut larvae (Skjermo and 

Vadstein, 1993; Olsen et al., 2000). Skjermo and Vadstein (1993) found that the 

addition of microalgae to Atlantic halibut larval rearing tanks increased bacterial density 

by 45%. Selection of bacteria in the gut of larvae in green water was more active than 

for those in clear water, indicating that the microalgae produced substances that 

enhanced the ability of certain bacteria to grow in the gut (e.g., lectins, taxins). In green 

water, the gut flora contained a small fraction of opportunistic bacteria and consisted of 

mostly slow-growing bacteria. Vadstein et al. (1993) also found that matured green 

water had a more stable microflora than clear water (e.g., less change in bacteria with 

variations in organic matter). 

It is reported that marine microalgae possess antimicrobial properties active 

against various microorganisms, including bacteria, fungi and viruses (Fabregas et al., 

1999). According to this study, the antiviral effect of microalgae is due to the existence 

of sulphated polysaccharides, which can inhibit viral infection and/or replication. 

Chlorella minutissima baths of juvenile groupers (Epinephelus marginatus) infected 

with nodavirus resulted in zero mortality opposed to 35 % mortality of the control group 

and 60 % mortality of antibiotic treated group (Katharios et al., 2005). The result of this 

study suggests that Chlorella minutissima has strong antiviral properties. 
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1.6.6 Activation of digestive enzymes: 

 

Microalgae can act as an exogenous source of enzymes needed for the digestion at 

early stages, since endogenous proteolytic capacity is considered rather low (Walford 

and Lam, 1993). 

A triggering effect of microalgae on digestive enzyme production has been 

suggested (Reitan et al., 1993) but under-researched. Cahu et al. (1998) showed that 

algal addition affected pancreatic and intestinal digestive functions during larval 

development; they found an increase in trypsin activity and a strong increase in 

enzymatic activities of brush border membrane (earlier enterocite maturation) in larvae 

reared in presence of microalgae. Lazo et al. (2000) suggested that the higher trypsin 

and aminopeptidase activity detected in presence of algae in red drum (Sciaenops 

ocellatus) larvae may have influenced the digestion of the tested microdiet. An 

enhancement of trypsin has been clearly demonstrated in marine shrimp larvae fed 

microparticles in the presence of algae (Le Vay et al., 1993). Trypsin and chymotrypsin 

are digestive proteases grouped into the serine protease family, they are synthesized and 

secreted as inactive zymogen precursors by pancreatic cells. Trypsin and chymotrypsin 

are structurally very similar, although they recognise different substrates. Trypsin acts 

on lysine and arginine residues, while chymotrypsin acts on large hydrophobic residues 

such as tryptophan, tyrosine and phenylalanine. 

Many compounds present in phytoplankton could potentially influence digestive 

enzyme activity in fish larvae. Polyamides, algae growth regulators, have been shown to 

stimulate cholecystokinin release in rats, which mediates the release of pancreatic 

enzymes (Fioramonti et al., 1994). Amino acids may increase secretion of certain 

hormones, such as somatostatin and bombasin, which stimulate the secretion of 

pancreatic enzymes (Chey, 1993; Kolkovski et al., 1997; Koven et al., 2001). Cahu and 

Zambonino-Infante (1995) observed increased trypsin secretion in European sea bass 

larvae fed a mixture of free amino acids in their diets. Koven et al. (2002) demonstrated 

that Atlantic herring (Clupea harengus) larvae responded with increased trypsin and 

cholecystokinin (hormone that controls the pancreatic enzyme secretion) when tube fed 

solutions containing bovine serum albumin and/or free amino acids compared to fish 

that were fed the saline carrier only. 

Here we have introduced some hypothesis to explain the mechanism by which 

marine fish larvae reared in presence of microalgae show a better growth performance 
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and survival, but up to my knowledge any study investigated the effects on the 

endogenous antioxidant system and the oxidative stress. In the next section these issues 

are explained. 

 

1.7. Oxidative stress 

 

1.7.1 Reactive oxygen species (ROS) 

 

Like all aerobic organisms, fish depend on oxygen presence in the environment, 

using it primarily for energy generation via oxidative phosphorylation. This process is 

associated with the reduction of oxygen molecules to water by cytochrome oxidase 

which uses over 90% of oxygen consumed by an organism (Storey, 1996). The 

generation of various by-products of oxygen metabolism that can damage biological 

molecules, called reactive oxygen species (ROS), is the other side of the coin. This 

situation of needing oxygen to live but at the same time undergoing the danger of 

oxidation is known as the “oxygen paradox” (Davies, 2000). The oxygen paradox 

derives from the chemical nature of oxygen, which in its atomic form (O) is a free 

radical and in its molecular form (O2) is a free bi-radical (Davies, 2000). The valence 

layer of atomic oxygen contains an unpaired electron. When two oxygen atoms combine 

to form molecular oxygen, its electrons remain as two unpaired electrons. A radical is 

defined as any atom or molecule with one or more unpaired electrons. Radicals are 

formed by the loss or gain of an electron from a non-radical. The bi-radical nature of the 

oxygen molecule allows oxidation/reduction reactions. 

The tetravalent reduction of oxygen, catalyzed by cytochrome oxidase at the end 

of the mitochondrial electron transport chain, produces water. However, as a result of 

electron leakage from the electron transport chain and in oxidase reactions like those 

catalyzed by xanthine oxidase, cytochrome P450 reductase, glucose oxidase, etc., 

several reactive intermediates (ROS) are produced (Winston and Di Giulio, 1991; Kelly 

et al., 1998). Respiratory chain has been reported to be a main intracellular source of 

ROS (Ramasarma, 1982; Lenaz, 1998; Fridovich, 2004), since under physiological 

conditions approximately 0.1% of all oxygen entering the mitochondrial electron 

transport chain is incompletely reduced to superoxide radical (Fridovich, 2004). 

Therefore, under a situation that enhances oxidative metabolism, it may be expected that 

an increase in both ROS generation and ROS-scavenging mechanisms occurs. 
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Low levels of ROS are indispensable in many biochemical processes, including 

intracellular messaging in the cell differentiation and cell progression or the arrest of 

growth, apoptosis (Ghosh and Myers, 1998), immunity (Yin et al., 1995), and defense 

against microorganisms (Bae et al., 1997; Lee et al., 1998). In contrast, high doses 

and/or inadequate removal of ROS result in oxidative stress, which may damage cellular 

components and tissues (Czene et al., 1997; Chopra and Wallace, 1998). Oxidative 

stress arises if ROS generation prevails over their degradation (Sies, 1991). ROS 

include superoxide anion (O2‾), hydrogen peroxide (H2O2), hydroxyl radical (•OH), 

singlet oxygen, ozone, lipid peroxides, nitric oxide (NO) and peroxynitrite (ONOO‾, 

also classified as a reactive nitrogen species (RNS) formed by the reaction of NO and 

O2‾ species) (Halliwell and Gutteridge, 1999). Singlet oxygen, hydroxyl radical and 

ONOO‾ are the most relevant chemical agents in the direction induction of oxidative 

damage in biological systems. 

ROS can modify all cellular macromolecules including proteins, lipids, and DNA. 

Their attack on proteins can lead to peptide bond cleavage, modifications of amino acid 

residues, reactions of peptides with lipids and carbohydrate oxidation products, 

oxidation of sulfhydryl groups, formation of carbonyl derivatives of proteins, etc. 

(Stadtman, 1993). Accumulation of oxidatively damaged proteins leads to inactivation 

of enzymes and, in turn, metabolism perturbations (Szweda and Stadtman, 1992; 

Cabiscol and Levine, 1995). Lipid peroxidation, specifically polyunsaturated fatty acid 

(PUFA) oxidation is acknowledged as being highly deleterious, resulting in damage to 

cellular biomembranes, particularly to those of subcellular organelles, which contain 

relatively large amounts of PUFA (Halliwell and Gutteridge, 1999; Matés et al., 1999). 

Tissue lipid PUFA content and unsaturation index are critical factors in lipid 

peroxidation, and as fish, particularly marine fish, tissues contain large quantities of n-3 

highly unsaturated fatty acids (HUFA) (Sargent et al., 1999), they may be more at risk 

from peroxidative attack than are mammals (Bell and Cowey, 1985). Therefore, 

although HUFA are extremely important in the synthesis of biomembranes during 

cellular differentiation and organogenesis in fish, they also impose a significant 

peroxidation risk. In fish, in vivo lipid peroxidation caused by oxygen radicals is a 

principal cause of several diseases such as jaundice (Sakai et al., 1989), nutritional 

muscular dystrophy (Watanabe et al., 1970; Murai and Andrews, 1974) and haemolysis 

(Kawatsu, 1969). Most of the products produced in lipid peroxidation are toxic and 

mutagenic. They may form DNA adducts, giving rise to mutations and altering gene 
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expression (Martnett, 1999). Peroxidized membranes become rigid and change 

permeability and integrity. At nucleotides, DNA is one more cellular target for ROS 

action. ROS, especially •OH, react with nucleotides and the sugar-phosphate backbone 

leading to point mutations (Buxton et al., 1988). 

 

1.7.2 Antioxidant defenses 

 

Biological oxidation is a primitive process and, in the face of the inevitable 

consequences of O2 toxicity, evolution has provided appropriate defensive strategies. 

The antioxidant defence system of an aerobic organism can suppress the generation of 

free radicals, neutralizing them or repairing the damage that they cause. 

This antioxidant system is formed by a group of low-molecular weight 

compounds (glutathione, ascorbic and uric acid, tocopherols, etc.) and a set of enzymes 

with antioxidant activity. The last are superoxide dismutase (SOD) and catalase which 

decompose O2‾ and H2O2, respectively, and glutathione-dependent enzymes 

(glutathione peroxidase, GPx; glutathione S-transferase, GST; glutathione reductase, 

GR) (Halliwell and Gutteridge, 1999; Hermes-Lima, 2004). The basic biochemistry of 

this antioxidant system is well documented and is described below. 

Antioxidant defenses play an important role in providing protection from 

oxidative assault during larval development and metamorphosis. These periods are 

highly demanding in energy and oxygen uptake, thus, the influence of a poor nutritional 

status or other unfavourable conditions, can enhance oxidative stress in larvae. The 

antioxidant defenses can be enhanced under stressful situations and during development 

in order to provide cell protection (Peters and Livingstone, 1996; Mourente et al., 

1999a; Stephensen et al., 2000; Livingstone, 2001; Dandapat et al., 2003; Rueda-Jasso 

et al., 2004; Solé et al., 2004). Moreover, most of the fish species studied showed strong 

enzymatic changes in antioxidant defenses when their larvae changed the metabolic 

energy source from endogenous lipids to exogenous food (Peters and Livingstone, 

1996; Mourente et al., 1999b; Rudneva, 1999; Luckenbach et al., 2003; Kalaimani et 

al., 2008); this phase is considered a highly energy demanding phase in the life cycle, 

with a high requirement for oxygen (Solé et al., 2004; Kalaimani et al., 2008). Rudneva 

(1999) studied the antioxidant system of some Black Sea animals in early development 

and found that during marine animal embryogenesis the activities of most of the 

examined antioxidant enzymes tended to increase in eggs and especially in hatching 
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larvae, while the contents of low molecular weight were decreased. High correlations 

between antioxidant enzyme activities, content of low molecular weight antioxidants 

and developmental stages of examined marine animals were established (Rudneva, 

1999). 

 

 

Figure 8: Cellular functions linked to the reducing power of GSH (Kidd, 1997). 

 

Glutathione (GSH, L-γ-glutamyl-L-cysteinylglycine) is ubiquitous in nature, is a 

water-soluble antioxidant tripeptide found in the cytosol and the mitochondria 

(Halliwell and Gutteridge, 1999) of virtually all types of living cells. GSH has two 

characteristic structural features: a sulfhydryl (SH) group and a γ-glutamyl linkage. All 

the biological functions ascribed to this tripeptide are related to both of these features. 

Among the several important functions of GSH (Figure 8), glutathione participates in 

detoxification at several different levels, may scavenge free radicals, be conjugated with 

potentially harmful electrophilic compounds and reduce peroxides directly or in a 

enzyme catalyzed-reaction through the oxidation of two molecules of GSH to a 

molecule of glutathione disulfide (GSSG) (Kidd, 1997). Thus, GSH provides the cell 
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with multiple defenses not only against ROS but also against their toxic products 

(Hayes and McLellan, 1999). GSH acts either non enzimatically or as a cofactor for 

glutathione peroxidases and transferases (Figure 9). These enzymes are described 

below. 

 

 

Figure 9: Summary of the pathways for the generation of ROS and actions of 

some enzymes involved in antioxidant defenses in the cell. 

 

Glutathione peroxidases (GPX) catalyze the reduction of H2O2 generated by 

superoxide dismutase or from UV radiation of water, and organic hydroperoxides (lipid 

peroxides, nucleotide peroxides) produced by the reaction of organic molecules with 

ROS, to water or the corresponding alcohols (Arthur, 2000; Stephensen et al., 2002; 

Halliwell, 2006). This reaction needs reduced GSH (Figure 9). GPX was first 

discovered in 1957 as an antioxidant enzyme in erythrocytes (Mills, 1957). Later, 

several additional isoforms of mammalian GPX were identified, but the presence of 

different isoforms has not been investigated in fish (Stephensen et al., 2002). 
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Glutathione-S transferases (GST) conjugate GSH to electrophiles (Ketterer et al., 

1983). GST also functions as an antioxidant enzyme by conjugating breakdown 

products of lipid peroxides to GSH (Figure 9). Some GST isozymes display peroxidase 

activity (Ketterer et al., 1983; Hayes and Pulford, 1995). In this reaction GSH is 

oxidized to GSH disulfide (GSSG). Based on the peroxidase activity displayed by 

michrosomal GST it was proposed that the physiological role of such enzyme could be 

to protect membranes from lipid peroxidation (Stephensen et al., 2002). 

Glutathione reductase (GR) catalyzes the reaction by which GSSG is reduced 

back to GSH using NADPH (Figure 9) to maintain the reduction potential of the cell 

(Winston and Di Giulio, 1991; Halliwell and Gutteridge, 1999; Stephensen et al., 2002). 

Superoxide dismutases (SOD) are metalloenzymes playing a key role in the 

defence against the toxic effects of ROS by scavenging superoxide radical (O2‾) and 

converting it into hydrogen peroxide and oxygen (Figure 9). 

 

1.7.3 Factors affecting oxidative stress 

 

Most studies on ROS production and oxidative stress have been conducted in 

mammalian systems, but some of adverse effects of ROS have also been studied in 

aquatic organisms. Information in relation to in vivo lipid peroxidation and the 

endogenous antioxidant defenses either in wild or cultured fish species is still limited 

(Murata and Yamuchi, 1989; Sekiya et al., 1991; Sakai et al., 1992; Murata et al., 1996). 

In addition, most of the studies have been done in salmonids and freshwater (Bell et al., 

1984, 1985b, 1987; Cowey et al., 1985; Radi et al., 1987; Roy et al., 1995; Fontagné et 

al., 2006; Elena-Díaz et al, 2010) with few studies in marine fish (Stéphan et al., 1995; 

Murata et al., 1996; Mourente et al., 2000; Tocher et al., 2002, 2003; Morales et al., 

2004; Solé et al., 2004; Fernández-Díaz et al., 2006; Kalaimani et al., 2008) and less 

studies specifically investigating the activity of the antioxidant system in larval stages 

(Aceto et al., 1994; Peters et al., 1994; Peters and Livingstone, 1996; Solé et al., 2004; 

Fernández-Díaz et al., 2006; Kalaimani et al., 2008; Tovar-Ramírez et al., 2010). 

It is reported that oxidative stress in aquatic organisms is more profound during 

nutritional deficiency (Mourente et al., 1999a; Avanzo et al., 2002; Hidalgo et al., 2002; 

Tocher et al., 2003; Morales et al., 2004), elevated temperature (Hwang and Lin, 2002), 

hypoxia (Kolkovski et al., 2000) and exposure to xenobiotics (Pedrajas et al., 1995; 
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Dandapat et al., 1999; Roméo et al., 2000; Peña-Llopis et al., 2003; Rudneva and 

Zalevskaya, 2004). 

In recent years, oxidative stress has been deeply studied in mammals and related 

to a broad variety of processes, diseases, and syndromes, such as mutagenesis, cell 

transformation, cancer, arteriosclerosis, heart attacks, chronic inflammatory diseases, 

photooxidative eye stress, disorders of the central nervous system, and a wide array of 

age-related disfunctions, the latter leading to theories proposing ROS as the cause of 

ageing (Harman, 1956; Beckman and Ames, 1998; Halliwell and Gutteridge, 1999; 

Sohal and Orr, 2012). 

 

1.8. Microbial control 

 

Cultured fishes are constantly threatened by microbial attacks. Moreover, the 

incidence of microbial diseases has increased as has intensified aquaculture (Verpraet et 

al., 1992; LeBreton, 1996; Rodgers and Furones, 1998), causing major economic losses 

worldwide. Vibriosis and photobacteriosis are primarily diseases of marine and 

estuarine fish, both in natural and commercial production systems throughout the world, 

occurring only occasionally in freshwater fish. Vibriosis and photobacteriosis diseases 

can cause significant mortality in fish, reaching values of up to 100% in infected 

facilities, being currently responsible for the most outbreaks of fish farming plants 

(Almeida et al., 2009). The vibriosis and photobacteriosis are caused by bacteria from 

the family Vibrionaceae. Starting from 1990, European countries (especially Southern 

European countries) were confronted with these pathogens. Since then, several countries 

from the Mediterranean area have been dealing with high mortality rates in cultured 

populations of sea bass (Dicentrarchus labrax) and sea bream (Sparus aurata). 

Vibrionaceae species are also known to cause disease in humans, most often following 

to the consumption of contaminated aquaculture products (Almeida et al., 2009). 

Diseases are more frequent in farmed fish than in the wild. Farmed fish live at 

greater density than wild fish which enhances the transference of pathogens between 

individuals. Overfeeding, high temperature and fast growth to cultivate fish as soon as 

possible in fish farming plants create unfavourable conditions. Moreover, overfeeding 

causes accumulation of organic wastes which are feed for microorganisms increasing 

the risk of disease outbreaks. Sick, moribund and dead fish increase also the risk of 

pathogens when they are not properly removed from the farming area, namely if water 



 33

renewal is low. Also, opportunistic pathogens may become more aggressive in a 

polluted environment (Almeida et al., 2009). 

Often, when a bacterial infection appears, the first reaction is to administer 

antibiotics either by bathing in therapeutic solutions or by feeding with medicated feeds. 

The use (and especially the abuse) of antibiotics in aquaculture has been growing 

concern in recent years, particularly with regard to the environmental impact and food 

safety. 

 Antibiotics ending in the environment (either as uneaten medicated feed or 

directly) can alter the composition of the marine bacterial flora promoting the selection 

of antibiotic-resistant bacteria. Resistance to antibiotics can potentially be transmitted 

horizontally by gene transfer to terrestrial bacteria including pathogenic bacteria to 

humans and other animals (Cabello, 2006) 

The antibiotic resistance of bacteria pathogenic to fish is also a concern for the 

aquaculture industry as it reduces the therapeutic value of the few antibiotics allowed 

for use in fish (Sorum et al., 1992; Rigos and Troisi, 2005). In addition, antibiotic 

residues in fish for human consumption can alter the bacterial flora of consumer and/or 

cause allergic or toxic reactions (Cabello, 2006). 

For all these reasons it is very important to have alternative treatments to 

antibiotics in combating bacterial infections. Recently, progress has been made in areas 

such as preventive vaccination, prebiotics and probiotics and more recently in phage 

therapy which involves the use of virus. 

Based on the new classification system proposed by Raoult and Forterre for 

viruses, a prokaryotic virus can be defined as a capsid-encoding organism that is 

composed by proteins and nucleic acids, self assembles in a nucleocapsid that uses a 

ribosome-encoding prokaryotic organism for the completion of its life cycle (Raoult and 

Forterre, 2008). 

Bacteriophages are kind of virus that infect only bacteria and are usually specific 

to a single strain of bacteria. The phages used for therapy have a lytic cycle of life 

(infect the host bacteria and use its cellular machinery to replicate in mass until the 

bacteria is lysed and all the phage progeny goes out ready to infect other bacteria). The 

phages have some advantages over antibiotics: phages are self-replicating and strain-

specific; they are supposed to increase in number as long as the infection persists and 

attack only the target bacteria and not the beneficial flora; moreover, phage therapy 

display limited resistance development, bacteria will certainly develop resistance to 
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phages too, but since phages have a higher mutation and replication rate, they can 

outcompete the adaptation of the bacteria and development of resistance is therefore 

limited (Almeida et al., 2009). Another advantage is the high resistance of phages to 

environmental conditions, phages are found within the same environment as their 

bacterial hosts, indicating the ability to survive in the same surrounding as their host 

bacteria (Almeida et al., 2009). The high specificity of the phages can be considered 

also as a disadvantage because it requires prior identification of the bacterial strain in 

order to select the appropriate phage to combat it. Moreover, the occurrence of side 

effects such as allergic reactions or toxicity is much lower in phage therapy than in 

antibiotic therapy (Housby and Mann, 2009). 

 

1.9. Objectives of the study 

 

The aim of this study was to evaluate whether the microalgae addition to the 

larval rearing tanks (pseudo-green water system) affect the endogenous antioxidant 

system and the digestive system during the first 60 dph of sea bream larvae when 

compared with the clear water system aiming the understanding of the underlying 

mechanism by which microalgae improve the performance of the larval rearing. 

In addition, the effect of the addition of the bacteriophage KVP40 to the larval 

rearing tanks on the growth, performance, quality and survival of sea bream larvae were 

evaluated comparing the clear water plus phages system with the clear water system as a 

pilot study attempting to establish the phage therapy to the fish larval rearing systems. 
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2. MATERIAL AND METHODS: 

 

2.1. Technology applied: 

 

The experiment was performed in triplicates (3 tanks, one of them for sampling) 

for each of the tested conditions, that is the clear water technique (noted as CW), the 

pseudo-green water technique (noted as PGW) and clear water with the phages 

treatment (noted as PH). 

The pseudo green water technique was realized following the method described 

by Papandroulakis et al. (2001). This technique is based on the frequent addition of 

phytoplankton and zooplankton to the larval rearing tanks. It integrates the principles of 

clear water and green water and minimizes some of their problems and constraints. The 

main difference from the classical green water is that phytoplankton is not produced in 

the rearing tank but its concentration remains constant through daily addition at a 

concentration of about 4 ± 2 x 105 cells ml-1. The pseudo green water methodology was 

applied only during the critical phase of the larval development (4-30 dph), while the 

larvae are extremely weak and sensitive to changes in the environment, easily stressed 

and feed with difficulty. After this time, clear water methodology was applied.  

The PH treatment was realized adding the bacteriophage KVP40 which is a broad 

host range lytic vibriophage isolated from sea water in 1992 (Matsuzaki et al., 1992). 

Previously we tested that this phage can infect different vibrios isolated from the 

HCMR facilities. Phages were produced in mass by inoculating 1.5 litres of a liquid 

Vibrio anguillarum culture in early exponential phase and incubating at 25º C with 

shaking; after that the culture was centrifuged at 5,000 x g for 10 minutes and the 

supernatant was filtered through 0.2 µm filter and stored at 4º C. The produced phage 

was then precipitated with 10% polyethylene glycol (PEG) and then resuspended in 150 

ml of sterile sea water. 50 ml of phages were added to the PH tanks just before the first 

live feed at 4 days post hatching, and then at days 8 and 20 after hatching; the phage 

concentration added (concentration in 50 ml tubes) was 1.20*109; 9.10*109 and 

1.50*109 PFU/ml respectively. 

After 60 days post hatching (dph) larvae were transferred for pregrowing. 

Individuals from each treatment were selected in two groups according to their size and 

reared for an additional period of 60 days. At the end of this period, an estimation of the 
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larvae quality was performed in terms of developmental deformities (operculum, swim 

bladder and jaw) and the individual wet weight was estimated. 

 

2.2. Rearing system: 

 

The larval rearing trials were carried out at the intensive hatchery Unit of the 

Institute of Aquaculture, Hellenic Center for Marine Research. 

The rearing systems comprised of 500-l cylindro-conical tanks grouped in pairs. 

Each pair of tanks was connected to a biofilter where water was filtered mechanically 

and biologically (Figure 10). The system were filled with natural seawater of 40‰ 

salinity and remained closed with a daily renewal rate of ~ 5% until the end of the larval 

rearing.  

 

  

Figure 10: Larval rearing facilities at the Institute of Aquaculture (HCMR) 

 

Water circulation was achieved in two ways according to the stage of rearing. 

During embryogenesis, egg hatching and the autotrophic larval stage, water circulated 

in the tanks through the biofilter. After first feeding, water circulation was autonomous 

for each tank at a rate of 10-20% per hour. A daily renewal from the biological filter 

was maintained at 3% daily. After 20 dph water was circulated again from the 

biological filter at rate of 10-15% daily and increased gradually to 100% daily at the end 

of the larval rearing phase. Aeration was provided in the tanks through a wooden 

diffuser during the autotrophic stage and was minimized or even stopped after first 

feeding and until the end of the experiment (due to the low biomass in the tanks, the 

oxygen was not a problem). A cooling system helped to maintain the temperature in the 

tanks at 18.3º ± 2ºC. Light was provided in each tank with a lamp with an intensity of 

100-500 lux at the surface of the water. The photoperiod was established at 24 h Light – 
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0 h Dark since the first feeding onwards. A skimmer was installed between day 6 and 20 

to keep the surface free from lipids, a requisite for good swimbladder inflation. 

Feeding was performed using an automatic food distributing system composed of 

a peristaltic pump, stocking silos (Figure 11), one feeding tank per rearing tank and a 

series of electric solenoid valves operated by a computer program. With this system 

feeding can be executed continuously during the desired time and with the desired 

amount (Papandroulakis et al., 2002). 

First feeding with rotifers was at 4 dph for all tanks. However, the last feeding 

with rotifers was at different time for each condition, when larvae reached 6.5 mm in 

total length (TL). First feeding with Artemia was also at different time for each 

treatment, when larvae achieved 5 mm in TL. First feeding with commercial dry food (a 

mix of Grow-S, 200-300 µm; and Proton 2/3, 300-500 µm) was also size-dependent and 

therefore was at different time for each condition (Figure 12). 

 

Figure 11: Automatic feeding system (stocking silos and pump) 

Figure 12: Larval feeding sequence for the different treatments. 

Time (dph) 

Rotifers 

Artemia nauplii 

Dry food 

0     4        10              20              30              40              50              60 

      PGW 
      CW 
      PH 



 38

2.3. Fish larvae: 

 

Two egg batches were used. The sea bream (Sparus aurata) eggs from the first 

batch were obtained from Andromeda S.A. and the eggs from the second batch were 

obtained from Forkys S.A. The transport of the eggs was done in plastic bags with 

oxygen and seawater. Eggs were incubated in 500 l tanks at a stocking density of 94-

120 eggs/l. 

 

2.4. Auxiliary cultures: 

 

The phytoplankton organism used was Chlorella minutissima (strain isolated from 

Heraklion bay in Crete in 1992), which was grown in photobioreactors at Institute of 

Marine Biology of Crete (IMBC) as semicontinuous unialgal culture (Figure 13). About 

1-4 litres of phytoplankton, according to the density of the phytoplankton culture, were 

added daily to the pseudo-green water larval rearing tanks. 

 

   

Figure 13: Photobioreactors for Chlorella minutissima culture 

 

The rotifers (Brachionus plicatilis) were semicontinuously cultured in 25 ‰ 

seawater at 25ºC in 1600 litres tanks (Figure 14) with aeration. A commercial product 

(S. Parkle, Selco, INVE) was provided daily as food for the rotifers. Rotifers were 

enriched with Chlorella minutissima and commercial products (DHA Protein Selco, 

INVE) according to the specifications of the provider. 
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Instar II Artemia nauplii were produced in seawater at >25ºC with aeration. 

Artemia nauplii were also enriched with commercial products (S.presso Selco, INVE) 

according to the specifications of the provider. 

 

 

Figure 14: Tanks with automatic feeders for the rotifer (B. plicatilis) culture. 

 

2.5. Growth performance: 

 

Samples for total length and wet weight were taken during the first 60 days post 

hatching to identify potential differences on the growth between treatments. 

For the TL, 10 fishes per tank every 2nd day were measured under a stereo 

microscope Leica type MZ 125 or Olympus Optical co., Ltd., type SZH-ILLK. 

Deformed specimens were omitted from the data. Additionally, some characteristics 

(i.e. presence of food in the stomach, size of the yolk sac and oil droplet, liver condition, 

swimbladder inflation, notochord bending, anomalies or malformations) were recorded 

to have an overview of the rearing performance and to identify potential problems as 

soon as possible. 

For the WW, 10 fishes per tank every 6 days were weighted using a precision 

electronic balance Mettler AT201. 

In addition, samples for wet weight were taken at 120 days post hatching to test if 

there was a compensated growth after the experiment. 
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2.6. Samples for enzyme extracts and activity assays: 

 

Whole body samples were taken on day 0, 4, 10, 20, 30, 40, 50 and 60 after 

hatching for biochemical analysis of the endogenous antioxidant system and the 

digestive enzymes trypsin and chymotrypsin. The samples were taken at specific 

developmental stages: recently hatched larvae were taken on 0 dph; first feeding stage 

of larvae was studied at 4 dph, when the mouth of the larvae opened and the larvae were 

fed with the rotifer B. plicatilis; to observe the changes in the antioxidant levels 

corresponding to the rotifer feeding, samples were taken on 10 dph; antioxidant status at 

20 dph was observed after the inclusion of Artemia nauplii in the diet; additionally, 

samples were taken on 30, 40, 50 and 60 dph to monitor the antioxidant status during 

larval development and metamorphosis and to compare between treatments. For each 

sample, 2 grams of fish were collected, dried on paper, frozen on -80ºC, freeze-dried 

and stored at -80ºC until analysis. Larval extracts were assayed for the determination of 

some digestive (trypsin and chymotrypsin) and antioxidant (superoxide dismutase, 

glutathione peroxidase, glutathione reductase and glutathione S-transferase) enzyme 

activities and the concentration of glutathione. 

 

2.7. Data analysis: 

 

For comparison of the growth rate between the different conditions, regression 

analysis was used. The general model used was of the form Y=a0+a1·t+a2·D+a3·t·D; 

where Y is the dependent variable, t the time, D a dummy variable (with values 0 and 1 

for each condition tested) and ai (i=1,2,3) constants. This method tests the hypothesis 

that the constants a2 and a3 are zero. Time series have the same slope when constant a3 

is zero and the same initial value when a2 is zero. When both constants are zero, time 

series describe similar dependent variables (Sokal and Rohlf, 2012). 

Biochemical data are presented as mean ± standard error (n = 3). The biochemical 

results were subjected to statistical evaluation with Student’s t-test. Significant limits 

were set at P<0.05. In the figures, different letters indicate where significance lies. 

Survival values were also analyzed with Student’s t-test, significant limits were 

set at P<0.05. 
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All statistics were operated by the software SPSS for Windows (v 15.0, SPSS 

Inc.). 
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3. RESULTS: 

 

3.1 Growth: 

 

The yolk sac absorption was completed at 4 dph (Figure 15a) and the oil droplet 

absorption was finished at 10 dph (Figure 15b). 

 

 

 

Figure 15: Evolution of the (a) yolk sac and (b) oil droplet absorption. 
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3.1.1 Total length: 

 

Larvae present an exponential growth rate in all conditions tested during the 

experimental period. The PGW group measured 15.89 ± 2.06 mm at 60 days post 

hatching, while the PH and CW groups reached only 13.26 ± 1.77 mm and 13.05 ± 1.57 

mm respectively at 60 days after hatching. At 17 dph, PH group was 10% smaller (4.53 

± 0.22 mm) and CW group was 19% smaller (4.10 ± 0.26 mm) than the PGW group 

(5.05 ± 0.32 mm). This size difference persists until the end of the experiment. 

No significant differences (P>0.05) in growth rate in terms of total length were 

observed within similar treatments (Table I), therefore the data were pooled together to 

compare between treatments. Total length data were loge-transformed before the 

statistical analysis. 

 

Table I: Results of the regression analysis for the comparison of growth in terms of total length 

within treatments (level of significance at 95%). 

Compared tanks P value of the 

coefficient α1 

P value of the 

coefficient α2 

P value of the 

coefficient α3 

Difference between 

conditions 

PGW 1-PGW 2 <0.005 0.704 0.978 Not significant 

CW 1-CW 2 <0.005 0.601 0.456 Not significant 

PH 1-PH 2 <0.005 0.809 0.009 Not significant 

 

The growth performance in terms of total length in the PGW, CW and PH 

treatments compared in pairs is shown in Figure 16. CW treatment showed the lowest 

growth rate within all treatments with an exponential rate of 0.0222 mm/day, PH had an 

exponential rate of 0.0233 mm/day and PGW performed the best rate with an 

exponential rate of 0.0268 mm/day. 

Significant differences in the growth rate were found when comparing the PGW 

treatment with the CW and the PH treatments, but no significant differences were found 

comparing PH with CW (Table II). 
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Figure 16: Growth performance in terms of total length until 60 days post hatching in 

the PGW, CW and PH groups (n=10; ±standard deviation). 

 

Table II: Results of the regression analysis for the comparison of growth in terms of total 

length between treatments (level of significance at 95%). 

Compared 

conditions 

P value of the 

coefficient α1 

P value of the 

coefficient α2 

P value of the 

coefficient α3 

Difference between 

conditions 

PGW-CW <0.005 0.108 <0.005 Significant 

PGW-PH <0.005 0.411 <0.005 Significant 

CW-PH <0.005 0.537 0.121 Not significant 

 

3.1.2 Wet weight: 

 

Larvae present an exponential growth rate in all conditions tested during the 

experimental period in terms of wet weight as well. The PGW group weighted 31.96 ± 

18.75 mg at 60 days post hatching, while the PH and CW groups reached only 15.60 ± 

7.35 mg and 14.34 ± 5.08 mg respectively. The difference in wet weight between 

groups appears at around day 13. At 16 dph, PH group was 46% lighter (0.243 ± 0.06 

mg) and CW group was 47% lighter (0.239 ± 0.09) than the PGW group (0.452 ± 0.14 

mg). 

As in total length, there were no significant differences (P>0.05) in growth rate in terms 

of wet weight within treatments (Table III), therefore the data were pooled for statistical 

analysis between treatments. Weight data were loge-transformed before the statistical 

analysis. 
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Table III: Results of the regression analysis for the comparison of growth in terms of wet 

weight within treatments (level of significance at 95%). 

Compared 

tanks 

P value of the 

coefficient α1 

P value of the 

coefficient α2 

P value of the 

coefficient α3 

Difference between 

conditions 

PGW 1-PGW 2 <0.005 0.325 0.092 Not significant 

CW 1-CW 2 <0.005 0.304 0.282 Not significant 

PH 1-PH 2 <0.005 0.545 0.755 Not significant 

 

The growth development in terms of wet weight in the PGW, CW and PH 

treatments is shown in Figure 17. Significant differences in growth rate in terms of wet 

weight were found when comparing PGW with CW and PH treatments, but no 

significant differences were found when comparing CW with PH treatment (Table IV). 

 

Table IV: Results of the regression analysis for the comparison of growth in terms of wet 

weight between treatments (level of significance at 95%). 

Compared 

conditions 

P value of the 

coefficient α1 

P value of the 

coefficient α2 

P value of the 

coefficient α3 

Difference between 

conditions 

PGW-CW <0.005 <0.005 <0.005 Significant 

PGW-PH <0.005 0.207 <0.005 Significant 

CW-PH <0.005 0.015 0.558 Not significant 

 

The larvae from the PGW showed the highest growth rate with an exponential rate 

of 0.0975 mg/day, PH had en exponential rate of 0.0862 mg/day and CW treatment had 

the lowest growth rate with a rate of 0.0846 mg/day. 

 

Table V: Average wet weight at 120 days post hatching. 

 PGW CW PH 

Big-size group 1.04±0.36 mg 0.59±0.23 mg 0.67±0.35 mg 

Small-size group 0.55±0.2 mg 0.32±0.17 mg 0.42±0.19 mg 

 

At 120 days post hatching, the difference in size was still more evident (Table V), 

with the larvae from PGW treatment being around 70% heavier than CW and between 

55% and 30% heavier than the larvae from the PH treatment. 
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Figure 17: Growth performance in terms of wet weight until 60 days post hatching in 

the PGW, CW and PH groups (n=10; ±standard deviation). 

 

3.2 Survival: 

 

The survival at 60 days after hatching was slightly higher, but not significantly 

different, in the PGW treatment than in any other treatment, from a total of 116,000 

eggs initially incubated in PGW, 14,481 larvae survived until 60 days post hatching 

(12.5% survival). This difference in survival became greater between 60 and 120 days 

post hatching, when 78% survival was recorded for the PGW group and the CW and PH 

groups displayed the same survival, 43% (Table VI). 

 

Table VI: Survival (%) at 60 and 120 dph. 

Treatment % survival 0 - 60 dph % survival 60 - 120 dph 

PGW 12.5 78 

CW 11.6 43 

PH 9.5 43 

 

3.3 Quality of the larvae: 

 

The larvae from the PGW treatment had the best quality at the end of the 

experiment (120 dph) in terms of developmental deformities with only 11% of 

operculum deformities, 7% of swim-bladder malformations and 1% of jaw anomalies 

(Figure 18). 
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Figure 18: Estimation of larval quality at 120 days after hatching. 

 

 

      

      

Figure 19: Photographs of sea bream larvae reared under CW and PGW 

conditions at different developmental stages (a) 2 dph, (b) 22 dph in PGW, (c) 22 dph in 

CW, (d) 56 dph in CW, (e) and 54 dph in PGW. 
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4. DISCUSSION: 

 

Present results showed that the addition of microalgae to the rearing system 

enhanced the survival and improved significantly the growth performance of S. aurata 

larvae in terms of total length, wet weight and quality of the larvae, as reported for sea 

bream and other fish species (Naas et al., 1992; Reitan et al., 1993; Hernández-Cruz et 

al., 1994; Stottrup et al., 1995; Gulbrandsen et al., 1996; Cahu et al., 1998; Lazo et al., 

2000; Al-Abdul-Elah et al., 2001; Papandroulakis et al., 2001; Skiftesvik et al., 2003; 

Faulk and Holt, 2005; Makridis et al., 2009). In addition, our experiment showed that 

algal addition affected both the endogenous antioxidant system and the pancreatic 

digestive function during larval development.  

Antioxidant defences play an important role in providing protection from 

oxidative assault during larval development and metamorphosis. These periods are 

highly demanding in energy and oxygen uptake, thus, the influence of a poor nutritional 

status or other unfavourable conditions, can enhance oxidative stress in larvae (Peters 

and Livingstone, 1996; Mourente et al., 1999a; Dandapat et al., 2003; Rueda-Jasso et 

al., 2004; Solé et al., 2004). In our study, a significant influence of the presence of algae 

was detected among all the enzymes assayed. 

Significant differences in terms of antioxidant specific activities were detected 

between the CW and the PGW treatments especially during the first month, but also 

differences in the activity during the second month were appreciated in some enzymes. 

The results of each molecule assayed are discussed below. 

Contradicting results for SOD activity during early development of fish have been 

reported in other studies. While this enzymatic activity decreased in Scophthalmus 

maximus (Peters and Livingstone, 1996) and in Dentex dentex (Mourente et al., 1999a), 

an increase in the activity was reported during larval development in other fish species 

(Aceto et al., 1994; Rudneva, 1999). Nevertheless, it must be taken into account that the 

study with D. dentex corresponded only to the endogenous phase, when the fish uses the 

oil globule reserve and S. maximus is a cold climate flat-fish species with different lipid 

metabolic behaviour. 

In this study, a significantly higher SOD activity was observed at 10 dph in the 

CW group; this may be a response to strong metabolic changes, such as the change from 

endogenous to exogenous feeding (rotifer feeding stage), as this phase is considered as a 

highly energy demanding phase in the larval life-cycle, with a high requirement for 
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oxygen (Solé et al., 2004; Fernández-Díaz et al., 2006) and the consequent need to 

metabolize hydrogen peroxide (H2O2) and organic peroxides. In the present study, 

larvae from the PGW treatment showed no differences in SOD specific activity between 

4 and 10 dph but a significant increase at 20 dph, which corresponds with the Artemia 

feeding stage. It is important to consider that total soluble protein concentration 

measured in 10 days post hatch larvae was more than twice in the larvae from the PGW 

group (1.136 mg protein/ml) than in the larvae from the CW group (0.543 mg 

protein/ml) and that complicates the comparison between treatments. In fact, specific 

activity is the ratio activity per mg of body protein and does not reflect a lowering in 

digestive capacity (Ma et al., 2005). 

GSH showed significantly higher concentration at hatching than at 4 dph which 

suggest the important role of this low molecular weight antioxidant during the egg and 

embryo stage against oxygen damage, as suggested in previous works (Rudneva, 1999; 

Mourente et al., 1999a; Kalaimani et al., 2008; Elena-Díaz et al., 2010). It is also 

noticeable that, except at 50 dph and at 60 dph, GSH concentration was always 

significantly higher in the PGW group than in the CW group, suggesting a higher 

capacity to cope with oxidative stress in the PGW group. 

GPX activity profile in larvae from the PGW group showed a minimum at 10 dph. 

This may be related with the oil droplet absorption, which was completed at this stage, 

and the consequent reduction in lipid content, as one of the GPX functions is to reduce 

lipid peroxides. Nevertheless, CW group showed no statistical differences between 0, 4 

and 10 dph suggesting the need to face with a higher oxidative stress in this group. After 

this, at 20 dph, both CW and PGW groups displayed a significant increase in GPX 

activity, with the activity registered in the CW group being significantly higher than the 

activity measured in the PGW group. This increase may be related with the adaptation 

to exogenous feeding; it has been observed in other studies that larvae antioxidant 

enzyme profiles exhibit variations from endogenous to exogenous feeding (Mourente et 

al., 1999a; Peters and Livingstone, 1996; Rudneva, 1999). Then, GPX specific activity 

decreased to low levels in both groups, but after that great differences were noticed 

again, as larvae from the PGW group showed a significant increase to display high 

values at 40 and 50 dph and decrease to low levels at 60 dph, whereas larvae from the 

CW group showed low levels with small but significant variations until the end of the 

experiment. The high values detected during the second month in the PGW group and 
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not in the CW group suggested the need to face with high oxidative stress and may be 

related with the metamorphosis stage. 

GST specific activity showed in general terms a similar pattern in the CW and the 

PGW groups, with a significant increase at the beginning, to diminish later and increase 

progressively again until the end of the experiment. However, the time of these changes 

is different in each group, meanwhile larvae from CW group displayed the maximum at 

10 dph and the minimum at 20 dph, in the PGW group the maximum was at 20 dph and 

the following minimum was at 30 dph. These time differences in GST activity suggest 

that the oxidative stress was induced at different stages in the CW and PGW groups, 

probably related with the time at which diet was changed. 

GR activity increased gradually from 4 dph to 20 dph in the CW group and from 

10 dph to 20 dph in the PGW group. This may be related with the observation of 

increased GPX and GST activities, since these enzymes produce oxidized glutathione 

(GSSG) which is reconverted to reduced GSH by the GR enzyme. 

In general terms, we can highlight the changes seen in antioxidant enzymes 

activities at 10 dph, when endogenous reserves are finished and larvae started to feed on 

rotifers, and at 20 dph, when the Artemia feeding was initiated. Important enzymatic 

changes have also been reported in other fish species when the metabolic energy source 

in larvae changes from endogenous lipids to exogenous food (Peters and Livingstone, 

1996), at this stage the general metabolic rate could be enhanced, and consequently, 

more damage to proteins could occur (Peters and Livingstone, 1996; Luckenbach et al., 

2003). The activity profile of antioxidant enzymes during larval development under 

Artemia diet has been demonstrated to be a stage specific compensatory mechanism to 

neutralize peroxides (Dandapat et al., 2003; Fernández-Díaz et al., 2006). 

It has been demonstrated that digestive tract and digestion process undergoes 

major developmental changes during the first weeks of life in fish (Govoni et al., 1986; 

Walford and Lam, 1993; Sarasquete et al., 1993, 1995; Moyano et al., 1996; 

Zambonino-Infante and Cahu, 1994, 2001; Cara et al., 2003; Yúfera et al., 2004; Falk-

Petersen, 2005; Pérez-Casanova et al., 2006; Faulk et al., 2007; Lazo et al., 2007; 

Yúfera and Darias, 2007; He et al., 2012). Enhanced digestive capacities are suggested 

to improve growth and survival of fish larvae (Pedersen et al., 1990; Abi-Ayad and 

Kestemont, 1994; Cahu and Zambonino-Infante, 1995; Cahu et al., 1998; Lazo et al., 

2000; Cara et al., 2003), since the rate of digestion in the intestinal system limits the 

uptake of nutrients to the blood stream and can potentially limit the growth of the whole 
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organism (Lemieux et al., 1999). Pancreas secretion is the first step of maturation 

process of digestive function (Govoni et al., 1986; Sarasquete et al., 1993; Zambonino-

Infante and Cahu, 2001; Yúfera et al., 2004; Ma et al., 2005; Lazo et al., 2007; Yúfera 

and Darias, 2007; He et al., 2012) with trypsin and chymotrypsin being the principal 

enzymes involved in protein digestion at early stages, when stomach is not yet fully 

developed. 

Cahu et al. (1998) studied the effects on digestive enzymes of algal addition in sea 

bass larvae; they found an increase in trypsin specific activity in the larvae reared with 

microalgae from day 8 to day 16 post hatching whereas chymotrypsin was not affected, 

and they concluded that algae improve growth performance and survival by triggering 

digestive enzyme production at both pancreatic and intestinal level. Lazo et al. (2000) in 

a similar study in 3- to 14-days post hatch red drum (Sciaenops ocellatus) larvae 

detected significantly higher trypsin activity in presence of algae.  

In the present work, the effect of microalgae addition was shown also by 

differences in the activities of both trypsin and chymotrypsin, but the result obtained are 

different from those registered by Cahu et al. (1998). In this study, a significant increase 

in trypsin specific activity was detected from hatching until 20 days post hatching in the 

CW group, while the PGW group showed a decrease in trypsin specific activity between 

4 and 10 days post hatching. This decrease is converted in no statistical differences if 

we consider the activity per larvae as used in other studies (Moyano et al., 1996; Lazo et 

al., 2000, 2007; Faulk et al., 2007). Indeed, this is a way to standardize the data and 

eliminate the possible effect of different weights derived from both treatments for the 

same age (Moyano, personal communication). However, the values of activity per 

larvae are still significantly lower than those registered for the CW group; this may be 

explained because of the major prey ingestion in the PGW group (data not showed) 

during the first weeks of life that may have contributed to digestion by addition of 

exogenous enzymes as suggested in other studies (Kolkovski et al., 1997; Pérez-

Casanova et al., 2006) and hence diminished the need of the larvae to produce their own 

enzymes. A decrease in trypsin activity was detected during the second month in both 

CW and PGW groups with the values registered for the CW group being significantly 

lower than those for the PGW group. The decrease in both groups may be related with 

the stomach functionality, which in previous studies was established at 40 dph in S. 

aurata (Moyano et al., 1996), and the acidic proteases replacing the alkaline proteases; 

the significant differences in trypsin activity detected between groups during the second 
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month suggested a higher digestive capacity in larvae from the PGW group which 

agrees with the growth performance in this group. 

Chymotrypsin enzyme is an alkaline protease activated by trypsin, hence a 

temporal correlation between trypsin and chymotrypsin activities could be expected, 

however the results obtained in this study did not follow this rule at least in the CW 

group, in which chymotrypsin specific activity showed the maximum specific activity at 

40 dph coinciding with a very low trypsin activity. On the other hand, larvae from the 

PGW group showed a relative peak in chymotrypsin activity at 30 dph coinciding with 

the highest trypsin activity in this group. 

A general trend have been previously found in fish larvae, with the activity of the 

trypsin generally increasing first, and then this activity being gradually replaced by that 

of chymotrypsin (Cahu et al., 1998; Lazo et al., 2007; He et al., 2012). In general terms 

our data supports this idea. 

The ratio trypsin/chymotrypsin have been previously utilized in fish larvae as 

indicator of the nutritional status (Walford and Lam, 1993; Uberschär, 1995; Moyano et 

al., 1996; Ribeiro et al., 1999; Cara et al., 2003, 2007; Rungruangsak-Torrisen et al., 

2006; Suzer et al., 2007; Cara et al., 2007; Shan et al., 2009; He et al., 2012). However, 

in this study such correlation between this enzymatic ratio and the nutritional status 

could not be made, at least during the first month, since this ratio was higher in the CW 

group than in the PGW group and larvae from the CW group had the worst growth 

performance. 

A direct cause and effect relationship can not be elucidated from this study. 

Further and more detailed research is needed to identify the mechanism through which 

algae modified the production and of antioxidant and digestive enzymes, in addition of 

increasing growth, survival and quality of sea bream larvae. Besides, other possible 

effects of algae, such as an action on microbial flora, a nutritional effect or an 

improvement of growth by the release of a growth enhancing factor, cannot be 

disregarded. 

Otherwise, the experiment with bacteriophages showed only slight differences in 

terms of growth performance (wet weight and total length), survival and quality when 

compared with the CW group. The results could appear disappointing; however we have 

to take into account the pilot approximation of the experiment. Future investigations 

should study the permanence of the phages in the closed system and/or the possible 



 53

application of various strains of bacteriophages grouped that may balance the high host-

specificity of the viruses. 
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5. CONCLUSIONS: 

 

1. The addition of microalgae to the rearing system enhanced the survival and 

improved significantly the growth performance of S. aurata larvae in terms of total 

length, wet weight, quality and survival of the larvae. 

2. The addition of microalgae to the sea bream larval rearing system resulted in a 

clear modification of the profile of antioxidant defenses (SOD, GSH, GPX, GST and 

GR) during the first two months, but especially during the period of changes in the diet; 

when endogenous reserves are finished and larvae started to feed on rotifers and when 

the Artemia feeding was initiated. 

3. Microalgae addition and developmental stage have been shown to modify the 

activities of both trypsin and chymotrypsin during the first 60 days post hatching. 

4. The beneficial effect of adding microalgae to the sea bream larval rearing 

system (PGW) has been related to a decrease in the antioxidant defenses. 

5. Addition of bacteriophages, (as performed) resulted in a slight effect in terms of 

growth performance (total length and wet weight), survival and quality when compared 

with the CW group. 
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7. ANNEX: 

 

“Bioexplore” Project 

Report: Enzymatic analysis of fish larvae samples. 

M. Chatzikonstantinou1, Dr. N. Labrou1, J. Rubio and N. Papandroulakis2. 

 

1.Laboratory of Enzyme Technology, Department of Agricultural Biotechnlogy, 

Agricultural University of Athens. 

2.Hellenic Centre for Marine Research. 

 

Sample pretreatment and enzyme assays were performed in the frame of the 

“Bioexplore” research project and were collaborative work of the teams of the 

Laboratory of Enzyme Technology, Department of Agricultural Biotechnology, 

Agricultural University of Athens, and the Hellenic Centre for Marine Research. 

The biochemical analyses of the antioxidant system were carried out in the 

Department of Agricultural Biotechnology at the Agricultural University of Athens 

following the next procedure: 

Enzyme extracts were prepared by homogenization of pooled whole larvae in cold 

0.1 M KH2PO4 extraction buffer pH = 6 containing 1 mM EDTA, followed by 

sonication (5 times x 6 seconds) and centrifugation at 10,000 rpm during 7 minutes. 

Supernatants were collected and directly assayed for enzyme activity. 

Larval extracts were used for the determination of enzyme activity. Measurements 

of digestive (trypsin and chymotrypsin) and antioxidant enzyme activities (glutathione 

transferase, glutathione peroxidase, glutathione reductase and superoxide dismutase) 

were carried out according to standard protocols (Mavis and Stellwagen, 1968; 

Bergmeyer et al., 1974; Wirnt and Bergmeyer, 1974; Wendel, 1980; Nandi and 

Chatterjee, 1988; Skopelitou et al., 2012). 

The activity of trypsin was determined by a continuous spectrophotometric assay 

using N-benzoyl-L-arginine ethyl ester (BAEE) as substrate (Bergmeyer et al., 1974). 

Trypsin activity was expressed in BAEE units. One BAEE unit corresponds to the 

amount of enzyme that produces a ∆A253 of 0.001 per minute at pH 7.6 and 25ºC using 

BAEE as substrate. The activity of chymotrypsin was determined by a continuous rate 

spectrophotometric assay using N-benzoyl-L-tyrosin ethyl ester (BTEE) as substrate as 
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(Wirnt and Bergmeyer, 1974). One unit of chymotrypsin is the amount of enzyme that 

hydrolyzes 1.0 µmol of BTEE per minute at pH 7.8 and 25ºC. 

The level of glutathione (GSSG + GSH) in samples was determined using the 

continuous reduction of 5,5’-dithiobis-(2-nitrobenzoic acid) or DTNB to TNB and 

glutathione reductase/NADPH system (Akerboom and Sies, 1981). One unit of 

glutathione transferase, glutathione peroxidase, glutathione reductase is defined as the 

amount of enzyme that catalyzes the turnover of 1 µmol of substrate per minute. One 

unit of SOD activity was defined as the amount of enzymes necessary to produce a 50% 

inhibition of the pyrogallol autoxidation method.  

Observed reaction velocities were corrected for spontaneous reaction rates when 

necessary. All initial velocities were determined in triplicate in buffers equilibrated at 

constant temperature. Turnover numbers were calculated in the basis of one active site 

per subunit. Specific activity is expressed in µmol • min-1 per mg of protein. 

Concentration of soluble protein extracts was determined by the Bradford Method 

(Bradford, 1976), using serum albumin (0.2 mg/ml, fraction V) as standard (Bradford, 

1976; Zor and Selinger, 1996). 

All reagents for enzyme assays were purchased from Sigma (St Louis, USA). 

The enzymatic activities (units) are presented as means of triplicate measurements 

with the standard error of the mean. 

For the activities of antioxidant enzymes, standardization to protein content seem 

to be more appropriate because the antioxidative status of the cells is linked to cellular 

targets (e.g. lipids, proteins, DNA) and not to the size, mass or water content of the 

animal. This standardization procedure indicates priorities for the organism in the 

synthesis of antioxidative proteins within the context of their global protein synthesis. 

Accordingly, expressing activity with respect to protein content appears to be most 

appropriate for comparing antioxidant enzyme activities. 

In addition, for the activities of digestive enzymes, standardization to the weight 

of the fish was also performed. These activities were estimated by using the activity 

units per ml of extract, the weight of the sample and the average weight of the larvae at 

the time of sampling. The weight was estimated using the growth rates resulted in 

section 3.1.2. The actual equations for each group were for the PGW (1) and CW (2). 

(1) ta
t eWW •∗= 0 , where 0W = 0.0881, a = 0.0975. 

(2) ta
t eWW •∗= 0 , where 0W = 0.0788, a = 0.0846. 
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7.1 Oxidative stress: 

 

7.1.1 Superoxide dismutase assay 

 

The determination of the enzymatic activity of SOD at early stages of 

development of the gilthead sea bream (Sparus aurata) showed this activity at all the 

stages in the first two months after hatching. A significant decrease was detected 

between 0 and 4 dph. At 10 dph, which corresponds with the rotifer-feeding stage, a 

very high specific activity of SOD was registered in the CW group, being significantly 

greater than on any other day (Figure 20). At 20 dph SOD activity decreased again in 

the CW group and remained relatively constant until the end of the experiment. 

However, the PGW group showed this increase in the activity at 20 dph, which 

corresponds with the Artemia feeding stage, and the decrease thereafter was less 

pronounced. At 60 dph, the SOD activity increased again in the PGW group whereas in 

the CW group a significant decrease was detected. 

 

Figure 20: Superoxide dismutase specific activity in whole S. aurata larvae reared under 

PGW and CW conditions until 60 days post hatching. 

 

7.1.2 Glutathione assay 

 

Glutathione was also detected at all developmental stages studied. The maximum 
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significantly greater than on any other day. At 4 dph the glutathione concentration was 

half of the activity detected at hatching. Then, GSH concentration stopped decreasing at 

10 dph (rotifer feeding stage) in both groups, but the concentration was significantly 

greater for the PGW group than for the CW group. At 20 dph, the activity increased 

again in the PGW group, but in the CW group, GSH values were not significantly 

different than at 10 dph. The trend in the CW group between 20 and 50 dph was slowly 

but significant increase to diminish again at 60 dph, while in the PGW group GSH 

concentration was continuously decreasing until 60 dph (Figure 21). 

 

Figure 21: Glutathione content (nmol/mg protein) in whole S. aurata larvae reared 

under PGW and CW conditions 60 days post hatching. 

 

7.1.3 Glutathione reductase assay 

 

The activity of the GR was also detected at all the developmental stages studied. 

On can emphasize the high GR activity registered at 20 dph in the CW group, which 

was significantly greater than on any other day. This peak in GR activity at 20 dph was 

also detected in the PGW group, but the values registered were significantly lower than 

in the CW group. GR activity decreased significantly at 30 dph in both groups. After 

this, there is a small but significant trend to increase in the PGW group until 60 dph 

whereas in the CW group GR activity remains constant with small fluctuations (Figure 

22). 
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Figure 22: Glutathione reductase specific activity in whole S. aurata larvae reared under 

PGW and CW conditions until 60 days post hatching. 
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In the specific activity of the enzyme GPX in the CW group, a significantly higher 
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increased again at 20 dph. After this, GPX specific activity in the PGW group suffered a 
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Figure 23: Glutathione peroxidase specific activity in whole S. aurata larvae reared 

under PGW and CW conditions until 60 days post hatching. 

 

7.1.5 Glutathione S-transferase assay 

 

Specific activity of the GST enzyme was also detected in all samples assayed. The 

activity was significantly lower at hatching and then augmented progressively until 10 

dph in the CW group and until 20 dph in the PGW group. After that, GST specific 

activity showed a significant decrease in both groups (at 20 dph in the CW group and at 

30 dph in the PGW group) and then GST activity increased again gradually. At 60 dph, 

a significant decline in GST activity was registered for the PGW group (Figure 24). 

 

Figure 24: Glutathione S-transferase specific activity in whole S. aurata larvae reared 

under PGW and CW conditions until 60 days post hatching. 
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7.2 Digestive system: 

 

7.2.1 Trypsin 

 

The levels of trypsin specific activity detected at 4 dph were significantly higher 

than those measured in the larvae at hatching. Trypsin specific activity showed 

significant differences when comparing the CW and the PGW groups. While in the CW 

group the trend was to increase significantly until 20 dph and then decrease 

progressively until 60 dph, in the PGW group the highest activity recorded was at 30 

dph and then the specific activity decreased, as in the CW group, until the end of the 

experiment (Figure 25). 

 

Figure 25: Trypsin specific activity in whole S. aurata larvae reared under PGW and 

CW conditions until 60 days post hatching. 
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activity. Thereafter, the values registered were lower than that of the PGW group, 

despite the significant decrease noticed in the PGW group at 50 dph (Figure 26). 

 

Figure 26: Total trypsin activity (units per min and individual) in whole S. aurata larvae 

reared under PGW and CW conditions until 60 days post hatching. 
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again low values at 20 dph and 30 dph. Next CW sample, at 40 dph, showed the highest 

values recorded for this group, with this values being significantly higher than that 

measured for the PGW group the same day. At 50 dph the levels suffered a significant 

decrease but still the values in the CW group are significantly higher than the 

corresponding in the PGW group. At 60 dph an increase was observed as in the PGW 

group, but the increase was much less in the CW group (Figure 28). 

 

Figure 27: Chymotrypsin specific activity in whole S. aurata larvae reared under PGW 

and CW conditions until 60 days post hatching. 
 

Figure 28: Total chymotrypsin activity (units per min and individual) in whole S. aurata 

larvae reared under PGW and CW conditions until 60 days post hatching. 
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7.2.3 Trypsin/chymotrypsin ratio 

 

Larvae from the CW group showed a higher trypsin/chymotrypsin ratio than 

larvae from the PGW group during the first 30 days post hatching. However, during the 

second month, this trend is reversed with the differences between groups shrinking until 

60 dph (Figure 29). 

 

Figure 29: Trypsin/chymotrypsin ratio in whole S. aurata larvae reared under PGW and 

CW conditions until 60 days post hatching. 
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Table VII: Total and specific superoxide dismutase activities measurements. 

Sample Units/µl mg protein/ml Units/mg 
protein 

Standard 
deviation 

0 dph (hatch) 0.4 0.724 552.5 49 

4 dph 0.3 1.166 300.6 19 

CW – 10 dph 0.8 0.543 1495 75 

CW – 20 dph 0.3 0.796 376.5 26 

CW – 30 dph 0.3 0.776 386.5 22 

CW – 40 dph 0.3 0.846 354.6 21 

CW – 50 dph 0.6 1.164 515.3 42 

CW – 60 dph 0.2 0.975 205.5 16 

PGW – 10 dph 0.3 1.136 264 16 

PGW – 20 dph 0.5 0.562 889.8 81 

PGW – 30 dph 0.6 1.08 554.7 43 

PGW – 40 dph 0.4 1.58 253.2 17 

PGW – 50 dph 0.3 1.26 238.1 15 

PGW – 60 dph 1.08 0.864 694.4 62 

 
Table VIII: Total and relative glutathione concentrations. 

Sample Units/ml mg protein/ml Units/mg 
protein 

Standard 
deviation 

0 dph (hatch) 1083.3 0.724 1495 59.2 

4 dph 958.3 1.166 821.9 45.6 

CW – 10 dph 55.6 0.543 102.3 8.82 

CW – 20 dph 83.3 0.796 104.4 7.61 

CW – 30 dph 416.7 0.776 536.7 41.5 

CW – 40 dph 500 0.846 591.3 42.5 

CW – 50 dph 916.7 1.164 787.7 52.7 

CW – 60 dph 522 0.975 535.2 36.8 

PGW – 10 dph 375 1.136 330.3 22 

PGW – 20 dph 554.1 0.562 985.6 68 

PGW – 30 dph 750 1.08 694.3 56 

PGW – 40 dph 1250 1.58 791.3 71 

PGW – 50 dph 583.3 1.26 462.9 39 

PGW – 60 dph 166.7 0.864 192.9 18 
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Table IX: Total and specific glutathione reductase activities measurements. 

Sample Units/ml mg protein/ml Units/mg 
protein 

Standard 
deviation 

0 dph (hatch) 0,027 0,724 0,038 0,2 

4 dph 0,028 1,166 0,024 0,13 

CW – 10 dph 0,04 0,543 0,074 0,5 

CW – 20 dph 0,1125 0,796 0,141 1,2 

CW – 30 dph 0,0161 0,776 0,021 0,12 

CW – 40 dph 0,0161 0,846 0,019 0,13 

CW – 50 dph 0,008 1,164 0,0069 0,04 

CW – 60 dph 0,013 0,975 0,014 0,12 

PGW – 10 dph 0,008 1,136 0,007 0,08 

PGW – 20 dph 0,03925 0,562 0,070 0,04 

PGW – 30 dph 0,012 1,08 0,011 0,08 

PGW – 40 dph 0,028 1,58 0,018 0,12 

PGW – 50 dph 0,032 1,26 0,025 0,21 

PGW – 60 dph 0,028 0,864 0,033 0,27 

Table X: Total and specific glutathione peroxidase activities measurements. 

Sample Units/ml mg protein/ml Units/mg 
protein 

Standard 
deviation 

0 dph (hatch) 0.0375 0.724 0.0520 0.4 

4 dph 0.0677 1.166 0.0581 0.3 

CW – 10 dph 0.0280 0.543 0.0520 0.39 

CW – 20 dph 0.1138 0.796 0.1430 1.1 

CW – 30 dph 0.0170 0.776 0.0221 0.2 

CW – 40 dph 0.0242 0.846 0.0286 0.19 

CW – 50 dph 0.0242 1.164 0.0150 0.09 

CW – 60 dph 0.0360 0.975 0.0370 0.25 

PGW – 10 dph 0.034 1.136 0.0030 0.04 

PGW – 20 dph 0.036 0.562 0.0620 0.40 

PGW – 30 dph 0.034 1.080 0.0310 0.17 

PGW – 40 dph 0.0218 1.580 0.1375 1.10 

PGW – 50 dph 0.0169 1.260 0.1381 1.20 

PGW – 60 dph 0.034 0.864 0.0397 0.22 
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Table XI: Total and specific glutathione S-transferase activities measurements. 

Sample Units/ml mg protein/ml Units/mg 
protein 

Standard 
deviation 

0 dph (hatch) 0.0104 0.724 0.0143 0.11 

4 dph 0.0487 1.166 0.0420 0.32 

CW – 10 dph 0.059 0.543 0.0571 0.31 

CW – 20 dph 0.0198 0.796 0.0250 0.13 

CW – 30 dph 0.026 0.776 0.0340 0.24 

CW – 40 dph 0.0365 0.846 0.0430 0.22 

CW – 50 dph 0.042 1.164 0.0360 0.16 

CW – 60 dph 0.0625 0.975 0.0640 0.41 

PGW – 10 dph 0.056 1.136 0.0490 0.21 

PGW – 20 dph 0.03 0.562 0.0535 0.31 

PGW – 30 dph 0.023 1.08 0.0220 0.08 

PGW – 40 dph 0.057 1.58 0.0360 0.22 

PGW – 50 dph 0.07 1.26 0.0560 0.33 

PGW – 60 dph 0.034 0.864 0.0390 0.14 

Table XII: Total and specific trypsin activities measurements. 

Sample BAEE 
Units/ml 

mg protein/ml BAEE Units/mg 
protein 

Standard 
deviation 

0 dph (hatch) 18.1 0.724 25.01 2.63 

4 dph 53.3 1.166 45.67 2.76 

CW – 10 dph 30.5 0.543 56.08 4.27 

CW – 20 dph 69.8 0.796 87.73 4.85 

CW – 30 dph 53.4 0.776 68.76 4.80 

CW – 40 dph 17.1 0.846 20.22 2.21 

CW – 50 dph 12.6 1.164 10.80 0.95 

CW – 60 dph 12.9 0.975 13.31 1.61 

PGW – 10 dph 37.9 1.136 33.34 2.55 

PGW – 20 dph 21.9 0.562 38.89 3.30 

PGW – 30 dph 61.7 1.08 57.10 3.33 

PGW – 40 dph 76.6 1.58 48.49 2.85 

PGW – 50 dph 26.9 1.26 21.33 2.31 

PGW – 60 dph 25 0.864 28.95 7.99 
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Table XIII: Total and specific chymotrypsin activities measurements. 

Sample BTEE 
Units/ml 

mg protein/ml Units/mg 
protein 

Standard 
deviation 

0 dph (hatch) 3.04 0.724 4.2 0.3 

4 dph 2.21 1.166 1.9 0.2 

CW – 10 dph 1.21 0.543 2.23 0.15 

CW – 20 dph 1.19 0.796 1.5 0.1 

CW – 30 dph 1.01 0.776 1.3 0.1 

CW – 40 dph 3.3 0.846 3.9 0.3 

CW – 50 dph 1.62 1.164 1.4 0.1 

CW – 60 dph 1.85 0.975 1.9 0.2 

PGW – 10 dph 1.96 1.136 1.73 0.15 

PGW – 20 dph 0.71 0.562 1.27 0.06 

PGW – 30 dph 2.9 1.08 2.7 0.2 

PGW – 40 dph 1.54 1.58 0.98 0.13 

PGW – 50 dph 0.83 1.26 0.66 0.11 

PGW – 60 dph 1.92 0.864 2.23 0.15 

 

 


