Stellingen
1. Differences inperformance between decapsulated cysts and nauplii ofArtemiaas
food forfishlarvae areduetothepresence ofmicro-nutrients and/orthequality of
major components(e.g.protein)ratherthantothemacro-nutrient composition.
Thisthesis

2. Theproteolytic enzymes found inArtemia contribute only marginally to the total
proteolytic activitymeasured infish larvae fed decapsulated cysts.
Thisthesis

3. To develop dry feeds for fish larvae, test diets should be based onArtemia rather
than oningredients commonlyusedinfeeds forjuvenile oradult fish.
Thisthesis

4. When fish feeds aredeveloped toomuch focus isgiven onfindinggoodproperties
ofdietsratherthanonsearchingexplanations for adiet failure.
5. Give onefishto aman and youwill feed him for the day, teach him how to grow
fishinasustainablewayandyouwill feed him for the future.
After Chinese proverb

6. Justifications from operators of computernetworks introuble confirm that we are
reallyenteringtheerawheremanisdominatedbythemachine.
7. TheDutch sayingzetuwvisteruginhetwaterenbewaaruwsportvoorlaterdoes
nottakethefishnorits flesh seriously.
8. Themostrelaxed paceoflife isfound inMexico.
R. Levine(1997).AGeography ofTime. Basic Books,NewYork, USA.

9. Belgianstalkwhentheyhaveaproblem,Dutchmen talktilltheyhaveaproblem.
10.Mexicansbelieve limecures almost everything andtequila almost everythingelse.
11.Mexicans abroadoften enduptalkingabouthownicetheMexican foodis.
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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 andnauplii ofArtemiawas evaluated, and the feasibility ofusing cysts asprotein
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 inArtemia ismainly constituted bysmall 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 cystsrevealed ahigher digestibility ofthose diets compared to commercial diets. The use
of decapsulated cyst ofArtemia as protein source in microbound diets improved their performance as
starter diet forfishlarvae.
Ph.D. thesis, Fish Culture and Fisheries Group, Wageningen Institute of Animal Sciences,
Wageningen University, P.O.Box338,6700AH Wageningen, The Netherlands.
Thisresearch wasfinanced byCONACyT (Consejo Nacional deCiencia yTecnologia),Mexico.
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General Introduction

GeneralIntroduction

Aquaculture production andlarviculture
Production of food by aquaculture has been constantly growing at an annual average rate
of 10%duringmost oftheeighties andnineties,and itisexpected tocontinue itspresent 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 isbased 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 andjuveniles for on-growing farms. In the culture of somefish
species,the larvae supply still relies onthe capture from thewild. 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 ontheingestion ofzooplankton organisms found intheir natural habitat.
In larviculture, the most widely used live food organisms are the rotifer Brachionusplicatilis
andthebrine shrimpArtemia.Theyprovidethebestresults interms offishlarvae 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, aswell asdetailed information onthenutritional physiology ofthe
earlylife stagesoffish arenecessary.
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Fish larvaenutritional 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
amongfishspecies (Govoni etal., 1986).Forpractical purposes, fish larvae canbedivided in
three groups accordingtothemorphology ofthedigestive 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 athird group,fishwithout stomach during the entire life cycle (e.g. cyprinids)
are included. The second group of fish includes somefreshwaterand most marine fish under
culture. To date most research has been focused on the physiological and nutritional aspects
ofthelarval stagesofthosefish.
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 larvalperiod arerelated 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 atal., 1992;Pedersen andFalk-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
lackstomachfunctions relyonlivefoodorganismsatthestartofexogenous feeding.

Livefood versusartificial 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 indicatethatthe enzymesderived from live food
organismsplay animportant roleinthedigestion ofnutrients dueto alow enzyme production
andareduced digestive capacity inthefishlarvae.Ontheotherhand, 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 astudy onthe digestive enzyme activity in seabass 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 isfor awider group offishspecies.
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 bodyprotein synthesis and for energy metabolism (Ronnestad and Fyhn,
1993).Oncetheyolkreserves aredepleted,thefishlarvaerelyonthe supplyof easy-to-digest
proteins from live food. The free amino acid content of marine zooplankton is high (Fyhn et
al., 1993).Marine fish larvaemight be highly dependent ofthe supply of free amino acids at
firstfeeding (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
mightincreasetheirabsorptionbythefishlarvae.
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Thebrine shrimpArtemia
Nauplii of the small branchipod crustacean Artemia is the most widely used live food
organisminlarviculture offish and shrimp (Legeretal., 1986).ThesizerangeofArtemia 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 thatmeetsthenutritionalrequirements ofmostfish.Decapsulated cystsof
Artemiahavebeenused successfully inthe feeding oflarvaeofAfrican catfish (Verreth etal.,
1987;Pector et al., 1994),whitefish (Drouin et al., 1986), and carp (Vanhaecke et al., 1990).
TheuseofdecapsulatedArtemiacysts asfood for fish larvaehasthe advantages of combining
someofthephysicalpropertiesofadrydietandthenutritionalvalueoflivenauplii.Thecysts
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 abalanced 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 ofArtemiawere 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 ofthe research
From the available information, the following possible causes for a low growth and
survival infish larvaereceiving artificial dietscanbederived:
1.Live food has abetter composition and itisbetter ingested than artificial diets.Nutrients in
artificial dietsmight leach.
2. Thedigestive enzymespresent in live food organisms assist in the digestion of food bythe
fishlarvae.
3. Theprotein in live food has ahigher affinity to the larval digestive enzymes and are more
easilydigested andabsorbed thanproteinsused forthepreparation ofartificial 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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fromthe first aspect is avoided byusing decapsulated cyst ofArtemia 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 iswell accepted by fish larvae.Therefore, the research was focused onthe 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 larvaehas to
be determined. The third hypothesis is based on the fact that there is an absence of acid
denaturation and aproteolytic 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 cannotbe 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 duringthecatfish larvalperiod.
Taking all this into consideration, the general objectives of the thesis research were to
assesstheimportance ofdietaryenzymesonthedigestion of food byfishlarvae.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 ofusingArtemiadecapsulated cysts asprotein sourceindry experimental dietswas
tested aswell.

Outlineofthisthesis
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 1the proximate composition, the amino acid and fatty acid contents, and the
drymatterofcysts andnauplii ofArtemiaduring developmentweredetermined. Additionally,
acharacterization oftheproteolytic and specific enzyme activities was done to determine the
amountofalkalineenzymesthat arepresent inindividualcystsandnauplii.
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The effects of heat as food processing techniques on the protein quality ofAnemia cysts
were studied in Chapter 2. The results permitted us to obtain information of the effects of
modifying thefunctional properties oftheprotein inthe food for fish larvae.
InChapters 3and4therelative contribution offood enzymestothetotaldigestion 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
activityoffish larvaeweredetermined andcompared 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
fishlarvaemadeofArtemiacysts orfishmealweretested in afeeding experiment, theprotein
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 sourceinartificial diets for fish larvaewas discussed.
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Chapter1

Abstract
DecapsulatedArtemiacystswereusedtostudythefactors whichinduce thesuperiorperformance oflive
organisms asfood for fish larvae.Thebiochemical composition,the invitroprotein digestibility, andthe
total proteolytic and trypsin activities in cysts and nauplii of Artemia were determined at different
developmental stagesasafunction ofincubation time. Sixdifferent incubation times were studied: 1,6,
11, 16,21 and 25h ofdevelopment, which covercystand earlynauplii stages.Theindividual dryweight
ofArtemiadecreased through development. Theindividualprotein and lipid content (p.gind"1)remained
constant during development untilthetimeofhatchingafter whichtheydecreased slightly. However, no
significant incubationeffect wasfound. Smallchangesinaminoacidandfattyacidcompositionwerefound
duringdevelopment, but isassumedthattheyaretoosmalltobeofnutritional importancetofishlarvae.
Nomajor changes wereobserved inprotease activities measured at acid and alkaline pH during thefirst
25h ofdevelopment. Fromthe alkalineproteases,no significant changeintrypsin activity wasdetected
duringcyst andearlynauplii development. Fromthepoint ofview ofexogenous enzyme contribution to
fishlarvae,there seemstobeno difference whether feeding decapsulated cystsornewlyhatchednauplii,
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

BiochemicalcompositionofArtemia

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 andincreasestheoperational costs.Formanyfishspecieslivefood stillgivesbetter
resultsintermsofgrowthandsurvivalthanartificialdiets(Dabrowski, 1984).Severalhypotheses
havebeenproposedtoexplainthis:e.g., food composition; structure anddigestibilityofdietary
protein(Verreth, 1994);exogenousenzymes(Dabrowski andGlogowski, 1977;Lauff andHofer,
1984);chemicalandvisualstimulifromthelivefoodorganisms(Kolkovskietal., 1995).Studies
tounderstand those factors arecomplicated bythe fact that anycomparison between live and
artificial diets are confounded by behavioral aspects. Decapsulated Artemia cysts have been
proposed tosolvethelatter(Verreth etal.,1987).
DecapsulatedArtemiacystshavebeentestedsuccessfully forlarvalrearingofAfrican catfish
(Verrethetal., 1987;Pector etal., 1994)andcommoncarp(Vanhaecke etal., 1990).Thecysts
of Artemia present some advantages to artificial diets because they combine the physical
properties ofadryartificial feed andthenutritionalvalueofliveArtemianauplii.Thequestion
iswhetherthishypothesis istrue.Thenutritionalvalueofdecapsulated cystsmightbesensitive
tothequalityofthedecapsulation andsubsequent dryingprocedures.Duringthedecapsulation
process the cysts arehydrated, as aconsequence, the reversibly interrupted metabolism ofthe
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
biochemicalcomposition andnutritionalvalueofArtemia, onlyHinesetal.(1980)followed the
biochemicalcompositionduringthedevelopmentofbothcystsandnauplii.Forfuture studieson
theroleofdietaryenzymes inlarvaldigestion, thecharacterization and quantitative estimation
ofdigestiveenzymesfrom decapsulated cystsofArtemiaarenecessarytodeterminetheenzyme
input from live food to fish larvae. However, a combined analysis of the biochemical and
enzymatic changesinArtemiaduringcystdevelopment isnotavailable.Thepresent studywas
designedtoprovidesuchacharacterization forthesamebatchofcystsduringtheirdevelopment.
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Materials and methods
Hatchingqualityandcystsincubation
Thehatching rate andhatchingpercentage oftheArtemiacysts were determined following
the procedure described by Sorgeloos et al. (1986). The same batch ofArtemia cysts (INVE
AquacultureN.V.;typeEGbatchnumber 5335)fromGreat SaltLake (GSL),USAwasusedin
all the analyses. The cysts were decapsulated with a solution of NaOCl, NaOH and water
according to themethod of Sorgeloos et al. (1986).In all analyses drynon-decapsulated cysts
wereusedinparallelwithdecapsulated cyststocomparethechanges inthe embryo nutritional
characteristics from theinactivedormantembryotoacystwheretheembryonicmetabolismhas
been reactivated by incubation in seawater. After decapsulation, the cysts were incubated in
hatchingtankswithconicalbottomtostarttheembryonicdevelopmentprocess.Theincubation
conditions were: temperature 28°C, salinity 33%o, approximately 1200 lux of continuous
illumination atthewater surface, andmedium aeration from thebottom ofthetanktomaintain
thecystsinsuspension. Sixdifferent incubationtimeswereused:0,5,10,15,20,and24h,which
encompass cyst and earlynauplii development. After incubation samples for enzyme analysis
were shock-frozen with liquid nitrogen and stored at -80°C. Samples for thebiochemical and
digestibility analyseswerestored at-20°C andlaterfreeze-dried before further processing.
Biochemicalcomposition
Protein content was determined by Kjeldahl analysis according to ISO (International
Organization for Standardization) 5983 (1979) procedures and calculated as nitrogen content
multipliedby6.25.Individual aminoacidsweremeasuredwithaBiotronicLC5001aminoacid
analyzerwith asinglecolumnusinganionexchangeresin.Amino acidsweredeterminedwith
ninhydrinascoloringreagent andquantified usinganaminoacidstandardsolution(SigmaAA-S18),L-nor-leucine(Merck24560)andL-tryptophan (Merck 8374).Cystineandmethioninewere
analyzed after oxidationwithperformic acid and acid hydrolysis. Tryptophan was determined
after alkalinehydrolysis.Allotheraminoacidsweredetermined after acidhydrolysis.Thelipids
indrycystssampleswereextracted following amodified procedureofFolchetal.(1957)using
chloroform-methanol (2:1) and esterified with amixture of 1%H2SO4in methanol. After fat
extraction and esterification afatty acidmethylesther (FAME) analysiswas done accordingto
the method described by Coutteau and Sorgeloos (1995) to obtain the HUFA profile of cysts
samples.Lipidclasseswereseparatedbyhigh-performance thin-layerchromatography(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
glucoseas astandard. Ash content wasdetermined byburning oven-dried samples ina muffle
furnace at550°CaccordingtoISO5984(1978).Individualdryweightwasestimatedby freezedryingaknownamountofcystsincubated in2Laeratedcontainersatthedifferent experimental
times. The dry weight of the sample per volume was divided by the number of individuals
counted in250 ul samplestaken duringthe incubation.
Invitroproteindigestibility
A modified filtration method from Babinszky et al. (1990)was used topredict the protein
digestibilityinvitroofthecystsandnauplii samples.Thesampleswereincubated inatwosteps
procedure with enzymes. In the first step the protein was digested with a solution of pepsin
(Merck,7190)andHC1 (pepsin2gl"1 inHC10.1M,pH 1)during 1 hat30°C.Inthesecondstep,
thesampleswerefurther digestedduring 1 hwithasolutionofpancreatin(Merck,7133),amylase
(NOVO,Termamyl 120L), lipase (Sigma L3001) andbile salts (Sigma B8756) dissolved ina
mixture of Na2HP04 and KH2P04. After digestion in the multi-enzyme system, the digested
fraction wasvacuum-filtrated andtheamountofundigested crudeproteinwasdeterminedbythe
Kjeldahl method. From the nitrogen content of the original cysts sample and the undigested
protein from thisanalysis,the invitrodigestibleproteincontentwas calculated.
Enzyme analyses
The total protease was measured in cysts and nauplii homogenates. For homogenate
preparation 75mgofsamplewasgroundinapotterblender anddissolved in750ul ofdistilled
water. After homogenization thesamplesweresonified during 30secandcentrifuged at 12000
X gduring 10minat4°C.Duringpreparation thehomogenateswerecontinuouslykeptonice.
Total protease activity was measured by a modified casein method from Walter (1984) using
casein(10mgml"1)dissolvedin0.1MTrisbuffer atpH8. Theproteaseactivitywasdetermined
atdifferent pHvaluesof: 3,4, 6,8and 10.Acitrate-phosphate buffer (0.1Mcitric acidplus0.2
MNa2HP04)andabuffer composedof0.2MTrisand0.1NHC1wereusedtodetectacidicand
alkalineprotease respectivelywith L-tyrosine as standard. The assaymixture,which consisted
of400 ulcasein solution,400ulbuffer and200 ulsupernatant ofhomogenate,wasincubatedat
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30°Cfor60min,thereactionwasstoppedwithtrichloracetic acid (0.3M).After coolingonice
for 15 min, the assay mixtures were centrifuged at 1700 X g for 10 min at 4°C and the
absorbanceofthesupernatantwasmeasuredat280runwithaspectrophotometer.Theresultsare
expressed asmgtyrosineliberatedpergprotein in sampleper60min.Proteinwas determined
byKjeldahl analysis.
Thetrypsinactivitywasdetermined usingamodified method from Hofer andKock (1989)
and Bergmeyer (1974) using the substrate BAPNA (Na-benzoyl-DL-arginine-4-nitroanilide,
Merck 1670).Thehomogenatepreparationforthetrypsinmeasurementswassimilartothecasein
assaywiththedifference that 100mgofcystornaupliisampleweregroundanddissolvedin500
fj.1ofbuffer. Theassaymixtureconsisted of3.9mMBAPNAina0.1MTrisbuffer pH 8with
0.2MCaCh-TheenzymaticreactionwasstartedbyaddingBAPNAtoamixture ofbuffer and
homogenate.Thechangeinabsorbanceduring5minwasmeasured at405nm.Trypsin activity
isreported asUnitsg"1 ofsample(1U= 1|amolBAPNAconvertedpermin).
Dataanalysis
Foursamplesperincubationtimewereanalyzedfortotalproteolyticactivityandatleastthree
for trypsin activity.Four samplesperincubation timewereanalyzed for individual aminoacid
content except for cystine,methionine,tyrosine,histidine,phenylalanine andtryptophanwhich
weredetermined withtwosamples.Forprotein, lipid,carbohydrate, fatty acidand ash content,
proteindigestibilityandindividualdryweightthreesamplesperincubationtimewereanalyzed.
Lipidclassesweredeterminedwithtwosamplespertreatment.Thechangeinindividualweight
was also considered when comparing changes in any nutritional component during the
development ofAnemia from cysttonauplii.Thedataexpressed asrelativevaluesweretested
for normal distribution and submitted to square root arcsine transformation before a one-way
ANOVAwasperformed. When significant differences werefound, themeanswerecompared
with Duncan's multiple range test (PO.05). The data expressed as absolute values were
submitted toanon-parametric one-wayANOVA (Kruskal-Wallis test).Thestatistical analyses
weredonewithSASstatistical software package(SASInstitute).
Prior to decapsulation the cysts were hydrated for 1h and this hydration reactivates the
metabolism of the dormant embryo in the cysts, therefore in the results 1h is added to all
incubationtimesandisindicated ashoursof development.
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Results
Hatchingquality
Thehatchingefficiency correspondedto 144377naupliig"1 cystsandthehatchingpercentage
was 70.1±5.1%.Fromthehatching curveT,0 (timeof10%hatching) andT5o (50%hatching)
weregraphically derived and corresponded to 14.5and 17.3h,respectively. Thecysts showed
90%oftheirmaximum hatchability(T90)at21.8h.Thehatching synchrony(Ts=T90-T10)was
7.3 h.
in vitro protein digestibility ofArtemia at different

Table 1. Proximate composition, individual dry weight and
developmentalstagesasfunctionofincubationtime.
Undecap.
cysts

Timeof development(h)
1

11

6

16

21

25

Protein
%dw
1

ugind' *

55.8 ± 0 . 1

50.6 ± 0 . 1 e

53.8 ± 0 . 1 "

2.70 ± 0 . 1

1.73 ±0.07

1.77 ±0.08

11.2±0.2

14.7±0.1"

54.7±0.1C
1.67 ±0.07

55.7 ±0.2"

56.3±0.1a

56.2 ±0.0*

1.70 ±0.08

1.48 ±0.06

1.30 ±0.06

Lipid
%dw
1

M9 ind" *

0.54 ± 0.03

0.51 ± 0.02

16.2±0.5 C

0.53 ± 0.03

16.4±0.3 0,:

0.51 ± 0.02

16.9 ± 0 . 3 '

0.52 ± 0.02

18.0±0.2"

0.48 ± 0.02

17.0±0.3"

0.40 ± 0.02

Carbohydrate
%dw

6.9 ±0.7
1

ugind- "

0.33 ±0.01

6.6±0.5a

6.6± 1.1*

0.23 ±0.01

0.22 ±0.01

4.2 ± 0.3°

4.3 ± 0 . 2 "

4.3 ±0.7"

3.6 ±0.4"

0.13 ±0.01

0.14 ±0.01

0.12 ±0.01

0.09 ±0.01

Ash
%dw
pgind'1*

5.9±0.2
0.29 ±0.01

10.6±0.3 a

11.1 ±0.2*

9.0 ±0.2bc

9.8±0.8 a b

7.2±0.1"

0.36 ±0.01

0.36 ±0.01

0.28 ±0.01

0.30 ±0.01

0.19±0.01

4.83 ±0.2

3.42 ±0.2

3.28 ±0.2

3.06 ± 0 . 1

3.05 ± 0.1

2.62 ± 0 . 1

-

82.8±1.3

79.7±7.1

81.5±4.0

7.6±1.2 C< '
0.18 ±0.01

Individual dry weight
pg*

2.31 ± 0 . 1

Digestible protein
% total protein

79.5 ±2.8

82.5±1.0

77.8±1.6

Thetimeofdevelopmentisthetimeofincubationplusonehourofhydrationtimeduringthedecapsulationprocess.
Meansinthesamerowwiththesamesuperscriptarenotsignificantlydifferent (P>0.05)(%values)
*Nosignificantincubationeffectwasdetected(P>0.05)

Thecomposition ofthesamplestaken from eachoftheincubation timeswere: 100%ofcysts
for 1,6and 11hofdevelopment; 35% cystsand 65%nauplii (umbrella stagesincluded)for 16
h;33%cystsand67%nauplii for21h;30%cystsand70%naupliifor25h.Thelatter30%cysts
canberegarded asunhatchable cystswhichwerepresent inallsamples.
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Table 2.Amino acid composition (g 100g ' ' protein) of Artemia at different developmental stages as function of incubation time.

Timeof development(h)

Aminoacid

Undecap.
cysts

Asparticacid
Threonine

8.610.2
4.1 ±0.0

7.7 ±0.2
4.3 ±0.2

7.5 ±0.4
4.4 ±0.1

7.4 ±0.0
4.2 ±0.1

Serine

6.3 ±0.1

5.7 ±0.1*

5.9 ±0.1*

5.5 ±0.0 b

5.5 ±0.0°

5.5 ±0.1"

5.5±0.0°

10.3 ±0.4

11.0±0.4*

11.1±0.2*

10.3 ±0.1°

10.9 ±0.1°

11.0 ± 0 . 1 *

11.2±0.1*

Glutamicacid

1

6

11

21

16
7.5 ±0.1
4.2 ±0.1

7.6±0.3
4.3 ±0.1

25
7.6 ±0.1
4.3 ±0.1

Proline

5.0±0.2

3.6 ±0.1°

3.6 ±0.1°

3.8 ±0.2"

4.0±0.2*

4.0 ±0.1*

4.2 ±0.1*

Glycine

4.0±0.1

3.9 ±0.0*

3.9 ±0.1"

3.9 ±0.0"

4.0 ± 0.0*

4.0 ±0.1*

4.0±0.0*

Alanine

5.1 ±0.1

4.1 ±0.0=

4.3 ±0.1"

4.2 ±0.0°

4.2 ±0.0°

4.3 ±0.1"

4.4±0.0*

Cystine

1.3 ±0.0

1.1 ±0.1

1.0 ±0.0

1.0±0.0

1.0 ±0.0

1.1 ±0.0

1.1 ±0.0

Valine

4.9±0.1

4.9 ±0.1

4.8 ±0.1

4.8 ±0.1

4.8 ± 0.1

4.8 ±0.1

4.9±0.1

Methionine

2.1 ±0.0

2.5 ±0.1

2.2 ±0.4

2.4 ±0.0

2.4 ±0.0

2.4 ±0.0

2.3±0.0

Isoleucine

4.4 ±0.1

4.8 ±0.0'

4.7 ± 0 . 1 *

4.6 ±0.0°

4.6 ±0.1"

4.6 ±0.1"

4.7 ±0.0*

Leucine

6.0±0.2

6.6 ±0.1"

6.5 ± 0 . 1 *

6.3 ±0.0°

6.4±0.1°°

6.4±0.1°°

6.5±0.1*°

Tyrosine

5.2 ±0.1

3.3 ±0.0*

3.1 ±0.2b

3.3 ±0.0*

3.3 ±0.0*

3.3 ±0.0*

3.4±0.0*

Phenylalanine

3.7±0.0

3.9 ±0.0"

3.8 ±CO*

3.8 ±0.0°

3.8 ±0.0°

3.8±0.0°°

3.9 ±0.0*

Histidine

2.7 ±0.1

2.7 ±0.0"

2.7 ±0.0*

2.6 ±0.0"

2.4 ±0.0°

2.5±0.0°

2.5±0.0°°

Lysine

7.1 ±0.2

7.4 ±0.1*

7.3 ± 0 . 1 *

6.9 ±0.1°

7.2±0.0°

7.2±0.1°°

7.3 ± 0 . 1 *

Arginine

6.4±0.2

7.0 ±0.0*

7.0 ±0.1"

6.7 ±0.0°

6.7±0.0°°

6.7±0.1°'

6.8 ±0.0°

Tryptophan

0.9±0.1

1.3 ±0.1*

1.2 ±0.0*

1.2 ±0.0*

1.1 ±0.1"

1.2 ± 0 . 1 *

1.2 ± 0 . 1 *

Totalaminoacids

88.1 ±1.5

85.8±0.6*

85.0 ±0.5*

82.9 ±0.6°

84.0±0.3°°

84.7±1.0 M

85.8 ±0.5"

Thetimeindicatedashoursofdevelopment isthetimeofincubationplusonehourofhydrationtimeduringthedecapsulation process
Meansinthesamerowwiththesamesuperscriptarenotsignificantlydifferent (P>0.05)
Standarddeviationvalueswereroundedtodecimals

Proximateanalysis
Theprotein,lipid,carbohydrateandashcompositionofcystsandnaupliiofArtemiaaregiven
inTable 1 inrelative(%dw)andabsolutevalues(|agind"1).Therelativeconcentrationinthedry
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).Inundecapsulated cyststheindividualproteincontentwashigherthaninallsubsequent
developingstages.However,duringincubation(e.g.embryonal development)individualprotein
andlipidcontentsremained constant, exceptionswereat21and25hwhichcorresponded with
the times of the highest presence of nauplii in the samples. Individual carbohydrate and ash
contentsalsodecreasedtowardsthenaupliarstage,attaininglowvaluesat25hofdevelopment.

BiochemicalcompositionofArtemia

The individual dry weight was highest for undecapsulated cysts, and decreased during
development (Table 1).
Amino acidcomposition
In general, small differences were found among individual amino acids (Table 2). The
differences werelarger for lysineand arginine forwhichsmallervaluesweremeasured at 11h
ofdevelopment,justbefore hatching.Nosignificant differences weredetected for asparticacid,
threonine,cystine,valineandmethionine.Tryptophanwasdetectedatatalltimesofdevelopment
anditsvaluesrangedfrom0.9g100g"1 proteininundecapsulated cystsupto 1.3g100g'1protein
at 1 h.Thetotalaminoacidcontentremainedconstantduringdevelopmentwithexceptionsat11
and 16hwhenitdecreased andcorrespondedtothetimebefore andafter hatching,respectively.
Fattyacidcompositionandlipidclasses
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 inthe previous
developmentalstages.Mostofthelipidclassesremainedconstantduringdevelopment (Table4).
Free fatty acids increased strongly towards 25 h of development. Total polar lipid increased
towards21hofdevelopment,whilethetotalneutral lipiddidnotvary.
In vitroprotein digestibility
Highproteindigestibility(expressed aspercentageoftotalproteincontent)wasfound forall
thedevelopmental stages(Table 1).Itrangedfrom77.8%at25hto82.8%at 1 h.No difference
indigestibilitywasfound betweencysts andnauplii samples.

17

18

Chapter1

Table 3. Fatty acid composition (mg g' 1 DW) ofArtemia 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

Undecap.
cysts

Time of development (h)
1

6

11

16

21

25

14:0

1.3±0.1

1.6 ± 0 . 1 '

1.8±0.1'

1.710.1*

1.8±0.1'

1.7 ± 0 . 4 '

14:1n-5

1.1 ± 0 . 1

1.310.1*

1.5 ± 0 . 1 "

1.5±0.1*

1.6±0.1a

1.410.4'

1.110.0"

15:0

0.3 ± 0.0

0.4 ± 0.0'

0.4 ± 0.0'

0.4 ± 0.0'

0.4 ± 0.0'

0.4 ±0.1°

0.3 10.0"

15:1n-5

0.6 ± 0 . 1

0.7 ± 0 . 0 *

0.8 ± 0.0"

0.8 ± 0 . 1 '

0.8 ± 0 . 1 '

12.7 ±1.3

16.1 ± 0.4 a

17.8 ± 0 . 8 '

17.7 ± 0 . 8 '

18.6 ± 1 . 4 '

16.5 ± 4 . 0 '

13.2 ±0.6"

16:1n-7

3.9 ± 0.4

5.0 ± 0 . 1 '

5.6 ± 0.2'

5.6 ± 0.2'

5.9 ± 0.5"

5.2 ± 1 . 3 '

4.1 ± 0.2"

17:0

0.9 ± 0 . 1

1.1 ± 0 . 1 ' "

1.2 ± 0 . 1 '

1.1 ± 0 . 1 '

1.3±0.1"

1.1 ± 0 . 3 *

0.9 10.0"

17:1n-7

1.1 ± 0 . 1

1.4 ± 0 . 0 ' "

1.6 ± 0 . 1 '

1.6 ± 0 . 1 "

1.710.1*

1.5 ± 0 . 4 '

1.2 ± 0 . 1 "

18:0

4.4 ± 0.4

5.3 ± 0 . 1 ' "

5.9 ± 0.3'

5.8 ± 0.2'

6.3 ± 0.5*

5.7 ± 1 . 3 *

4.8 ± 0.2"

18:1n-9

19.1 ± 1 . 9

24.2 ± 0 . 5 *

26.9 ± 1 . 2 '

26.7 ±1.2*

28.3 ± 2.0'

25.1 ± 6 . 2 '

20.3 ± 0.8"

18:1n-7

6.7 ± 0.7

8.4 ± 0.2bc

9.4 ± 0 . 3 *

9.6 ± 0 . 4 *

10.3 ± 0 . 7 '

9.2 ± 2 . 3 *

7.4 ± 0.3"

18:2n-6-t

0.2 ± 0.0

0.2 ± 0.0

0.2 ± 0 . 0

0.2 ± 0.0

0.2 ± 0 . 1

0.3 ± 0 . 1

0.2 ±0.1

18:2n-6-c

5.5 ± 0.5

6.9 ± 0.2"

7.6 ± 0.3'

7.6 ± 0.3"

8.1 ± 0 . 6 '

7.1 ± 1 . 8 '

5.7 ± 0.3"

18:3n-6

0.5 ± 0 . 1

0.6 ± 0.0""

0.7 ± 0 . 1 '

0.6 ± 0 . 1 *

0.6 ± 0 . 1 '

0.6 ± 0 . 1 *

18:3n-3

27.3 ± 2 . 8

34.2 ± 0.8' b

37.9 ± 1 . 1 "

37.8 ± 1 . 7 "

39.6 ± 2.5'

35.6 1 9 . 0 '

16:0

0.8±0..2"

1.210.1"

0.6 ± 0.0"

0.5 ± 0 . 1 "
28.6 ± 1 . 2 "

18:4n-3

4.6 ± 0.5

5.6 ± 0 . 1 '

6.2 ± 0 . 2 '

6.0 ± 0.3"

6.2 ± 0.4'

5.511.4'

4.5 ± 0.2"

20:0

0.1 ± 0 . 0

0.1 ± 0 . 1

0.1 ± 0 . 0

0.1 ± 0 . 0

0.1 ± 0 . 0

0.1 1 0 . 0

0.1 ± 0 . 0

20:1n-9

0.4 ± 0 . 1

0.4 ± 0.0"

0.5 ± 0 . 1 *

0.5 ± 0 . 1 "

0.5 ± 0 . 1 '

0.510.1*

0.4 ± 0.0"

20:4n-6

0.6 ± 0.0

0.7 ± 0 . 1 *

0.8 ± 0 . 1 '

0.8 ± 0 . 1 "

0.8 ± 0 . 1 '

0.8 1 0 . 2 *

0.6 ± 0 . 1 "

20:3n-3

0.6 ± 0.0

0.7 ± 0 . 0 *

0.8 ± 0 . 1 *

0.8 ± 0.0"

0.8 ± 0 . 1 '

0.8 1 0 . 2 *

0.6 ± 0 . 1 "

20:4n-3

0.7 ± 0 . 1

0.8 ± 0 . 0 *

0.9 ± 0.0'

0.8 ± 0 . 1 *

0.9 ± 0 . 1 '

0.8 10.2"

0.7 ± 0.0"

22:0

0.1 ± 0 . 0

0.2 ± 0 . 1

0.2 ± 0 . 1

0.2 ± 0.0

0.2 ± 0 . 1

0.3 1 0.1

0.2 ±0.0

20:5n-3

3.2 ± 0.3

4.2 ± 0.2'

4.7 ± 0.2'

4.7 ± 0.2"

4.9 ± 0.3'

4.411.1'

3.5 ± 0.2"

22:6n-3

0.1 ± 0 . 0

0.1 ±0.0

0.1 ±0.1

tr

tr

tr

tr

6.3

6.6

6.0

4.8

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

4.6

5.8

6.5

£ n-6 >or=
18:2n-6-t

6.8

8.4

9.3

9.2

9.7

8.8

7.0

100.0±7.1

125.9±2.9*

139.4±5.0'

139.3±6.0'

146.8±10.1"

130.8132.2'

105.614.3"

Total FAME

Meansinthesamerowwiththesamesuperscriptarenotsignificantlydifferent (P>0.05)
Standarddeviationvalueswereroundedtodecimals
tr=trace
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Enzyme analyses
The total proteolytic activity in cysts and nauplii measured at acid and alkaline pH is
presented inFig. 1.Theprotease activity inundecapsulated cysts atpH 8was 11.9mgtyrg'1
protein 60 min"1compared to 28.7 for 1h incubated cysts. This indicates a sharp increase in
enzymatic activity after the reactivation of the embryo metabolism byhydration of cysts. The
proteaseactivityduringcystandearlynaupliidevelopment differed significantly whenmeasured
atpH4,6, 8and 10.Thelowestproteaseactivitywasobservedaround 16hofdevelopment.The
effect ofpH onthemeasurement ofprotease activitywas similar inallthetreatments, i.e.only
thevalues at acid pH were lower. For trypsin activity (Fig. 2) no significant differences were
found between thestudied developmental stages.
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Figure 1.TotalproteolyticactivityduringearlydevelopmentofcystsandnaupliiofArtemia
measuredatacidandalkalinepH.Thetimeofdevelopmentisthetimeofincubationplus
1hofhydrationduringthedecapsulationprocess.
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Discussion
Thehatchingrate andhatching synchrony obtained inthepresent studyindicate that good
qualitycystswereused.
ThenutritionalqualityinArtemiavariesconsiderably. Thisvariationmightberelatedtothe
geographical origin ofArtemia (Leger et al., 1986),to differences among different batches of
cystsfromthesameorigin,andtothemethodsofanalysis.Becauseofthisvariation,innutritional
studieswithfish larvaeitisimportanttodeterminethebiochemicalcomposition ofthelivefood
beingused.Thehighproteincontentinundecapsulatedcystsisduetothepresenceofthechorion
orexternallayercomposed oflipoprotein impregnatedwithchitinandhematin(Sorgeloosetal.,
1986).The chorion isremoved during decapsulation, resulting in a lowerprotein content and
individual weightmeasured indecapsulated cystsandinnewlyhatched nauplii.Theproximate
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
decreasedtowardsthenaupliar stage.Howevernosignificant differences inindividualproximate
composition werefound duringdevelopment. Allconstituentswereused during development,
most probably for energy purposes. In general, cysts constitute a food item with a consistent
biochemical composition. Duringdevelopment from cysttonauplius,nodrasticchangesinthe
biochemical properties occur. Strongerchangesinbiochemical composition mightbe expected
betweendifferent strainsofArtemia(Legeretal.,1986).
Artemianaupliiofdifferent originhavedifferent aminoacidprofiles (Watanabeetal.,1983;
DendrinosandThorpe, 1987).ForGSLcysts,LandauandRiehm(1985) found ahigherrelative
amount oftryptophan (8.3%total amino acids)compared to 1.1%inthis study. Sincenoother
authorshaveanalyzedorfound tryptophan,nodefinitive conclusion canbemadewithregardto
itsproportional presence inArtemia.Methioninewasnot detected instarved adults ofArtemia
(Clausetal.,1979).However, inthepresent studymethioninewasdetected incystsandinearly
nauplii. According to Watanabe et al. (1983) Artemia nauplii are deficient in histidine,
methionine,phenylalanineandthreonine,whereasadults arerichinallessential aminoacids.In
the present study, that deficiency was not evident, at least in quantitative terms. The small
decreaseinindividual fat contentfromcyststoearlynaupliiisprobablyduetotheutilizationof
lipidreserves.This,togetherwiththedecreaseinindividualproteincontent,reflects theneedof
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feedingthenaupliiwithmicroalgaeoryeastwhenArtemiaarebeingusedasfoodforfishlarvae.
NopreviousreportsexistontheHUFAcompositionofArtemia duringdevelopmentofcystsand
only the 1 and 21 h samples, which corresponded to decapsulated cysts and early nauplii,
respectively,canbecomparedwithpreviousdataonGSLArtemia. Itisconcludedthatthesmall
changesinaminoacid and fatty acidcomposition duringthedevelopment ofArtemia cystand
earlynaupliimighthavenorelevanceregardingitsnutritional value asfood for fish larvae.The
totalamino acidcontent ofsamplesat lh (cysts)and25h(naupliar stage)wasnot significantly
different, andthetotal fatty acid content ofnaupliiwas lowerthan incysts.However,Artemia
naupliiyieldedhighergrowththancystswhenfedtocatfish larvae(Garcia-Ortega etal.,1995).
Thesuperiorperformance oflivefood isprobablymorerelated to food intake and digestibility
thantothebiochemical composition ofthe 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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Nomajor changesoccurredinproteaseactivitiesduringcystdevelopment.Therewasasmall
tendencyfor atransient decreasearound 16h,coincidingwiththehatchingtime.However,this
might not represent a relevant aspect with respect to the nutritional importance for digestive
processesinfish larvae.Theproteasecomposition didnotdiffer betweendecapsulatedcystsand
nauplii of Artemia. As a consequence, as far as it concerns the hypothetical contribution of
exogenous enzymestofish larvae,there isnodifference in feeding decapsulated cysts orearly
nauplii. From the protease activity inArtemia embryos and nauplii, over 90% is related to a
cysteineproteasethat isused ashatchingenzyme,inyolkutilization andasadigestive enzyme
whenthenaupliibeginstoeat(Warneretal., 1995).Theimportanceandpotential activityofthis
proteasefor fishlarvaedependsonthepHofthelarvalgut.Cysteineproteasesarenotactiveat
alkaline pH (Warner and Shridhar, 1985). Thus the supply of these proteases might be
meaningless tothe fish larvaeifthepHinthelarvalintestine isaround 8.
Recently,Cahuetal.(1995)andKurokawaetal.(1997)demonstrated thatproteasesderived
from livefood had onlyasmallcontribution totheenzymatic activitymeasured inseabassand
sardine larvaerespectively.Apost-hatching activationoftrypsin-likeproteasesinArtemia(Pan
etal., 1991)mightnotbeofmuchimportancetothenutritional qualityofnauplii, andthuscan
notbeusedasanargument touseArtemia nauplii insteadofdecapsulated cystsasfood for fish
larvae.Moreimportantdifferences mightbeexpectedfrom otherfactors suchasthestructureand
digestibility of proteins and the food intake stimulation derived from live nauplii. Additional
information inthisregardisrequired todefine thefactors thatinfluence thebetterutilizationof
livefood bythefish larvaewhen compared toartificial diets.

Acknowledgments
Thisworkwasmadepossiblethankstothefinancial supportofConsejo NacionaldeCiencia
yTecnologia(CONACyT),Mexicotothefirst author.TheauthorswishtothankMargoTjonA
Joeforherassistance duringtheanalyses.

References
Babinszky, L.,van der Meer, J.M.,Boer, H.and denHartog, L.A., 1990.Anin-vitro method for prediction ofthe
digestible crudeprotein content inpig feeds.J. Sci. FoodAgric. 50, 173-178.

23

24

Chapter 1

Bergmeyer,H.U., 1974.Methods ofenzymatic analysis.Vol.2,VerlagChemieWeinheim,Academic Press,New
York, 549pp.
Cahu,C.L.,Zambonino Infante, J.L.,LeGall,M.M.andQuazuguel,P., 1995.Earlyweaningofseabass:aredigestive
enzymes limiting? In: P. Lavens, E. Jaspers, and I. Roelants (Editors), Larvi '95-Fish and Shellfish
Larviculture Symposium. EuropeanAquaculture Society, SpecialPublicationNo. 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 ofArtemia salina (L.)reared ontwodifferent algal foods.J. Exp. Mar. Biol. Ecol. 36, 171-183.
Coutteau, P. and Sorgeloos, P., 1995.Intercalibration exercise onthe qualitative and quantitative analysis of fatty
acids inArtemia and marine samplesused inmariculture.ICES Coop. Res. Rep.No. 211, Copenhagen,
Denmark, 30pp.
Dabrowski,K., 1984.Influence of initialweight duringthechange from livetocompound feed onthe survivaland
growthoffour 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 offood organismstomeet theassessed nutritional requirements oflarval,post-larval andjuvenile
Dover sole [{Soleasolea (L.)].Aquaculture 61, 121-154.
Dubois,M , Gilles,K.A.,Hamilton,J.K., Rebers,P.A.andSmith,F., 1956.Colorimetricmethodfor determination
of sugars and related substances.Anal. Chem. 28, 350-356
Folch, J., Lees,M. and Stanley, G.S., 1957. Asimple method for the isolationandpurification oftotal lipids from
animaltissues.J. Biol. Chem.226, 497-509.
Garcia-Ortega, A., vanHoornyck,A., Segner,H.,Coutteau, P.andVerreth,J., 1995.Effect ofheat treatmentonthe
nutritional quality ofdecapsulatedArtemia cysts as food for African catfish Clariasgariepinus 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.andLawrence,A.L., 1980.The effect oftemperature onthebiochemistry ofthebrine
shrimpArtemia duringdevelopment. In:G.Persoone,P.Sorgeloos,O.Roels,andE.Jaspers(Editors),The
Brine ShrimpArtemia, Vol 2.,Physiology, Biochemistry, Molecular Biology. Universa Press, Wetteren,
Belgium,pp. 169-183.
Hofer, R. andKock,G., 1989.Methodfor quantitative determinationofdigestiveenzymesinfishlarvae.Pol.Arch.
Hydrobiol.36,439-441.
ISO, 1978.AnimalFeeding Stuffs: Determination ofcrude ash.International StandardISO 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.andTandler,A., 1995.Visualandolfactory stimuliaredeterminingfactors inthe stimulation
ofmicrodietingestion ingilthead seabreamSparusauratalarvae.In:P.Lavens,E.Jaspers,andI.Roelants
(Editors), Larvi '95-Fish and Shellfish Larviculture Symposium. European Aquaculture Society, Special
PublicationNo. 24,Gent, Belgium,pp. 265-266.
Kurokawa, T., Shiraishi,M.and Suzuki,T., 1997.Quantification ofexogenousprotease derived from zooplankton
inthe intestine of Japanese sardine Sardinops melanotictus larvae.Aquaculture 161, 491-499.

BiochemicalcompositionofArtemia

Landau, M. and Riehm,J.P., 1985.The nutritional chemistry ofthedecapsulated cysts of four geographical strains
ofthebrine shrimpArtemia 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 andnutritional value ofArtemia asa
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 doubledevelopment HPTLC and scanning densitometry.J.Exp. Mar. Biol. Ecol. 129, 189-197.
Pan, B.S.,Lan, C.C. and Hung, T.Y., 1991.Changes incomposition andproteolytic enzyme activities ofArtemia
during early development. Comp.Biochem. Physiol. 100A, 725-730.
Pector, R.,Tackaert, W.,Abelin,P.,Ollivier,F.andSorgeloos,P., 1994.Acomparative studyontheuse of different
preparations ofdecapsulatedArtemia cystsasfood for rearingAfrican catfish (Clariasgariepinus) larvae.
J. WorldAquacult. Soc. 25,366-370.
Sorgeloos,P.,Lavens,P.,Leger, Ph.,Tackaert, W. andVersichele,D., 1986.Manual for theculture anduse ofthe
brine shrimpArtemia inAquaculture. Faculty ofAgriculture, StateUniversity ofGent,Belgium. 319pp.
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 andretinas.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
shrimpArtemia asdirect food for carp Cyprinuscarpio L.larvae.J. WorldAquacult. Soc. 21,257-262.
Verreth, J. 1994.Nutrition and related ontogenetic aspects inlarvae oftheAfrican catfish Clariasgariepinus. DSc
thesis, Department of Fish Culture and Fisheries,Wageningen Agricultural University, TheNetherlands.
Verreth,J. Storch, V.andSegner, H., 1987.Acomparative studyonthenutritional qualityofdecapsulatedArtemia
cysts, micro-encapsulated egg diets and enriched dry feeds for Clarias gariepinus (Burchell) larvae.
Aquaculture 63,269-282.
Walter, H.E., 1984.Proteinases:methodswithhaemoglobin, caseinand 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 acytosolprotease from dormantcystsof
thebrine shrimpArtemia. J. Biol. Chem. 260, 7008-7014.
Warner,A.H.,Perz,M.J.,Osahan,J.K.andZielinski,B.S., 1995.Potentialroleindevelopment ofthemajor cysteine
protease inlarvae ofthebrine shrimpArtemiafranciscana. Cell TissueRes. 282, 21-31.
Watanabe, T., Kitajima, C. and Fujita, S., 1983. Nutritional values of live organisms used in Japan for mass
propagation offish: areview.Aquaculture 34, 115-143.

25

Chapter2

Heattreatment affects protein quality and protease activityin
encapsulated cystsofArtemiawhenused asstarter food for larvae
ofAfrican catfish Clariasgariepinus(Burchell)

A.Garcia-Ortega ', J.Verreth ', A.vanHoornyck ' andH. Segner2

Fish Cultureand Fisheries Group, Wageningen Institute ofAnimal Sciences, Wageningen Agricultural
University, The Netherlands
2

Dept. of ChemicalEcotoxicology, Centrefor Environmental Research Leipzig-Halle, Leipzig, Germany

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

28

Chapter2

Abstract
Decapsulated cystsofAnemia subjected to different heat treatments (40,60, 80and 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
thediet;higher fish growth wasachieved withnauplii andcystsheated at40°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 growththan anexogenous enzyme supply.
Keywords: Artemia cysts, protein quality, protein denaturation, proteolytic enzymes, fish larvae,
Clariasgariepinus.
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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
ondiet manufacturing, physiological studies areneeded to assess the digestive capacity ofthe
developing larvae in different species. Larvae of the African catfish (Clariasgariepinus)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 thepoor growth offish larvae fed
artificial dietscannotbeattributed toadeficiency ofthedigestive capacity inthe 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 andmetabolic enzymes aredetected atthestart ofexogenous feeding (Verreth etal.,
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).Themajor change inthe 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 inproteolytic 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
inthefood maybeofcrucial importance for thedigestionbythefishlarvae.
Theaimofthisworkisto evaluateifareduction intheproteolytic activity inthelive 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 withheat changes
also theprotein structure (i.e. inthe 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 ofheatprocessing ontheproteinqualityofdecapsulated cystswere assessed aswell.
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, abalanced 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 arehigher than any of the stages of hatched nauplii (Vanhaecke
etal., 1983;Legeretal., 1987).

Materials and Methods
Fishlarvaeandheattreatmentofcysts
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.
Watertemperature was kept constant at 28°C. Cysts ofArtemia (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 geach) ofhydrated decapsulated cysts inwater at40, 60, 80and96°C,
respectively for five min. During heating, the cysts were kept in suspension by moderate
aeration.As acontrol oneoftheportionsof decapsulated cysts wasnot heat-treated. After the
heat treatment the cysts were dehydrated with saturated brine (>330 gNaCl L"1)for 24h and
stored at4°Cinfreshbrine.
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Experimentalprocedure andsampling
Fivecystdiets and acontrol diet (liveArtemia nauplii) were fed tothe 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
accordingtothepredicted maximum growth (Verreth and Den Bieman, 1987).Theinitialwet
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
takenbefore thefirstdaily feeding. Larval samples for enzyme analysis weretaken at days 1,
4, 7 and 9 after the start of exogenous feeding. The samples were shock-frozen with liquid
nitrogen andstoredat-80°Cuntilanalysis.
Proteindenaturation andsolubility
Differential scanning calorimetry (DSC) and the protein solubility index (PSI) are useful
toevaluate the effects ofprocessing onfood ingredients.Protein denaturation inthe dietswas
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 offivemin. 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 enthalpymeasured thelowerthe amount ofdenatured protein waspresent inthe
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sample. The protein denaturation is expressed as relative percentage to the level of
denaturation inuntreated cysts;thelatterwassetat0%.
Proteinsolubilitywas estimated with theprotein solubility index (PSI)(Morr etal., 1985).
One ml distilled water and 0.5 g of cysts sample were homogenized in apotter 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. Oncetheparticleswere settled,40mloftheliquidphasewascentrifuged 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).Thesolubilityoftheproteinwascalculated as:PSI(%) equaltoprotein content inthe
supernatant dividedbytheproteincontent oftheoriginal samplemultipliedby 100.
Proteolyticenzymesanalysis
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 wasmeasured byamodified caseinmethod from Walter(1984) usingcasein(10
mgml"1)dissolved in 0.1 MTrisbuffer atpH 8.Abuffer composed of 0.2 M Tris and 0.1 N
HC1wasusedtodetect alkalineprotease activityatpH 8using L-tyrosine asthestandard. The
assay mixtures were incubated at 30°C for 30min, the reaction was halted with trichloracetic
acid. After cooling on ice for 15min, 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 asmgtyrosine liberated g"1 protein insample30min"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
cocktailconsisted of0.42mMBAPNAina0.1MTrisbuffer pH 8with 0.2 MCaCl2.Adding
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BAPNA solution to a mixture of homogenate and buffer started the reaction. The change in
absorbanceduring 5minwasmeasured at405nm.Trypsin activityisreported asmUmg"1of
cysts(1U= lumolBAPNAconvertedpermin).
Dataanalysis
All the data were tested for normal distribution before being subjected to analysis of
variance. A one-way analysis of variance was used to determine if significant differences
existed between treatments in each of the sampling days. When differences were found, the
means were compared with Duncan's multiple range test (PO.05). The statistical analysis
was performed with the data on DSC, PSI and total proteolytic activity with two replicates
from each cyst diet. The trypsin activity of the diets was analyzed with four replicates. The
fish growth, total protease activity and trypsin activity in larval samples were analyzed with
threereplicatesperdiet treatment.

Results
Proteinqualityofcystdiets
The DSC values show that at higher processing temperature more protein in the cysts is
denatured (Fig. 1). At temperatures above 60°C, the protein denaturation was significantly
stronger compared to the cysts heated at 40°C. In comparison to untreated cysts most of the
protein inthe cysts at96°C isdenatured. The denaturation ofprotein comprises modifications
intheconformation ofthesecondary, tertiary andquaternary structures,butnotintheprimary
structure (Boye et al., 1997).This spatialre-arrangement intheprotein structure could leadto
beneficial or detrimental effects intheproteinnutritional qualitydepending onthe severityof
heating. The heating of cysts also had a significant effect on the protein solubility. The
solubility ofprotein inthe cyst diets decreased with increasing temperature oftreatment (Fig.
1).
Larvalfish growth
Theweight ofcatfish larvaediffered accordingtothe food treatment (Table 1).Duringthe
first four daysof exogenous feeding catfish larvae fed thecystheated at40°Chad thehighest
growth. However, from day 7 onwards the control diet Artemia nauplii yielded the highest
catfish weight which was significantly higher than in the larvae receiving any of the cyst
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diets. Among the inert diets,cysts heated at 40°Cproduced higher growth than the other cyst
preparations, including the untreated cysts. Cysts heated at 60°C and above yielded lower
weight gains. Both DSC results and fish growth suggest a positive effect on the nutritional
quality ofthecystsbecause of themoderate protein denaturation induced byheating at40°C.
Contrarytothis,higher heating temperatures decrease theprotein quality in cysts and alower
growthofcatfish larvaewas obtained.
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Enzymeactivity
The total alkaline protease activity and the specific trypsin activity in decapsulated cysts
diets decreased with higher processing temperature (Fig. 2). Enzymes are proteins and their
properties are also affected by the effect of heating. At a heat treatment of 96°C the trypsin
activity reached almost zero. However, total proteolytic activity in cysts was not completely
halted, not even at 96°C. Apparently cyst enzymes are very tolerant to severe environmental
conditions. Thereduction of enzyme activity in cysts heated at high temperature implies that
less exogenous digestive enzymes are available for the digestion of food. When heated cysts
were fed to the fish larvae, the reduced enzyme activity in cysts was not evident in the total
proteolytic activity and specific trypsin activity measured in fish samples. Enzyme activities
infishwere similar inall food treatments duringlarvaldevelopment (Table2).
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Discussion
The final weight of catfish larvae (Table 1)obtained in the present study was higher than
in other previously reported studies on C.gariepinus larvae fed decapsulated Anemia cysts
(Verreth et al., 1987;Pector et al., 1994).Ahigh weight gain when using decapsulated cysts
might be partially related to the salt ions present in the cysts after being brine dehydrated,
which have a positive effect on the fish osmoregulatory system (Pector et al., 1994).
Moreover, the feeding frequency as carried out inthe present study involved feeding the fish
during the dayandnight every four hours.This implies aconstant supplyof food for the fish
andallowssufficient timebetweenmealsfor digestion of food.
The effect of heat on the nutritional quality of cyst diets has several implications. The
reduced growth of fish fed cysts treated at higher temperatures could indicate that the
destruction of cyst enzymes, mainly trypsin, had a negative effect on the digestion and
absorption of food by the larvae.However, the decrease in dietary enzymes was not reflected
in the proteolytic activity measured in the larval samples. Thus it is assumed that the
contribution of enzymes from Anemia to the total proteolytic activity measured in the larval
fish is small. This was also demonstrated in larvae of marine fish species fed live food
organisms (Cahu and Zambonino Infante, 1997; Diaz et al., 1997; Kurokawa et al., 1998).
Additional information on food intake, enzyme inhibition and post-feeding proteolytic
activityinthelarval gutisnecessarytopresent amoredefinitive conclusion for catfish larvae.
Heat treatment is the most important procedure for denaturation of protein during the
processing of food (Boye at al., 1997). The denaturation of proteins in food involves the
disruption of inter and intra-molecular bindings which lead to alterations in the structural
properties of the protein molecule. These changes in the native structure of the protein have
effects in some of its functional properties. In fishmeal proteins, heating above 50°C caused
the oxidation of the sulfhydryl groups and the formation of disulfide bonds. These changes
were associatedwith adeclineinproteindigestibility (Opstvedt et al., 1984).HeatingAnemia
cysts at 50°C for 60 min resulted in the loss of viability and total cyst mortality (Miller and
McLennan, 1988). Thus, heating at temperatures above 50°C seems to have deleterious
effects on the quality of cyst protein. The results of the present study corroborate this
conclusion, as is shown by the data onprotein denaturation and solubility (Fig. 1)and on the
catfish larvae growth (Table 1). The losses in protein solubility and enzymatic activity are
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probably causedbythechangeinthestructureofthepolypeptide chainsinArtemiacysts after
the strong heat treatments. In contrast, it seems that heating at temperatures under 40°C does
not have a negative effect on the nutritional quality of cyst protein. The differences in fish
growth among the cyst diets might be related to modifications in the conformational state of
the protein during heating. Those modifications have an effect in one or several functional
properties of the protein (Mulvihill and Donovan, 1987). Due to the lack of a functional
stomach and consequently of acid denaturation in catfish larvae, a beneficial effect can be
derived from the denaturation caused by heating cysts at 40°. Possibly the change in the
spatial arrangement of dietary protein treated at this temperature allowed a more effective
hydrolysis by the fish trypsin. The mechanisms that induce the beneficial effect of heating
cysts at 40°C require further study. Fish larvae fed cysts heated at 40°C had higher growth
thanthose fed untreated cysts(Table1).
Thereduction inprotein solubility is another important effect of the thermal denaturation
(Boye et al., 1997). Although the solubility of the proteins can be either favorably or
adversely affected by heating during feed manufacturing (Morr et al., 1985),in this studyno
negative effect onthe fish growth was observed with the small decrease in solubility in cysts
heated at40°C.
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Abstract
Anewmethod for the estimation offood consumption and gut evacuation in fish larvae was evaluated.
Themethod consists ofmeasuring thetemporary accumulation ofascorbic acid 2-sulfate (AAS) infish
larvae after feeding decapsulated cysts ofArtemia. A first experiment with larvae of African catfish
served to verify whether biosynthesis of AAS by the fish larvae did occur or not. In a second
experiment the gut contents in larvae fed ad libitum were calculated as they changed during fish
development. In a third experiment the gut evacuation rate was determined during continuous and
discontinuous feeding regimes. The experimental period covered the first five days after the start of
exogenous feeding in the larvae. The daily food consumption in catfish larvae increased from 46.5%
of theirbody dryweight (BDW)at day 1 to 53.8%(BDW)at day 3.Thereafter, the food consumption
decreased to 27.8% (BDW) at day 5. A similar pattern was observed for the gut evacuation rate. The
reported method for the determination of food consumption enables an accurate andprecise estimation
ofthe gutcontents andtheevacuation rate ofArtemia cystsinfishlarvae.
Keywords:food consumption, gutevacuation rate,fishlarvae,ascorbic acid sulfate,Artemia cysts.

Foodconsumption infishlarvae

Introduction
Estimation of food consumption in fish is difficult because of a lack of accurate methods
to evaluate both the ingestion and evacuation of food. In ecology and fisheries biology food
consumption has been extensively studied using mathematical models (Elliott and Persson,
1978; Jobling, 1981). Bioenergetic models are widely used and some of them were
specifically adapted for larval fish (Marmulla and Rosch, 1990; Haylor, 1993; Madon and
Culver, 1993; Karjalainen et al., 1997). However, the accuracy of the food consumption
determinations from bioenergetic models has been questioned (Ney, 1993). Errors are
associated to the estimations of respiration, consumption and excretion (Bartell et al., 1986).
Other methods to estimate food consumption in fish larvae andjuveniles include the use of
gravimetric techniques (Kamler et al., 1986), the direct count of food particles in the fish
digestive tract (Pedersen, 1984) or in the experimental tanks after feeding (Keckis and
Schimer, 1992), the use of radio-isotopes (Kolkovski et al., 1997) and X-radiography with
metallic markers (Hossain et al., 1998).Thetype of diet used, e.g. zooplankton organisms or
artificial diets, can affect the estimations of food consumption. Zooplankton organisms are
easily broken into pieces thus complicating the individual counts. On the other hand, some
artificial diets lack natural attractants that are important for the acceptability of the food and
thecontent ofthemarker substancemayvaryamongindividual food particles.
In the present study, feeding experiments were carried out to test a new method for the
direct measurement of food consumption in larval fish. Basically this method relies on the
accumulation ofascorbic acid2-sulfate (AAS)inlarvalfishwhen fed anAAScontaining diet.
AAS constitutes a stable derivative of ascorbic acid (vitamin C) which is naturally occurring
in the encysted embryos of the brine shrimp Artemia (Mead and Finamore, 1969) and is
converted into ascorbic acid only during the embryonic development and until emergence of
the nauplii (Golub and Finamore, 1972). The larval and juvenile stages of teleost fish are
unable to utilize AAS as aprecursor for ascorbic acid and no natural occurrence of AAS has
beendetected infish(Dabrowski etal., 1990a;Dabrowski etal., 1990b).Cysts ofArtemiacan
be successfully used as food for the larvaeofseveralfishspecies(Drouin etal., 1986;Verreth
et al., 1987;Vanhaecke et al., 1990).Hence the AAS inArtemia cysts canbe used as natural
marker to estimate the food consumption in fish larvae.Artemia cysts present the advantages
ofconstituting awell-accepted food sourceforfishlarvae.Additionally, cystshaveaconstant
particle size and biochemical composition, as well an impermeable membrane that avoid the
leaching of the marker substance or other nutrients and thus reducing the variations of their
content ineachindividual food particle.
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Materialsand Methods
Artemiacysts
Cysts of the brine shrimp Artemia (EG, INVE Aquaculture N.V., Baasrode, Belgium)
originating from Great Salt Lake, USA, were submerged in aerated freshwater during 1h to
achieve full hydration. Once the cysts were hydrated, their shell was chemically removed
(decapsulation) with a chlorine solution according to the method of Sorgeloos et al. (1986).
After decapsulation, the cysts were dehydrated again in saturated brine (>330 gNaCl L"1)for
24 h and stored in fresh brine at 4°C until used to feed the fish larvae. Decapsulation of
Artemiacystswasdoneonedayprior tothe start of each feeding experiment. The samebatch
ofArtemiacystswas used in all experiments. Before being offered tothe fish larvae the cysts
wereimmersed infreshwaterduring five mintorinsethebrineand allow cystshydration. The
particlesizeofthisparticularbatchofdecapsulated cystscorresponded to236 um(± 16).
Fishlarvaerearing
Larvae of African catfish (Clarias gariepinus)were obtained by artificial reproduction of
controlled broodstock. Fertilized eggs were placed in plate incubators with running water at
30°C. Hatching of larvae occurred after approximately 23 hours. Two days after hatching,
whentheabsorptionofyolksacwasalmostcomplete,thelarvaewerecounted and transferred
to a freshwater recirculation system with 17 L aquaria. Larvae were reared at a constant
temperature of 28°C with a light regime from 08:00 to 20:00 h. The same procedure for the
production and culture of fish larvae was performed in all experiments described here. The
weight of the larvae was recorded daily and the amount of food supplied was calculated
following the predicted maximum growth (Verreth and Den Bieman, 1987). In this way the
feeding levelwasdailyadjusted accordingtothechanges intherelative growth rate.Toavoid
variations intheestimations ofgutcontents andgutevacuation duetothemeal size (Bromley,
1994), the total amount of food per day was divided in five equal portions. Feeding started
two days after hatching and it was done every four hours from 08:00 to 24:00. The
experimental protocol in the present study was approved by the Ethical Committee Judging
Animal Experiments from the Wageningen Agricultural University to ensurethat appropriate
animalmanagement was applied.

Foodconsumptioninfishlarvae

Experimental design and procedures
In three consecutive experiments a series of questions was addressed which all were
related to the reliability of the new method and the amount of food consumed by the fish
larvaeundervariousconditions.
Experiment 1
The first experiment was designed to verify whether the basic prerequisite for the new
method, e.g., accumulation ofAASinthefishlarvae asaresult offeeding withArtemiacysts,
was applicable. At the same time this experiment was used to obtain some baseline data on
therelation between AAScontent andnumber of cysts found inthe gutofthefish larvae. Six
aquaria with 1000 larvae each were used to test two feeding treatments. In treatment one,
decapsulated cysts ofArtemia were fed to estimate the gut contents calculated as the number
of cysts present in the digestive tract. In the second treatment a dry artificial starter diet for
catfish (9011, Provimi B.V., Zwolle, The Netherlands; particle size 300-500 um) was fed to
the larvaetoverify thebiosynthesis ofAASinthefishlarvae.According to the manufacturer
this artificial diet contained no AAS as source of vitamin C. This was further verified by
measuring the AAS inthe diet. Fish samples were taken at day 1after the start of exogenous
feeding.
Experiment 2
The second experiment was used to verify whether the ingested AAS was retained or
broken down. For this reason, the ingestion of food as measured by the AAS content in the
fishlarvae, was followed in time. In this way the experiment would provide also indications
on how consumption changed during development while the fish larvae were increasing size.
Catfish larvaewerekept ataninitialdensityof 1200larvaeper aquarium. Fourdiet treatments
were tested. In treatment one catfish larvae were fed exclusively decapsulated Artemia cysts
to measure the content of AAS presenOt in fish that is derived from cysts (gut contents). In
treatment two a combined feeding of live instar I nauplii ofArtemia and decapsulated cysts
wascarried outtoestimatetheretention ofAASinthefish.Inthistreatment livenauplii were
offered to the fish larvae and decapsulated cysts were fed exclusively during the sampling
days.Intreatment 3(control 1)onlyliveArtemia nauplii were fed tothe fish larvaeduringthe
entireexperiment. Comparisonbetweentreatment 1and3should give anindication howdaily
food consumption changed during development. To reassure that AAS biosynthesis in fish
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larvae did not occur, even when other sources of ascorbic acid are provided, a fourth diet
treatment was included using a dry artificial diet (same as Experiment 1) with a source of
ascorbic aciddifferent thanAAS.Fishsamplesweretaken ondays 1,3and 5after the startof
exogenous feeding.
Experiment3
Besides AAS accumulation, the determination of AAS evacuation rate in the fish is
necessarytoobtainanaccurateestimation of food consumption. Therefore, the gut evacuation
rate of catfish larvae during development was estimated at two different feeding treatments.
Gut evacuation was measured by feeding the larvae with AAS containing cysts only on the
sampling days and exclusively at the first meal (at 08:00).By measuring the AAS decline in
fish samples afterwards, we can obtain a picture of the evacuation rate. Because the gut
evacuation rate might be affected bythe meal frequency, two feeding strategies were applied
during the sampling days. In the first treatment, a continuous feeding regime was applied.
After the first meal with cysts, subsequent feeding was done with live instar I nauplii of
Artemia which contained no AAS. In the second treatment, a discontinuous feeding strategy
wasperformed. After the first feeding with cysts,no additional food supply was done during
the rest of the day. As control dietArtemia nauplii were offered to the fish during the entire
experiment. In all three diet treatments the fish were fed with nauplii in between sampling
days.Fishlarvaesamplesweretaken atdays 1,3and 5after thestartofexogenous feeding.
Samplecollection andpreparation
In all experiments samples offish were taken 15 minutes before the first daily meal and
three hours after each meal during the sampling days for all diet treatments. However, in
treatment two from Experiment 1 and the control diets from Experiments 2 and 3, fish
samples were taken only three hours after the fourth daily meal to account for the
accumulation ofAAS during the day. Additionally, inthe discontinuous feeding treatment in
Experiment 3the samplesweretakenbefore the daily first meal and at 3,7, 11and 15h after
that first meal. The fish larvae samples were rinsed with tap water, the excess water was
removed and the weight and number of fish in each sample was determined. The samples
were shock frozen in liquid nitrogen and stored at -80°C until AAS determination. For all
experiments, the number offish larvae in each sample for AAS analysis ranged from 80-120
on day 1,40-50 on day 3and 15-20 on day 5depending on the fish weight. The fish weight
during the sampling days was determined before first feeding and after every feeding with
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exception ofthelast feeding. Thedrymatter (±10 ug)ofArtemiacysts, artificial diet and fish
during the sampling days in all experiments were determined by drying the samples in an
ovenat60°Cduring24h. Samplesofdecapsulated cystsofArtemia,hydrated during 1and3
hours after brine storage, and instar I nauplii were also prepared for determination of AAS
content.
Quantification ofAAS
Preparationandpurification ofcrudeextracts
Thepreparation ofcrudeextractsofArtemiacysts and catfish larvae for AAS analysiswas
done according to Nelis et al. (1994). Approximately 100 mg dry weight (DW) ofArtemia
cysts were homogenized in 2 ml acetate buffer (60 mM, pH 5.0) using an all-glass Potter
Elvehjem tube.For the preparation ofcrude extracts of catfish larvae, approximately 500mg
wet weight (WW) of sample was used. After centrifugation of the homogenate at 1500 g
during 5minthe supernatant was transferred to apolypropylene tube and the homogenization
procedurewasrepeatedontheresidue.Thefinal residuewasrinsedtwicewith 1 mlofacetate
buffer andthe supernatants werecombined. Forthepurification ofthecrude extractsbyanion
exchange chromatography, the crude extract (6 ml) was quantitatively transferred to a Bond
Elut DEAE cartridge (Varian, Harbor City, CA, USA) which has been preconditioned with
methanol (1 ml), water (1 ml) and acetate buffer (1 ml; pH 5.0). After the cartridge was
washed twice with 1 ml of water, elution was carried out with 1 ml of 0.1 M sodium
salicylate. The pH of the elutewas adjusted to 2.0 with 0.1 ml of 1M HC1,and the solution
was extracted twice with 5 ml of diethyl ether. The organic layer was removed and the
aqueous solution was purged with nitrogen to remove the last traces of ether. Subsequently,
thepHwasreadjusted to 5with 1 Msodiumhydroxide andthevolumewasbrought to 5.0ml
inavolumetric flask. A 100ulaliquotwasinjected inthecolumn.
Chromatographicconditions
A reversed-phase, ion-paired, high-performance liquid chromatography (HPLC) system
was developed for the quantification of AAS in fish and Artemia cysts samples. The HPLC
system consisted of a LKB 2249 pump (LKB, Bromma, Sweden), an N-60 valve injector
fitted with a 100 ul loop (Valco, Houston, TX, USA), a Philips PYE Unicam PU 4025 UV
detector (PYEUnicam Ltd.,Cambridge,UK) and aMerckHitachi D-7500 integrator (Hitachi
Ltd., Instrument Division, Japan). A 3um Adsorbosphere HS C18 (150 X 4.6 mm; Alltech
Ass. Inc., Deerfield, IL., USA) column was used with a mixture of acetonitrile and
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ammonium phosphate buffer (60 mM pH 5.0) containing 32 mM TBAP (1.5:8.5 (v/v)) as
mobilephase.Theflow ratewas 1 ml/minanddetectionwasperformed at254nm.
Quantification andmethodvalidation
The linearity, recovery and detection limits of the method were evaluated by analyzing
buffer solutions supplemented with AAS (A-3758, Sigma, Belgium). Standard curves were
constructed by plotting the absolute peak heights obtained with increasing concentrations of
AAS against their respective concentration. A linear regression was performed to obtain a
correlation coefficient that expresses the relationship between the AAS concentration and the
response oftheHPLC system. When alinear correlation was obtained, the quantities ofAAS
in the unknown extracts could be calculated from the standard curve and extrapolated per
gram of dry weight. Recovery was determined by comparing the peak heights with and
without(directinjection) solidphaseextraction(SPE).

Estimation offood consumption
The gut content (GC) expressed as total number of cysts present in the digestive tract of
catfish larvaewasestimatedwithtwodifferent formulas:
GCdwf= [AASS/(DWs/BDW)]* 1/AASC

(1)

GCnf= (AAS s /AASc)/n
Where GCdwf(number of cysts per fish) is the gut content calculated with the DW offishin
the sample; AASS is the total AAS content measured in the fish sample (ug); DWS is the dry
weight of the sample (mg); BDW is the individual body dryweight of the fish in the sample
(mg) and AASC is the calculated AAS content for one Artemia cyst (ug). GCnf is the gut
content (numberofcystsperfish)ascalculated withthenumber offish inthe sample,and "n"
corresponds to the exact number of fish larvae in the sample. The AAS content of one cyst
was calculated by dividing the mean content of AAS in cyst samples by the number of
individuals (292398)in 1 g(dw)ofdecapsulated cysts.Theindividual cyst dryweight ofthis
particular batch of cysts was 3.42 ug (Garcia-Ortega et al„ 1998). The gut evacuation (GE)
ratewascalculated from dataofExperiment 3as:

(2)
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(3)

Where GEtxisthe gutevacuation (% from initialnumber ofcysts)attimeX(7, 11or 15h
after food deprivation), (GCnf)tx isthe gutcontent after 7, 11,or 15hafter deprivation of food
withAAS and(GCnf)tiisthe initial gutcontent at3h after thefirstfeeding (100%of ingested
food at first feeding). The food consumption (FC)was calculated by subtracting the GE from
theGCandisexpressed aspercent offishbodyweight.
Statisticalanalysis
Three replicates per diet treatment were used to determine the fish weight, AAS content
and drymatter. Three replicates were also tested for dry matter and AAS content ofArtemia
cysts and nauplii. All data were tested for normal distribution and homogeneity of variance
before analysis of variance was performed. Data on fish weight and gut content from
Experiments 2 and 3were tested separately for the effect of feeding time and diet treatment
usingatwo-wayANOVA accordingtothemodel:
YSk=|i+Fi+Tj+(F*T)i j +eUk
Where Yykcorresponds to either the fish weight or the gut content; Fj relates to the feeding
time effect; Tjtothediet treatment effect; (F *T)ytothe interaction effect; e,jk represents the
errorterm.When effects were found (PO.05), Duncanmultiple rangetestwasusedtotestthe
differences between feeding time levels, and least squares means were calculated to test for
differences between diet treatment within feeding groups. The statistical analysis was done
separately for each of the sampling days. A t-test was done to evaluate if there were
significant differences (P<0.05) in the GC as calculated by formula (1) and (2), and in the
AAScontent between cysts hydrated at 1and 3hours. Therequired number of replicates per
treatment and the power of ANOVA for the gut content estimations were tested with the
evaluation ofthequantity§accordingto SokalandRohlf(1995)withthe formula:
<>| =(«o 2 /2as 2 ) 1/2
Where n =number of replications; 8 = unit (number of cysts) difference between the most
different means; a = number of treatments; s2 = mean squares among groups (among
treatments). The analysiswas performed to test the ANOVA for apower of at least 80%at a
=0.05 andwith df(v)amongtreatments ofVi =a- 1andvz =a(n-1).
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Results
Fishgrowth
The catfish larvae displayed a high feeding activity every time the food was offered.
Approximately onehourafter feeding allthe food particleswereconsumed andthefish larvae
were resting onthebottom ofthe aquarium until one hour before the next feeding when they
started to swim slowly. These observations are in accordance with the satiation time of 30
min found for African catfish larvae (Haylor, 1993). The transparent gastrointestinal tract of
the larvae at this stage of development allowed visual verification of the gut filled with food
particles after every feeding. Thisindicated that the decapsulated cysts and nauplii ofArtemia
werewellaccepted andingestedbythecatfish larvae.Incontrast, theformulated artificial diet
was not well accepted. Although the fish were able to ingest this type of food, their growth
was lower than when cysts and live nauplii were fed (Table 1). The catfish larvae fed with
cystsand livenauplii showed ahigher growthduringthefirst daysafter thestart of exogenous
feeding (days 1to 5),gaining approximately 50%of their initial daily weight within 12h of
normal feeding. The dry matter percentage of fish larvae increased towards the end of the
larval stage(Table 1).At all sampling daysthe growthwas similar for fish fed with cysts and
forfishfed cystsplusnauplii (Experiment 2:treatmentsoneandtwo).
Accuracyandprecision ofthemethod
Thedescribed new method for AASquantification incysts andfishlarvae yielded alinear
response over a low (2.6-11.4 ng) and over ahigh (2.4-33.6 ug) level of AAS in the sample
with correlation coefficients exceeding 0.999. Concerning the accuracy of the analysis, the
recovery of AAS from the buffer solutions was 93.1 % (±1.3; n=8) for a 2.25 ug AAS per
sample and 90.8 % (±2.1; n=8) for an 11.25 ug AAS per sample. The reproducibility of the
AAS measurements was determined eight times in the same batch of Artemia nauplii. The
nauplii contained 87.7 ug AAS g"1 DW with SD = 3.0 ug g"1 and CV = 3.5%. This small
amount ofAAS found in nauplii was probably due to some cyst contamination in the nauplii
suspension during sample taking. With regard to the precision in the estimation of gut
contents interms ofnumber of cysts, the CVwas 6.0% at day 1, 10.1% at day 3and 8.5%at
day5(Experiment 2).Theanalysisofnumber ofreplicates andthepower ofANOVA yielded
aquantity §of3.1atday 1,7.3 atday 3and 9.5 atday 5for n= 3.Thoserepresented apower
of 99.9% in each case, which indicates a good reproducibility of the data mainly due to the
smallwithin-group mean squares.Theminimum detectabledifference (1 -(3 =0.80,a =0.05)
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between two means in different treatments was estimated at 13cysts per fish at day 1, 85at
day 3and 130at day 5.These numbers represent relative detectable differences of 17, 36and
34 % of the daily average food consumption (% body dry weight) during days 1, 3 and 5
respectively. Toincreasetheresolution ofthemethod andenabledetection ofdifferences ofat
least 10 % of the daily food consumption, the number of replicates per treatment should be
increased to7,22and20for days 1,3and5respectively (1-p=0.80,a =0.05).

Table 1. MeanindividualweightanddrymattercontentofAfricancatfishlarvaefeddecapsulatedcystsand
naupliiofthebrineshrimpArtemia andanartificialstarterdiet.Theindicatedtimecorrespondstodaysafter
thestartofexogenousfeeding.
Weight (mg)
Experiment1
Day 1

Experiment2
Day 1

Day3

Day 5

3.80± 0.1

9.8± 0.5

22.7±0.5

3.59 ± 0.1

8.9±1.0

24.0 ±1.6

4.05 ± 0.1

10.8 ±0.6

26.1 ±0.7

3.87± 0.2

10.4±0.8

28.0 ±2.6

4.57± 0.3

12.3±0.8

27.5 ±1.6

4.41 ± 0.3

11.4 ±1.2

29.8±1.1

4.81 ±0.4

13.5±0.4

29.5 ±2.5

4.54 ± 0.0

12.2±1.9

31.2±1.7
36.0 ± 2.2

Before firstfeeding (F0)
Cysts
Nauplii+cysts
Firstfeeding(F1)
Cysts

3.84± 0.0

Nauplii+cysts
Secondfeeding(F2)
Cysts

4.33 ±0.1

Nauplii+cysts
Thirdfeeding (F3)
Cysts

4.64 ±0.1

Nauplii+cysts
Fourth feeding(F4)
Cysts

5.27± 0.6

15.0 ±0.8

Nauplii+cysts

5.03± 0.2

14.3±2.3

34.2 ± 3.1

Nauplii

4.75± 0.3

8.8 ± 0.2

22.1 ±1.4

3.82 ±0.1

4.80 ± 0.0

6.9 ±0.2

11.6±0.7

11.4±0.5

Artificialdiet

5.47 ±0.1

Drymatter (%)
Cysts

11.9 ±0.2

11.8±0.1

14.6 ±0.1

Nauplii+cysts

12.0 ±0.1

12.5 ±0.5

15.3 ±0.3

Nauplii

11.0±0.2

12.7 ±0.1

15.1 ±0.1

12.9 ±0.4

13.0 ±0.1

12.4 ±0.1

Artificialdiet

11.0±0.2
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AAS contentincystsandartificialdiet
The mean AAS content of cysts samples after one hour hydration was about 380 ugg"1
DW in Experiment 1;470 ug g"1DW in Experiment 2; and 314 ug g"1DW in Experiment 3.
The AAS content of one cyst was calculated to be 0.0013, 0.0016 and 0.0011 ug for
Experiments 1, 2 and 3 respectively. This difference in AAS content for the same batch of
cysts is not attributed to the hydration time in cysts because between 1 and 3 hours of
hydration time, no significant difference was found (P>0.05). Instead, variations in the
content of AAS in Anemia cysts might be expected after 5-6 hours hydration (Dabrowski
1991).TheAAScontent oftheartificial starterdietwas2.7 ugg"1DW.
AAS retention infishlarvae
Theretention ofAAS infishatthe end of each sampling day for all experiments isshown
inTable 2.With regard to the control diets in Experiment 2,the fish fed exclusivelyArtemia
nauplii contained anaverageAAScontent of33.5 ugg"1DW for thethree sampled days.This
amount represents a small part of what was measured for other fish samples in the diet
treatments one and two, and is probably due to the presence of some cysts in the nauplii
suspension during feeding. The difference in the content ofAAS inArtemia cysts among the
different experiments partially explains the difference in AAS content between the fish with
thesame feeding treatment (cysts) inExperiments 1 and2(Table2).Moreover,thefishlarvae
from this diet treatment inExperiment 1 had ahigher weight than that inExperiment 2for the
same day. Thishigher growth accounts for ahigher accumulation of AAS. The small amount
ofAAS inthefishsamples taken before first feeding in Experiment 2 (Table 3)indicates that
the AAS is not retained for a long time in thefish.The acquired AAS from cysts was almost
completely evacuated after one dayofnauplii feeding as observed inthe in the fish from diet
treatment two (Table 3). This provides further evidence that fish would not incorporate AAS
into their bodywhen feeding Artemia nauplii because the AAS in live nauplii is transformed
toascorbic acid duringtheembryonic development of cyst into nauplii (Dabrowski, 1991).In
the fish fed the dry artificial diet without AAS,just a small amount was detected (Table 2),
and probably it was derived from the AAS measured in the artificial diet. The results in the
AAS content of the two control diets in Experiment 2 confirm that no AAS biosynthesis
occursinthelarvaeoftheAfrican catfish.
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Table 2.Ascorbic acid sulfate content of catfish samples taken 15h after the first dailymeal.
The indicated time corresponds todaysafter thestart ofexogenous feeding.The experimental
diets consisted of encapsulated cysts and live nauplii of the brine shrimp Artemiaand an
artificialstarterdietwithoutAAS.
Ascorbicacidsulfate(ugg'1dw)
Diet

Day 1

Day3

Day 5

Experiment 1
Cysts
Artificialdiet

243.6
1.3

Experiment2
Cysts(treatment1)

192.4

257.6

189.8

Nauplii+cysts(treatment2)

249.6

287.2

183.0

Nauplii(controldiet)

39.4

38.3

22.8

0

0.3

0.5

Continuousfeeding

12.0

13.5

24.6

Discontinuousfeeding

17.8

18.5

31.2

Nauplii

13.7

11.8

13.8

Artificialdiet(controldiet)
Experiment3

Gutcontentsandmealfrequency
Theamount ofAASmeasured infishsamples from diet treatment one (Experiment 1)and
diet treatments one and two (Experiment 2) wereused to calculate the number of cysts in the
fishlarvae atthevarious samplingperiods.Theamount ofcystsfound inthefishsampleswas
considered as the gut contents. With regard to the formula used for the calculation of the gut
contents,inthe second experiment and for all sampling days,thenumber ofcystsinthe gutof
catfish larvae were not significantly different (P>0.05) regardless whether it was calculated
with the fish DW (1) or with the exact number of fish in the sample (2). When the gut
contents were expressed as number of cysts per individual fish (Experiment 2), a diet effect
(P<0.05) was detected in most of the feeding periods in days 1 and 5 (Table 3). In the F0
samples (before first meal in each sampling day),the number of cystsperfishwas the lowest
amongthe different feeding times studied because during overnight thefishwere deprived of
food for at least 8hours. During this time the fish digested and evacuated the nauplii. Thus,
the larvae fed with live nauplii have almost an empty gastrointestinal tract in the morning
before the first meal. On the other hand, in the case of the fish fed with cysts, some food
particles from the last daily meal wereretained until the next morning. This indicates that for
catfish larvaeittakeslongertimetodigest and evacuate cyststhannauplii.Withregard tothe
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amount of food ingested during each meal in Experiment 2, this is similar for the two
treatments in day 1(Table 3).During day 3there isno significant difference (P>0.05) in the
gut contents among diet treatments with exception of the sample taken before the first daily
feeding (FO).Thenumberoffood particlesingested duringthe first meal and duringthedayis
veryclosetothetotalnumberofcystsmeasured attheendoftheday(Fig. 1).Thisindicatesa
tendency in the larvae to fill completely the gut with food particles during each meal. The
sameobservation wasmadefor African catfish larvae(Haylor, 1993) andfingerlings(Hossain
et al., 1998). As the fish grows, the volume available to store food increases. In this way the
fishis able to ingest an increasing amount of food with each meal. Once the gut isfilled,no
additional ingestion of food occurs until more space is available in the gut. Subsequent food
ingestion every4hmightoccur atasimilarorahigherratethaninthefirst meal.

Table3.DailygutcontentsinAfricancatfishlarvaefedencapsulatedcystsandnaupliiofthebrineshrimp
Artemia from day 1to day 5 after the start of exogenous feeding (Experiment 2). In the diet treatment
cysts, decapsulated cysts were fed to the larvae during the entire experiment. For the diet treatment
nauplii+cysts,decapsulatedcystswerefedexclusivelyduringtheindicatedsamplingdays.
Numberofcystsperfish
Experiment1
Diet

Experiment2
Day1

Day 3

Day 5

Cysts

26.1 ± 0.9*

159.5±4.4*

206.2±2.4*

Nauplii+cysts

6.0 ±0.1"

13.3±2.5*

29.6 ± 9.5*

Day 1

Before firstfeeding (FO)

Firstfeeding(F1)
Cysts

78.4±9.1

Nauplii+cysts

39.3 ±1.2*

175.5±30.3

378.3 ±12.1*

66.5±4.5*

221.8±22.5

474.2±64.7*

55.9 ±1.6*

227.7 ±15.5

405.4±12.4*

81.1±3.5*

248.8±21.8

545.9±6.5*

59.7 ±2.1*

246.6±13.8

451.3±28.2

80.6±3.2*

244.5±7.9

473.5±28.0

Secondfeeding (F2)
Cysts

81.7±2.8

Nauplii+cysts
Thirdfeeding (F3)
Cysts

103.9±9.4

Nauplii+cysts
Fourth feeding (F4)
Cysts
Nauplii+cysts

115.6 ±1.8

79.6 ± 0.8*

282.5±4.3

573.4±27.9*

94.1 ±4.7*

316.5±24.5

649.3±11.4*

Meanswithan asteriskinthesamefeeding periodandforthesamedayaresignificantlydifferent(P<0.05)
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Figure 1. Daily variation in gut contents in African catfish larvae fed cysts of the brine shrimp
Artemia at days 1, 3 and 5 after the start of exogenous feeding (Experiment 2). The number of
cysts perfishwas determined 3hafter eachfeeding.F0= before thefirstdaily feeding, F1=first
feeding,F2=secondfeeding,F3=thirdfeeding,F4=fourthfeeding.Thetimebetweenfeedingswas
4 hours. Bars inthe same graphwiththesame letter are not significantly different (P>0.05). Note
thedifferenceofthescaleinthegutcontentsaxebetweenplots.

Gutevacuation
The food evacuation rate differed significantly (P<0.05) between the continuous and
discontinuous feeding treatments (Fig.2).After 7hof ingestion ofthefirstmeal atday 1after
the start of exogenous feeding, thefishlarvae evacuated approximately 87%of the amount of
food ingested in that meal compared to 43%when discontinuous feeding was applied (Table
4).Hence,3hafter the second mealingestion, thenewlyingested food has asignificant effect
on the evacuation rate of the previous meal. During the continuous feeding regime the food
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evacuation occurred faster than when a discontinuous feeding was applied. The results from
Experiment 3 further provide an indication of the time required for emptying the
gastrointestinal tract incatfish larvae. Indays 1and 3,morethan 90%ofthefood ingested in
the first meal was evacuated after 15 h (Table 4). During the first days after the start of
exogenous feeding, i.e.fromday 1 to 3,thegut evacuation rateofC. gariepinusappearstobe
independent ofthefishbodyweight.A similar observation was done for Coregonus lavaretus
juveniles (Rosch, 1987).
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Figure 2. Gut evacuation in African catfish larvae during days 1, 3 and 5 after the start of
exogenous feeding (Experiment 3) under continuous and discontinuous feeding regimes. The fish
were fed decapsulated cysts and live nauplii of the brine shrimp Artemia. In both treatments only
cysts were offered in the first daily meal, subsequent feedings were done with nauplii in the
continuous feeding,and no additionalfood was supplied in the discontinuous feeding. Symbols with
the same letter in each graph and in the same feeding treatment are not significantly different
(P>0.05).
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Table 4. Gut evacuation in catfish larvae fed encapsulated cysts of the brine shrimpArtemia
(Experiment 3).Theamount offood present inthefish 3hafter the ingestion ofthefirst mealwas
consideredasthetotalandsubsequentpresenceoffoodwassubtractedfromthistotal.
Gutevacuation(%)oftotalfoodingestedatthefirstdailymeal
Time(h)

Day 1

Day 3

Day 5

Continuousfeeding
3

0

0

0

7

87.0

84.1

65.6

11

91.4

93.4

71.2

15

92.1

92.7

68.3

Discontinuous feeding
3

0

0

0

7

42.7

44.3

17.1

11

78.9

78.3

71.2

15

92.4

94.0

64.4

Food consumption
Theestimated daily food consumption (FC)and gutevacuation expressed aspercentage of
thebodyweight ofAfrican catfish larvae arepresented in Table 5.Until day 3the fish larvae
ingested more than 45%of their body weight daily. Inthat daythe ingestion of food per unit
dry body weight reaches its maximum. After this time the relative ingestion rate decreases
during the larval development towards thejuvenile stage. This decrease continues during the
juvenile stage from 27.9%oftheirbodyweight atasizeof0.8gdown to 6.2% injuvenilesof
37.7g(Hogendoorn 1983;Conceicao etal. 1998).The gutevacuation ratepresented a similar
pattern as the food consumption, it increased during the first days of exogenous feeding and
decreased asthefish growthcontinued (Table5).
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Table 5. Food consumption and gut evacuation rate in Clarias gariepinus larvae during the first days of exogenous
feedingwithdecapsulatedcystsofthe brineshrimpArtemia. Thegutcontents inExperiment 2andthegutevacuation
ratesfromExperiment3wereusedtoobtainthefoodconsumptionandgutevacuationperfeedingtimeandperday.
Foodconsumption(%bodydryweight)
Feedingtime

Gutevacuation(%bodydryweight)

Day 1

Day 3

Day 5

Day 1

Day 3

Day 5

Firstfeeding(F1)

40.0±2.2

51.4 ±3.6

35.0 ±3.3

-

-

-

Secondfeeding(F2)

48.1 ±3.1

52.6 ±5.6

22.4 ± 0.8

33.9 ±2.2

42.6 ±4.5

22.9 ±0.8

Thirdfeeding(F3)

46.0 ±0.4

52.6 ±7.3

24.4±1.3

47.0 ± 0.4

52.9 ± 7.4

23.4 ±1.2

Fourthfeeding(F4)

52.2±1.5

58.7 ± 8.5

29.4 ± 2.8

41.9±1.2

44.8 ±6.5

21.2 ±2.0

46.5

53.8

27.8

40.9

46.8

22.5

Dailyaverage

Discussion
Reliabilityofthemethod
The methodology for AAS quantification in samples of Artemia cysts and fish larvae
allowed an accurate and precise estimation oftheAAS contents in fish samples. This permits
repetition of the experiments and comparison of results. Because the recovery of AASby the
present method was high (91-93%), the differences in AAS content found in cysts from the
samebatch among the experiments might be related to a combined effect of analytical errors
and biological effects. The first is related to the stability of AAS standards and storage of
cysts. When the activity of the AAS standards changes with time, the calibration curves
derived from such standards will reflect those changes. Moreover, although AAS is a very
stable compound, it has not been investigated yet if the content of AAS in cysts changes
during storage. This stresses theneed to determine the AAS of the cysts used in the feeding
experiments ateveryanalysiswith HPLC.Other sourcesofvariation inthe food consumption
estimations by the proposed method are related to biological aspects. Variations in food
consumption by individual fish, due to differences in size,were reduced because of the high
fishnumber in each sample. Thus, asmall SDwas obtained inthe weight measurements. The
number of replicates in the present study was appropriate for the statistical analysis of the
results with a power of ANOVA close to 100%.However, the precision to detect significant
differences in the number of cysts in the gutbetween diet treatments was rough. The method
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to calculate the gut contents can be improved by increasing the number of replicates per
feeding treatment. Further studies arerequired to improve theprecision in the calculations of
the number of cysts in individual fish. The use of AAS as a natural marker in the method is
enforced becausenobiosynthesis ofAASwasfound inthelarvaeofC. gariepinus. Therefore,
theAAScontained inArtemiacysts constitute asuitablenatural marker for food consumption
studiesinfish larvae.
Foodconsumption in fish larvae
When estimating daily food consumption and gut evacuation rates in the larval stages of
fish, their high growth rate during the first days of exogenous feeding must be considered.
The larvae of C. gariepinus have higher growth rates and food conversion efficiencies than
the larvae of other fish species (Wieser and Medgyesy, 1990; Keckeis and Schiemer, 1992;
Conceicao et al., 1998). Within the same day and from one meal to the next the fish is
growing at a high rate, consequently the gut size increases and more capacity to store food
becomes available. Evidently, the amount of food ingested by the fish larvae increases with
their body weight. However, ifwe express the daily food consumption as apercentage ofthe
body weight after the start of exogenous feeding, in C. gariepinus larvae the amount of
ingested food decreases with growth from day 3onwards. Similar observations were made in
the larvaeofthree cyprinid specieswhere acontinuous decline inthe food consumptionfrom
50 to 30% of the body weight was found as the fish weight increased from 10 to 100 mg
(Keckeis and Schiemer, 1992). The determination of the AAS content in the gut enables to
estimatefood consumption accurately.However,theAAS-based estimations differ from those
calculatedbythe exponential modelofElliot andPersson (1978).Ifaconstant evacuation rate
during the larval period is assumed, the relative food consumption (% body weight) would
increasewithfishsize,asoccurswiththe gut content. Haylor (1993), following this approach
statedthat the food consumption inAfrican catfish larvaeincreases from 26.6to 36.3%ofthe
body weight when the larvae grew from 5to 60 mg. However, these food consumption data
could have been overestimated. Several factors affect the food evacuation rate in fish
(Persson, 1981; Karjalainen et al., 1991;Bromley, 1994), and thus it is unlikely to have a
constant gut evacuation under natural conditions. Moreover, the stomach in C.gariepinus
larvae isnot functional atthestart ofexogenous feeding (Stroband and Kroon, 1981)and only
becomes functional at day 5 after the start of exogenous feeding (Verreth et al., 1992).
Therefore, in fish larvae with a digestive system that is still in development, differences in
food consumption and evacuation might be expected because of the influence from
developmental and physiological processes during food digestion. In the case of catfish
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larvae,before the stomach is completely functional, its role during food digestion is reduced
to storage of food. The ingestion and evacuation of food as measured by the new proposed
method indicated differences during the fish larvae development. The food consumption in
catfish larvae was high during the first days of exogenous feeding with a maximum level
found on day 3 at a fish weight of 10-15 mg, then the food intake decreased as the fish
approached the end of the larval period. In fish larvae, after the yolk sac absorption and
during thefirstdays ofexogenous feeding, high food consumption rates mightbe expected to
support the high growth rates the fish achieve during this stage of development. These high
food consumption rates probably occur also in the larvae of many other fish species. In the
larvae andjuveniles offivecyprinids andperch, high rates of food consumption (>50%body
weightperday)havesimilarlybeen found (Marmulla andRosch 1990).
With a radio-isotope technique, the maximum daily food consumption in C.gariepinus
larvaewas estimated tobe 51.5% for fish atdays2and 8of exogenous feeding (Conceicaoet
al., 1998).Thevalue for day2isclosetotheresult inthepresent study for the samefishsize.
However, in the former studythe gut evacuation wasnot determined and possibly that might
account forthehighfood consumption rate found atday8.Suchdifferences inthe estimations
of food consumption, using different methods,mightberelated tothenumber of assumptions
and calculations and the procedures to obtain them in each particular method. In the present
study mathematical models were not used. Only direct measurements were made and used to
calculate the gut contents and gut evacuation under normal rearing conditions in the
laboratory. Possible variations from the factors that affect gut evacuation in fish i.e.
temperature, light regime, fish size, periodicity of feeding, stomach fullness, and food
quantity, quality and size (Grove and Crawford, 1980; Persson, 1981;Rosch, 1987) can be
controlled in the proposed new method. The feeding strategy also has an effect on the food
consumption in fish larvae. The frequency of feeding and the type of food can affect the
digestibility of the food with effects on the food consumption and evacuation rates. The
evacuation rateissignificantly higher undermultiplemeal conditions than underasinglemeal
condition in thejuvenile stage of carp and turbot (Rosch, 1987; Grove et al., 1985). Shorter
timesofgut emptying areexpected inacontinuous feeding regime.Arapid evacuation allows
the fish to consume food at a faster rate (Johnston and Mathias, 1996). Similarly, C.
gariepinuslarvae fed multiple meals showed a faster evacuation rate than when only a single
meal was given. However, caution should be taken when comparing food evacuation results
due to differences in the evacuation times when the analysis is done in individual fish or by
groups of fish. A curvilinear decrease in gut contents is expected when analyzing a group of
fishlarvae in comparison of a linear evacuation in individual fish (Karjalainen et al., 1991).
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This stresses the importance of considering all the conditions under which the food
consumption andthefood evacuationrateareestimated.
The AAS method provides a useful tool for the determination of daily food consumption
and gastric evacuation studies in fish larvae and permits adequate standardization. It avoids
the individual count of food particles or marker substance by the direct analysis of the total
amount of AAS in the fish and in the diet samples. Other methods might underestimate the
food consumption bymissingparticles during counting. The described method further avoids
the variations in the content of themarker substance in the food particles that might bias the
food consumption estimations. The negative effects on the nutritional condition of the fish
that areassociated with alow food intake andpoordiet digestibility, arereduced bytheuseof
a natural food source that is well accepted and digested by the fish larvae. The only specific
requirement in the method is that the fish larvae under study should be able to ingest the
decapsulated cystsolArtemia oranyartificial dietthatmightincludecystsinthe formulation.
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Abstract
The alkaline proteolytic activity in the gut of African catfish larvae was studied during short time
rangesfrom30min to4h after ingestion ofdecapsulatedArtemiacysts.The variation intotal protease
and trypsin activities during the day was monitored during starvation, after one single meal ingestion,
and during continuous feeding. In starved larvae the enzymatic activity was low and didnot change in
time. No significant endogenous secretion of digestive enzymes was detected. The level of alkaline
proteolytic activity found in starved larvaewas further considered asthebasal level. In larvae fed only
one meal during the day, the enzyme activity significantly increased from 3 h post-feeding up to a
maximum level found 12h after feeding. Inthe larvaereceiving ameal every 4h,the effect of feeding
on the proteolytic activity was significantly different from the one in fish fed only once a day. The
total protease activity in this dietary treatment changed according to the feeding time and fluctuated
around a constant level, which was intermediate between the maximum and the basal level. No
rhythmic cycle of enzyme production in the fish was observed when the proteolytic activity was
studied during a cycle of 24 h. When specific trypsin activity was measured, a similar pattern was
found as with the total protease. The contribution of digestive enzymes from Artemia to the total
digestion of food by the catfish larvae was calculated to be less than 1% of the total amount of the
proteolytic activity measured inthelarval gut.
Keywords:digestive enzymes,enzymaticresponse, feeding, fish larvae,live food, protease,trypsin.
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Introduction
In contrast to fish species which can be reared with artificial diets from the start of
exogenous feeding onwards (e.g., salmonid fishes), the larval stages of some other fish
species require live food organisms for optimal nutrient utilization. Although artificial diets
have been used with satisfactory results in the rearing of African catfish, Clarias gariepinus,
larvae (Uys and Hecht, 1985; Appelbaum and Van Damme, 1988) the growth rate and
survival were lower than those obtained in fish fed live Artemia nauplii. To explain the
success of live food over artificial diets in the larviculture of some freshwater and many
marine fish species several hypotheses have been proposed. It was suggested that fish larvae
have a low enzyme production and a reduced digestive capacity which make the enzymes in
live zooplankton organisms necessary for the digestion of food (Dabrowski and Glogowski,
1977; Lauff and Hofer, 1984; Munilla-Moran et al., 1990; Kolkovski et al., 1993). On the
other hand, it was demonstrated that larvae of C. gariepinus (Verreth et al, 1992), whitefish
Coregonuslavaretus (Segner et al., 1989), sea bass Dicentrarchus labrax, (Vu, 1983; Cahu
and Zambonino Infante, 1994) and herring Clupeaharengus(Pedersen et al., 1987) possess
the digestive capabilities and thenecessary enzymes for the digestion of live food. Moreover,
recent data suggest that in some marine fish larvae dietary enzymes do not contribute
significantly to the digestion of food (Zambonino Infante and Cahu, 1994; Moyano et al.,
1996; Kurokawa et al., 1998). However, due to the variety of methods used in the
quantification of dietary enzymes and due to differences in the development of the digestive
tractbetweenfishspecies,definitive conclusions cannotbemadeyet for allfishspecies.
In fish larvae the digestive processes are fast and occur within few hours after the
ingestion of food (Govoni et al., 1986; Hofer and Burkle, 1986; Pedersen et al., 1987).
However, the majority of studies on proteolytic activity during larval development measured
the enzyme activity during a time span of several days as an indication of the long-term
nutritional condition of the larvae. Only few studies present data on short-term variation of
proteolytic activity in fish larvae in periods smaller than one day (Pedersen and Hjelmeland,
1988; Ueberschar, 1993). Information on the short-term variations in proteolytic activity
underdifferent feeding regimes,incomparison tostarvation, arenecessary toprovide insights
on the capacity of the fish larvae for the digestion of every single meal offered during aday.
The aim of the present study was to monitor the variations of alkaline proteolytic activity in
thedigestive tract ofAfrican catfish larvae for short timerangesfrom30minto4hafter food
ingestion. Additionally, the contribution of exogenous enzymestothe larval digestion of food
wasestimated and discussed.
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MaterialsandMethods
Artemiacysts
Decapsulated cysts ofArtemia were used as experimental diet because they combine the
practical advantages of a dry diet with the balanced nutritional composition of live nauplii.
Additionally, they have been previously tested successfully as starter food in the rearing of
African catfish (Verreth et al., 1987). Cysts ofArtemia (EG type, ESTVEAquaculture) from
Great SaltLake,USA,werehydrated during 1 hinaeratedfreshwateranddecapsulated witha
solution of NaOCl,NaOH and water in accordance to the method of Sorgeloos et al. (1986).
After decapsulation, the cysts were dehydrated with saturated brine (>330 g L"1)during 24 h
and stored at 4°C in fresh brine until their use to feed the fish larvae. The cysts were
decapsulated andprepared thedaybefore thestartofeach feeding experiment.
Fishlarvaerearing
Eggs and larvae of African catfish Clarias gariepinus were obtained by artificial
reproduction ofbroodstock kept atthehatchery in Wageningen. Two days after hatching, the
larvaewere counted and allocated to arecirculation system with 17L aquaria at a density of
1000 larvae per aquarium. The larvae were reared at a constant temperature of 28 ± 0.2 °C
and a light regime from 08:00 to 20:00 h. The sameprocedure for the production and rearing
of larvae was carried out in each feeding experiment. Larval feeding started two days after
hatching, i.e., after the yolk sac absorption. In all feeding experiments the fish weight was
determined every day and the amount of food was calculated daily according to the predicted
maximum growth (Verreth and Den Bieman, 1987).Feeding was done every four hoursfrom
08:00 to 23:00 h (i.e. five times a day) and the food consisted exclusively of decapsulated
Artemia cysts. Before being fed to the larvae, the cysts were immersed in freshwater during
five min to rinse the brine and to allow cyst hydration. Approximately one hour after each
food addition, the fish larvae had ingested all food particles in the aquaria. When some food
particles remained, they were siphoned out the aquarium one hour after each feeding. In all
experiments and independently of the diet treatment, the fish larvae were fasted for 20 h
before each sampling day inorder to emptythe intestine andreduce theprotease activityto a
lowlevel.Theproteolytic activityafter this starvationperiodwasconsidered thebasal levelof
enzymeactivity.

Post-prandialproteolyticactivityinfishlarvae

Short-term experiments
Two separate feeding experiments were designed to measure the short-term post-prandial
proteolytic activityinthe digestivetract. Inthe first experiment gut sampleswere taken every
30 min during the first 3 h after food ingestion, and in the second experiment every hour
during 7hafter food ingestion. Inboth experiments onlyonemealwaspresented tothelarvae
during the sampling days. The initial weight (WJ) of catfish larvae at day 0 (i.e. start of
exogenous feeding) was 2.1 mg (Experiment 1)and 2.0 mg (Experiment 2). At days 3 and 7
after thestartofexogenous feeding, samplesoffish larvaeweretakenforthedeterminationof
thetotalprotease activity. Sampleswere alsotakenbefore thefirst feeding.
Feedingexperiments
Two other experiments were carried out to determine the time of maximum proteolytic
activityafter the ingestion ofonesingle meal (Experiment 3) and tomeasure the variations in
proteolytic activity in a 24 h cycle (Experiment 4). In each of the latter experiments, three
different feeding treatments were tested during the sampling days and gastrointestinal tract
samples were taken exclusively at day 3 and day 7 after the start of exogenous feeding in
Experiment 3, and at day 7 in Experiment 4. For both experiments the first diet treatment
consisted of depriving the fish of food during the entire day, inthe second treatment the fish
were offered only one first daily food, and in the third treatment the food was offered every
four hours.InExperiment 3(w;=1.7 mg),totalprotease andtrypsin activitiesweremeasured
during 16h after the first daily feeding. Samples weretaken every2and 4hdepending ofthe
diet treatment. For all diet treatments, the number of dissected fish and the weight of gut
sampleswererecorded for calculation ofthepercentageofgutweight ontotalbodyweight.In
Experiment 4 (WJ= 2.5 mg), the gut samples were taken every 2 and 4 h, depending on the
feeding treatment, during a complete period of 24 h. When the time of feeding and gut
samplingcoincided, the samplesweretakenbefore feeding inalltheexperiments.
Samplepreparation
Fish larvae were collected from each aquarium, rinsed with tap water and excess water
wasremoved with tissuepaper. The fish wereplaced in a glass dish constantly maintained at
0-2°C for dissection oftheentiredigestive tract under astereoscopic microscope.Thenumber
of fish per sample ranged from 30 to 40 during day 3, and from 10 to 15 during day 7. The
dissected gastrointestinal tracts from each aquarium were pooled and placed in a plastic
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Eppendorf cup kept on ice. Immediately thereafter the gut samples were shock-frozen with
liquid nitrogen. The samples were stored at -80°C until enzyme analysis. The elapsed time
between fish sampling and shock-freezing did not exceeded 15min. The same procedure for
the preparation of digestive tract samples was done in all experiments. Samples of
decapsulated cystswere alsoprepared for thedetermination oftotalprotease activity.
Enzyme analyses
To measure total protease activity, 15 to 30 mg of digestive tract tissue of fish larvae
sampleswas ground andhomogenized in apotterblenderwith 750 \Aof0.1M Trisbuffer at
pH 8. After homogenization the samples were sonified during 30 seconds to break the cell
wall and centrifuged at 12000 g during 10min at 4°C. During preparation the homogenates
were constantly kept on ice. Total protease activity in fish homogenates was measured by a
caseinmethodmodifiedfromWalter(1984)usingcasein(10mgml"1)dissolved in0.1MTris
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 standard. A mixture of 400 ul casein solution,
400 ul buffer and 200 ul supernatant of homogenate was incubated at 30°C during 40 min,
andthenthereactionwashalted withtrichloracetic acid.Theassaymixtures wereleft cooling
oniceduring 15min andwerecentrifuged at 1700gduring 10min at4°C.The absorbance of
the supernatant wasmeasured at 280nm. Theresults are expressed asmg tyrosine liberated
g"1gutsample40min"1.
For the determination of trypsin activity the gut homogenates were prepared similarly as
for the total protease analysis. The trypsin activity was determined using a modified method
fromHofer and K6ck (1989) and Bergmeyer and GraM (1983), with BAPNA (Na-benzoylDL-arginine-4-nitroanilide, Merck 1670) as substrate. The assay cocktail consisted of 0.42
mM BAPNA in a 0.1 M Tris buffer at pH 8with 0.2 M CaCl2. By the addition of BAPNA
solutiontoamixture ofhomogenate andbuffer thereaction started. Thechange in absorbance
during 5min wasmeasured at 405 nm. Trypsin activity is reported asUnits g"1of gut sample
(1U= 1umolBAPNA convertedpermin).
Dataanalysis
In all experiments the total proteolytic and trypsin activities at every sampling time were
determined with three replicates each. Data on enzyme activity were tested for normal
distribution and homogeneity of variance before ANOVA (analysis of variance) was
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performed to detect differences (PO.05) in enzyme activity between diet treatment during
time. When significant effects were found, the differences of the means were compared with
Duncan multiple range test and least squares means, for equal and unequal sample size
respectively. The analyses were done with the statistical software package SAS 6.12 (SAS
Institute,USA).

Results
Therelative weight ofthe dissected gut decreased with fish body size (Table 1).The size
ofthedigestivetract atthis agedependsonthefood ingestionbythe larvae,i.e.themore food
isoffered and ingested at anormal rate,thebigger the gut size is,consequentlyhigher growth
rate is obtained. This is an indication that for the fish larvae it is very important to have the
capabilities for digestion of food in terms of food storage and enzyme secretion if a high
growthrateistobe achieved.

Table 1. Body weight, gut weight and proportion of gut weight in total body weight in catfish larvae fed
decapsulated Artemia cysts at different diet treatments (Experiment 3). The feeding treatments were
performedonlyduringtheindicateddaysafterthestartofexogenousfeeding.
Individualweight(mg)

Gutweightperlarvae(mg)

%gutofbodyweight

Day 3

Day 7

Day3

Day7

Day 3

Day7

Starved

4.8 ± 0.2

20.4 ±0.9

0.7 ±0.0

2.4 ±0.4

14.2

11.8

Onefeeding

5.4±0.2

29.7 ±0.2

1.6±0.3

5.1 ±0.2

29.3

17.1

Fourfeedings

5.6 ±0.1

33.1 ±1.2

2.0 ±0.1

6.1 ±1.8

34.8

18.5

Treatment

Post-prandialproteaseactivity
Theprotease activitymeasured every 30minduring the first 3h after feeding is presented
in Figure la. Total protease activity changed significantly during time after food ingestion.
Immediately after the food was offered, the proteolytic activity in the gut of the fish larvae
decreased significantly. This time corresponds to the period in which the fish are actively
swimming and ingesting food particles. After approximately 1h, when the fish ingested all
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thefood thatcanbestored inthedigestive tract,theprotease activity started toincrease. After
3hthe enzymeactivityincreased significantly above thebasal levelmeasured before feeding.
This increase continued during 7h after one singlemeal ingestion (Figure lb). Thepattern in
the post-prandial protease activity was very similar for days 3 and 7 after the start of
exogenous feeding.
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Figure 1. Total proteolytic activity inthe digestive tract of African catfish larvae after a single
meal ingestion (at 0 h). The variation in proteolytic activity was first measured within a fine
time range of every 30 min (a), and in a second experiment at every hour (b). In both
experiments the enzyme activity was measured at days 3 and 7 after the start of exogenous
feeding. Note the difference intime scale between thetwo graphs.
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Proteaseactivityatawiderange
The post-prandial protease activity in catfish larvae during starvation and at different
feeding regimes is presented in Figures 2 and 3. In general, the fluctuations of proteolytic
enzyme activity were significantly dependent on food ingestion. During starvation a low and
constant
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Figure 2. Total proteolytic activity (a, b) and trypsin activity (c) in the digestive tract of
African catfish larvae after one single meal ingestion (at 0 h), and during continuous feeding
every four hours (four feedings a day) as compared to the proteolytic activity during
starvation. The horizontal dotted line at zero corresponds to the basal level of proteolytic
activity found during starvation (see results section). The indicated days correspond to days
after the start of exogenous feeding. *mg tyr perg gut sample in40 min.
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level of proteolytic activity was observed and no significant variations in the starved group
were detected in bothdays 3and7 after thestart of exogenous feeding. Themeanvaluesof
proteolytic activity during starvation were 29.9 (± 5.8) and 13.8 (± 2.1) mgtyrosine liberated
per g of gut tissue in 40 min, at day 3 and day 7 respectively. For trypsin activity, the
starvation level at day 7 was 0.52 (± 0.0) units per g of gut tissue. The average protease
activityduring starvation wasconsidered asthebasal level zero andwas subtracted from each
individual value measured in the other two food treatments (Figure 2). This was done to
observethe variation of enzyme activity caused bythepresence of food inthe digestive tract.
With regard to the fish larvae fed only one meal in the morning, the protease activity
significantly increased from 3 h up to a maximum level at 12 h after feeding, regardless no
more food was supplied (Figure2a,b).Thepeak inproteolytic activitywas similarly observed
at 12 h after food ingestion in the two sampling days. After this time, the total protease
activity started to decline. In the larvae fed every 4h, the effect of feeding on the proteolytic
activityinthe gutwas significantly different from theonein fish fed onlyonceduringtheday
(Figure 2a,b). The total protease activity changed according to the feeding schedule and
fluctuated around a constant level, which was intermediate between the maximum and the
basal level.Theprotease activity slightly decreased after the food was ingested then increased
againuntil thenext feeding. Thispattern ofproteolytic activity inthe gutwas repeated during
the experimental period in this diet treatment. The specific trypsin activity for both diet
treatments atday7followed similarpatternsaswiththetotalprotease activity(Figure2c).
Proteolyticactivityina24ftcycle
During a 24 h period no significant change in enzymatic activity was found for starved
catfish larvae (Figure 3a). Similar to Experiment 3, in the fish fed only one ration of food
duringthedaythe totalprotease andtrypsin activities increased upto amaximum level found
at 12 h after the food was ingested (Figure 3b). After this time the proteolytic activity
decreased towards the basal pre-feeding level. The digestion of decapsulated cysts by the
catfish larvae took more than 4 h and after approximately 9 h post-ingestion the cysts in the
gut appeared completely digested as visually observed with a microscope. Interestingly, the
peak of proteolytic activity and the start of the decrease in both total protease and trypsin
activities in catfish fed only once coincided with the start of the dark period. However, the
pattern of enzyme activity in the gut was constant along the 24 h cycle in the starved larvae
(Figure 3a). Moreover, in the larvae fed every 4 hours there was a building up of protease
activity towards the end of the dark phase as aresult of the presence of food in the digestive
tract (Figure 3c). It was assumed that light regime had no influence in the larval proteolytic
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activity during the 24 cycle. Further, no rhythmic cycle of enzyme production was observed.
The total protease enzyme activity in the fish larvae fed every 4 h had small significant
differences during the 24 h period and no significant differences were found in the trypsin
activity(Figure3c).
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Figure 3. Variation of proteolytic activity during a cycle of 24 h in the larvae of African catfish
during starvation (a), after ingestion of one single meal (b),and after feeding every 4 h (c). The
vertical arrows indicate the time of feeding andthe dark area indicates 12 h of darkness period
during the light regime.The samples were taken at day 7 after the start of exogenous feeding.
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Discussion
In the present study the first changes in proteolytic activity in the gut of catfish larvae
wereobserved within 30minafter feeding. Theserapidchangesinprotease activityindicatea
fast enzyme secretion and utilization inresponse to food ingestion. Similar observations were
made for pancreas enzymes in larval herring (Pedersen et al., 1987;Ueberschar, 1993). The
fast response of digestive enzymes to food intake is in accordance with the hypothesis that
larval digestion and assimilation of nutrients must be highly efficient in order to ensure high
growth rates as occur in fish larvae. In the larvae of African catfish the specific growth rate
increased asymptotically up to 63.9%of the bodyweight per daybetween days 0 and 3 after
the start of exogenous feeding, and on average, it corresponds to 41%for the first 10 days
(Verreth and Den Bieman, 1987).Although the digestive system in African catfish larvae is
only fully developed at day 5 after the start of exogenous feeding, the larvae have sufficient
capacity to digest and absorb nutrients from live food organisms at the start of exogenous
feeding (Verreth et al., 1992). African catfish larvae grow efficiently on live food and this
coincides with a pronounced responsiveness of the proteolytic activity as revealed by the
results on protease activity in the larval gut. On the other hand, this is in disagreement with
the observation that the digestive system in some fish species is not fully functional during
early life (Lauff and Hofer, 1984). It remains to be studied how the proteolytic activity
changeswhendrydietsarefed tothecatfish larvae.
The high trypsin activity after ingestion of one single meal might be related to a
continuous enzyme secretion as a response to the presence of food in the gut. Pedersen and
Hjelmeland (1988) found a significant rise in trypsin following ingestion of food in herring
larvae. The same authors attribute the high trypsin content to the retention of the enzyme in
the digestive tract, assuming that despite food evacuation, the trypsin activity was not
significantly affected. Although in catfish larvae fed one single meal the high content of
trypsinmight be related to the retention oftheenzyme,inthe fish fed every 4h the retention
effect was not fully evident since trypsin activity in the gut fluctuated. The variations in the
proteolytic activity in the fish fed every 4 h coincide with the time of food ingestion. The
decrease in enzyme activity in the first 60 min after each feeding is probably due to the
immediate utilization of enzymes present in the larval intestine at the moment of food
ingestion forproteinhydrolysis.Although the enzyme secretion probably starts atthemoment
offood ingestion, itisonlyreflected bytheincrease inproteolytic activity2hafter feeding. A
similar observation was reported for herring larvae (Ueberschar, 1993). Nevertheless, an
extensive re-use of trypsin for the digestion of several meals might be also considered as
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occurs in herring larvae (Pedersen andHjelmeland, 1988).In the present study it was further
demonstrated that despite of lacking a functional stomach at the start of exogenous feeding
(Stroband andKroon, 1981)thelarvaeofC. gariepinus have sufficient enzymatic capacity for
digestion of several meals during the day. The optimal period between meals is to be
determined from the digestibility of the diet and the corresponding induced secretion of
digestive enzymes. The time when the peak of proteolytic activity occurs is probably related
tothe type of food consumed. In catfish larvae fed decapsulated cysts ofArtemia onlyoncea
daythispeakwasobserved 12h after food ingestion. Thedecapsulated cystswere completely
digested approximately 9 h after ingestion. For other types of food with high protein
digestibility, e.g. Artemia nauplii (Watanabe et al., 1978; Lan and Pan, 1993) the peak of
proteolytic activitymightoccur earlier.
In nutritional studies with fish larvae the assessment of food intake provides valuable
information on the importance of the ingested diet on the growth of fish. To estimate the
effect ofdietarynutrients and theirvalue for the fish larvae intermsoftheir quantity, the cyst
uptake by catfish larvae was previously studied (Garcia-Ortega et al, unpublished data).
According to those authors the daily food intake in African catfish larvae ranges from 46 to
54% of the fish body weight during the first days of exogenous feeding. The total protease
activity at pH 8of Artemia cysts was calculated at 14.7 ±1.0 mg tyrosine liberated per g of
cysts in 40 min. Thus, if we calculate the protease activity in the determined amount of
ingested cysts, the contribution of the enzyme activity from cysts to the total activity
measured in the larval gut is estimated to be lower than 1%. A low contribution of enzymes
from live food was also demonstrated for the larvae sea bass of (Zambonino Infante and
Cahu, 1994), sea bream (Moyano et al., 1996) and sardine (Kurokawa et al., 1998). Most of
the protease activity inArtemia cysts was related to acysteine protease (Warner et al., 1995)
which is not active at alkaline pH (Warner and Shridhar, 1985). In fish without a functional
stomach at the larval stage, the importance of the contribution of digestive enzymes from
Artemia is therefore reduced. No significant differences in the nutritional composition and
proteolytic activity were found between decapsulated cysts and newly hatched nauplii of
Artemia (Garcia-Ortega et al., 1998). Hence, in fish larvae the superior performance of live
food over inert diets might be more related to food consumption and ingredient digestibility
than to the dietary enzyme supply. Moreover, the action of biomolecules present in the
ingested live food induces pancreatic enzyme secretion (Hjelmeland et al, 1988), thus when
the fish larvae are fed artificial diets,the stimulus for enzyme secretion might be insufficient.
The same authors suggest a hormonal induced secretion of digestive enzymes produced by
active substances released from the live food. Due tothe high protein digestibility ofArtemia
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cysts and nauplii, their autolytic capacity and protein solubility must be also taken into
consideration when explaining their suitability as food for larval fish. Functional differences
in the digestive tract among fish species might be the cause for the differential protein
utilization from the food and the use of endogenous proteolytic enzymes (Kawai and Dceda,
1973;Hofer andNasirUddin, 1985;Baragi and Lovell, 1986;Segner et al., 1989;Cahu et al,
1999).Thepoor growth in fish larvae fed artificial dietsmightberelated to other factors such
astheinadequacy ofthe formulated diet tomeet the digestive specifications ofthefish during
the larval stage (Cahu and Zambonino Infante, 1994). The water content of live food
organisms is high, this can induce certain spatial arrangements in the protein molecule than
might differ from the one in dry artificial diets. Possibly the structure of the proteins in live
food enables a better digestion by the fish larvae, in contrast to the structure of proteins in
artificial diets (Verreth, 1994).
The present results further indicate that, when studying physiological processes of food
ingestion and digestion in fish larvae, care should be taken in selecting sampling times. This
because of the significant variations in proteolytic activity after feeding, e.g., low activities
mightbe expected immediately (within 1 h)after food ingestion with asubsequent increasein
activity until the next feeding. The time to reach maximum and minimum proteolytic
activities after feeding infishlarvaeisprobably related tothetypeof food and ispossiblyage
and species dependent. Nevertheless, low proteolytic activities are expected in fish that is
constantly feeding or submitted to starvation in comparison to larvae fed one meal a day or
when longperiods existsbetween meals.Inthe lattercase,high activity could occur after few
hoursoffood intake.
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Abstract
The protein digestibility of Artemia cysts and nauplii, and microbound diets made of decapsulated
cystswithdiversebinders wasestimated by an invitromethod.The conditions inthe invitrodigestion
of food were adapted to simulate the situation of protein digestion in fish larvae without a functional
stomach at the start of exogenous feeding. The method consisted of incubating food samples in a
multy-enzyme system withtrypsin asthemainproteolytic enzyme.Different incubation times and and
two sources of enzymes were tested. Themaximum level ofprotein digestion of decapsulated cysts of
Artemia wasreached between 4 and 8hours of incubation. Highprotein digestibility coefficients were
obtained for decapsulated cysts and nauplii. From the microbound diets tested, the highest
digestibility, was observed in the diets with carboxymethyl-cellulose as binder. When commercial
purified enzymes were used the digestibility coefficients of cysts and nauplii were 87.1%and 86.2%
respectively. When intestinal extracts of catfish were used, the digestibility coefficients were 81.6%
and 82.0% for cysts and nauplii respectively. The in vitro technique permits accurate estimations of
the protein digestibility in food for fish larvae and constitutes an alternative to feeding experiments
withliveanimals.
Keywords: invitromethod,protein digestibility, fish larvae,live food, Artemia

Proteindigestibilityinvitro

Introduction
Theprotein digestibility in feed for farmed animals has been extensively studied invivo.
However, digestibility experiments with live animals are laborious, time consuming, and
expensive. Thus, much attention hasbeen given to the development of in vitromethods for a
fast, reproducible and reliable evaluation of protein quality in animal feeds (Boisen and
Eggum, 1991).In vitromethodsbasically relyonthe use ofpurified or extracted enzymes for
the digestion of feed samples.Purified enzymes which are commercially available have been
used to evaluate the digestibility of pig feeds (Babinszky et al., 1991). In fish feeds, extracts
from the entire gut or from the pyloric caeca of rainbow trout have been used for invitro
digestibility tests yielding good correlation with digestibility experiments in vivo both in
juvenile and adultfish(Grabner, 1985;Dimes andHaard, 1994;Bassompierre et al., 1998). In
vitrotechniques might also be very interesting for the development of artificial diets for fish
larvae given the problem of assessing protein digestibility in vivo in small sized fish.
Recently, in vitro methods have been used for the preliminary evaluation of protein used in
microcapsulated diets for fish larvae (Ozkizilcik and Chu, 1996;Alarcon et al., 1999). Those
studies used whole larval body extracts as source of digestive enzymes. However, using
whole body homogenates has the disadvantage that the proteolytic enzymes from the gut
might interact with other enzymes in the fish bodytissue, and consequently, the results could
be lessrepresentative for intestinal digestion.Moreover, inthose studies the incubation period
for the complete invitrodigestion of the microcapsules was not mentioned. This information
can be useful to determine the optimal feeding frequency in nutritional studies with fish
larvae,because thedigestion ofdifferent types of feed particles might changewith incubation
period and with fish species. Marine fish and some freshwater fish species do not have a
functional stomach atthe start of exogenous feeding (Govoni et al., 1986).As aconsequence,
during the larval stage, the fish mostly rely on an alkaline and trypsin-type of digestion. The
aim of this work is to develop a simple in vitro method for the determination of protein
digestibility of live food and artificial diets simulating the conditions in fish larvae without a
functional stomach using both purified and fish intestinal extracts as source of digestive
enzymes. Additionally, the time for optimal in vitro digestion of food for fish larvae was
determined.
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In vitro technique
For the determination of protein digestibility in food for fish larvae, a filtration method
with a multi-enzymes system was developed with trypsin as the main proteolytic enzyme.
Two sources of enzymes were tested in the method, a mix of commercial purified enzymes
and an extract from the anterior intestine from adult African catfish Clariasgariepinus. The
commercial enzymes mix consisted of asolution of 0.1ml cod (Gadusmorhua)trypsin (type
XX-S, T-9906), 1ml chymotrypsin (type II, C-4129), 0.1 ml leucine-aminopeptidase (type V,
L-1503), 1ml oc-amylase (type L, Termamyl 120L, Novo Nordisk, Denmark), 40 mg lipase
(type I, L3001), 80 mg bile salts (Sigma B-8756), 1 ml CaCl2, 0.1 ml MgCl2 and 0.1 ml
(NH4)2S04. All the enzymes were obtained from Sigma-Aldrich, The Netherlands, or
otherwise indicated. With the exception of trypsin, the commercial enzymes had bovine,
porcine or wheat germ origin. The enzymes were dissolved in a buffer made withNa2HPC>4
and KH2PO4.ThepH was 8and the temperature of incubation 30°C.After incubation during
4hinthemulti-enzymes system orintheintestinalhomogenate,the digestion was stopped by
addingHC1(lmol L"1).The solution wasfiltratedover a glass filter (porosity 2) with a layer
ofashlessfloe (nitrogen free, 1704-010,Whatman).The amount of undigested crude nitrogen
(N) after the digestion in vitro was determined by the Kjeldahl method in the ashless floe
filter+residu. From the N content of the original diet samples and of the undigested protein
after theinvitromethod, thedigestibleprotein (N *6.25) was calculated.

Method development
Inafirstsetoftwotrials,theinvitroprotein digestibility ofdecapsulated cysts ofArtemia
wastestedwithpurified enzymes anddifferent cod trypsin concentrations inthe enzyme mix:
0, 0.05, 0.1 and 0.5 ml, and at four different incubation times: 1,2, 4 and 8h. In the second
trial,catfish intestinal homogenate (1 ml)was used instead of the commercial enzymemix to
evaluate the protein digestibility in samples ofArtemia decapsulated cysts and nauplii during
4hofincubation.Cysts ofArtemiaoriginating from Great Salt Lake,USAwere decapsulated
with ahypochlorite solution. Onepart ofthedecapsulated cystswas groundwith amortarand
the other part was left intact for further hatching. The intact decapsulated cysts were hatched
by incubation in salt water (NaCl, 33 g L"1) at 28°C with constant illumination and aeration
during 20h. The decapsulated cysts and instar Inauplii ofArtemia were frozen at -20°C and
freeze-dried.
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The effect oftrypsin concentration and incubation timewastested (PO.01) by atwo-way
ANOVA. Thehighest digestibilityofcystswasachieved with 0.1 and 0.5 mlofcod trypsinin
the solution (Fig. 1). Small but significant (PO.01) differences were found in protein
digestibility when cysts and nauplii were incubated with intestinal homogenateinstead ofcod
trypsin (Fig. 2). The protein digestibility was significantly higher after 4 h of incubation.
However,nofurther increasewasfound after 8hofincubation(Fig.1).
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Figure 1. Protein digestibility in vitro of Artemia encapsulated cysts at different
incubationtimesandincreasingconcentrationofcodtrypsinintheenzymemix.
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Verification tests
In athirdtrial,the described method was used to evaluate theprotein digestibility invitro
of microbound diets (MBDs) for larval fish made ofArtemiadecapsulated cysts. Five MBDs
wereprepared bymixing freeze-dried cystswith abinder (5% dw) according tothe following
scheme: MBD 1: ground cysts + carboxi-methylcellulose (CMC; 21900, Fluka Chemie,
Switzerland); MBD 2: ground cysts + durabond (Provimi BV, The Netherlands); MBD 3:
ground cysts + alginate (A-2033, Sigma-Aldrich); MBD 4: intact cysts + CMC; MBD 5:
intact cysts +carrageenan (Type I, C-1013, Sigma-Aldrich).InMBD 5,heated water at 80°C
was added during mixing. After mixing, the paste was milled, dried, ground and sieved to a
particlesizeof300-500 urn.Samples(±400mgDW)ofArtemiacysts andnauplii andMBDs
wereincubated during 4h in aone-stepprocedure withthepurified enzymes and cod trypsin
at a concentration of 0.1 ml (4200 BAEE units ml"1).The protein digestibility of the MBDs
was significantly different (PO.01) among the diets (Fig. 2). The highest digestibility was
found for MBD 1and 4 which had CMC as binder. Interestingly MBD 5, which was made
with a binder which requires water at 80°C during mixing with cysts, produced the lowest
digestibility.
The high in vitro digestibility of Artemia cyst and nauplii partially explains their
suitability as food for fish larvae.TheMBDs made with cysts and CMC further indicates that
the use of decapsulated cyst as feed ingredient in combination with a cold binder produces
diets with high digestibility coefficients. In contrast, the low digestibility of MBD 5 in the
present experiment can be attributed to the negative effect of strong heating on the protein
quality of cysts (Garcia-Ortega et al., in press). When using Artemia in digestibility
experiments, high digestibility coefficients might be expected due to the capacity of
zooplanktonic organisms for autolysis (Hjelmeland et al., 1993). Also, the processing of live
food by freeze-drying might have an effect on the nutrient digestibility. Thus, further studies
are required to differentiate between the digested protein by the in vitro method, the soluble
protein andthedigestedproteinproduct ofthe autolysisofArtemia.
The precision in the estimations of protein digestibility in trial 3 yielded a coefficient of
variation of 1.4 %. The results of the analysis of the power of ANOVA (Sokal and Rohlf,
1995) produced a power of 99.9 %, which indicates a high reproducibility of the data. The
proposed invitrotechniquepermit accurate estimations oftheprotein digestibility in food for
larval fish and constitutes an alternative to feeding experiments with fish larvae where
different protein sourcesoringredients aretested.
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Abstract
The protein quality in microbound diets (MBDs) made with decapsulated cysts of Artemia and/or
fishmeal as protein source was used as indicator of their suitability as starter food for fish larvae.
Studies onthe amino acid composition, the invitroprotein digestibility, the diet solubility and protein
structure were combined with an in vivo feeding experiment with African catfish larvae to obtain a
more complete picture of the protein quality in the MBDs. The growth of catfish larvae was higher
when fedArtemia-basedMBDs than with fishmeal-based MBDs, despite the higher protein and amino
acid content ofthelatter.The invitroprotein digestibility was high for all the MBDs in comparison to
a commercial diet. Differences were found on the protein molecular weight among the diets. Most of
the proteins in the fishmeal-based diets and had low molecular weight in the range between 7.4 and
49.2 kDa. The Artemia-based MBDs had bigger protein fractions between 29.4 and 82 kDa.
Decapsulated cysts improved the utilization of the MBDs when used in combination with fishmeal.
Besides the effect of chemical attractants, the explanation to the positive effect of Artemia has yet to
be elucidated. However, attention should be given to interactions between nutrients (e.g.protein-lipid)
inlive food whichmightbehave aneffect onthe functional properties offood proteins.
Keywords: Feeding and nutrition-fish; in vitro protein digestibility, protein quality; Artemia cysts;
fishlarvae; SDS-PAGE;microbound diets
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Introduction
Thefirstfeeding ofmanyfishlarvaereliesontheuse of live food organisms (e.g. rotifers
andArtemia).Thenumerous attemptstoreplacelivefood by artificial starter dietshad limited
success sofar, i.e.thehighest growthinlarvalfishisstillobtained with live food (Jonesetal.,
1993;Watanabe andKiron, 1994).Oneofthehypotheses thathavebeenproposed to explains
this suggests that because of the high content of free amino acids (FAA) in live food
organisms (Dabrowski and Rusiecki, 1983;Fyhn et al., 1993), the supply of FAA and low
molecular weight peptides in starter diets would facilitate their intestinal absorption by the
fishlarvae (Fyhn, 1989;Walford and Lam, 1993;R0nnestad et al., 1999). Similarly, it canbe
suggested that the structure of proteins in live food, which are easily digested by the fish
larvae, might differ from that of the protein used in the manufacturing of artificial diets.
Additional support for thishypothesisis found inthedifferent growthresultswhenfishlarvae
are fed with either decapsulated cysts or nauplii of Artemia. On individual weight basis, the
decapsulated cysts and nauplii of Artemia have similar biochemical composition in all the
major nutrients (Garcia-Ortega et al., 1998). Thus, with regard to the amount of nutrients,
there is no difference in feeding Artemia cysts or nauplii to fish larvae. However, in some
species higher fish growth isachieved withnauplii.Protein isthemajor component of thedry
matter in Artemia. Because the interaction of proteins with water has an effect on the
functional properties of the protein (Damodaran, 1997), the protein structure might differ
between cysts andnauplii duetothehighwater content inthelatter.
The aim of the present study is to evaluate the quality of different protein sources in
microbound diets (MBDs) for fish larvae and to relate the differences in performance to the
protein structure.Inaddition,thesuitabilityofdecapsulated cysts ofArtemia asprotein source
in starter diets for fish larvae is evaluated. MBDs were selected as experimental diet because
they were used successfully in the larval rearing of African catfish (Pector et al., 1994), red
sea bream and Japanese flounder (Kanazawa et al., 1989). Decapsulated cysts of Artemia
wereused asprotein source in experimental MBDs for fish larvae because cysts have similar
nutritional composition as nauplii (the control diet in the present study), they are well
accepted by the fish larvae and have high digestibility coefficients (Pector et al., 1994;
Garcia-Ortega etal, 1998).
The quality of protein in fish feeds has been previously studied by diverse in vitro
techniques (Grabner, 1985; Dimes and Haard, 1994), in combination with electrophoretic
methods (Bassompierre et al., 1998;Alarcon et al., 1999).In vitro techniques permit simple,
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fast andreproducible methods for the evaluation ofnutrients digestibility (Boisen andEggum,
1991). However, only a few studies utilized in vitro techniques for the determination of
proteindigestibility inlarvalfishfeeds (Ozkizilcik and Chu, 1996;Garcia-Ortega et al., 1998;
Alarcon et al., 1999).Noneoftheprevious studiesused invivogrowth experiments totest the
qualityoftheirlarvaldiets.Foramorecompletepicture oftheprotein qualityinfish feeds,in
vivo growth trials can be combined with studies on amino acid composition, the in vitro
digestibility, diet solubility and studies onthe protein structure. This combined approach was
followed inourinvestigations.

Materials and Methods
The present study is composed of two parts. In the first part a feeding experiment was
done to test the growth response of African catfish (Clarias gariepinus) larvae to four
experimental MBDsmadeofdecapsulated cystsofAnemia or fishmeal asprotein source,one
commercial starter feed andArtemianauplii. In the second part, a set of analyses to evaluate
thequalityofprotein inthetested dietswasdone.Thecriteriatodetermine theprotein quality
inthedietsweretheproximate and amino acid composition, the in vitrodigestibility and the
analysisoftheproteinstructure ormolecularweightby electrophoresis.
Dietpreparation
Cysts of Artemia from Great Salt Lake, USA were decapsulated with a hypochlorite
solution (Sorgeloos et al., 1986),dehydrated inbrine (>330 gNaCl l"1)during 24hand stored
in fresh brine at 4°C for one day until further processing. Decapsulated cysts of Artemiaand
fishmeal wereused aloneorincombination asprotein source intheMBDs.Because cystsand
fishmeal have other nutritional components besides protein, the formulation of the
experimental MBDs was done to obtain a similar protein and lipid composition among the
different diets (Table 1). Each MBD was prepared by mixing all the ingredients with
carboxymethyl-cellulose CMC (10% dw) and water. An advantage of the use of CMC as
binder isthattheapplication ofheat during dietmanufacturing is avoided. This facilitates the
use of Artemia as diet ingredient because processing food protein with heat might produce
negative effects on the protein quality (Boye et al., 1997). After thorough mixing of the
ingredients, thepaste was milled and dried at 40°C, then ground and sieved to aparticle size
of 300-500 um. In MBDs 1and 2, decapsulated cysts ofArtemia were included as the only
feed ingredient with CMC. Previous to preparation of MBD 2, the decapsulated cysts were
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hydrated and then submitted to aheat treatment in water at80°C during 5min to reduce the
protein quality (Garcia-Ortega etal., 2000a). For MBD 3, approximately 48%ofthe protein
originated from decapsulated cysts and 52%from fishmeal. InMBD4thetotal oftheprotein
originated from fishmeal.

Table 1. Formulation and proximate composition (g100g dw) ofexperimental microbound diets made with
decapsulated cysts ofArtemia and fishmeal asprotein source, and proximate composition ofa commercial
starter diet and instar I nauplii of Artemia.
Diet
MBD1

MBD 2

MBD 3'

MBD4

Nippai

Nauplii

Formulation
Artemiacysts'

90

Artemia cystsheatedat80°C

47.2
90

Fishmeal2

34

74.2

Fishoil2

6.3

13.3

Mineralandvitaminpremix2

2.5

2.5

CMC3

10

10

10

10

Protein

46.4

52.6

52.7

56.4

60.6

60.6

Lipid

14.4

15.8

18.3

23.2

14.3

18.3

Ash

9.3

5.1

9.4

10.4

12.3

2.2

91.6

94.1

93.9

96.1

96.4

17.4

Proximate composition

Drymatter
1

INVEAquacultureNV,Baasrode, Belgium.2 Provimi,BV.Rotterdam,The Netherlands.3CarboxymethylcelluloseSodium
salt,FlukaChemie,Buchs,Switzerland.
•TotalproteininMBD3wasapproximately48%fromcysts (47gproteinin100gdwofcysts)and52%fromfishmeal(71 g
proteinin100gdwoffishmeal).

Feedingexperiment
Eggs and larvae ofAfrican catfish were obtained by artificial reproduction ofcontrolled
broodstock. Two days after hatching, the larvae were counted and transferred to a
recirculation system with 17 1 aquaria atadensity of66 larvae l"1. Fish larvae rearing was
done at a constant temperature of 28°C anda light regime from 08:00 to 20:00. Four
experimental MBDs,one commercial starter feed (Nippai,Japan),and liveArtemianaupliias
control diet were tested intriplicate. Theamount offood was calculated according to the
predicted maximum growth (Verreth andDenBieman, 1987), andthe fish weightwas
determined daily forevery diet treatment. Two days after hatching, once the yolk sac was
completely absorbed, exogenous feeding was initiated. Feed was administered five timesa
day(every4h)from 08:00to23:00 for thetotaldurationoftheexperiment, i.e.ninedays.
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Dietqualityparameters
Proximate composition andwater stability
The protein, lipid, ash, individual amino acid and fatty acids compositions of the four
MBDs, the commercial feed and instar I nauplii of Artemia were determined as previously
reported byGarcia-Ortega etal.(1998).Thedrymatter ofdietsand fish larvaewere estimated
by drying the samples in an oven at 60°C during 24 h. The water stability of the MBDs was
determined byexposing approximately 0.25 gofthefeed to 50ml distilled water in arotating
tube during 60 min. The dissolved matter was then separated by centrifugation at 2000 X g
during 3 min and the dry weight was then determined. The protein content of the insoluble
part after thewater stabilitytestwasalso determined.
Protein digestibility invitro
A multi-enzyme system to simulate the conditions in which food digestion occurs infish
larvaewithout a functional stomach (Garcia-Ortega et al.,submitted) wasused toestimate the
invitroprotein digestibility of larvalfishdiets.MBDs samples (±400mg) and instar Inauplii
ofArtemiawereincubated at30°CandpH 8during 4hinasolution ofpurified enzymes.The
enzyme mix consisted of cod (Gadusmorhud)trypsin (T-9906, Sigma-Aldrich, Zwijndrecht,
The Netherlands), chymotrypsin from bovine pancreas (C-4129, Sigma), leucineaminopeptidase from porcine kidney (L-1503, Sigma), a-amylase (Termamyl 120L, Novo
Nordisk, Denmark), lipase from wheat germ (L-3001, Sigma) and bile salts (B-8756, Sigma)
dissolved in a solution of Na2HP04 and KH2PO4. To stabilize the enzymes in the solution,
CaCh andMgCbwith (NILt^SO^were added.After incubation inthe multi-enzyme solution,
thedigested fraction wasvacuum-filtrated andthe undigested protein fraction was determined
by the Kjeldahl method. The protein digestibility in vitro was estimated from the original
nitrogen content oftheMBD andtheundigested fraction after incubation.
SDS-PAGEand molecularweight determination
Protein inthediet samples and instar Inauplii ofArtemiawas extracted with 6Murea ina
phosphate buffer saline (PBS, 0.9%) at pH 7.3 and subsequently ground for 2 min. The
mixture wascentrifuged for 3min at 2000rpm and the supernatant collected and diluted with
distilled water (1:1). The sample was heated at 100°C for 3 min in the presence of 2mercaptoethanol sodium dodecyl sulfate (SDS) (1:3) to dissociate the proteins into their
component polypeptides. Separation of proteins in the diets was done by SDS-polycramide
gel electrophoresis (SDS-PAGE) according to the procedure of Laemmli (1970). A running
gel containing 10%polycramide and a stacking gel containing 4% polycramide were used.
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Theprotein standards (broad range 161-0318,Bio-Rad Laboratories, CA,USA) were myosin
(200 kiloDaltons), P-galactosidase (113 kDa), bovine serum albumin (82 kDa), ovalbumin
(49.2 kDa), carbonic anhydrase (34.8 kDa), soybean trypsin inhibitor (29.4 kDa), lysozyme
(20.9kDa) and aprotinin (7.4kDa).Theprotein insamplesand theprotein standardswererun
in aBio-Rad Mini-Protean II cell intwoprograms, with 80V applied during 40min and 120
V during 90 min respectively. The gel was stained with Coomassie Brilliant Blue (R-250,
Sigma) in a solution of methanol, acetic acid and water (5:1:5). Destaining was done with a
solution of methanol, acetic acid and water (3:1:10). The molecular weight estimation of the
proteins in the gel was done with a laser densitometer (UltroScan XL, Pharmacia LKB
Biotechnology, Uppsala, Sweden) and the Gel Scan XL software (Pharmacia LKB
Biotechnology). After scanning the gel, the equation of Ferguson (1964) was used to
determine the relative mobility (Rf) of the polypeptides in the acrylamide. By plotting the
logarithmic Rfvalues from the standard proteins against theknown acrylamide concentration,
straight lines and slopes of KR (retardation coefficient) were obtained. The KR values were
plotted against the molecular weight of the standard proteins. A linear relationship was
obtained which was used to estimate the molecular weight of unknown proteins. The
distribution of the protein polypeptides from the diets among the molecular weight of each
standard proteinisexpressed aspercentage oftherelativearea found for eachband inthegel.

Dataanalysis
Three samples (each sample n=20) per diet treatment were used to determine the fish
weight. The individual amino acid content was determined with four samples per diet, with
exception of cystine, methionine, tyrosine, histidine and phenylalanine, which were
determined with two samples.Fatty acids and diet solubility were determined in triplicate for
each diet, in vitro protein digestibility was determined in duplicate. All data were tested for
normal distribution and homogeneity of variance before ANOVA was done. To detect diet
effects (P<0.05) onfishweight, aone-wayANOVAwasperformed. Itwas alsoused todetect
differences in the diets amino acid and fatty acid contents, inthe diets solubility and on their
protein digestibility. When significant effects were found, the means were compared with
Duncan multiple range test and least squares means for equal and unequal sample size
respectively. Statistical analyses were performed with SAS 6.12 (SAS Institute Inc., NC,
USA).
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Fig. 1. Daily growth of Clarias gariepinus larvae fed four experimental microbound diets
(MBD), one commercial starter diet, and nauplii of Artemia during the first days of
exogenous feeding. Means in the same day with different letter are significantly different
(P<0.05).

Results
Fishgrowth
During the first 3 days after the start of exogenous feeding the catfish larvae showed
similar growth inall thedietary treatments (Fig. 1).From that dayonwards,the larval growth
differed significantly (PO.05) among the different diet treatments. Three groups of
treatments canbe recognized according to the larval growth (Fig. 1).The highest fish growth
(90.9 mg) was achieved with live Artemia nauplii. The larvae fed with MBDs 1, 2 and 3,
which were made with decapsulated cysts of Artemia as total or partial protein source,
achieved lower growth (58.9, 50.05 and 48.4 mg respectively) than nauplii. However, their
growth was significantly higher than the fish larvae fed MBD 4 (20.5 mg), which was made
with fishmeal as sole protein source, and also higher than the larvae fed the commercial diet
(24.8mg).Ingeneral,theMBDsmadewith decapsulated cystsofArtemiawerewell accepted
by the catfish larvae. The transparent gastrointestinal tract of the larvae allowed visual
verification ofthe gut fullness after every feeding. All the feed particleswere ingested 30min
after eachmeal.Thefishingested most oftheparticles from MBD4andthecommercial feed.
However, someofthose food particleswerenot eaten.
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Dietquality
Proximate composition
Theprotein, lipid and ashcontents ofthe MBDs andArtemiainstar Inauplii arepresented
in Table 1.More protein was contained in the nauplii, in the MBDs with fishmeal as protein
source and in the commercial diet. The amino acid composition had small variations among
the diets (Table 2).No significant differences (P>0.05) were found for cystine and histidine.
Notoriously, MBD 4 and the commercial diet contained more total amino acids. However, a
highertotal amino acid content didnot yieldhigher fish growth. IntheArtemia-basedMBDs,
thedifference of the protein content andtotal amino acidsbetween MBD 1and MBD2might
berelated tothestrongheatingofthecystswhichwereused inthe latter.
Table2.Aminoacidcomposition (g 100g"' protein)ofexperimental microbound diets madewith decapsulated
cystsofArtemiaandfishmealasproteinsource,acommercialstarterdiet,andinstar InaupliiofArtemia.
Diet
Aminoacid

MBD1

MBD2
C

MBD 3

MBD4
a

Nippai
a

Nauplii

Asparticacid

7.3" ± 0.2

7.9 ±0.1

8.4" ±0.1

9.8 ± 0.4

9.6 ± 0.5

Threonine

4.2C±0.1

4.5"±0.0

4.6" ± 0.0

4.8a ± 0.0

4.5°±0.1

3.9" ±0.1

Serine

5.4"±0.2

5.7a±0.1

5.1c±0.1

4.8° ±0.1

4.5° ± 0.1

5.2"°± 0.2

Glutamicacid

11.1c±0.6

11.5° ±0.3

12.3"±0.2

13.3a±0.4

12.9ab±0.6

9.8° ±0.5

Proline

3.9"±0.1

4.2°±0.0

4.0"± 0.0

4.2"±0.3

4.2° ± 0.4

4.9a ± 0.2

Glycine

e

5.0°±0.1

a

6.0 ±0.1

5.7° ± 0.2

4.3d±0.1

3.9 ±0.1

4.1° ±0.1

8.2°°±0.2

Alanine

4.0'±0.1

4.2 ±0.0

5.2" ±0.1

6.2"±0.1

5.8° ± 0.1

6.4a ±0.2

Cystine

1.2± 0.2

1.2 ±0.1

1.0 ±0.1

0.9 ±0.2

0.9 ± 0.0

1.2 ±0.0

5.2°± 0.1

5.4ab±0.2

Valine

4.9"±0.1

e

5.3"°±0.1
bc

abc

5.4 ±0.2
ab

a

5.6 ±0.1
a

Methionine

2.4=± 0.2

2.6 ±0.1

2.8 ±0.2

3.2 ± 0.2

2.9°°±0.1

2.3°±0.0

Isoleucine

4.4C±0.1

4.7a°±0.1

4.6°°±0.1

4.8a± 0.2

4.7"°± 0.3

4.6°°±0.1

Leucine

6.3" ± 0.2

6.8"±0.1

7.1c±0.1

7.9a±0.1

7.4°± 0.4

6.3e±0.1

Tyrosine

3.2" ± 0.1

3.5" ±0.1

3.3" ± 0.0

3.6"± 0.4

3.3° ±0.5

4.9 a ±0.1

ab

ab

a

a

Phenylalanine

3.7" ± 0.1

4.0 ±0.0

4.0 ±0.0

4.3 ± 0.3

4.0 °±0.3

Histidine

2.3±0.1

2.4 ±0.1

2.3 ±0.1

2.6 ± 0.5

2.5 ± 0.4

2.8 ±0.0

Lysine

6.8" ± 0.2

7.2C ± 0.1

7.7" ± 0.0

8.4a±0.1

7.8° ±0.0

7.2°± 0.2

Arginine

6.3"±0.2

6.7a±0.1

6.2M ± 0.1

6.0° ± 0.4

6.0°± 0.4

5.4° ± 0.1

81.0"±2.0

C

88.9K±0.8

96.2a±2.6

91.6° ±3.3

86.6°±2.1

Totalaminoacids

86.4 ±1.0

Meansinthesamerowwiththesamesuperscriptarenotsignificantlydifferent (P>0.05).
Meansandstandarddeviationvalueswere roundedtodecimals

3.7"±0.1
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Heating at 80°C has detrimental effects on the protein quality of Artemia cysts (GarciaOrtega et al., inpress). Strongheating also reduces the amount ofnon-protein nutrients in the
cysts,resulting in elevated levels of protein and total amino acids in MBD 2when compared
to MBD 1(Tables 1and 2).The lipid content was higher in MBD 3 and MBD 4 than in the
other diets,probably due tothe inclusion offishoil in their formulation (Table 1). Similarly,
the levels of individual fatty acids differed significantly (PO.05) between diets (Table 3).In
general, MBD 3and 4had significantly higher content for most fatty acids with exception of
theC-18group.

Table 3. Fatty acid composition (mgg ' dw) of experimental microbound diets made with decapsulated cystsof
Artemia and fishmeal as protein source, a commercial starter diet, and instar I nauplii of Artemia.

Diet
Fattyacid

MBD1

MBD 2

14:0

1.4" ±0.2

1.4" ±0.0

16:0

13.8" ±1.0

14.9" ±0.1

16:1 n-7

4.4" ± 0.4

4.7°°±0.1

18:0

5.4C±0.3

6.1" ±0.1

MBD 3

MBD4

Nippai

6.3 ±0.2

a

10.9 ±0.1

10.2°±0.4

1.4° ±0.1

21.9° ±0.8

28.3a±0.1

23.7" ± 0.6

15.5" ±0.2

7.7"± 0.3

10.6a±0.1

6.0C± 0.2

5.0"±0.1

5.0" ± 0.2

4.2" ± 0.1

2.9'± 0.2

6.6a±0.1

C

C

Nauplii

18:1 n-9

21.5" ±1.3

24.4" ± 0.3

18.2 ±0.7

12.6"±0.1

11.8° ±0.2

25.1a±0.2

18:1 n-7

7.4C ± 0.5

8.4"±0.1

5.8° ±0.2

3.1° ±0.2

5.8" ± 0.4

9.8a±0.1

18:2n-6-t

0.2"±0.1

0.3" ± 0.0

0.2"±0.0

0.0" ± 0.0

0.1c±0.0

0.3a ± 0.0

18:2 n-6-c

6.3"± 0.4

7.0 ± 0.1

5.4 ±0.2

3.7' ± 0.0

4.6" ± 0.5

7.4a ± 0.1

18:3 n-3

34.1c±2.0

37.3"± 0.3

20.4a±0.9

2.7" ± 0.2

2.0e ± 0.4

41.2a±0.6

18:4 n-3

5.7C±0.4

6.1" ±0.0

6.5a ± 0.3

6.8a ± 0.0

2.3d±0.1

6.5a ± 0.1

C

0.6" ±0.0

f

s

C

20:1 n-9

0.4° ± 0.1

0.5"" ± 0.0

20:4 n-6

C

b

1.3 ±0.1

0.8 ± 0.0

0.6 ± 0.0

2.0a±0.0

a

1.1a±0.1

1.1a±0.0

0.3C±0.1

1.1a±0.0

a

20:4 n-3

1.5 ±0.1
0.9"±0.1

1.7 ±0.1
1.0 ±0.1

4.7° ± 0.1

a

d

9.3 ± 0.0
e

1.2 ±0.1

20:5 n-3

5.2°±0.2

5.7" ±0.1

13.2" ±0.4

21.1 ±0.0

12.8° ±0.3

6.8C±0.1

21:5 n-3

0.1" ±0.0

tr

0.4° ±0.0

0.8a ± 0.0

0.3C ± 0.0

0.2" ±0.0

a

22:6n-3
S n-3 > or =
20:3n-3
£ n-6 > or =
18:2 n-6-t
TotalFAME

0.2" ±0.1

0.2" ± 0.0

11.6°±0.4

23.7 ±0.2

12.4° ±0.3

0.3d ± 0.0

7.3

8.0

27.6

48.4

26.9

9.4

8.9

9.9

7.5

5.1

5.6

10.6

123.6"±6.4

136.2°±0.8

151.2"±5.4

166.8"±0.4

106.6°±2.6

147.3°±1.5

Meansinthesamerowwiththe samesuperscriptarenotsignificantlydifferent (P>0.05).
Meansandstandarddeviationvalueswere roundedtodecimals
tr=Trace
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C-18 fatty acids, especially the linolenic acid (18:3(n-3)) was substantially higher in the
diets containing Artemia cysts and in the nauplii than in the other diets. In MBD 1,2 and 3,
and innauplii the 18:3(n-3)represented morethan20%ofthetotalFAME(Table3).20:5n-3
(EPA) and 22:6n-3 (DHA) were significantly higher inMBD 3and 4,and inthe commercial
diet.
Waterstability andprotein digestibility
The water stability was significantly different among the diets (Fig. 2a). The commercial
diet was significantly more water stable than the MBDs. However, in the case of the
commercial diet, high water stability was inversely related to the diet digestibility as shown
byitslowerinvitroproteindigestibility (Fig2b).
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Fig. 2. Diet water stability (A) and protein digestibility in vitro (B) of four experimental
microbound diets (MBD) and a commercial starter diet. The protein digestibility of instar I
nauplii of Artemia was also determined. Bars with different letter are significantly different
(P<0.05).
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Although the water stability was lower in all MBDs compared to the commercial diet,
leaching of protein into the water column was limited. The protein contents in the insoluble
part after thewater stability test for each diet were (in g 100g"1dw):MBD 1= 64.7;MBD2
= 66.2;MBD 3= 65.7; MBD 4 = 69.8;Nippai = 64.2. These protein values are higher than
theoriginal onesbefore thediet solubilitytest (Table 1).This indicates that there is areduced
leaching of protein in the water and that other diet components were dissolved in the water.
Theinvitroproteindigestibilitywas significantly different (P<0.05) amongthediets(Fig2b).
Higherprotein digestibility was obtained with MBD 1(86 %) and thenauplii (78%),andthe
lowest protein digestibility was observed for the commercial diet (44 %).MBD 2, 3 and 4
presented intermediate digestibility values between the highest and the lowest, with 59, 66
and 53%respectively.

Molecularweight
The protein in the artificial diets, as analyzed by SDS-PAGE, showed different patterns
between theArtemiacyst-based MBDs, the MBDs made with fishmeal asprotein source,the
commercial diet and Artemia nauplii (Fig. 3). The relative amounts of the different size
fractions in the dietary protein are presented in Table 4. In the MBDs made withArtemia
cysts most of the protein had a molecular weight between 29.4 and 82 kDa. Thefishmealbased MBDs, the commercial diet and the Artemia nauplii contained mainly small sized
proteins between 7.4 and 49.2 kDa. In the case of the nauplii, almost half of the protein
consisted of low molecular weight proteins between 7.4 and 20.9 kDa. Heating of cysts at
80°Cprior to diet preparation apparently increased the low molecular weight protein fraction
of MBD 2 compared to the MBDs made with non heated decapsulated cysts. However, in
both diets the profile of the different protein fractions was very similar (Table 4). In MBD 3
containing 48%cysts and 52%fishmeal protein, the molecular weight profile of the proteins
wasmorerelated totheprofile of the cysts MBDs than tothe fishmeal MBDs.The similarity
of the protein bands in the gel (Fig. 3) and the protein distribution (Table 4) between the
MBD 4 and the commercial diet suggest a strong similarity in the protein source used in the
formulation ofbothdiets.
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MBD1 MBD2 Std. MBD3 MBD4 Nippai Nauplii

Fig. 3. SDS-PAGE analysis of the protein pattern of four experimental microbound diets (MBD)
made with Artemia decapsulated cysts and fishmeal as protein source, one commercial starter
diet and instar Inauplii of Artemia. Std.= standard

Table 4. Molecularweight (MW)of proteinfractions extractedfrommicrobound dietsmade
of decapsulated cystsofArtemia andfishmealas proteinsource,acommercialstarterdiet,
and Instar InaupliiofArtemia. The resultsareexpressedaspercentageofthetotalprotein
inthegelforeachdiet.
Diet
MWofprotein
standards*(kDa)

MBD1

MBD 2

MBD 3

MBD4

Nippai

Nauplii

113.0-200.0

3.7

1.3

13.9

0

0

0

82.0-113.0

14.4

8.9

22.4

4.6

15.8

0

49.2 - 89.0

28.2

15.9

30.7

30.3

27.7

10.6

34.8- 49.2

31.3

28.2

24.1

20.7

21.9

9.6

29.4 - 34.8

3.8

36.7

6.1

3.3

5.6

7.8

20.9- 29.4

11.4

9.1

1.4

2.8

1.7

23.6

7.4-20.9

7.3

0

1.5

38.3

27.4

48.7

"SDS-PAGEstandards,broad range161-0318,Bio-RadLaboratories,CA,USA.
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Discussion
The growth of C. gariepinus larvae in the present study was higher than that obtained in
previous feeding tests with MBDs made ofArtemia decapsulated cysts (Pector et al., 1994).
Becausethedigestibilityoftheartificial dietsmightbe lowerthanthatoflivefood, in feeding
experiments with fish larvae, the frequency of feeding should ensure enough time between
meals for digestion of food. In the case of feeding MBDsmade ofArtemia cysts, aperiod of
at least 4 h "between meals is needed to allow a good digestion and absorption of nutrients
(Garcia-Ortega etal.,2000b).Despite the improvements indiet manufacturing techniques and
nutrient quality,thehighest growthincatfish larvae isstillachieved with liveArtemianauplii.
The use of CMC-MBDs as starter diet for catfish larvae allowed higher fish growth and
protein digestibility than the commercial diet. Other forms of feed manufacturing than the
microbound technique might have a negative effect on the protein quality due to severe
conditions at which the feed components are processed (e.g. high temperatures and cooking
pressures). CMC proved to be a good binder in the preparation of microbound diets that
include decapsulated cysts of Artemia in their formulation. It allowed for a good water
stability and high digestibility of the diet. Other binders (e.g. carrageenan) could reduce the
digestibility of the protein and consequently limit their suitability as feed for fish larvae
(Gawlicka et al, 1996).Inthepresent study itwas assumed that the fish acquired most ofthe
protein in the diets. MBDs made with decapsulated cysts of Artemia as protein source were
well accepted by catfish larvae and yielded higher growth and survival than fishmeal-based
diets. The particle size was suitable for their ingestion and the insoluble matter was high
enoughto ensurethatthe fish larvaeingest alltheproteincontained inthediets.In aprevious
study with African catfish larvae (Pector et al., 1994) it was concluded that the differences in
growth among fish fed MBDs was related to the differences in insoluble matter of the diets.
However, in the present study the insoluble matter of the diets was similar among the
experimental MBDs, and in the case of the commercial diet, it was even higher. Still, the
commercial diet yielded the lowest larval growth. Thus, in the present study the low fish
growth cannot be attributed to the water stability of the diet, which would be in any case a
technological deficiency. Instead, itis assumed thatthedifferences in growth and survival are
mainlyrelatedtothenutritional qualityanddigestibilityofthediets.
Marine fish larvae depend on the dietary supply of n-3 fatty acids to meet their
requirement for essential fatty acids (Sargent et al., 1997). In contrast, it has been shown that
freshwater fish larvae are ableto survive and grow well with low levels of n-3 fatty acids in
their diet (Radunz-Neto, et al., 1994). In the present study, the used nauplii and cysts of
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Anemia were deficient in n-3 long-chain fatty acids (e.g. EPA and DHA). However, they
contained arelativelyhigh amountoflinolenic acid (18:3n-3)whichcanbeconvertedtoEPA
andDHAbyfreshwater fish larvae (Kanazawa, 1985).InMBD4,the supplyofessential fatty
acids was covered by a high supply of EPA and DHA from the fish oil and fishmeal.
Therefore, the differences in growth of catfish larvae can not be attributed to a deficiency of
essential fatty acidsinthe diets. Onthe other hand, in freshwater fish high levels of EPA and
DHA might cause too high levels of free radicals in freshwater fish, which could have
negative effects on the growth of fish larvae. This might also contributed for the low larval
growth obtained with MBDs 3 and 4, which had the higher content of EPA and DHA. With
regard to the amino acids, high amino acid contents in MBD 4 and the commercial diet did
not yield higher fish growth. Similarly, the higher amount of proteins with low molecular
weight in those two diets did not ensure higher fish growth. This could be the result of a
combined effect, from a reduced food intake due to the attractiveness of the diets, and from
the qualityofthe diet protein. Inthe case ofArtemianauplii,which showed ahigh amount of
low molecular weight proteins, the fish growth was the highest. This can be partially
explained bythe effect ofvisual and chemical stimuli from Artemia to the fish (Kolkovski et
al., 1997).Furthermore,thequantityofprotein inthe diets apparently had noimportant effect
onthecatfish growth.
The structure of the protein molecules might have affected also the nutritional quality of
Artemia cysts and nauplii. Although both have a similar nutritional composition, the nauplii
might have aprotein structure that differs from that in the cysts.Artemia nauplii have ahigh
water content and this might have an effect on the molecular arrangement of the protein. The
sampled protein from nauplii was composed by small peptides of molecular weight smaller
than 89 kDa, with most of it under 29.4 kDa. In the case of the cysts-based MBDs, the
majority of the protein had a higher molecular weight between 34.8 to 113kDa in MBDs 1
and 3, and 29.4 to 89 inMBD 2. Fish larvae grew equallywell on thosethree diets. Heating
the cysts at 80°C reduced the in vitroprotein digestibility of MBD 2 (from 86 % in MBD 1
down to 59 % in MBD 2). Yet, fish larvae receiving MBD 2 grew still better than the larvae
receiving fishmeal-based MBD. The growth results with Artemia nauplii are consistent with
the hypothesis that the use of low molecular weight proteins or free amino acids in artificial
diets improves their utilization by the fish larvae (Fyhn, 1989; Walford and Lam, 1993).
Moreover, it also has been suggested that the incorporation of small peptides or protein
hydrolysates in the diets improved the developmental processes in the digestive tract of fish
larvae(CahuandZambonino Infante, 1995; Cahuetal., 1999).
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Decapsulated cysts improved the acceptability and digestibility of a dry artificial diet. In
the present studyArtemia cysts were used in combination with fishmeal (MBD 3). With this
diet, larval growth was improved compared to the treatments where fishmeal was used as the
soleprotein source. Apparently minor amounts of cysts in the diet (50 %of the total protein)
areenough to achievethispositive effect. Theexplanation for thispositive effect hasyettobe
elucidated,butsomefactors canbementioned.ThecystsofArtemiamightprovide substances
thatmightwork aschemical attractants.This couldbeverified by assessing feed consumption
in diets with varying concentrations of cysts as protein source according to the method
described earlier (Garcia-Ortega et al., submitted). Another explanation might be related to
the effect of food processing on the protein-lipid complexes in the diet. Chobert and Hartle
(1997) stated that, while protein-lipid interactions are responsible for the functionality of the
proteins, the structural complexes differ between those found in biological systems and those
formed during food processing. Moreover, Rudloff and Lonnerdal (1992) demonstrated that
the digestibility of dietary protein is reduced by the protein-lipid interactions after food
processing. This is an aspect to consider further inthe development of artificial diets for fish
larvae. TheArtemia embryos contained in the decapsulated cysts used represent a biological
system in contrast to the fishmeal, which was used as an alternative protein ingredient. This
difference might have affected the results. Thus, when developing artificial diets for fish
larvae, the interactions between nutrients should be also studied in parallel to the dietary
proteinquality.
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Introduction
The most critical period in fish larviculture is the start of exogenous feeding, after
absorption ofthe yolk sac.Forthe larvae offish specieswhich have no functional stomach at
the onset of exogenous feeding, live food is required for optimal growth. When instead,
artificial diets are provided at first feeding, the growth and survival in these fish species are
much lower than when Artemia is used (Jones et al., 1993; Watanabe and Kiron, 1994).
Therefore, akeyquestion inlarvalrearing iswhylive food isbetter than artificial diets.Three
mainhypotheses havebeenproposed to explain this: 1)differences in food intake induced by
visual and chemical stimuli; 2) enzymes present in the live prey organisms contribute to the
digestion ofprey when ingested bythe fish larvae; 3) differences in digestibility between live
and artificial diets which are usually attributed to differences in protein digestibility. In this
thesis the latter two aspects were considered. Possible bias from the first aspect was avoided
by using a food source (e.g.Artemia cysts) that is well accepted by the fish larvae. Research
focused on the nutritional composition of larval food and on the aspects related to food
digestion and absorption. Hence,themainobjectives ofthisthesiswereto make anutritional
characterization of Artemia, to study how significant is the contribution of exogenous
(dietary) enzymes to the digestion of food by fish larvae, and to study the importance of the
protein structure in food for their digestion. The results of these studies can contribute to the
development of experimental and practical microdiets which allow high food ingestion and
digestion rates in fish larvae. The research in this thesis was divided in three phases. In the
first phase, the nutritional composition of Artemia during the development from cyst to
nauplii was analysed with emphasis on the fatty acids and amino acid composition. During
the second phase of the research, we tested the hypothesis that dietary enzymes do not play a
significant role in the digestion of food byfishlarvae. Then, in a third phase of the research,
the role of the structure of dietary protein for digestion and absorption received more
attention.

Nutritional composition oiArtemia during development from cyst to nauplii
The most important live food organisms used in fish culture are the rotifer Brachionus
plicatilis and thebrine shrimpArtemia spp. Several studies havebeen dedicated to determine
theirnutritional value and to evaluate their use as food for fish larvae (Watanabe et al.,1983;
Leger etal., 1986;Hagiwara et al., 1997).Despitethe suitability oiArtemia as starter diet for
fishlarvae,thenutritional qualityamongdifferent batchesofArtemiamightvary considerably
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(Leger et al., 1986).This high variation might even occur betweenArtemia batches from the
same origin. In addition, in some cases the nutritional value of Artemia is not optimal and
does not meet the nutritional requirements of some fish larvae (Watanabe et al., 1983).
Therefore, in nutritional studies with fish larvae, it is important to determine the biochemical
composition of the selected organisms used as live food. For the present research, this
analysis is provided in Chapter 1. The nutritional composition of Artemia has been widely
studied (see review by Leger et al., 1986). However, those studies focused mainly on the
instar Inauplii, and onthe macro-nutrients and fatty acids composition. Despite that themain
component in the dry matter of Artemia is protein, the available information on the protein
andamino acidcomposition inArtemiaduringdevelopment form cysttonauplii isscarce.
Decapsulated cysts and live instar I nauplii of Artemia are used in the larviculture of
several fish species. The use of decapsulated cysts of Artemia as food for the larvae of C.
gariepinushas been successfully tested (Verreth et al., 1987; Pector et al., 1994). However,
the fish growth achieved when cysts are fed to catfish larvae is significantly lower than the
one obtained with live Artemia nauplii (Verreth et al., 1987). Artemia cysts consist of
embryos that resume their reversibly interrupted metabolism upon hydration in saltwater at
optimal temperature and light conditions (Sorgeloos et al., 1986). After hydration and
decapsulation, the cysts containing the developing embryos provide a food item that might
have adifferent biochemical andnutritional composition ascompared tohatched nauplii.This
mightbe the due inpart to the effect of the techniques of decapsulation and storage of cysts,
in addition to the quality of hatching. Moreover, due to the differences in hatching time
amongArtemia cysts, a suspension of harvested nauplii might contain different stages,from
non-hatched cysts, to "umbrella" stages, to live instar I nauplii. Those factors might explain
the differences in growth as observed in catfish larvae when cysts and nauplii are fed. In
Chapter 1, the nutritional quality of the different stages of Artemia from cysts to hatched
nauplii was investigated. The results indicate that the individual protein and fat content
decreased during development from cysts to nauplii. However differences in individual
proximate composition were not statistically significant. Most nutritional constituents were
used during the embryonal development, probably for energy purposes. To determine the
nutritional quality ofArtemia it is also important to study changes in proximate composition
onanindividual weightbasis andnot exclusively inrelativeterms (% dryweight).In general,
decapsulated cysts constitute a food with a consistent biochemical composition. With regard
to the amino acid and fatty acid compostion of Artemia, it was concluded that the small
changesobserved duringthedevelopment ofArtemiacysts andearlynauplii arenot important
for its nutritional value as food for fish larvae. The total amino acid content of cyst samples
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and nauplii 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 larvaeasreported inChapter2.Thissuggeststhatthequantityofnutrientsincystsand
nauplii is not the determining factor to explain the difference in fish growth when cysts and
nauplii arecompared as food for fish larvae.Probably, besidesthe quantity also the qualityof
nutrientsplays animportantrole.
Thelivefood factor
Beside the major nutrients in live food organisms, attention was paid to minor nutritional
components to explain the poor growth obtained when artificial starter diets are used. It was
proposed that awater insoluble substance or growth factor extracted from Artemia nauplii is
essential for the metamorphosis of whitefish Coregonuslavaretus larvae (Fluchter 1982).
However, this species has been successfully reared with starter diets without any live food
component (Dabrowski et al., 1984). When tested for catfish larvae, the use of the same
extracts from Artemia in a microdiet produced lower growth results than with decapsulated
cysts (Verreth et al., 1987). These studies questioned the Artemia growth factors found by
Fluchter, thus, directing the attention to other dietary factors, which might have a bigger
relevance in the nutrition of fish larvae. Those include dietary components that inhibit or
stimulate the action of hormones essential for the metamorphosis of fish (Lam 1980; Inui et
al., 1989). Studying the role of micro-nutrients might help to understand why live food is a
suitable starter diet for fish larvae in comparison to artificial diets. In addition, important
information might be obtained from the physiological processes involved in the larval
digestion. Inthepresent studythis information isprovided inChapters 3and4.

Proteolytic enzymes and digestivecapacities offishlarvae
The anatomical and physiological changes during the development of fish larvae are
factors that define their nutritional requirements. Fish species without stomach functions
during the larval stage are dependent on live food as starter diet. Considering that the major
nutritional constituent in live food isprotein, theproteolytic capacity for the digestion of food
can be regarded as the most important one during the early life of fish. This aspect has
important implications innutritional studieswiththesefishlarvae and was studied in detail in
this thesis. Fish larvae without a functional stomach rely on an alkaline digestion of food of
thetrypsin-type (Table 1).Whenthestomachbecomes fully functional theproteolytic activity
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in fish larvae changes from mainly trypsin-like to pepsin-type or acid digestion. This aspect
mighthaveimplicationsinthetypeofproteinsthefishisabletodigest aswillbe explainedin
the following paragraphs. In this thesis the attention focused on the alkaline proteolytic
potential duringthe first daysofexogenous feeding infishlarvae(seeChapters 2and4).

Table 1 . Trypsin-type and pepsin-type enzymatic activities in freshwater and marine fish larvae without a functional
stomach at the start of exogenous feeding, and once the stomach has become completely functional. (+) present,
(++) moderately active, (+++) well active (-) not measured.
Start exogenous
Fish species

feeding
Trypsin

Whitefish
Coregonus lavaretus
African catfish
Clarias gariepinus
Asian seabass
Lates calcarifer
European seabass
Dicentrarchus labrax
Turbot
Scophthalmus maximus

Pepsin

With functional
stomach
Trypsin

Reference

Pepsin
LauffandHofer, 1984

Verrethet al.,1992

WalfordandLam,1993
Zambonino Infante and Cahu,
1994;Noltinget al.,1999
Segneretal., 1994

Short-termcapacityforfood digestion
The digestive processes in fish larvae are fast and occur within few hours after the
ingestion of food (Govoni et al. 1986; Hofer and Biirkle, 1986; Pedersen et al. 1987).
However, most studies on proteolytic activity during larval development measured the
enzyme activity during a time span of several days, as an indication of the long-term
nutritional condition of the larvae. Only few studies present data on short-term variation of
proteolytic activity in fish larvae in periods smaller than one day (Pedersen and Hjelmeland
1988; Ueberschar 1993). The information in Chapter 4 of this thesis constitutes the first
reported set of data on the changes in larval proteolytic activity in time ranges smaller than
one hour. This information reveals the larval capacity for the digestion of each single meal.
The first changes in proteolytic activity in the gut of catfish larvae were observed within 30
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minutes after feeding. These arerapid changes inprotease activity and indicate a fast enzyme
secretion and utilization in response to food ingestion. These results confirm previous
observations in herring larvae (Pedersen at al. 1987; Ueberschar 1993). The results further
indicate that, when studying physiological processes of food ingestion and digestion in fish
larvae, care should be taken in selecting sampling times. There are significant variations in
proteolytic activity after feeding, e.g., low activities might be expected immediately (within1
hour) after food ingestion with a subsequent increase in activity until the next feeding. The
time to reach maximum and minimum proteolytic activities after feeding in fish larvae is
probably related to the type of food and ispossibly age and species dependent. Nevertheless,
lowproteolytic activities are expected in fish that is constantly eating. In larvae fed onemeal
a day or when long periods exist between meals, the proteolytic activity could reach much
higher levels, hours after food intake. The fast response of the digestive enzymes to food
ingestion supports the idea of ahighly efficient digestion and assimilation of nutrients in the
fishlarvae, which is needed to ensure their high growth rates. In the larvae of C. gariepinus
the specific growth rate increased asymptotically up to 63.9% of the body weight per day
betweendays 0and 3after the start of exogenous feeding, and on average, itwas 41% for the
first 10 days (Verreth and Den Bieman 1987). Although the digestive system in African
catfish larvae is only fully developed a few days after the start of exogenous feeding, the
larvae have sufficient capacity to digest and absorb nutrients from live food organisms from
theverystartofexogenous feeding onwards(Verreth etal.1992).
In thepresent research the catfish larvae digested Artemia nauplii catfish larvae very fast.
In less than four hours the ingested food was almost completely digested. Obviously, when
larval diets are formulated and prepared, highly digestible ingredients should be selected.
Furthermore,thetimebetween meals should allow enoughtime for thelarvaeto appropriately
digestthe food. The optimal frequency of feeding mustbedetermined for every species under
study. In some species part of the food could be evacuated before it is completely digested if
the ingestion of new food particles occurs before the digestion of the previous meals is
finished.
Are exogenous enzymes necessaryfor digestionof food?
In the larvae of C. gariepinusthe digestive system becomes completely functional onday
5 after the start of exogenous feeding (Verreth et al., 1992). However, the larvae have the
capacity to digest and assimilate the live food nutrients as of day 1. Similarly, the larvae of
whitefish Coregonuslavaretus(Segner et al., 1989),seabassDicentrarchuslabrax(Cahu and
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Zambonino Infante, 1994), herring Clupea harengus (Pedersen et al., 1987) and turbot
Scophthalmusmaximus (Segner et al., 1994) have the capacity for optimal digestion of live
food at the start of exogenous feeding. Thus, the hypothesis that fish larvae have a low
enzyme production and thus a reduced digestive capacity (Dabrowski and Glogowski, 1977,
Lauff and Hofer, 1984; Munilla-Moran, et al., 1990; Kolkovski et al., 1993) might
underestimate the capacity of the fish larvae to digest food. The former studies suggest that
the deficiency inprotein digestion canbe compensated by theprovision of digestive enzymes
fromlivefood organisms. The functional differences inthe digestive tract among fish species
might be the reason for a differential dietary protein utilization and the use of endogenous
digestive enzymes inthe larvae of different species (Kawai and Ikeda, 1973;Hofer andNasir
Uddin, 1985;Baragi andLovell, 1986;Segner et al., 1989;Cahu et al., 1999).The hypothesis
that exogenous enzymes are needed to support the digestive process in fish larvae has been
challenged in several publications, including this thesis. It was demonstrated that for some
fish species, the enzymes from live food do not have a significant contribution in the larval
digestion of food (Zambonino Infante and Cahu, 1994;Moyano etal., 1996;Diaz et al., 1997;
Kurokawa et al., 1998). To determine the importance of dietary enzymes in the digestion of
food by African catfish larvae, the proteolytic activity in decapsulated cysts of Artemia
(Chapter 1)and inlarvae after feeding decapsulated cysts (Chapters 2and 4) was determined.
The proteolytic activity in decapsulated cysts and nauplii of Artemia was not significantly
different. Thus, with regard to the hypothetical supply of exogenous enzymes to fish larvae,
there is no difference in feeding cysts or nauplii to the fish larvae. Still, the highest fish
growth is achieved with nauplii. To determine the importance of the exogenous enzymes,the
amount of decapsulated cysts ofArtemia ingested by the larvae needed tobe quantified. This
was done in Chapter 3. The contribution of exogenous enzymes from Artemia cysts to the
totalproteolytic activitymeasured infishlarvaewasestimated tobelowerthan 1 %.

Dietary protein quality
Itwaspreviously mentioned that most fish larvaepossessthecapacity for digestion oflive
food atfirstfeeding (Pedersen etal., 1987;Segner et al., 1989;Verreth et al., 1992;Cahu and
Zambonino Infante, 1994; Segner et al., 1994). This means that the suitability of artificial
diets forfishlarvaemight dependmoreontheirphysical and nutritional properties than onthe
capacity of fish larvae to digest food. Artificial diets should meet the requirements setby the
physiological processes in the larval fish during development. As shown earlier, during the
early life stagesmostfishlarvaedonothaveafunctional stomach, andprotein digestion relies
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entirelyontrypsin proteolytic activity. There isnopre-digestion ofprotein in the stomach by
acid denaturation and pepsin breakdown. Under such circumstances, the digestion of dietary
protein inlarval feeds mightvary accordingtothetype ofprotein source,and tothe processes
the ingredients underwent during diet manufacturing. Inthis thesis these aspects were studied
to elucidate the difference between protein structure and digestibility of live food and in the
protein structure anddigestibilityofartificial diets(Chapters 2,5and6).
Importanceofthedietaryprotein structureandamino acids
To date, most of the nutritional research in fish larvae concentrated on the requirements
and utilization of lipids and fatty acids (Watanabe and Kiron, 1994; Rainuzzo et al., 1997;
Sargent et al., 1997). Nevertheless, also protein and amino acids are important for the
developing fish larvae (Fyhn, 1989). Protein is the major component of the dry matter in
Artemia and because the protein and amino acid composition in cysts and nauplii are not
significantly different, some qualitative factors migh have an important effect on the growth
of fish larvae. Probably the protein is mainly present in small peptides or in a more easy-todigest form in the nauplii than in the cysts. To obtain evidence for this hypothesis, the
digestibility of the protein in Artemia and the characterization of its molecular size was
investigated (Chapters 5and 6).According to several authors (Fyhn, 1989:Walford and Lam,
1993; Segner et al., 1994; Rennestad et al., 1999) the supply of free amino acids and low
molecular weight peptides in starter diets would facilitate protein digestion and absorption in
fish larvae. The high contents of free amino acids in zooplankton organisms (Dabrowski and
Rusiecki, 1983; Fyhn et al., 1993) corroborated with this suggestion. Moreover, the amino
acidspool inthe eggsand yolk sacofmarine fish species consistsmainlyof free aminoacids,
which are depleted during the yolk sac stage. This suggests a special role for the free amino
acids in the metabolism of early life stages.After the yolk sac absorption, the fish might rely
on a similar source of amino acids, which are then provided by the food organisms in their
natural habitat. Studies on theproteolytic capacities of fish larvae have further suggested that
the incorporation of small peptides or protein hydrolysates in the larval diets improve the
developmental processes in the digestive tract of fish larvae (Cahu and Zambonino Infante,
1995; Zambonino Infante et al., 1997; Cahu et al., 1999). All this information supports the
hypothesis that the structure of protein in the larval diets might be of high importance to
determine its digestibility. The results in our research indicate that most of the protein in
Artemianauplii consists of small size proteins with amolecular weight between 7.4 and 49.2
kiloDaltons (kDa). The proteins in cysts, which have molecular weight between 29.4 to 82
kDa.
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Proteindigestibilityinlivefood andartificialdiets
Better results might be achieved with artificial diets as starter food for fish larvae by
including highly digestible components in the food. In this thesis a new method was
developed todetermine theproteindigestibilityofartificial microdiets forfishlarvae (Chapter
5). The proposed method allowed the simulation of the conditions in which the digestion of
food protein occurs in the alkaline environment of the larval gut. The results confirmed the
high protein digestibility of Artemia decapsulated cysts and nauplii (87.1 % and 86.2 %
respectively) and of microbound diets containing decapsulated cysts as protein source. The
technique was further used to test whether processing of the ingredients affected the
nutritional qualityoflarvaldiets.
During food processing, the nutritional properties of protein might be affected. These
changes onthe protein properties, might inturn have effects on the overall nutritional quality
ofthe food. Some ofthoseeffects were studied inthis thesis (Chapters 2 and 6).Low protein
digestibilitywas found for microdiets madewith fishmeal, which is acommonly used protein
sourceinfishfeeds. Microdiets madewithArtemiadecapsulated cystshad better digestibility.
This might be the result of food processing on the protein quality. Food processing with heat
changes the protein conformation, and consequently its nutritive quality (Boye et al., 1997).
Thesechanges intheprotein structure canbeeitherbeneficial ordetrimental depending onthe
conditions of heating (de Wet, 1983) and on the preferences of the larval digestive system.
The effects of heating on the protein quality ofArtemia cysts were also studied in this thesis
(Chapters 2and 6) and theresults indicate that heat treatment of decapsulated cysts increased
protein denaturation and decreased protein solubility. Heating to 80°C had a significant
detrimental effect on the in vitroprotein digestibility of decapsulated cysts compared to nonheated cysts. These findings stress the importance of food processing when larval diets are
manufactured. Further microdiets prepared with fishmeal and a commercial diet yielded the
lowest larval growth in feeding experiments with C. gariepinus. Interestingly, these same
diets had the lowest in vitro protein digestibility compared to microdiets made with
decapsulated cysts of Artemia. It is hypothesized that the high temperatures and cooking
pressures used in preparing the commercial diet and/or fishmeal might be associated with
theseresults.
Because of the high protein digestibility of Artemia cysts and nauplii, their autolytic
capacity and protein solubility must also be taken into consideration when explaining their
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suitability as food for larval fish. When using Artemia in digestion experiments, high
digestibility coefficients might be expected due to autolytic activity in zooplanktonic
organisms (Hjelmeland, Ugelstad & Olsen 1993). It was observed that herring Clupea
harengus larvae secreted more pancreatic trypsin when offered live food organisms as
compared to plastic spheres (Hjelmeland et al, 1988). This is probably due to an hormonal
stimulation of pancreatic secretion caused by the exoskeleton of the prey or by degradation
products derived from the ingested live food (Pedersen 1984; Hjelmeland et al., 1988).
Recently, this hypothesis has also been considered to explain the higher trypsin activity in
seabass Dicentrarchuslabraxlarvae fed onArtemia as compared to larvae fed artificial diets
(Nolting et al., 1999).Only a few publications refer to the capacity for autolysis in live food
organisms and its effect on digestion processes in fish larvae.Nevertheless, autolysis and the
degradation products of live food organisms are factors that are absent in artificial diets.One
approach to compensate for the lack of autolysis in artificial diets is to process the food
ingredients in order to have amore digestible diet. Processes like pre-digestion of protein by
enzymatic hydrolysis ortheuseof fish proteinhydrolysates might improve the digestibility of
theartificial larvaldiets.

Food consumption infishlarvae
Besides the described research on the digestive capacity of the fish larvae, the
consumption and evacuation of food by the fish larvae was also studied. The estimation of
food consumption in fish larvae is difficult because of the lack of accurate methods to
evaluate both the ingestion and evacuation of food. For this thesis a new method was
developed to study food ingestion by fish larvae during their development (Chapter 3). The
method consisted ofmeasuring the temporary accumulation of ascorbic acid sulfate (AAS)in
fish larvae after feeding decapsulated cysts of Artemia. Our experiments showed that no
biosynthesis or degradation of AAS occurs in catfish larvae. This supported the hypothesis
that the larvae and juvenile stages of teleosts are unable to utilize AAS as a precursor for
ascorbic acid (Dabrowski et al, 1990a;Dabrowski et al., 1990b).Thehigh food consumption
rates found for catfish larvae (from 46.5 to 53.8 % of their body dry weight) during thefirst
days of exogenous feeding are in accordance with the required input of nutrients to support
theirhigh growthrate atthis developmental stage.Theseresultswere similar tothose found in
the larvae andjuveniles of five cyprinids and perch, where consumption rates higher than 50
%bodyweightwerehavebeenreported (MarmullaandRosch, 1990).
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Probably, oneofthemost interesting aspectsofour studieson food consumption isthatan
easy and accurate method is available to measure food consumption in early life stages of
fish.By using this technique, more detailed nutritional studies in fish larvae will be possible
becausetheintakeofnutrients canbe estimated withahigh degree ofprecision. Inthepresent
thesisweusedthis approachtoestimatethe intakeofexogenous enzymesbythe fish larvaeto
determinetheircontribution tothetotaldigestive capacity infishlarvae.

Artificial dietsfor fish larvae
Nutritionally adequate starter dietsareessential for the success oflarviculture inmanyfish
species. Several artificial diets for fish larvaehavebeentestedwith relative success.Fromthe
tested diets,better resultswereobtained withthosewhich included yeast or singlecell protein
in their formulation, as demonstrated with the larvae of whitefish (Rosch and Appelbaum,
1985), common carp (Dabrowski and Poczyczynski, 1988) and African catfish (Uys and
Hecht, 1985). However, the growth and survival achieved with those diets was inferior than
with live food. Higher growth rates can be obtained by a combined feeding of artificial diets
with alivefood supplementation orco-feeding (Person-Le Ruyet etal., 1993;Fernandez-Diaz
and Yufera, 1997; Rosenlund et al, 1997). In this thesis, the use of decapsulated cysts of
Artemia in microbound diets might possibly be compared with the latter approach. The
improved diet utilization when decapsulated cysts are included in the formulation of
microbound diets (Chapter 6),strengthen theproposal of usingArtemia cysts asmodel dietin
nutritional studies with fish larvae. It further permits the study of some factors in live food
which might have an effect on the better utilization of food by the fish larvae. Recently, the
useoffishprotein hydrolysates in larval diets improved the diet utilization and growth offish
larvae compared to conventional protein sources (Cahu and Zambonino Infante, 1995; Berge
and Storebakken, 1996; Carvalho et al., 1997; Cahu et al., 1999). Hydrolysates are protein
that was pre-digested by enzymatic hydrolysis to obtain small sized peptides. However, the
use of high amounts of protein hydrolysates might have undesired effects on the diet quality
andthefishgrowth (Carvalho etal., 1997;Cahu et al., 1999).Additional research isneeded in
thisfieldfor an adequatediet formulation for different fish species.
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Final remarks and conclusions
The question of why live food is better for fish larvae than artificial diets received no
definitive answer from this thesis. However, significant advances were obtained with regard
to the knowledge of the digestive physiology in fish larvae, and new techniques were
developed for nutritional studieswithfishlarvae.
What we learned is that the nutritional composition of decapsulated cysts and nauplii of
Artemiais similar and both have high digestibility coefficients. A logical next stepwould be
to simulate thoseproperties in artificial microdiets. This waspartially done inthis thesis with
encouraging results. However, more information is needed on the functional properties of
dietary proteins as a factor that determines the nutritional quality in larval feeds. With this
regard, it was emphasized that the effect of food processing must be considered in the
elaboration of artificial diets, due to their positive or detrimental effects on the nutrient
quality.
The present thesis also emphasizes the use of Artemia as model diet in studies on the
development ofartificial diets for stomachlessfishlarvae.Thebetterperformance oflive food
overartificial diets indicatesthatmost oftherequired nutrients and factors areincluded inthe
live food itself. Thus, more can be learned by testing diets which include Artemia in their
formulation thantestingnew ingredients orprotein sources commonly used inthe elaboration
ofjuvenileoradultfishfeeds.
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In Aquaculture, the production increase in many species is hampered by an insufficient
and unpredictable supply of fish larvae and fingerlings for stocking on-growing farms. In
mostcultured fish species,the larvaerequireliveorganisms asfirst food.
Growth andsurvivalinfish larvae aremainlyinfluenced bynutritional aspects.Duringthe
larval stage, the fish pass through important anatomical and physiological changes that have
effects on its nutrient requirements. In some freshwater and in most marine fish species, the
major changes in the digestive system during the larval period are related to the onset of
stomach functions. Those changes involve a shift from a trypsin-type protein digestion, to a
combination of acid secretion and a pepsin-type of protein digestion once the stomach in
completely functional. Fish species that rely on trypsin-type of food digestion cannot use dry
artificial diets as efficiently as live food organisms at the start of exogenous feeding. At the
same time, many species can be weaned successfully to a dry diet once the stomach has
becomefunctional. Apparently, the larval dependence onlive food isrelated to the absenceof
the stomach functions. Several hypotheses have been proposed to explain the suitability of
livefood asstarter diet offishlarvae.Those aremainlyrelated tothenutritional valueof food
and to aspects dealing with the food ingestion and digestion. In this thesis, the main
hypothesis was that the structure of the protein in live food would allow a better food
digestion and absorption by the fish larvae. Decapsulated cysts of the brine shrimpArtemia
were used as model diets because they combine the nutritional quality of live food and the
physicalproperties ofdryartificial diets.
The general objectives of this thesis were to evaluate the nutritional value of Artemiaas
starter food forfishlarvae and to assess theeffects of heat treatment onthe nutritional quality
of food protein. Furthermore, to determine the importance of proteolytic enzymes on the
larval digestion of food and to evaluate the quality of Artemiaproteins and its use as protein
sourceinmicrodiets for larvalfish.
For the evaluation of the nutritional quality of Artemia,the biochemical composition and
proteolytic enzyme activity of decapsulated cysts and nauplii were determined during their
development (Chapter 1). Cysts contain embryos ofArtemia in a dormant stage. After cyst
hydration and incubation in salt water, the embryo restarted its interrupted metabolism, and
after approximately 20hours of incubation a free-swimming nauplii washatched. Samples of
cysts and nauplii were taken everyfivehours from the start of incubation until 25 hours. The
individual protein and lipid contents during the development of Artemia from cyst to nauplii
remained constant untilthetimeofhatching,after whichtheydecreased slightly. However,no
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significant incubation effect was found. Small changes in amino acid and fatty acid
composition were found during development, but itwasassumed that they aretoo small tobe
of nutritional importance to the fish larvae. During the first 25 hours of development in
Artemia,no major changes were detected inprotease activities measured at acid and alkaline
pH. Likewise,no significant changes intrypsin activitywere observed. Itwas concluded that,
from a point of view of exogenous enzyme contribution, there is no difference in feeding
Artemiacysts or nauplii to fish larvae since no difference in qualitative protease composition
was found duringthefirst25hoursofArtemia development.
The effect of heat on the protein quality and protease activity in decapsulated cysts of
Artemia as food for fish larvae was evaluated in Chapter 2. Decapsulated cysts ofArtemia
were subjected to different heat treatments (40, 60, 80 and 96°C) and were fed to African
catfish Clariasgariepinus larvae. 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
differences in fish growth among the cyst diets might be related to modifications in the
structure of the protein during heating. Due to the lack of acid denaturation in stomachless
fishlarvae, abeneficial effect canbe derivedfromthe denaturation caused by heating cystsat
40°C. It was hypothezised that 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.Thisideawas further tested inChapter4.
The quantification of the ingested food is necessary to determine the contribution of
enzymes from dietary sources to the total digestion of food by fish larvae. In Chapter 3, a
new method for the estimation of food consumption and gut evacuation in fish larvae was
developed and evaluated. Thenew method consists ofmeasuring thetemporary accumulation
of ascorbic acid 2-sulfate (AAS) in fish larvae after feeding decapsulated cysts of Artemia.
Larvae of C. gariepinus were used to verify whether biosynthesis of AAS by the fish larvae
did occur or not. Furthermore, the gut contents in larvae fed ad libitum were calculated as
they changed during fish development and the gut evacuation rate was determined during
continuous and discontinuous feeding regimes.The experimental period covered thefirstfive
days after the start of exogenous feeding in the larvae. The daily food consumption in catfish
larvae increased from 46.5%of their body dry weight (BDW) at day 1to 53.8% (BDW) at
day 3. Thereafter, the food consumption decreased to 27.8% (BDW) at day 5. A similar
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pattern was observed for the gut evacuation rate. The reported method for the determination
of food consumption enabled an accurate and precise estimation of the gut contents and the
evacuation rateofArtemiacystsinfish larvae.
The post-prandial activity of alkaline protease in the gut of African catfish larvae was
studied in Chapter 4. Different feeding regimes were studied, and the protease activity was
monitored at different time ranges from 30minutes to 4hours after ingestion of decapsulated
cystsofArtemia. In starved larvaethe enzymatic activitywas low and didnot changeintime.
No significant endogenous secretion of digestive enzymes was detected. The level of alkaline
proteolytic activity found in starved larvae was considered as the basal level. In larvae fed
only one meal during the day, the enzyme activity significantly increased from 3hours postfeeding up to amaximum level found 12hours after feeding. In fish larvae receiving ameal
every4hours,thetotal protease activity changed according tothe feeding time and fluctuated
around a constant level, which was intermediate between the maximum and the basal level.
No rhythmic cycle of enzyme production in the fish was observed when the proteolytic
activity was studied during a cycle of 24 hours. When specifically trypsin activity was
measured, asimilarpatternwas found aswithtotalprotease. Together with theresultson food
consumption (Chapter 3)andtheprotease activities found indecapsulated cyst ofArtemia,the
contribution of digestive enzymes from Artemia to the total digestion of food by the catfish
larvae was calculated. This was estimated to be less than 1% of the total amount of the
proteolytic activitymeasured inthe larval gutofthe catfish.
To assess the importance of the protein structure as a factor to explain the suitability of
live food as starter diet for fish larvae, in Chapters 5and 6the protein quality inArtemiaand
fishmealin microdiets for fish larvae was evaluated by different techniques. In Chapter 5a
method was developed for the determination ofthe invitrodigestibility ofprotein ofArtemia
cysts and nauplii and in microbound diets made with decapsulated cysts and various binders.
Thismethod proved useful as an alternative to feeding experiments with livefishand yielded
accurate estimations oftheprotein digestibility inthe diets.Amicrodiet consisting ofArtemia
decapsulated cystsandcarboxymethyl-celluloseasbinder gavethebestresults.
This combination was further tested in a microbound diet and used in a feeding
experiment with catfish larvae as described in Chapter 6. It has been suggested that the
supply of free amino acids and low molecular weight peptides in starter diets would facilitate
their intestinal absorption byfishlarvae. Thishypothesis was tested inthe present thesis. The
qualityofdifferent protein sources inmicrobound diets (MBDs) for fish larvaewas evaluated,
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andthedifferences indietperformance wererelated totheprotein structure.Toobtain amore
complete picture of the protein quality in fish feeds, studies on the diet amino acid
composition, the in vitro protein digestibility, the diet solubility and protein structure were
combined with an invivofeeding trial. Theprotein qualityofMBDsmadewith decapsulated
cysts of Artemia and/or fishmeal as protein source was used as indicator of their quality as
starter food for fish larvae. The growth of catfish larvae was higher when theArtemia-based
MBDs were fed than whenfishmeal-basedMBDs were given despite the higher protein and
total amino acid content of the latter. The in vitro protein digestibility was high for all the
MBDsincomparison toacommercial diet.Differences were found inthemolecularweight of
the protein among the diets. Most of the proteins in the fishmeal-based diets had low
molecular weight in the range between 7.4 and 49.2 kDa. The Artemia-based MBDs had
bigger protein fractions between 29.4 and 82 kDa. Decapsulated cysts improved the
utilization of the MBDs when used in combination with fishmeal. The explanation for the
positive effect ofArtemiahas yettobe elucidated. However, itisrecommended to investigate
theinteractionsbetween nutrients (e.g.protein-lipid)inlivefood, because theymight havean
effect onthe functional propertiesof foodproteins.
Theresultsofthisthesis confirmed that for the larvaeofAfrican catfish C. gariepinus,the
supply of exogenous enzymes through Artemia cysts has a small contribution to the total
proteolytic activity measured in the gut after feeding. Moreover, it was confirmed that the
food ingestion and evacuation in catfish larvae is not constant as previously reported. Our
results confirm the high digestibility of Artemia decapsulated cysts and nauplii as food for
fishlarvae. Similarly, the use of decapsulated cysts as protein source inmicrodiets improved
theirperformance asstarterdiet forfishlarvae.
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Productieverhoging en uitbreiding van de aquacultuur industrie wordt voor veel soorten
geremd door een onvoldoende en onvoorspelbaar aanbod van vislarven enjonge vissen, die
nodig zijn als pootgoed op de aftnesterij-bedrijven. De larven van de meeste geteelde
vissoorten,hebben levendeorganismennodigalseerstevoedsel.
Groei en levensvatbaarheid van vislarven worden in grote mate bepaald door nutritionele
aspecten. Tijdens de larvale fase, ondergaan vissen belangrijke anatomische en fysiologische
veranderingen, die effect hebben op de voedingsbehoefte. Bij bepaalde zoetwater- en bij de
meestezoutwatervissen, worden degrootste veranderingen inhet verteringssysteem tijdens de
larvale periode gerelateerd aan het op gang komen van maagfuncties. Die veranderingen
houden een verschuiving in van eiwitvertering op basis van trypsine naar een combinatie
maagzuurdenaturatie en eiwitvertering met behulp van pepsine als de maag volledig
functioneel is. Vissoorten, die afhankelijk zijn van trypsine-vertering benutten droge dieten
niet zo efficient als hun levende voedselorganismen. Niettemin, kunnen veel soorten
succcesvol worden gevoederd met een droog dieet, zodra de maag volledig functioneert.
Blijkbaar valt de afhankelijkheid van larven voor levend voedsel samen met de afwezigheid
van maagfuncties. Verschillende hypotheses werden geformuleerd om de geschiktheid van
levend voedsel als startdieet voor vislarven te verklaren. In deze dissertatie was de
belangrijkste hypothese, dat de structuur van eiwit in levend voedsel leidt tot een verbeterde
voedselvertering en opname door vislarven. Gedecapsuleerde cysten van het pekelkreeftje
Artemia zijn gebruikt als model-dieten, omdat zij de voedselkwaliteit van levend voedsel en
defysische eigenschappen vandrogedieten combineren.
De algemene doelstellingen van dit verslag waren het evalueren van de voedingswaarde
van Artemia als startvoer voor vislarven en het vaststellen van de gevolgen van
hittebehandeling op de voedingskwaliteit van voedingseiwitten. Daarnaast werd het belang
vastgesteld van proteolytische enzymen op de larvale vertering van voedsel en de kwaliteit
geevalueerd van Artemia eiwitten en haar gebruik als eiwitbron in microdieten voor larvale

Voor de evaluatie van de voedingskwaliteit van Artemia, werden de biochemische
samenstelling en proteolytische enzymactiviteit van gedecapsuleerde cysten en nauplii
bepaald tijdens hun ontwikkeling (Hoofdstuk 1). Cysten bevatten embryo's van Artemia in
een rustfase. Na hydratatie van de cyste en incubatie in zout water, herstart het embryo zijn
onderbroken metabolisme. Na ongeveer 20 uur incubatie komen de vrij zwemmende nauplii
uit. In dit onderzoek werden elke vijf uur monsters van cysten en nauplii genomen vanaf het
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begin van de incubatie tot 25 uur daarna. De individuele eiwit- en vetinhoud vanArtemia
bleef tijdens de ontwikkeling van cyste tot nauplii constant en nam daama licht af. Er werd
geen significant incubatie effect gevonden. Kleine veranderingen in aminozuur en vetzuur
samenstelling werden gevonden tijdens deontwikkeling, maar erwerd aangenomen, dat deze
te klein waren om van nutritioneel belang te zijn voor de vislarven. Gedurende de eerste 25
uur van ontwikkeling van Artemia werden geen grote veranderingen gemeten in protease
activiteit bij een zure en alkalische pH. Ook werden er geen significante verschillen
waargenomen in de trypsine activiteit. Hieruit is geconcludeerd, dat vanuit het gezichtspunt
van de exogene enzym bijdrage, geen verschil werd gevonden in het voeden van vislarven
met Artemia cysten of nauplii met betrekking tot kwalitatieve protease samenstelling
gedurende deeerste25uurvanArtemiaontwikkeling.
Het effect van hittebehandeling op de eiwitkwaliteit en protease activiteit in
gedecapsuleerde cysten vanArtemia is geevalueerd in Hoofdstuk 2. Gedecapsuleerde cysten
van Artemia werden blootgesteld aan verschillende hittebehandelingen (40, 60 en 96°C).
Daarna werden ze gevoerd aan larven van de Afrikaanse meerval, Clarias gariepinus.
Hittebehandeling van cysten verhoogde de eiwitdenaturatie en verlaagde de
eiwitoplosbaarheid. De protease activiteit in de cystedieten nam af bij hogere temperaturen.
De groei van de meervallarven varieerde met het dieet; hogere visgroei werd bereikt met
nauplii en cysten die verwarmd waren bij 40°C. De verteerbare enzymactiviteit in de larvale
monsters bleef in alle dieetbehandelingen tijdens de larvale ontwikkeling gelijk. De
verschillen in visgroei tussen de cystedieten kan worden gerelateerd aan modificaties in de
structuur van het eiwit tijdens het verwarmen. Door het gebrek aan zure denaturatie in
maagloze vislarven, kan een gunstig effect worden verwacht van de denaturatie veroorzaakt
doorhet verwarmen van decysten bij 40°C.Hierbij isdehypothese afgeleid, dat dekwaliteit
vanvoedingseiwitten endemanierwaarop dit eiwit wordt behandeld belangrijker zoukunnen
zijn voor succesvolle larvale groei, dan een exogeen enzym aanbod. Dit idee is verder
onderzocht inHoofdstuk 4.
Om de bijdrage van enzymen uit dieetbronnen voor de totale vertering van voedsel door
vislarven tebepalenis het nodig omprecies vast te stellen hoeveel voedsel wordt opgenomen.
In Hoofdstuk 3 is een nieuwe methode voor de bepaling van voedselconsumptie en
maagdarm-evacuatie door vislarven ontwikkeld en geevalueerd. De nieuwe methode bestaat
uit het meten van de tijdelijke accumulatie van ascorbine 2-sulfaat (AAS) in vislarven nahet
voeden met gedecapsuleerde cysten van Artemia. Larven van C.gariepinus werden gebruikt
om te toetsen of de biosynthese van AAS door vislarven optrad of niet. De darminhoud van
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larven dieadlibitumwerden gevoederd werd berekend tijdens de ontwikkeling van de larven
en de evacuatie van de voedselbolus uit het maag-darmkanaal werd bepaald tijdens continue
endiscontinue voedselregimes.De experimenteleperiode omvatte de eerste vijf dagen nahet
beginvande exogenevoeding inde larve. Dedagelijkse voedselconsumptie in meervallarven
nam toe van 46.5% van hun droog lichaamsgewicht op dag 1 tot 53.8% van hun
lichaamsgewicht op dag 3. Hiema nam de voedselconsumptie af tot 27.8% van het
lichaamsgewicht op dag 5. Een soortgelijk patroon werd waargenomen voor de snelheid van
maagdarm-evacuatie. De beschreven methode voor de bepaling van consumptie geeft een
nauwkeurige en precieze schatting van de darminhoud en de uitscheidingssnelheid van
Artemiacysteninvislarven.
In Hoofdstuk 4 is de post-prandiale activiteit van alkalische protease in de darm van
Afrikaanse meervallarven bestudeerd. Verschillende voedingsregimes werden gebruikt en de
protease activiteit is gemeten op verschillende tijdsintervallen van 30 minuten tot 4 uur na
opname van de gedecapsuleerde cysten van Artemia. In uitgehongerde larven was de
enzymactiviteit laag en veranderde niet in de tijd. Er werd geen significante endogene
afscheiding van verteerbare enzymenwaargenomen. Het niveau van alkalische proteolytische
activiteit die werd gevonden in de uitgehongerde larven werd beschouwd als het minimum
niveau. In de larven die een keer per dag werden gevoederd, nam de enzymactiviteit
aanzienlijk toe van 3uur na het voeden tot eenmaximumniveau, 12uur na het voeden. In de
vislarven, die iedere 4 uur werden gevoederd veranderde de totale protease activiteit met de
voedertijd en fluctueerde rond een constant niveau, welke lag tussen het maximum en
minimum niveau. Bij bestudering gedurende een cyclus van 24 uur werd geen ritmische
cyclus van enzymproductie in de vissen gevonden. Bij specifieke meting van de trypsine
activiteit werd hetzelfde patroon gevonden als bij de totale protease activiteit. Uit deze
resultaten en de resultaten van de voedselconsumptie (Hoofdstuk 3) en de protease activiteit,
diewerd gevonden in gedecapsuleerde cysten vanArtemia, werd de bijdrage van verteerbare
enzymen vanArtemia aan de totale voedselvertering door meervallarven berekend. Dit werd
geschat opminder dan 1%van de totalehoeveelheid van deproteolytische activiteit gemeten
indelarvaledarmvandemeerval.
Om het belang van de eiwitstructuur voor de geschiktheid van levend voedsel vast te
stellen, werden in Hoofdstuk 5 en 6 de eiwitkwaliteit in Artemia en vismeel in microdieten
voor vislarven geevalueerd met verschillende technieken. In Hoofdstuk 5 is een methode
ontwikkeld voor de bepaling van de in vitro eiwitverteerbaarheid van Artemia cysten en
nauplii en van zogenaamde microbound dieten gemaakt met gedecapsuleerde cysten en
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verschillende bindmiddelen. Deze methode bleek geschikt als altematief voor
voedingsexperimenten met levende vissen en gaf nauwkeurige schattingen van de
eiwitverteerbaarheid in de dieten. Een microdieet bestaande uit gedecapsuleerde cysten van
Artemiaencarboxymethyl-cellulosealsbindmiddel gafdebesteresultaten.
Deze combinatie werd verder onderzocht in een microbound dieet en gebruikt in een
voedselexperiment met meervallarven,zoalsbeschreven inHoofdstuk 6. Er is gesuggereerd,
dat het aanbod van vrije aminozuren en peptiden met een laag moleculair gewicht, de
darmopname door vislarven zou vergemakkelijken. Deze hypothese is getoetst in dit
onderzoek. De kwaliteit van verschillende eiwitbronnen in microbound dieten voor vislarven
is geevalueerd. Verschillen in de resultaten werden gerelateerd aan de eiwitstructuur in het
voeder. Omvolledigerbeeld tekrijgen van de eiwitkwaliteit invisvoer, werden gegevensvan
de aminozuur-samenstelling, de in vitro eiwitverteerbaarheid, de oplosbaarheid en structuur
vandeeiwitten gecombineerd met een invivovoederproef. Deeiwitkwaliteit van microbound
dieten (MBDs), gemaakt met gedecapsuleerde cysten van Artemia en/of vismeel als
eiwitbron, werd gebruikt om de kwaliteit van het startvoeder te evalueren. De groei van
meervallarven was groter bij het voeren met MBDs op Artemia-basis, dan met MBDs op
vismeel-basis, ondanks het hogere eiwit en aminozuur gehalte van de laatste groep voeders.
De in vitro eiwitverteerbaarheid was voor alle MBDs hoog in vergelijking met een
commercieel dieet. Demeeste eiwitten in dieten opvismeel-basis hadden een laag moleculair
gewicht tussen 7.4 en 49.2 kDa. De MBDs op Artemia-basis hadden grotere eiwitfracties
tussen 29.4 en 82 kDa. De kwaliteit van de MBDs op basis van vismeel werd verbeterd, als
behalve vismeel, 66k gedecapsuleerde cyste als eiwitbron in deze voeders werd verwerkt. Er
is nog geen verklaring voor dit positieve effect vanArtemia gevonden. In ieder geval wordt
aangeraden om de interacties tussen nutrienten (b.v. eiwit-vet) in levend voedsel te
onderzoeken, omdat deze effect kunnen hebben op de functionele eigenschappen van
voereiwitten.
Deresultaten van dezethesisbevestigen, dat voorde larven van deAfrikaanse meervalC.
gariepinus,het aanbod van exogene enzymen doorArtemia cysten een kleine bijdrage levert
aan detotaleproteolytische activiteit die in de darmwordt gemeten nahet voeden. Daarnaast
werd vastgesteld, dat de voedselopname en -evacuatie van meervallarven niet constant is
zoals als eerder werd gerapporteerd. Onze resultaten bevestigen de hoge verteerbaarheid van
gedecapsuleerde Artemia cysten en nauplii als voedsel voor vislarven. De resultaten van
microdieten als startdieet voor vislarven verbeterden door het gebruik van gedecapsuleerde
cysten alseiwitbron.
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En Acuacultura, el incremento de la production en muchas especies esta limitado por un
insuficiente e impredecible abastecimiento de larvas yjuveniles de peces para su cultivo en
granjas de engorda. En lamayoria de las especies cultivadas, las larvas requieren organismos
vivoscomoprimeralimento.
El crecimiento y sobrevivencia de las larvas de peces estan principalmente influenciados
por aspectos nutricionales. Durante el estado larvario, el pez atraviesa por importantes
cambios anatomicos y fisiologicos que tienen efectos en losrequerimientos nutricionales. En
algunas especies de peces de agua dulce y en la mayoria de las especies marinas, los
principales cambios en elsistemadigestivo durante elperiodo larvario estan relacionadoscon
el inicio del funcionamiento del estomago. Esos cambios incluyen el cambio de digestion de
proteina por medio de enzimas tipo tripsina, a una combination de secreciones acidas y
digestion con enzymas tipo pepsina, una vez que el estomago es completamente funcional.
Aparentemente, la dependencia de las larvas por el alimento vivo esta relacionada con la
ausencia de funciones estomacales. Varias hipotesis se han propuesto para explicar las
ventajas del alimento vivo utilizado como alimento initial para larvas de peces. Estas son
relacionadas principalmente alvalornutritional del alimento yaaspectos sobre la ingestayla
digestion del alimento.En estatesis,lahipotesis principal fue que la estructura de laproteina
en el alimento vivo puede permitir una mejor digestion y absorcion del alimento porparte de
las larvas depeces. Quistes desencapsulados deArtemia fueron utilizados como dietamodelo
ya que combinan la calidad nutritional del alimento vivo y las propiedades fisicas de las
dietasartificiales secas.
Los objetivos generales de esta tesis fueron evaluar el valor nutritional deArtemia como
alimento inicial para larvas depeces ydeterminar los efectos de los tratamientos con caloren
lacalidad nutritional de laproteina en el alimento. Ademas, determinar la importancia de las
enzimas proteoliticas en la digestion larval del alimento y evaluar la calidad de las proteinas
enArtemiaysuusocomo fuente deproteina enmicrodietasparalarvasdepeces.
Para la evaluation de la calidad nutritional de Artemia, fueron determinadas la
composition bioquimica y la actividad de las enzimas proteoliticas en quistes
desencapsulados y nauplios de Artemia durante su desarrollo (Capitulo 1). Los quistes
contienen embrionesdeArtemia en estado latente.Despues de su incubation ehidratacionen
agua marina, el embrion reactiva su metabolismo interrumpido, y aproximadamente despues
de20horas de incubation, eclosiona unnauplio demovimientos libres.Muestras de quistes y
nauplios fueron tomadas cada cinco horas desde el inicio de la incubation hasta 25 horas
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despues.Loscontenidos individuates deproteina ylipidosduranteeldesarrollo deArtemiade
quiste a nauplio permanecio constante hasta el tiempo de eclosion, despues del cual, esos
contenidos disminuyeron ligeramente. Sin embargo,no se encontro un efecto significativo de
la incubation. Pequeflos cambios en la composicion de amino acidos y acidos grasos fueron
encontrados durante eldesarrollo,pero se asumio que estos fueron muypequeflos para ser de
importancia nutricional para las larvas depeces.Durante las primeras 25 horas de desarrollo
enArtemia, no se detectaron grandes cambios en las actividades de proteasas medidas apH
acido yalcalino.Delamismamanera,no seobservaron cambios significativos enla actividad
de tripsina. Se concluyo que, desde un punto de vista de contribucion de enzimas exogenas,
nohay diferencia en alimentar alas larvas depeces con quistes onauplios deArtemia debido
aqueno se encontro diferencia en la composicion deproteasas durante lasprimeras 25 horas
deldesarrollo deArtemia.
El efecto del calor en la calidad de la proteina y en la actividad de proteasas en quistes
desencapsulados deArtemiautilizados comoalimentopara larvas depeces fue evaluado enel
Capitulo 2. Quistes desencapsulados de Artemia fueron sometidos a diferentes tratamientos
con calor (40, 60, 80 y 96°C) y fueron dados como alimento a larvas de bagre africano
Clarias gariepinus. El tratamiento con calor incremento la desnaturalizacion de la proteina y
disminuyo la solubilidad de la misma. La actividad de proteasas en los quistes fue
disminuyendo conforme se aumentaron las temperaturas de calentamiento. El crecimiento de
las larvas debagre fue diferente de acuerdo con la dieta, este crecimiento fue mayor con los
nauplios y con los quistes sometidos a 40°C. La actividad de las enzimas digestivas en las
larvas fue similar en todos los tratamientos alimenticios durante el desarrollo larvario. Las
diferencias en el crecimiento de los peces entre las dietas puede estar relacionado a las
modificaciones en la estructura de la proteina durante el tratamiento con calor. Debido a la
falta de desnaturalizacion acida en larvas de peces que no tienen estomago funcional, un
efecto benefico puede obtenerse de la desnaturalizacion cuasada por el tratamiento de los
quistes calentados a40°C. Sepropuso que la calidad de laproteina en el alimento yla forma
en que esta proteina es procesada, pueden ser factores mas importantes para un exitoso
crecimiento larval que el suministro de enzimas exogenas. Esta idea fue adicionalmente
examinadaenelCapitulo4.
La cuantificacion del alimento ingerido es necesaria para determinar la contribucion de
enzimas derivadas de fuentes alimenticias a la digestion total del alimento por parte de las
larvas de peces. En el Capitulo 3, un nuevo metodo para la estimation del consumo de
alimento y la evacuation intestinal en las larvas de peces fue desarrollado y evaluado. El
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nuevo metodo consite en medir la acumulacion temporal del acido ascorbico 2-sulfatado
(AAS)enlaslarvasdepeces despues deser alimentadas conquistes deArtemia. Larvas deC.
gariepinusfueron usadas para verificar si ocurre o no, labiosintesis de AAS en las larvas de
peces. Adicionalmente, los contenidosdel intestino en las larvas alimentadas ad libitum
fueron calculados durante sudesarrollo ajuvenil; asicomo latasadeevacuation intestinal fue
determinada durante dos regimenes alimentarios: continuo y discontinue El periodo
experimental cubrio lasprimeros cinco dias despues del inicio de la alimentation exogena en
las larvas. El consumo diario en las larvas de bagre se incremento de 46.5% de peso seco
corporal en el dia 1a 53.8% de peso seco corporal en el dia 3. Despues de este periodo, el
consumodealimento disminuyo a27.8%eneldia 5.Unpatron similar seobservoparalatasa
deevacuation intestinal. Elmetodo reportado para ladetermination del consumo de alimento
permitio realizar una estimation exacta y precisa del contenido del intestino y de la tasa de
evacuation dequistesdeArtemiaenlarvasdepeces.
La actividad deproteasas alcalinas en el intestino de las larvas del bagre africano despues
de su alimentation fue estudiada en el Capitulo 4. Diferentes regimenes alimenticios fueron
estudiados, y la actividad de proteasas fue monitoreada a diferentes rangos de tiempo de 30
minutos a 4 horas despues de la ingestion de quistes desencapsulados de Artemia. En las
larvas en ayuno la actividad enzimatica fue baja ynocambio con el tiempo.No se detectaron
secreciones endogenas significativas de enzimas digestivas. El nivel de actividad proteolitica
alcalina encontrada en larvas en ayuno fue considerado como el nivel base. En las larvas
alimentadas una sola vez durante el dia, la actividad enzimatica se incremento
significativamente desde 3 horas hasta un nivel maximo encontrado 12 horas despues de la
ingestion del alimento. En las larvas de peces que fueron alimentadas cada 4 horas, la
actividad total de las proteasas cambio de acuerdo al periodo de alimentation y fluctuo
alrededor de un nivel constante e intermedio entre el nivel base y el nivel maximo. No se
observo un cicloritmicodeproduction deenzimas en las larvas de peces cuando la actividad
proteolitica fue estudiada durante un ciclo de 24 horas. Cuando especificamente se midio la
actividad de tripsina, un patron similar fue encontrado como con el total de proteasas. Junto
con los resultados de consumo de alimento (Capitulo 3) y las actividades de proteasas
encontradas en quistes desencapsulados deArtemia;lacontribution de las enzimas digestivas
provenientesdeArtemia aladigestion totaldelalimentoporlaslarvasdebagre fue calculada.
Esta seestimo enmenos de 1%del total de la actividad proteolitica medidaen el intestino de
laslarvasdebagre.
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Paradeterminarlaimportancia de laestructura de laproteina comoun factor para explicar
el exito del alimento vivo como dieta inicial para larvas de peces, en los Capitulos 5 y 6 se
evaluopormedio dediferentes tecnicas lacalidad de laproteinadeAnemia yde la harina de
pescado en microdietas para larvas de peces. En el Capitulo 5 fue desarrollado un metodo
para la determination de la digestibilidad in vitrode la proteina de los quistes y nauplios de
Artemia y de dietas microaglutinadas hechas con quistes desencapsulados y varios
aglutinantes. Este metodo demostro ser util como una alternativa a los experimentos con
peces vivos, ademas de que produce estimaciones exactas de la digestibilidad de proteina en
las dietas. Una microdieta con quistes desencapsulados de Artemia y carboxymetil-celulosa
comoaglutinante diolosmejores resultados.
Esta combinacion fue adicionalmente puesta aprueba en una dieta microaglutinada y fue
usada en un experimento con larvas de bagre como se describe en el Capitulo 6. Ha sido
sugerido que el abasto de amino acidos libre y de peptidos de bajo peso molecular en dietas
iniciales puede facilitar su absorcion intestinal en la larvas de peces. Esta hipotesis fue
examinada en esta tesis. La calidad de las diferentes fuentes de proteina en dietas
microaglutinadas (MBDs) para larvas de peces fue evaluada, y las diferencias en el
desempefio de lasdietas fueron relacionadas con laestructura de laproteina. Para obtener una
vision mas completa de la calidad de proteina en los alimentos para peces, los estudios en la
composition de amino acidos de las dietas, la digestibilidad in vitro de la proteina, la
solubilidad deladieta ylaestructura delaproteina fueron combinados conunexperimentoin
vivo.La calidad de laproteina deMBDs hechas con quistes desencapsulados deArtemia y/o
harina de pescado como fuente de proteina fue usada como indicador de su calidad como
alimento inicial para larvas de peces. El crecimiento de larvas de bagre fue mas alto cuando
las MBDs hechas abase deArtemia fueron proporcionadas a los peces que con las MBDs a
base deharina depescado, apesar de loscontenidos mas altos deproteina yamino acidos de
las ultimas. La digestibilidad in vitro de proteina fue alta para todas las MBDs en
comparacionconel alimento comercial. Seencontraron diferencias enelpeso molecular dela
proteina entre lasdietas. Lamayoriade lasproteinas en las dietas hechas abase deharina de
pescado tuvieron bajos pesos molecularesen elrango entre 7.4 y49.2kDa. LasMBDshechas
abasedeArtemiatuvieron fraciones deproteinamas grande entre 29.4 y 82kDa. Losquistes
desencapsulados deArtemia mejoraron la utilization de las MBDs cuando fueron utilizados
en combinacion con la harina depescado. La explication para el efecto positivo deArtemia
todavia tiene que ser clarificado. Sin embargo, se recomienda que hay que investigar las
interacciones entre nutrientes (e.g.proteina-lipidos) en el alimento vivo, porque estas pueden
tenerunefecto enlaspropiedades funcionales delasproteinas delalimento.
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Resumen

Losresultados deestatesisconfirman quepara laslarvasdelbagre africano C. gariepinus,
el suministro de enzimas exogenas atraves de quistes de Anemia tiene una pequena
contribution al total de la actividad proteolitica medida en el intestino despues de la
alimentation. Asi mismo, se confirmo que la ingesta y la evacuation del alimento en las
larvas de bagre no es constante como ha sido reportado previamente. Nuestros resultados
confirman la alta digestibilidad de los quistes desencapsulados y los nauplios de Artemia
cuando son utilizados como alimento para larvas de peces. De manera similar, el uso de
quistes desencapsulados como fuente de proteina enmicrodietas mejoro su desempeno como
alimentoinicialparalarvasdepeces.
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