
Stellingen 

1. Differences in performance between decapsulated cysts and nauplii of Artemia as 
food for fish larvae are due to the presence of micro-nutrients and/or the quality of 
major components (e.g. protein) rather than to the macro-nutrient composition. 

This thesis 

2. The proteolytic enzymes found in Artemia contribute only marginally to the total 
proteolytic activity measured in fish larvae fed decapsulated cysts. 

This thesis 

3. To develop dry feeds for fish larvae, test diets should be based on Artemia rather 
than on ingredients commonly used in feeds for juvenile or adult fish. 

This thesis 

4. When fish feeds are developed too much focus is given on finding good properties 
of diets rather than on searching explanations for a diet failure. 

5. Give one fish to a man and you will feed him for the day, teach him how to grow 
fish in a sustainable way and you will feed him for the future. 

After Chinese proverb 

6. Justifications from operators of computer networks in trouble confirm that we are 
really entering the era where man is dominated by the machine. 

7. The Dutch saying zet uw vis terug in het water en bewaar uw sport voor later does 
not take the fish nor its flesh seriously. 

8. The most relaxed pace of life is found in Mexico. 

R. Levine (1997). A Geography of Time. Basic Books, New York, USA. 

9. Belgians talk when they have a problem, Dutchmen talk till they have a problem. 

10. Mexicans believe lime cures almost everything and tequila almost everything else. 

11. Mexicans abroad often end up talking about how nice the Mexican food is. 
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Abstract 

Garcia Ortega, A., 1999. Nutritional value of decapsulated cysts of Artemia and their use as 
protein source in experimental diets for fish larvae. 
Live food dependence and the lack of suitable artificial diets are major constraints for the expansion of 
the larviculture in many fish species. The low digestibility and nutritional quality of artificial diets are 
factors that might explain their failure as starter food for fish. In this thesis, physiological aspects 
related to the capacity for digestion of food by fish larvae were studied. In addition, the protein quality 
in decapsulated cysts and nauplii of Artemia was evaluated, and the feasibility of using cysts as protein 
source in microdiets for fish larvae was studied. African catfish Clarias gariepinus was the 
experimental species. The results indicate that catfish larvae have the capacity to digest Artemia. The 
exogenous supply of digestive enzymes has a small contribution to the overall larval digestion. The 
protein in Artemia is mainly constituted by small size proteins, which might be more easily digested by 
the fish larvae than the proteins in artificial diets. It is suggested that the structure and size of the 
proteins in the fish food might have a very important role for its digestibility. In vitro studies on the 
protein digestibility of Artemia decapsulated cysts and nauplii, and of microbound diets made of 
decapsulated cysts revealed a higher digestibility of those diets compared to commercial diets. The use 
of decapsulated cyst of Artemia as protein source in microbound diets improved their performance as 
starter diet for fish larvae. 
Ph.D. thesis, Fish Culture and Fisheries Group, Wageningen Institute of Animal Sciences, 
Wageningen University, P.O. Box 338, 6700 AH Wageningen, The Netherlands. 

This research was financed by CONACyT (Consejo Nacional de Ciencia y Tecnologia), Mexico. 

NBLIOTHEEK 
LANDBOUWUNIVERSITE'T 

WAGENINGEN 



Contents 

General Introduction 

Chapter 1 Biochemical and enzymatic characterization of decapsulated 
cysts and nauplii of the brine shrimp Artemia at different 
developmental stages 9 

Chapter 2 Heat treatment affects protein quality and protease activity in 
decapsulated cysts of Artemia when used as starter food for 
larvae of African catfish Clarias gariepinus (Burchell) 27 

Chapter 3 A new method for the quantification of Artemia consumption 
in nutrition studies with fish larvae 43 

Chapter 4 Post-prandial protease activity in the digestive tract of African 
catfish Clarias gariepinus larvae fed decapsulated cysts of 
Artemia 67 

Chapter 5 In vitro protein digestibility of Artemia decapsulated cysts, 
nauplii and microbound diets for larval fish 83 

Chapter 6 Evaluation of protein quality in microbound starter diets for 
fish larvae made with decapsulated cysts of Artemia and 
fishmeal as protein source 91 

General Discussion 109 

Summary 125 

Samenvatting 131 

Resumen 137 

Acknowledgements 143 

List of publications 145 

Curriculum vitae 147 



General Introduction 



General Introduction 

Aquaculture production and larviculture 

Production of food by aquaculture has been constantly growing at an annual average rate 

of 10 % during most of the eighties and nineties, and it is expected to continue its present rate 

of growth during the first decade of the next century. This growth rate has made of 

aquaculture the fastest growing production system surpassing both terrestrial livestock (3 % 

per year) and fisheries (1.6 % per year) productions (Tacon, 1998). Improvements in culture 

techniques, in food technology and the introduction of new species are expected to expand 

further the industry. 

Aquaculture production is based on the use of extensive or intensive fish culture systems. 

For several fish species under culture, the entire cycle of production has been completed, i.e. 

from the production of eggs and larvae to market size fish and broodstock. This allows an 

optimal and predictable production of fish throughout the year. For other fish species, 

especially marine fish, a complete production cycle is hampered by the lack of a predictable 

supply of high quality larvae and juveniles for on-growing farms. In the culture of some fish 

species, the larvae supply still relies on the capture from the wild. In the larviculture of those 

fish the critical period has been identified at the start of exogenous feeding (Watanabe and 

Kiron, 1994). Once the yolk sac reserves are depleted, the acquisition of nutrients in first 

feeding fish depends on the ingestion of zooplankton organisms found in their natural habitat. 

In larviculture, the most widely used live food organisms are the rotifer Brachionus plicatilis 

and the brine shrimp Artemia. They provide the best results in terms of fish larvae growth and 

survival in comparison to artificial diets (Jones et al., 1993; Watanabe and Kiron, 1994). 

Because the cultivation and maintenance of live food organisms is costly, labor intensive, 

unpredictable and in some cases could lead to the production of live food with sub-optimal 

nutritional quality, efforts are being done for their partial or total replacement. A suitable 

starter artificial diet is fundamental for the success in the larviculture of many fish species. 

However, so far the numerous attempts to replace live food by artificial diets had limited 

success. For the improvement of fish larvae rearing, a better knowledge with regard to the 

larval feeding and growth, as well as detailed information on the nutritional physiology of the 

early life stages offish are necessary. 
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Fish larvae nutritional physiology 

In fish larvae, growth and survival are mainly influenced by nutritional aspects. During 

development, the fish larvae pass through important anatomical and physiological changes, 

which affect their nutritional requirements. After hatching, the fish larvae obtain all the 

required nutrients from their yolk sac. Once the yolk sac is absorbed, the fish initiates 

exogenous feeding. During the larval stage, the development of the digestive system differs 

among fish species (Govoni et al., 1986). For practical purposes, fish larvae can be divided in 

three groups according to the morphology of the digestive tract and the enzymes secreted into 

the gut (Dabrowski, 1986). In a first group are included fish larvae that have a functional 

stomach before switching from endogenous to exogenous feeding (e.g. salmonids). A second 

group consists of fish that lack a functional stomach or gastric glands secretions during the 

larval stage. In a third group, fish without stomach during the entire life cycle (e.g. cyprinids) 

are included. The second group of fish includes some freshwater and most marine fish under 

culture. To date most research has been focused on the physiological and nutritional aspects 

of the larval stages of those fish. 

In the larviculture of fish species like salmonids, the first feeding phase can be realized 

with artificial diets. Other species require zooplankton organisms as initial food. In the fish 

without a functional stomach at the start of exogenous feeding the major changes in the 

digestive system during the larval period are related to the onset of stomach functions. Those 

changes involve switching from a trypsin-type enzymatic digestion of food as occurs when 

the stomach functions are absent, to a combination of acid secretion and pepsin-type of 

enzymatic digestion once the stomach becomes completely functional. Apparently, at the 

onset of exogenous feeding, the digestive capacities in those fish are sufficient to optimally 

digest and absorb nutrients from live food, but not from artificial diets. On the other hand, 

once the stomach has become functional, those fish species can be weaned successfully to 

artificial diets (Verreth at al., 1992; Pedersen and Falk-Petersen, 1992). 

For the breakdown of proteins from artificial dry diets the action of the stomach is 

important for the process of denaturation and pepsin-type (acid) type of digestion (Segner et 

al., 1994). The lack of stomach functions is regarded as one important factor to explain the 

difficulties found when rearing fish larvae on artificial diets (Verreth et al., 1992; Segner et 

al., 1993). This is evidenced by the fact that fish that posses a functional stomach after the 
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yolk sac absorption can be reared with artificial dry diets from first feeding. Fish larvae that 

lack stomach functions rely on live food organisms at the start of exogenous feeding. 

Live food versus artificial diets 

To explain the higher larval fish growth achieved with live food compared to artificial 

diets several hypotheses have been suggested. One hypothesis suggests that the digestive 

enzymes in live food (exogenous enzymes) play a key role in the utilization of nutrients by 

fish larvae (Dabrowski and Glogowski, 1977; Lauff and Hofer, 1984; Munilla-Moran et al, 

1990; Kolkovski et al., 1993). Those studies indicate that the enzymes derived from live food 

organisms play an important role in the digestion of nutrients due to a low enzyme production 

and a reduced digestive capacity in the fish larvae. On the other hand, Segner et al. (1993) and 

Cahu and Zambonino-Infante (1997) demonstrated that the reduced growth in fish larvae fed 

artificial diets cannot be attributed to a deficiency in the digestive capacity of the fish. 

Moreover, in a study on the digestive enzyme activity in sea bass larvae, it was demonstrated 

that fish larvae fed artificial diets or Artemia nauplii yielded the same enzymatic capacity 

(Zambonino-Infante and Cahu, 1994). This suggests that the fish larvae have the capacity for 

the digestion of food and that the enzymes in live food might not be essential for the protein 

digestion by fish larvae. However, more evidence is needed to verify how general this 

conclusion is for a wider group of fish species. 

A second hypothesis proposed to explain the better utilization of nutrients from live food 

in comparison to those in artificial diets considers the form in which the protein is presented 

to the fish larvae. Eggs and yolk sac larvae of marine species are rich in free amino acids 

which are used for body protein synthesis and for energy metabolism (Ronnestad and Fyhn, 

1993). Once the yolk reserves are depleted, the fish larvae rely on the supply of easy-to-digest 

proteins from live food. The free amino acid content of marine zooplankton is high (Fyhn et 

al., 1993). Marine fish larvae might be highly dependent of the supply of free amino acids at 

first feeding (Fyhn 1989; Rorinestad et al., 1993). Fyhn (1989) and Walford and Lam (1993) 

suggested also that dietary free amino acids or low molecular weight peptides in larval diets 

might increase their absorption by the fish larvae. 
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The brine shrimp Artemia 

Nauplii of the small branchipod crustacean Artemia is the most widely used live food 

organism in larviculture offish and shrimp (Leger et al., 1986). The size range ofArtemia and 

its different physical forms (i.e. cyst or free-swimming nauplii and adults), make it very 

versatile for use in aquaculture. For the early life stages of fish, Artemia constitutes an 

excellent food item that meets the nutritional requirements of most fish. Decapsulated cysts of 

Artemia have been used successfully in the feeding of larvae of African catfish (Verreth et al., 

1987; Pector et al., 1994), whitefish (Drouin et al., 1986), and carp (Vanhaecke et al., 1990). 

The use of decapsulated Artemia cysts as food for fish larvae has the advantages of combining 

some of the physical properties of a dry diet and the nutritional value of live nauplii. The cysts 

small particle size (100-250 urn) is adequate to be ingested by the fish larvae. The 

decapsulated cysts have a membrane that avoids the leaching of nutrients, in this way 

ensuring a balanced and constant nutritional composition in all food particles. Moreover, the 

energy content and individual dry weight of decapsulated cysts are higher than any of the 

stages of hatched nauplii (Vanhaecke et al., 1983; Leger et al., 1986). In the present study, 

both nauplii and decapsulated cysts of Artemia were used as model diets to avoid interactive 

effects with feed intake and digestibility, whereby decapsulated cysts served as model for 

artificial diets. 

Hypothesis and objectives of the research 

From the available information, the following possible causes for a low growth and 

survival in fish larvae receiving artificial diets can be derived: 

1. Live food has a better composition and it is better ingested than artificial diets. Nutrients in 

artificial diets might leach. 

2. The digestive enzymes present in live food organisms assist in the digestion of food by the 

fish larvae. 

3. The protein in live food has a higher affinity to the larval digestive enzymes and are more 

easily digested and absorbed than proteins used for the preparation of artificial diets. 

Each of these hypotheses has been addressed in the literature and there is evidence that all 

three or a combination of them might be valid. In general, those studies emphasized the 

importance of food intake and food digestion. In this thesis research, possible bias derived 
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from the first aspect is avoided by using decapsulated cyst of Artemia in feeding experiments 

with catfish larvae. The problems related to food intake and feed particle quality can be 

solved with appropriate husbandry and feed processing techniques and by using a food item 

that is well accepted by fish larvae. Therefore, the research was focused on the physiological 

aspects (hypotheses 2 and 3). To assess the importance of the second hypothesis, the 

contribution of dietary proteolytic enzymes to the total digestion of food by the larvae has to 

be determined. The third hypothesis is based on the fact that there is an absence of acid 

denaturation and a proteolytic capacity in the larvae that differs from juvenile fish. The form 

in which the dietary proteins are supplied with the food might be of importance since live 

food organisms usually contain relative large amounts of free amino acids. Pre-treatment of 

food ingredients could improve the digestion and absorption of nutrients (e.g. protein) from 

artificial diets in the digestive system of fish larvae without a functional stomach. The 

experimental fish species used was the African catfish Clarias gariepinus. This fish was 

selected because it represents the group of fish that cannot be optimally reared with artificial 

diets during the larval stage. The larviculture of C. gariepinus is well established with good 

results in terms of growth and survival. Moreover, it is possible to perform standardized 

nutritional experiments during the catfish larval period. 

Taking all this into consideration, the general objectives of the thesis research were to 

assess the importance of dietary enzymes on the digestion of food by fish larvae. Moreover, to 

test the hypothesis of whether pre-digestion of proteins in food improve their affinity to the 

larval digestive enzymes resulting in better digestion and absorption. In addition, the 

feasibility of using Artemia decapsulated cysts as protein source in dry experimental diets was 

tested as well. 

Outline of this thesis 

In the present thesis different subjects were investigated to study some aspects which 

might induce the optimal digestion of nutrients (e.g. protein) in live food, compared to the 

artificial diets. 

In Chapter 1 the proximate composition, the amino acid and fatty acid contents, and the 

dry matter of cysts and nauplii of Artemia during development were determined. Additionally, 

a characterization of the proteolytic and specific enzyme activities was done to determine the 

amount of alkaline enzymes that are present in individual cysts and nauplii. 
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The effects of heat as food processing techniques on the protein quality of Anemia cysts 

were studied in Chapter 2. The results permitted us to obtain information of the effects of 

modifying the functional properties of the protein in the food for fish larvae. 

In Chapters 3 and 4 the relative contribution of food enzymes to the total digestion of food 

by fish larvae was determined. In Chapter 3 the food ingestion and food evacuation rate in 

fish larvae was determined by a new method using a natural marker (ascorbic acid sulfate) 

found in the cysts of Artemia. In Chapter 4 the post-prandial variations in the proteolytic 

activity of fish larvae were determined and compared to starvation. 

Chapter 5 describes a new method for the determination of the protein digestibility in 

decapsulated cysts of Artemia and microdiets as measured in vitro simulating the conditions 

in which protein digestions occurs in stomachless fish larvae. In Chapter 6 microdiets for 

fish larvae made of Artemia cysts or fishmeal were tested in a feeding experiment, the protein 

quality in the diet was evaluated and the differences in larval growth performance were 

related to diet protein structure. Moreover, the suitability of Artemia decapsulated cysts as 

protein source in artificial diets for fish larvae was discussed. 
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Abstract 
Decapsulated Artemia cysts were used to study the factors which induce the superior performance of live 

organisms as food for fish larvae. The biochemical composition, the in vitro protein digestibility, and the 

total proteolytic and trypsin activities in cysts and nauplii of Artemia were determined at different 

developmental stages as a function of incubation time. Six different incubation times were studied: 1, 6, 

11, 16,21 and 25 h of development, which cover cyst and early nauplii stages. The individual dry weight 

of Artemia decreased through development. The individual protein and lipid content (p.g ind"1) remained 

constant during development until the time of hatching after which they decreased slightly. However, no 

significant incubation effect was found. Small changes in amino acid and fatty acid composition were found 

during development, but is assumed that they are too small to be of nutritional importance to fish larvae. 

No major changes were observed in protease activities measured at acid and alkaline pH during the first 

25 h of development. From the alkaline proteases, no significant change in trypsin activity was detected 

during cyst and early nauplii development. From the point of view of exogenous enzyme contribution to 

fish larvae, there seems to be no difference whether feeding decapsulated cysts or newly hatched nauplii, 

since no difference in qualitative protease composition was found during the first 25 h of Artemia 

development. The relative contribution of Artemia proteases to the digestion of food by fish larvae is 

discussed. 

Keywords: Artemia cysts; Proteolytic enzymes; Feeding and nutrition- fish, feed composition; Protein 

digestibility; Live food 
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Introduction 

Larvae of nearly all marine and of many freshwater fish species require live planktonic 

organisms as first food. In fish culture the use of live food organisms complicates the rearing 

techniques and increases the operational costs. For many fish species live food still gives better 

results in terms of growth and survival than artificial diets (Dabrowski, 1984). Several hypotheses 

have been proposed to explain this: e.g., food composition; structure and digestibility of dietary 

protein (Verreth, 1994); exogenous enzymes (Dabrowski and Glogowski, 1977; Lauff and Hofer, 

1984); chemical and visual stimuli from the live food organisms (Kolkovski et al., 1995). Studies 

to understand those factors are complicated by the fact that any comparison between live and 

artificial diets are confounded by behavioral aspects. Decapsulated Artemia cysts have been 

proposed to solve the latter (Verreth et al., 1987). 

Decapsulated Artemia cysts have been tested successfully for larval rearing of African catfish 

(Verreth et al., 1987; Pector et al., 1994) and common carp (Vanhaecke et al., 1990). The cysts 

of Artemia present some advantages to artificial diets because they combine the physical 

properties of a dry artificial feed and the nutritional value of live Artemia nauplii. The question 

is whether this hypothesis is true. The nutritional value of decapsulated cysts might be sensitive 

to the quality of the decapsulation and subsequent drying procedures. During the decapsulation 

process the cysts are hydrated, as a consequence, the reversibly interrupted metabolism of the 

Artemia embryo resumes. This might result in a food with a biochemical and nutritional 

composition that diverge from both dry cysts and live nauplii. From previous studies on the 

biochemical composition and nutritional value of Artemia, only Hines et al. (1980) followed the 

biochemical composition during the development of both cysts and nauplii. For future studies on 

the role of dietary enzymes in larval digestion, the characterization and quantitative estimation 

of digestive enzymes from decapsulated cysts of Artemia are necessary to determine the enzyme 

input from live food to fish larvae. However, a combined analysis of the biochemical and 

enzymatic changes in Artemia during cyst development is not available. The present study was 

designed to provide such a characterization for the same batch of cysts during their development. 
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Materials and methods 

Hatching quality and cysts incubation 

The hatching rate and hatching percentage of the Artemia cysts were determined following 

the procedure described by Sorgeloos et al. (1986). The same batch of Artemia cysts (INVE 

Aquaculture N.V.; type EG batch number 5335) from Great Salt Lake (GSL), USA was used in 

all the analyses. The cysts were decapsulated with a solution of NaOCl, NaOH and water 

according to the method of Sorgeloos et al. (1986). In all analyses dry non-decapsulated cysts 

were used in parallel with decapsulated cysts to compare the changes in the embryo nutritional 

characteristics from the inactive dormant embryo to a cyst where the embryonic metabolism has 

been reactivated by incubation in seawater. After decapsulation, the cysts were incubated in 

hatching tanks with conical bottom to start the embryonic development process. The incubation 

conditions were: temperature 28°C, salinity 33%o, approximately 1200 lux of continuous 

illumination at the water surface, and medium aeration from the bottom of the tank to maintain 

the cysts in suspension. Six different incubation times were used: 0, 5,10,15, 20, and 24 h, which 

encompass cyst and early nauplii development. After incubation samples for enzyme analysis 

were shock-frozen with liquid nitrogen and stored at -80°C. Samples for the biochemical and 

digestibility analyses were stored at -20°C and later freeze-dried before further processing. 

Biochemical composition 

Protein content was determined by Kjeldahl analysis according to ISO (International 

Organization for Standardization) 5983 (1979) procedures and calculated as nitrogen content 

multiplied by 6.25. Individual amino acids were measured with a Biotronic LC 5001 amino acid 

analyzer with a single column using an ion exchange resin. Amino acids were determined with 

ninhydrin as coloring reagent and quantified using an amino acid standard solution (Sigma AA-S-

18), L-nor-leucine (Merck 24560) and L-tryptophan (Merck 8374). Cystine and methionine were 

analyzed after oxidation with performic acid and acid hydrolysis. Tryptophan was determined 

after alkaline hydrolysis. All other amino acids were determined after acid hydrolysis. The lipids 

in dry cysts samples were extracted following a modified procedure of Folch et al. (1957) using 

chloroform-methanol (2:1) and esterified with a mixture of 1% H2SO4 in methanol. After fat 

extraction and esterification a fatty acid methyl esther (FAME) analysis was done according to 

the method described by Coutteau and Sorgeloos (1995) to obtain the HUFA profile of cysts 

samples. Lipid classes were separated by high-performance thin-layer chromatography (HPTLC) 
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using a single-dimension double-development method (Tocher and Harvie, 1988). The lipid 

classes were quantified by charring followed by densitometry using a Sharp JX-325 scanner 

supported with ImageMaster™ Software (modified from Olsen and Henderson, 1989). Total 

carbohydrate was determined by the phenol-sulfuric acid reaction (Dubois et al., 1956) using 

glucose as a standard. Ash content was determined by burning oven-dried samples in a muffle 

furnace at 550°C according to ISO 5984 (1978). Individual dry weight was estimated by freeze-

drying a known amount of cysts incubated in 2 L aerated containers at the different experimental 

times. The dry weight of the sample per volume was divided by the number of individuals 

counted in 250 ul samples taken during the incubation. 

In vitro protein digestibility 

A modified filtration method from Babinszky et al. (1990) was used to predict the protein 

digestibility in vitro of the cysts and nauplii samples. The samples were incubated in a two steps 

procedure with enzymes. In the first step the protein was digested with a solution of pepsin 

(Merck, 7190) and HC1 (pepsin 2 g l"1 in HC10.1 M, pH 1) during 1 h at 30°C. In the second step, 

the samples were further digested during 1 h with a solution of pancreatin (Merck, 7133), amylase 

(NOVO, Termamyl 120L), lipase (Sigma L3001) and bile salts (Sigma B8756) dissolved in a 

mixture of Na2HP04 and KH2P04. After digestion in the multi-enzyme system, the digested 

fraction was vacuum-filtrated and the amount of undigested crude protein was determined by the 

Kjeldahl method. From the nitrogen content of the original cysts sample and the undigested 

protein from this analysis, the in vitro digestible protein content was calculated. 

Enzyme analyses 

The total protease was measured in cysts and nauplii homogenates. For homogenate 

preparation 75 mg of sample was ground in a potter blender and dissolved in 750 ul of distilled 

water. After homogenization the samples were sonified during 30 sec and centrifuged at 12000 

X g during 10 min at 4°C. During preparation the homogenates were continuously kept on ice. 

Total protease activity was measured by a modified casein method from Walter (1984) using 

casein (10 mg ml"1) dissolved in 0.1 M Tris buffer at pH 8. The protease activity was determined 

at different pH values of: 3,4, 6, 8 and 10. A citrate-phosphate buffer (0.1 M citric acid plus 0.2 

M Na2HP04) and a buffer composed of 0.2 M Tris and 0.1 N HC1 were used to detect acidic and 

alkaline protease respectively with L-tyrosine as standard. The assay mixture, which consisted 

of 400 ul casein solution, 400 ul buffer and 200 ul supernatant of homogenate, was incubated at 
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30°C for 60 min, the reaction was stopped with trichloracetic acid (0.3 M). After cooling on ice 

for 15 min, the assay mixtures were centrifuged at 1700 X g for 10 min at 4°C and the 

absorbance of the supernatant was measured at 280 run with a spectrophotometer. The results are 

expressed as mg tyrosine liberated per g protein in sample per 60 min. Protein was determined 

by Kjeldahl analysis. 

The trypsin activity was determined using a modified method from Hofer and Kock (1989) 

and Bergmeyer (1974) using the substrate BAPNA (Na-benzoyl-DL-arginine-4-nitroanilide, 

Merck 1670). The homogenate preparation for the trypsin measurements was similar to the casein 

assay with the difference that 100 mg of cyst or nauplii sample were ground and dissolved in 500 

fj.1 of buffer. The assay mixture consisted of 3.9 mM BAPNA in a 0.1 M Tris buffer pH 8 with 

0.2 M CaCh- The enzymatic reaction was started by adding BAPNA to a mixture of buffer and 

homogenate. The change in absorbance during 5 min was measured at 405 nm. Trypsin activity 

is reported as Units g"1 of sample (1 U= 1 |amol BAPNA converted per min). 

Data analysis 

Four samples per incubation time were analyzed for total proteolytic activity and at least three 

for trypsin activity. Four samples per incubation time were analyzed for individual amino acid 

content except for cystine, methionine, tyrosine, histidine, phenylalanine and tryptophan which 

were determined with two samples. For protein, lipid, carbohydrate, fatty acid and ash content, 

protein digestibility and individual dry weight three samples per incubation time were analyzed. 

Lipid classes were determined with two samples per treatment. The change in individual weight 

was also considered when comparing changes in any nutritional component during the 

development of Anemia from cyst to nauplii. The data expressed as relative values were tested 

for normal distribution and submitted to square root arcsine transformation before a one-way 

ANOVA was performed. When significant differences were found, the means were compared 

with Duncan's multiple range test (PO.05). The data expressed as absolute values were 

submitted to a non-parametric one-way ANOVA (Kruskal-Wallis test). The statistical analyses 

were done with SAS statistical software package (SAS Institute). 

Prior to decapsulation the cysts were hydrated for 1 h and this hydration reactivates the 

metabolism of the dormant embryo in the cysts, therefore in the results 1 h is added to all 

incubation times and is indicated as hours of development. 
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Results 

Hatching quality 

The hatching efficiency corresponded to 144 377 nauplii g"1 cysts and the hatching percentage 

was 70.1 ± 5.1%. From the hatching curve T,0 (time of 10% hatching) and T5o (50% hatching) 

were graphically derived and corresponded to 14.5 and 17.3 h, respectively. The cysts showed 

90% of their maximum hatchability (T90) at 21.8 h. The hatching synchrony (Ts= T90- T10) was 

7.3 h. 

Table 1. Proximate composition, individual dry weight and 
developmental stages as function of incubation time. 

Undecap. 

cysts 

Time of development (h) 

1 6 

in vitro 

11 

protein digestibility 

16 

of Artemia 

21 

at different 

25 

Protein 

%dw 55.8 ±0.1 50.6 ± 0 . 1 e 53.8 ± 0 . 1 " 54.7±0.1C 55.7 ± 0.2" 56 .3±0 .1 a 56.2 ±0.0* 

ug ind ' 1 * 2.70 ±0.1 1.73 ±0.07 1.77 ±0.08 1.67 ±0.07 1.70 ±0.08 1.48 ±0.06 1.30 ±0.06 

Lipid 

%dw 11.2±0.2 14.7±0.1" 16.2±0.5C 16.4±0.30,: 16.9 ± 0 . 3 ' 18.0±0.2" 17.0±0.3" 

M9 ind"1 * 0.54 ± 0.03 0.51 ± 0.02 0.53 ± 0.03 0.51 ± 0.02 0.52 ± 0.02 0.48 ± 0.02 0.40 ± 0.02 

Carbohydrate 

%dw 6.9 ±0.7 6 .6±0.5a 6.6 ± 1.1* 4.2 ± 0.3° 4.3 ±0 .2" 4.3 ±0.7" 3.6 ±0.4" 

ug ind- 1 " 0.33 ±0.01 0.23 ±0.01 0.22 ±0.01 0.13 ±0.01 0.14 ±0.01 0.12 ±0.01 0.09 ±0.01 

Ash 

%dw 5.9±0.2 10.6±0.3a 11.1 ±0.2* 9.0 ± 0.2bc 9 .8±0.8a b 7 . 2±0 .1 " 7.6±1.2C<' 

pg ind ' 1 * 0.29 ±0.01 0.36 ±0.01 0.36 ±0.01 0.28 ±0.01 0.30 ±0.01 0.19±0.01 0.18 ±0.01 

Individual dry weight 

p g * 4.83 ±0.2 3.42 ±0.2 3.28 ±0.2 3.06 ±0.1 3.05 ± 0.1 2.62 ±0.1 2.31 ±0.1 

Digestible protein 

% total protein - 82.8±1.3 79.7±7.1 81.5±4.0 79.5 ± 2.8 82.5±1.0 77.8±1.6 

The time of development is the time of incubation plus one hour of hydration time during the decapsulation process. 
Means in the same row with the same superscript are not significantly different (P>0.05) (% values) 
* No significant incubation effect was detected (P>0.05) 

The composition of the samples taken from each of the incubation times were: 100% of cysts 

for 1, 6 and 11 h of development; 35% cysts and 65% nauplii (umbrella stages included) for 16 

h; 33% cysts and 67% nauplii for 21 h; 30% cysts and 70% nauplii for 25 h. The latter 30% cysts 

can be regarded as unhatchable cysts which were present in all samples. 
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Table 2. Amino acid composition (g 100 g ' ' protein) of Artemia at different developmental stages as function of incubation time. 

Amino acid 

Aspartic acid 
Threonine 

Serine 

Glutamic acid 

Proline 

Glycine 

Alanine 

Cystine 

Valine 

Methionine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

Histidine 

Lysine 

Arginine 

Tryptophan 

Total amino acids 

Undecap. 
cysts 

8.610.2 
4.1 ±0.0 

6.3 ±0.1 

10.3 ±0.4 

5.0 ±0.2 

4.0 ±0.1 

5.1 ±0.1 

1.3 ±0.0 

4.9 ±0.1 

2.1 ±0.0 

4.4 ±0.1 

6.0 ± 0.2 

5.2 ±0.1 

3.7 ± 0.0 

2.7 ±0.1 

7.1 ±0.2 

6.4 ± 0.2 

0.9 ±0.1 

88.1 ±1.5 

Time of development (h) 

1 

7.7 ± 0.2 
4.3 ± 0.2 

5.7 ±0.1* 

11.0 ±0.4* 

3.6 ±0.1° 

3.9 ± 0.0* 

4.1 ± 0.0= 

1.1 ±0.1 

4.9 ±0.1 

2.5 ±0.1 

4.8 ± 0.0' 

6.6 ±0.1" 

3.3 ± 0.0* 

3.9 ± 0.0" 

2.7 ± 0.0" 

7.4 ±0.1* 

7.0 ± 0.0* 

1.3 ±0.1* 

85.8 ± 0.6* 

6 

7.5 ± 0.4 
4.4 ±0.1 

5.9 ±0.1* 

11.1 ±0.2* 

3.6 ±0.1° 

3.9 ±0.1" 

4.3 ±0.1" 

1.0 ±0.0 

4.8 ±0.1 

2.2 ± 0.4 

4.7 ±0 .1 * 

6.5 ±0 .1* 

3.1 ± 0.2b 

3.8 ± CO* 

2.7 ± 0.0* 

7.3 ±0 .1 * 

7.0 ±0.1" 

1.2 ±0.0* 

85.0 ± 0.5* 

11 

7.4 ± 0.0 
4.2 ±0.1 

5.5 ± 0.0 b 

10.3 ±0.1° 

3.8 ± 0.2" 

3.9 ± 0.0" 

4.2 ± 0.0° 

1.0 ±0.0 

4.8 ±0.1 

2.4 ± 0.0 

4.6 ± 0.0° 

6.3 ± 0.0° 

3.3 ± 0.0* 

3.8 ± 0.0° 

2.6 ± 0.0" 

6.9 ±0.1° 

6.7 ± 0.0° 

1.2 ±0.0* 

82.9 ± 0.6° 

16 

7.5 ±0.1 
4.2 ±0.1 

5.5 ± 0.0° 

10.9 ±0.1° 

4.0 ± 0.2* 

4.0 ± 0.0* 

4.2 ± 0.0° 

1.0 ±0.0 

4.8 ± 0.1 

2.4 ± 0.0 

4.6 ±0.1" 

6.4 ±0.1°° 

3.3 ± 0.0* 

3.8 ± 0.0° 

2.4 ± 0.0° 

7.2 ± 0.0° 

6.7 ± 0.0°° 

1.1 ±0.1" 

84.0 ± 0.3°° 

21 

7.6 ± 0.3 
4.3 ±0.1 

5.5 ±0.1" 

11.0 ±0 .1 * 

4.0 ±0.1* 

4.0 ±0.1* 

4.3 ±0.1" 

1.1 ±0.0 

4.8 ±0.1 

2.4 ±0.0 

4.6 ±0.1" 

6.4 ±0.1°° 

3.3 ± 0.0* 

3.8 ±0.0°° 

2.5 ±0.0° 

7.2 ±0.1°° 

6.7 ±0.1°' 

1.2 ±0 .1 * 

84.7±1.0M 

25 

7.6 ±0.1 
4.3 ±0.1 

5.5 ±0.0° 

11.2 ±0.1* 

4.2 ±0.1* 

4.0 ± 0.0* 

4.4 ± 0.0* 

1.1 ±0.0 

4.9 ±0.1 

2.3 ±0.0 

4.7 ± 0.0* 

6.5 ±0.1*° 

3.4 ± 0.0* 

3.9 ± 0.0* 

2.5 ± 0.0°° 

7.3 ±0 .1* 

6.8 ± 0.0° 

1.2 ±0 .1* 

85.8 ± 0.5" 

The time indicated as hours of development is the time of incubation plus one hour of hydration time during the decapsulation process 
Means in the same row with the same superscript are not significantly different (P>0.05) 
Standard deviation values were rounded to decimals 

Proximate analysis 

The protein, lipid, carbohydrate and ash composition of cysts and nauplii of Artemia are given 

in Table 1 in relative (% dw) and absolute values (|ag ind"1). The relative concentration in the dry 

matter (% dw) of all four nutritional components changed significantly (P<0.05) during cyst 

development. However, for the absolute values no significant incubation effect was found 

(PXX05). In undecapsulated cysts the individual protein content was higher than in all subsequent 

developing stages. However, during incubation (e.g. embryonal development) individual protein 

and lipid contents remained constant, exceptions were at 21 and 25 h which corresponded with 

the times of the highest presence of nauplii in the samples. Individual carbohydrate and ash 

contents also decreased towards the naupliar stage, attaining low values at 25 h of development. 
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The individual dry weight was highest for undecapsulated cysts, and decreased during 

development (Table 1). 

Amino acid composition 

In general, small differences were found among individual amino acids (Table 2). The 

differences were larger for lysine and arginine for which smaller values were measured at 11 h 

of development, just before hatching. No significant differences were detected for aspartic acid, 

threonine, cystine, valine and methionine. Tryptophan was detected at at all times of development 

and its values ranged from 0.9 g 100 g"1 protein in undecapsulated cysts up to 1.3 g 100 g'1 protein 

at 1 h. The total amino acid content remained constant during development with exceptions at 11 

and 16 h when it decreased and corresponded to the time before and after hatching, respectively. 

Fatty acid composition and lipid classes 

As indicated in Table 3, the fatty acid composition during cysts and nauplii development 

presented small differences. A slight decreasing trend was detected in samples at 25 h of 

incubation; for most of the fatty acids, the values of nauplii were smaller than in the previous 

developmental stages. Most of the lipid classes remained constant during development (Table 4). 

Free fatty acids increased strongly towards 25 h of development. Total polar lipid increased 

towards 21 h of development, while the total neutral lipid did not vary. 

In vitro protein digestibility 

High protein digestibility (expressed as percentage of total protein content) was found for all 

the developmental stages (Table 1). It ranged from 77.8% at 25 h to 82.8% at 1 h. No difference 

in digestibility was found between cysts and nauplii samples. 
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Table 3. Fatty acid composition (mg g'1 DW) of Artemia at different developmental stages as function of incubation time. The time 
of development is the time of incubation plus one hour of hydration time during the decapsulation process. 

Fatty acid 

14:0 

14:1n-5 

15:0 

15:1n-5 

16:0 

16:1n-7 

17:0 

17:1n-7 

18:0 

18:1n-9 

18:1n-7 

18:2n-6-t 

18:2n-6-c 

18:3n-6 

18:3n-3 

18:4n-3 

20:0 

20:1n-9 

20:4n-6 

20:3n-3 

20:4n-3 

22:0 

20:5n-3 

22:6n-3 

I n-3 >or= 
20:3n-3 

£ n-6 >or= 
18:2n-6-t 

Total FAME 

Undecap. 
cysts 

1.3±0.1 

1.1 ±0.1 

0.3 ± 0.0 

0.6 ±0.1 

12.7 ±1.3 

3.9 ± 0.4 

0.9 ±0.1 

1.1 ±0.1 

4.4 ± 0.4 

19.1 ±1.9 

6.7 ± 0.7 

0.2 ± 0.0 

5.5 ± 0.5 

0.5 ±0.1 

27.3 ±2.8 

4.6 ± 0.5 

0.1 ±0.0 

0.4 ±0.1 

0.6 ± 0.0 

0.6 ± 0.0 

0.7 ±0.1 

0.1 ±0.0 

3.2 ± 0.3 

0.1 ±0.0 

4.6 

6.8 

100.0±7.1 

Time of development (h) 

1 

1.6 ± 0 . 1 ' 

1 . 3 1 0 . 1 * 

0.4 ± 0.0' 

0.7 ± 0 .0* 

16.1 ± 0.4a 

5.0 ± 0 . 1 ' 

1.1 ± 0 . 1 ' " 

1.4 ±0 .0 ' " 

5.3 ± 0 . 1 ' " 

24.2 ± 0 .5* 

8.4 ± 0.2bc 

0.2 ± 0.0 

6.9 ± 0.2" 

0.6 ± 0.0"" 

34.2 ± 0.8'b 

5.6 ± 0 . 1 ' 

0.1 ±0.1 

0.4 ± 0.0" 

0.7 ± 0 . 1 * 

0.7 ± 0 .0* 

0.8 ± 0 .0* 

0.2 ±0.1 

4.2 ± 0.2' 

0.1 ±0.0 

5.8 

8.4 

125.9±2.9* 

6 

1 .8±0 .1 ' 

1.5 ± 0 . 1 " 

0.4 ± 0.0' 

0.8 ± 0.0" 

17.8 ±0 .8 ' 

5.6 ± 0.2' 

1.2 ± 0 . 1 ' 

1.6 ± 0 . 1 ' 

5.9 ± 0.3' 

26.9 ±1 .2 ' 

9.4 ±0.3* 

0.2 ±0.0 

7.6 ± 0.3' 

0.7 ± 0 . 1 ' 

37.9 ± 1 . 1 " 

6.2 ±0 .2 ' 

0.1 ±0.0 

0.5 ± 0 . 1 * 

0.8 ± 0 . 1 ' 

0.8 ± 0 . 1 * 

0.9 ± 0.0' 

0.2 ±0.1 

4.7 ± 0.2' 

0.1 ±0.1 

6.5 

9.3 

139.4±5.0' 

11 

1 .710.1* 

1 .5±0.1* 

0.4 ± 0.0' 

0.8 ± 0 . 1 ' 

17.7 ± 0 . 8 ' 

5.6 ± 0.2' 

1.1 ± 0 . 1 ' 

1.6 ± 0 . 1 " 

5.8 ± 0.2' 

26.7 ±1.2* 

9.6 ± 0 .4* 

0.2 ± 0.0 

7.6 ± 0.3" 

0.6 ± 0 . 1 * 

37.8 ±1.7" 

6.0 ± 0.3" 

0.1 ±0.0 

0.5 ± 0 . 1 " 

0.8 ± 0 . 1 " 

0.8 ± 0.0" 

0.8 ± 0 . 1 * 

0.2 ± 0.0 

4.7 ± 0.2" 

tr 

6.3 

9.2 

139.3±6.0' 

16 

1 .8±0 .1 ' 

1 .6±0.1a 

0.4 ± 0.0' 

0.8 ± 0 . 1 ' 

18.6 ± 1 . 4 ' 

5.9 ± 0.5" 

1 .3±0.1" 

1 .710.1* 

6.3 ± 0.5* 

28.3 ± 2.0' 

10.3 ± 0 . 7 ' 

0.2 ±0.1 

8.1 ± 0 . 6 ' 

0.6 ± 0 . 1 ' 

39.6 ± 2.5' 

6.2 ± 0.4' 

0.1 ±0.0 

0.5 ± 0 . 1 ' 

0.8 ± 0 . 1 ' 

0.8 ± 0 . 1 ' 

0.9 ± 0 . 1 ' 

0.2 ±0.1 

4.9 ± 0.3' 

tr 

6.6 

9.7 

146.8±10.1" 

21 

1.7 ±0 .4 ' 

1 .410.4 ' 

0.4 ±0.1° 

0.8±0..2" 

16.5 ± 4 . 0 ' 

5.2 ± 1 . 3 ' 

1.1 ± 0 . 3 * 

1.5 ± 0 . 4 ' 

5.7 ± 1 . 3 * 

25.1 ± 6 . 2 ' 

9.2 ± 2 .3 * 

0.3 ±0.1 

7.1 ± 1 . 8 ' 

0.6 ± 0 . 1 * 

35.6 1 9 . 0 ' 

5 .511 .4 ' 

0.1 10.0 

0 . 5 1 0 . 1 * 

0.8 1 0 . 2 * 

0.8 1 0 . 2 * 

0.8 10.2" 

0.3 1 0.1 

4 . 4 1 1 . 1 ' 

tr 

6.0 

8.8 

130.8132.2' 

25 

1 .210.1" 

1.110.0" 

0.3 10.0" 

0.6 ± 0.0" 

13.2 ±0.6" 

4.1 ± 0.2" 

0.9 10.0" 

1.2 ± 0 . 1 " 

4.8 ± 0.2" 

20.3 ± 0.8" 

7.4 ± 0.3" 

0.2 ±0.1 

5.7 ± 0.3" 

0.5 ± 0 . 1 " 

28.6 ±1.2" 

4.5 ± 0.2" 

0.1 ±0.0 

0.4 ± 0.0" 

0.6 ± 0 . 1 " 

0.6 ± 0 . 1 " 

0.7 ± 0.0" 

0.2 ±0.0 

3.5 ± 0.2" 

tr 

4.8 

7.0 

105.614.3" 

Means in the same row with the same superscript are not significantly different (P>0.05) 
Standard deviation values were rounded to decimals 
tr = trace 
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Enzyme analyses 

The total proteolytic activity in cysts and nauplii measured at acid and alkaline pH is 

presented in Fig. 1. The protease activity in undecapsulated cysts at pH 8 was 11.9 mg tyr g'1 

protein 60 min"1 compared to 28.7 for 1 h incubated cysts. This indicates a sharp increase in 

enzymatic activity after the reactivation of the embryo metabolism by hydration of cysts. The 

protease activity during cyst and early nauplii development differed significantly when measured 

at pH 4,6, 8 and 10. The lowest protease activity was observed around 16 h of development. The 

effect of pH on the measurement of protease activity was similar in all the treatments, i.e. only 

the values at acid pH were lower. For trypsin activity (Fig. 2) no significant differences were 

found between the studied developmental stages. 

c 
E 
o 
CO 
"5 
CD 
O 
Q. 
O) 

>» 
O) 
E, 
>» 
+* 
> 
u 
(0 
0) 
(A 
(0 
0) 
o 

36 

32 

28 

24 

20 

16 

36 

32 

28 

24 

20 

16 

-t\N - O — pH3 

-•=•— pH4 

- •«•— pH6 

-L 
^ f c -

/A 
/ 

-•'— pH8 

- « • — pH 10 

1 6 11 16 21 25 

Time of development (h) 

Figure 1. Total proteolytic activity during early development of cysts and nauplii of Artemia 
measured at acid and alkaline pH. The time of development is the time of incubation plus 
1 h of hydration during the decapsulation process. 
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Discussion 

The hatching rate and hatching synchrony obtained in the present study indicate that good 

quality cysts were used. 

The nutritional quality in Artemia varies considerably. This variation might be related to the 

geographical origin of Artemia (Leger et al., 1986), to differences among different batches of 

cysts from the same origin, and to the methods of analysis. Because of this variation, in nutritional 

studies with fish larvae it is important to determine the biochemical composition of the live food 

being used. The high protein content in undecapsulated cysts is due to the presence of the chorion 

or external layer composed of lipoprotein impregnated with chitin and hematin (Sorgeloos et al., 

1986). The chorion is removed during decapsulation, resulting in a lower protein content and 

individual weight measured in decapsulated cysts and in newly hatched nauplii. The proximate 

composition in cysts and nauplii varied according to changes in individual dry weight. To 

determine the nutritional quality of Artemia it is important to study changes in proximate 

composition on individual weight basis and not exclusively in relative terms (% dw). The 

individual protein and fat content, and most notoriously the individual carbohydrate content 

decreased towards the naupliar stage. However no significant differences in individual proximate 

composition were found during development. All constituents were used during development, 

most probably for energy purposes. In general, cysts constitute a food item with a consistent 

biochemical composition. During development from cyst to nauplius, no drastic changes in the 

biochemical properties occur. Stronger changes in biochemical composition might be expected 

between different strains of Artemia (Leger et al., 1986). 

Artemia nauplii of different origin have different amino acid profiles (Watanabe et al., 1983; 

Dendrinos and Thorpe, 1987). For GSL cysts, Landau and Riehm (1985) found a higher relative 

amount of tryptophan (8.3% total amino acids) compared to 1.1% in this study. Since no other 

authors have analyzed or found tryptophan, no definitive conclusion can be made with regard to 

its proportional presence in Artemia. Methionine was not detected in starved adults of Artemia 

(Claus et al.,1979). However, in the present study methionine was detected in cysts and in early 

nauplii. According to Watanabe et al. (1983) Artemia nauplii are deficient in histidine, 

methionine, phenylalanine and threonine, whereas adults are rich in all essential amino acids. In 

the present study, that deficiency was not evident, at least in quantitative terms. The small 

decrease in individual fat content from cysts to early nauplii is probably due to the utilization of 

lipid reserves. This, together with the decrease in individual protein content, reflects the need of 
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feeding the nauplii with micro algae or yeast when Artemia are being used as food for fish larvae. 

No previous reports exist on the HUFA composition of Artemia during development of cysts and 

only the 1 and 21 h samples, which corresponded to decapsulated cysts and early nauplii, 

respectively, can be compared with previous data on GSL Artemia. It is concluded that the small 

changes in amino acid and fatty acid composition during the development of Artemia cyst and 

early nauplii might have no relevance regarding its nutritional value as food for fish larvae. The 

total amino acid content of samples at lh (cysts) and 25 h (naupliar stage) was not significantly 

different, and the total fatty acid content of nauplii was lower than in cysts. However, Artemia 

nauplii yielded higher growth than cysts when fed to catfish larvae (Garcia-Ortega et al., 1995). 

The superior performance of live food is probably more related to food intake and digestibility 

than to the biochemical composition of the food. 
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Figure 2. Trypsin activity during early development of cysts and nauplii of Artemia. The 
time of development is the time of incubation plus 1 h of hydration during the 
decapsulation process. 
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No major changes occurred in protease activities during cyst development. There was a small 

tendency for a transient decrease around 16 h, coinciding with the hatching time. However, this 

might not represent a relevant aspect with respect to the nutritional importance for digestive 

processes in fish larvae. The protease composition did not differ between decapsulated cysts and 

nauplii of Artemia. As a consequence, as far as it concerns the hypothetical contribution of 

exogenous enzymes to fish larvae, there is no difference in feeding decapsulated cysts or early 

nauplii. From the protease activity in Artemia embryos and nauplii, over 90% is related to a 

cysteine protease that is used as hatching enzyme, in yolk utilization and as a digestive enzyme 

when the nauplii begins to eat (Warner et al., 1995). The importance and potential activity of this 

protease for fish larvae depends on the pH of the larval gut. Cysteine proteases are not active at 

alkaline pH (Warner and Shridhar, 1985). Thus the supply of these proteases might be 

meaningless to the fish larvae if the pH in the larval intestine is around 8. 

Recently, Cahu et al. (1995) and Kurokawa et al. (1997) demonstrated that proteases derived 

from live food had only a small contribution to the enzymatic activity measured in sea bass and 

sardine larvae respectively. A post-hatching activation of trypsin-like proteases in Artemia (Pan 

et al., 1991) might not be of much importance to the nutritional quality of nauplii, and thus can 

not be used as an argument to use Artemia nauplii instead of decapsulated cysts as food for fish 

larvae. More important differences might be expected from other factors such as the structure and 

digestibility of proteins and the food intake stimulation derived from live nauplii. Additional 

information in this regard is required to define the factors that influence the better utilization of 

live food by the fish larvae when compared to artificial diets. 

Acknowledgments 

This work was made possible thanks to the financial support of Consejo Nacional de Ciencia 

y Tecnologia (CONACyT), Mexico to the first author. The authors wish to thank Margo Tjon A 

Joe for her assistance during the analyses. 

References 

Babinszky, L., van der Meer, J. M., Boer, H. and den Hartog, L. A., 1990. An in-vitro method for prediction of the 

digestible crude protein content in pig feeds. J. Sci. FoodAgric. 50, 173-178. 



24 Chapter 1 

Bergmeyer, H.U., 1974. Methods of enzymatic analysis. Vol. 2, Verlag Chemie Weinheim, Academic Press, New 

York, 549 pp. 

Cahu, C.L., Zambonino Infante, J.L., Le Gall, M.M. and Quazuguel, P., 1995. Early weaning of seabass: are digestive 

enzymes limiting? In: P. Lavens, E. Jaspers, and I. Roelants (Editors), Larvi '95-Fish and Shellfish 

Larviculture Symposium. European Aquaculture Society, Special Publication No. 24, Gent, Belgium, pp. 

268-271. 

Claus, C , Berujts, F., Vandeputte, G. and Gardner, W., 1979. The biochemical composition of the larvae of two 

strains of Artemia salina (L.) reared on two different algal foods. J. Exp. Mar. Biol. Ecol. 36, 171-183. 

Coutteau, P. and Sorgeloos, P., 1995. Intercalibration exercise on the qualitative and quantitative analysis of fatty 

acids in Artemia and marine samples used in mariculture. ICES Coop. Res. Rep. No. 211, Copenhagen, 

Denmark, 30 pp. 

Dabrowski, K., 1984. Influence of initial weight during the change from live to compound feed on the survival and 

growth of four cyprinids. Aquaculture 40, 27-40. 

Dabrowski, K. and Glogowski, J., 1977. The role of exogenic proteolytic enzymes in digestion processes in fish. 

Hydrobiologia 54, 129-134. 

Dendrinos, P. and Thorpe, J.P., 1987. Experiments on the artificial regulation of the amino acid and fatty acid 

contents of food organisms to meet the assessed nutritional requirements of larval, post-larval and juvenile 

Dover sole [{Solea solea (L.)]. Aquaculture 61, 121-154. 

Dubois, M , Gilles, K. A., Hamilton, J. K., Rebers, P. A. and Smith, F., 1956. Colorimetric method for determination 

of sugars and related substances. Anal. Chem. 28, 350-356 

Folch, J., Lees, M. and Stanley, G.S., 1957. A simple method for the isolation and purification of total lipids from 

animal tissues. J. Biol. Chem. 226, 497-509. 

Garcia-Ortega, A., van Hoornyck, A., Segner, H., Coutteau, P. and Verreth, J., 1995. Effect of heat treatment on the 

nutritional quality of decapsulated Artemia cysts as food for African catfish Clarias gariepinus larvae. In: 

P. Lavens, E. Jaspers, and I. Roelants (Editors), Larvi '95-Fish and Shellfish Larviculture Symposium. 

European Aquaculture Society, Special Publication No. 24, Gent, Belgium, pp. 281-284. 

Hines, H.B., Middleditch, B.S. and Lawrence, A.L., 1980. The effect of temperature on the biochemistry of the brine 

shrimp Artemia during development. In: G. Persoone, P. Sorgeloos, O. Roels, and E. Jaspers (Editors), The 

Brine Shrimp Artemia, Vol 2., Physiology, Biochemistry, Molecular Biology. Universa Press, Wetteren, 

Belgium, pp. 169-183. 

Hofer, R. and Kock, G., 1989. Method for quantitative determination of digestive enzymes in fish larvae. Pol. Arch. 

Hydrobiol. 36,439-441. 

ISO, 1978. Animal Feeding Stuffs: Determination of crude ash. International Standard ISO 5984-1978. International 

Organization for Standardization, Switzerland. 

ISO, 1979. Animal Feeding Stuffs: Determination of nitrogen content and calculation of crude protein content. 

International Standard ISO 5983-1979. International Organization for Standardization, Switzerland. 

Kolkovski, S., Arieli, A. and Tandler, A., 1995. Visual and olfactory stimuli are determining factors in the stimulation 

of microdiet ingestion in gilthead sea bream Sparus aurata larvae. In: P. Lavens, E. Jaspers, and I. Roelants 

(Editors), Larvi '95-Fish and Shellfish Larviculture Symposium. European Aquaculture Society, Special 

Publication No. 24, Gent, Belgium, pp. 265-266. 

Kurokawa, T., Shiraishi, M. and Suzuki, T., 1997. Quantification of exogenous protease derived from zooplankton 

in the intestine of Japanese sardine Sardinops melanotictus larvae. Aquaculture 161, 491-499. 



Biochemical composition of Artemia 25 

Landau, M. and Riehm, J.P., 1985. The nutritional chemistry of the decapsulated cysts of four geographical strains 

of the brine shrimp Artemia salina (L.). Comp. Biochem. Physiol. 81A, 551-554. 

Lauff, M. and Hofer, R., 1984. Proteolytic enzymes in fish development and the importance of dietary enzymes. 

Aquaculture 37,335-356. 

Leger, P., Bengtson, D. A., Simpson, K. L. and Sorgeloos, P., 1986. The use and nutritional value of Artemia as a 

food source. Oceanogr. Mar. Biol. Ann. Rev. 24, 521-623. 

Olsen, R.E. and Henderson, R.J., 1989. The rapid analysis of neutral and polar marine lipids using double-

development HPTLC and scanning densitometry. J. Exp. Mar. Biol. Ecol. 129, 189-197. 

Pan, B.S., Lan, C.C. and Hung, T.Y., 1991. Changes in composition and proteolytic enzyme activities of Artemia 

during early development. Comp. Biochem. Physiol. 100A, 725-730. 

Pector, R., Tackaert, W., Abelin, P., Ollivier, F. and Sorgeloos, P., 1994. A comparative study on the use of different 

preparations of decapsulated Artemia cysts as food for rearing African catfish (Clarias gariepinus) larvae. 

J. World Aquacult. Soc. 25, 366-370. 

Sorgeloos, P., Lavens, P., Leger, Ph., Tackaert, W. and Versichele, D., 1986. Manual for the culture and use of the 

brine shrimp Artemia in Aquaculture. Faculty of Agriculture, State University of Gent, Belgium. 319 pp. 

Tocher, D.R. and Harvie, D.G., 1988. Fatty acid compositions of the major phosphoglycerides from fish neural 

tissues; (n-3) and (n-6) polyunsaturated fatty acids in rainbow trout (Salmo gairdneri) and cod (Gadus 

morhua) brains and retinas. Fish Physiol. Biochem. 5, 229-239. 

Vanhaecke, P., De Vrieze, L., Tackaert, W. and Sorgeloos, P., 1990. The use of decapsulated cysts of the brine 

shrimp Artemia as direct food for carp Cyprinus carpio L. larvae. J. World Aquacult. Soc. 21, 257-262. 

Verreth, J. 1994. Nutrition and related ontogenetic aspects in larvae of the African catfish Clarias gariepinus. DSc 

thesis, Department of Fish Culture and Fisheries, Wageningen Agricultural University, The Netherlands. 

Verreth, J. Storch, V. and Segner, H., 1987. A comparative study on the nutritional quality of decapsulated Artemia 

cysts, micro-encapsulated egg diets and enriched dry feeds for Clarias gariepinus (Burchell) larvae. 

Aquaculture 63, 269-282. 

Walter, H.E., 1984. Proteinases: methods with haemoglobin, casein and azocoll as substrates. In: H.U. Bergmeyer, 

(Editor), Methods of Enzymatic Analysis, Vol. 5, Verlag Chemie, Weinheim, Germany, pp. 270-277. 

Warner, A.H. and Shridhar, V., 1985. Purification and characterization of a cytosol protease from dormant cysts of 

the brine shrimp Artemia. J. Biol. Chem. 260, 7008-7014. 

Warner, A.H., Perz, M. J., Osahan, J.K. and Zielinski, B.S., 1995. Potential role in development of the major cysteine 

protease in larvae of the brine shrimp Artemia franciscana. Cell Tissue Res. 282, 21-31. 

Watanabe, T., Kitajima, C. and Fujita, S., 1983. Nutritional values of live organisms used in Japan for mass 

propagation offish: a review. Aquaculture 34, 115-143. 



Chapter 2 

Heat treatment affects protein quality and protease activity in 
encapsulated cysts of Artemia when used as starter food for larvae 

of African catfish Clarias gariepinus (Burchell) 

A. Garcia-Ortega ', J. Verreth ', A. van Hoornyck ' and H. Segner 2 

Fish Culture and Fisheries Group, Wageningen Institute of Animal Sciences, Wageningen Agricultural 

University, The Netherlands 
2 

Dept. of Chemical Ecotoxicology, Centre for Environmental Research Leipzig-Halle, Leipzig, Germany 

In press: Aquaculture Nutrition (2000), 6: 000-000 



28 Chapter 2 

Abstract 
Decapsulated cysts of Anemia subjected to different heat treatments (40, 60, 80 and 96°C) were fed to 

African catfish Clarias gariepinus larvae. Heated cysts, untreated cysts and live Artemia nauplii as 

control constituted the experimental diets. Protein denaturation and solubility, total alkaline protease 

and specific trypsin activities in the cyst diets were evaluated. The growth of catfish larvae and the 

proteolytic activity of larval samples during development were also determined. Heat treatment of 

cysts increased protein denaturation and decreased protein solubility. The protease activity in the cyst 

diets decreased with higher heating temperatures. The growth of catfish larvae differed according to 

the diet; higher fish growth was achieved with nauplii and cysts heated at 40°C. The digestive enzyme 

activity in larval samples remained similar in all dietary treatments during larval development. The 

quality of food protein and the way this protein is processed might be more important for successful 

larval growth than an exogenous enzyme supply. 

Keywords: Artemia cysts, protein quality, protein denaturation, proteolytic enzymes, fish larvae, 

Clarias gariepinus. 
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Introduction 

The main interest for the development of artificial diets for fish larvae is to reduce 

dependence on live planktonic organisms as starter food. Together with technological studies 

on diet manufacturing, physiological studies are needed to assess the digestive capacity of the 

developing larvae in different species. Larvae of the African catfish (Clarias gariepinus) can 

be raised using artificial dry diets as starter food. However, the growth and survival rates are 

lower than when live food is used (Verreth et al., 1987). According to several authors, the 

digestive enzymes from live food organisms play an important role in the digestion of 

nutrients by fish larvae (Dabrowski and Glogowski, 1977; Lauff and Hofer, 1984; Walford 

and Lam, 1993). However, other studies demonstrated that the poor growth offish larvae fed 

artificial diets can not be attributed to a deficiency of the digestive capacity in the fish (Segner 

et al., 1993; Cahu and Zambonino Infante, 1997). Thus, the relative importance of dietary 

enzymes for larval digestion requires further investigation. In the African catfish most 

digestive and metabolic enzymes are detected at the start of exogenous feeding (Verreth et al., 

1992; Segner et al., 1993; Segner and Verreth, 1995). Taking into account that live food 

organisms contain mainly protein in their dry matter, the proteolytic enzyme capacity can be 

regarded as the most important one during early life of the fish. In the African catfish, the 

gastro-intestinal tract (GIT) is fully differentiated at the start of exogenous feeding, with 

exception of the stomach (Verreth et al., 1992). Hence, before onset of stomach functions, 

protein digestion in the larvae depends entirely on trypsin. Interestingly, in this species the 

earliest weaning from live food to dry food coincides with the onset of stomach functions 

(Verreth and van Tongeren, 1989). The major change in the larval digestive system occurring 

at this moment is the change from trypsin to a combined trypsin/pepsin digestion for protein 

breakdown (Segner et al, 1993; Segner and Verreth, 1995). In addition, the total proteolytic 

activity in the GIT of catfish larvae does not change quantitatively by the onset of stomach 

functions suggesting that the mentioned change in proteolytic capacity may affect the type of 

proteins which can be digested rather than the amount (Verreth, 1994). The latter author 

hypothesized that before onset of stomach functions the complexity of the protein molecules 

in the food may be of crucial importance for the digestion by the fish larvae. 

The aim of this work is to evaluate if a reduction in the proteolytic activity in the live food 

has an effect on larval fish growth. This reduction in proteolytic enzyme activity was 

intentionally induced by heat treatment of the food. Heating constitutes one of the most 

important operations in food processing. However, processing food protein with heat changes 

also the protein structure (i.e. in the arrangement of the polypeptide chains within the protein 
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molecule) and consequently its nutritive quality (Boye et al., 1997). These changes in the 

protein structure can be either beneficial or detrimental depending on the conditions of 

heating (de Wet, 1983) and on the preferences of the larval digestive system. Therefore, the 

effects of heat processing on the protein quality of decapsulated cysts were assessed as well. 

In the present study, decapsulated Anemia cysts were used as model diet. The use of 

decapsulated, dried or brine-dehydrated Artemia cysts as experimental diets have been tested 

successfully in the larval rearing of C. gariepinus (Verreth et al., 1987; Pector et al, 1994) 

and other fish species (Drouin et al., 1986; Vanhaecke et al., 1990). Using decapsulated 

Artemia cysts as direct food for fish larvae presents the practical advantages of combining 

some of the physical properties of a dry feed and the nutritional value of live nauplii. The 

cysts of Artemia have a particle size (200-250 um) small enough to be ingested by catfish 

larvae. Dried cysts float on the water surface and sink only slowly to the bottom upon 

hydration. Cysts do not leach nutrients, consequently, a balanced nutritional composition can 

be ensured in all food particles (Verreth et al., 1987). On an individual basis, there is no 

difference in the proximate composition between decapsulated cysts and freshly hatched 

nauplii (Garcia-Ortega, et al., 1998). Additionally the energy content and individual dry 

weight of decapsulated cysts are higher than any of the stages of hatched nauplii (Vanhaecke 

et al., 1983; Leger et al., 1987). 

Materials and Methods 

Fish larvae and heat treatment of cysts 

African catfish eggs and larvae were obtained by artificial reproduction. The larvae were 

reared in a recirculation system with 17 L aquaria at a density of 1000 larvae per aquarium. 

Water temperature was kept constant at 28°C. Cysts of Artemia (type EG; INVE Aquaculture 

N.V., Baasrode, Belgium) from Great Salt Lake, USA were decapsulated with a chlorine 

solution according to the method of Sorgeloos et al. (1986) and stored for 30 minutes at 4°C 

before being submitted to heat treatment. The heat treatment consisted of heating equal 

portions (approx. 400 g each) of hydrated decapsulated cysts in water at 40, 60, 80 and 96°C, 

respectively for five min. During heating, the cysts were kept in suspension by moderate 

aeration. As a control one of the portions of decapsulated cysts was not heat-treated. After the 

heat treatment the cysts were dehydrated with saturated brine (>330 g NaCl L"1) for 24 h and 

stored at 4°C in fresh brine. 
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Experimental procedure and sampling 

Five cyst diets and a control diet (live Artemia nauplii) were fed to the catfish larvae. The 

cyst diets consisted of decapsulated cysts subjected to one of the heat treatments: untreated, 

C-40, C-60, C-80, C-96. Before being offered to the larvae, the cysts were suspended in 

freshwater for a few minutes to allow for cyst hydration and to rinse the brine. Fish were fed 

two days after hatching, every four hours (five times every 24 h) for ten days. Each diet 

treatment was tested with three replicate groups. The amount of food was calculated 

according to the predicted maximum growth (Verreth and Den Bieman, 1987). The initial wet 

weight of the larvae at the start of exogenous feeding was 2.5 mg. The larval weight was 

determined by sampling 20 larvae from each replicate treatment at the start of exogenous 

feeding and every three days. Excess water in fish samples was removed with tissue paper, 

and wet weight was determined. To obtain the dry weight the same fish samples were dried 

overnight in an oven at 70°C, with a subsequent drying at 103°C for 4 h. Total protease and 

trypsin activities were measured in the five cyst diets and in samples of whole catfish larvae 

taken before the first daily feeding. Larval samples for enzyme analysis were taken at days 1, 

4, 7 and 9 after the start of exogenous feeding. The samples were shock-frozen with liquid 

nitrogen and stored at -80°C until analysis. 

Protein denaturation and solubility 

Differential scanning calorimetry (DSC) and the protein solubility index (PSI) are useful 

to evaluate the effects of processing on food ingredients. Protein denaturation in the diets was 

estimated by DSC (Wright, 1982 and 1984). A calorimeter (DSC 12-E, Mettler-Toledo, Tiel, 

The Netherlands) was used to determine the enthalpy in cyst samples. Fifteen to 18 mg of 

each diet was weighed into a medium pressure crucible (Mettler-Toledo), and approximately 

30 mg of water was added before sealing the crucible. The cyst diets were hydrated for one 

hour at room temperature. A second crucible filled with aluminum foil was used as a 

reference. Subsequently the sample crucible and the reference were subjected to a controlled 

temperature program in the calorimeter. An initial period of five min. at constant temperature 

of 20°C was applied, and then the temperature was increased from 20 to 160°C at a rate of 

10°C min"1. The energy input into the sample was measured and compared with that of the 

reference. The difference in energy absorption of both sample and reference was considered 

as an indication of the protein denaturation in the cysts sample. The higher the energy 

absorption or enthalpy measured the lower the amount of denatured protein was present in the 
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sample. The protein denaturation is expressed as relative percentage to the level of 

denaturation in untreated cysts; the latter was set at 0%. 

Protein solubility was estimated with the protein solubility index (PSI) (Morr et al., 1985). 

One ml distilled water and 0.5 g of cysts sample were homogenized in a potter blender. The 

homogenate was placed in a covered centrifuge tube and water was added up to a total 

volume of 20 ml. The suspension was stirred for one hour at 30°C and transferred to a 

volumetric flask. Once the particles were settled, 40 ml of the liquid phase was centrifuged for 

10 min at 1800 g. The resulting supernatant was filtered. The crude protein of the original 

sample and of the filtrate were determined by the Kjeldahl method according to ISO 5983 

(1979). The solubility of the protein was calculated as: PSI (%) equal to protein content in the 

supernatant divided by the protein content of the original sample multiplied by 100. 

Proteolytic enzymes analysis 

Proteolytic enzymes are important for the digestion of protein. The analysis of enzyme 

activity in fish provides a good indication of the nutritional condition of the larvae (Pedersen 

et al., 1987). Thus, the total proteolytic activity and the specific trypsin activity in fish 

samples were determined. Fifty to 100 mg of larval fish sample was ground in a potter 

blender with 500 to 1000 ul respectively of 0.1 M Tris buffer at pH 8. To prepare cysts 

homogenates, 75 mg of material was used. After homogenization the samples were sonified 

for five seconds and centrifuged at 12000 g for 10 min at 4°C. During preparation the 

homogenates were always kept on ice. Total protease activity in cysts and in fish 

homogenates was measured by a modified casein method from Walter (1984) using casein (10 

mg ml"1) dissolved in 0.1 M Tris buffer at pH 8. A buffer composed of 0.2 M Tris and 0.1 N 

HC1 was used to detect alkaline protease activity at pH 8 using L-tyrosine as the standard. The 

assay mixtures were incubated at 30°C for 30 min, the reaction was halted with trichloracetic 

acid. After cooling on ice for 15 min, the assay mixtures were centrifuged at 1700 g for 10 

min at 4°C and the absorbance of the supernatant was measured at 280 run. The results are 

expressed as mg tyrosine liberated g"1 protein in sample 30 min"1. 

For the determination of trypsin activity, the cysts and fish homogenates were prepared 

similarly as for the total protease measurements. The trypsin activity was determined using a 

modified method from Hofer and Kock (1989) and Bergmeyer and GraBl (1983), using 

BAPNA (Na-benzoyl-DL-arginine-4-nitroanilide, E-Merck, Darmstadt, Germany). The assay 

cocktail consisted of 0.42 mM BAPNA in a 0.1 M Tris buffer pH 8 with 0.2 M CaCl2. Adding 


