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Abstract:  
 
Two Fish Protein Hydrolysates (FPH) were incorporated into four diets prepared for start-feeding sea 
bass larvae, at two different levels (10% and 19% of total ingredients): a commercial FPH, CPSP, in 
which the molecular weight of the main fraction of soluble peptides (51%) was between 500-2500 Da, 
and an experimental FPH obtained by acidic silage of sardine offal, SH, with a main portion of soluble 
peptides (54%) ranging from 200 to 500 Da. The diet with 10% of the commercial FPH gave the best 
results in terms of growth, survival and intestinal development, as evaluated by the early activity of 
digestive enzymes in the brush border membrane (alkaline phosphatase and aminopeptidase N). This 
was related to the low level of Vibrio spp. counted in the larvae of group C10. The high dose of FPH, 
especially in the experimental preparation rich in short peptides, seemed to favour the dominance of 
Vibrio sp. TYH3, which behaved opportunistically. The effect of the experimental FPH was ambiguous, 
since early larvae challenged with Vibrio anguillarum were more resistant to the pathogen, especially 
at high FPH dose (group S19). This might be due either to direct antagonism between V. anguillarum 
and Vibrio sp. TYH3, or to the stimulation of the immune response in the larvae. These results indicate 
that different molecular weight fractions and concentrations of feed-soluble peptides may affect the 
growth performance and immunological status of sea bass larvae. Consequently, a low dose of 
commercial FPH seems advisable, both for larval development and for the bacterial environment, 
although further research is required to determine and characterize peptide fractions that may have a 
beneficial effect on growth and immune response, and to determine their optimal inclusion levels in 
diets for sea bass larvae. 
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1. Introduction 
 
Fish protein hydrolysates (FPH) have been used as substitutes for fish meal in 
aquaculture feeds in order to enhance the growth and survival of marine fish (Hardy, 
1991). Several studies have investigated the effects of dietary hydrolysed protein on 
the growth of Atlantic salmon (Salmo salar- Lall, 1991; Parrish et al., 1991; Heras et 
al., 1994; Berge and Storebakken, 1996), rainbow trout (Oncorhynchus mykiss- 
Aksnes et al., 2006), goldfish (Carassius auratus- Szlaminska et al., 1991), tilapia 
(Oreochromis niloticus- Lapie and Biqueras-Betinez, 1992; Fagbenro et al., 1994), 
carp larvae (Cyprinus carpio- Carvalho et al., 1997), and Japanese sea bass 
(Lateolabrax japonicus- Liang et al., 2006). None of the preview works provided any 
information either on the degree of hydrolysis associated with dietary FPH or on the 
molecular weight profile of the soluble peptides produced during hydrolysis. The 
degree of protein hydrolysis affects certain product properties, like viscosity, 
solubility and the partition of proteins. These, in turn, influence the absorption 
capacity and rate of passage of the diet through the gastrointestinal tract (Espe et al., 
1999). The solubility of FPH depends on the raw material, proteolytic method, 
temperature, and processing time (Raa and Gildberg, 1982; Fagbenro et al., 1994; 
Espe and Lied, 1999).  
Day et al. (1997) found that survival was improved in juvenile Dover sole (Solea 
solea) fed on a diet in which the protein was totally replaced by a hydrolysate. Espe et 
al. (1999) reported that the replacement of less than 15% of fishmeal by acidic silage 
improved the growth of juvenile and adult Atlantic salmon. Refstie et al. (2004) found 
that the dietary substitution of 10% to 15% of fish meal by a commercial 
enzymatically- treated FPH positively affected the growth performance of Atlantic 
salmon. More recently, Liang et al. (2006) reported that the dietary addition of 15% 
FPH prepared from pollock by-products supported higher growth in Japanese sea bass 
compared with higher and lower inclusion levels.  
The incorporation of FPH in artificial larval diets has been suggested as an alternative 
approach for overcoming the limited digestive capacity of fish larvae (Dabrowska et 
al., 1979; Dabrowski, 1984; Govoni et al., 1986). Zambonino et al. (1997) initially 
indicated that the best incorporation rate for a FPH rich in di-peptides and tri-peptides 
was 20% of the total nitrogen supply, since such a diet improved the growth and 
survival of sea bass larvae, compared with groups fed on diets without FPH, or at a 
replacement rate of 40%. A similar trend was observed by Cahu et al. (1999), who 
found that replacing 25% of fish meal with a commercial FPH facilitated the onset of 
the adult mode of digestion in developing sea bass larvae, while replacement rates of 
50% and 75% led to a reduction in larval growth. Carvalho et al. (2004) documented 
the importance of the solubility and peptide profile of casein hydrolysates in the diets 
of common carp larvae. The beneficial effect of pre-hydrolysis on the utilization of 
dietary protein was also reported in Atlantic halibut (Hyppoglossus hyppoglossus) 
larvae (Tonheim et al., 2005). 
In addition to the benefits in growth performance, it has been shown that fractions of 
peptides derived from hydrolysated muscle and the empty stomachs of cod stimulated 
the activity of Atlantic salmon head kidney leucocytes (Bøgwald et al., 1996; 
Gildberg et al., 1996). However, Murray et al. (2003) did not find any positive effect 
of the dietary protein hydrolysate on the innate immune functions of juvenile coho 
salmon. 
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The introduction of dietary FPH may also affect microbiota, as they can boost 
bacterial proliferation. It is particularly important to monitor intestinal microbiota to 
make sure that they are not detrimental in this respect. In larval stages, fish mortality 
can be high due to opportunistic pathogens, and the early weaning of larvae with 
compound diets may cause bacterial growth, especially that of Vibrio species 
(Gatesoupe et al., 1997). Severe and moderate mortalities caused by outbreaks of 
vibriosis outbreak have been respectively reported in sea bream and sea bass larvae 
(Grisez et al., 1997). 
The optimum combination of dose and proteolysis level of FPH in the weaning diets 
of sea bass larvae has not been established yet. The aim of this study was to 
investigate the effects of two dietary levels of experimental acidic silage FPH, on the 
growth performance, survival, digestive enzymes and gut microbiota of European sea 
bass larvae, which were also challenged with Vibrio anguillarum and compared to a 
commercial enzymatic hydrolysate with a different solubility and peptides profile.  
 

2. Materials and methods 
 

2.1. Preparation of sardine hydrolysate (SH) 
 
By-products of sardine were derived from a canning line at a fish processing plant 
(North Aegean Sea Canneries S.A., Kilkis, Greece). They mainly consisted of sardine 
heads with and a small percentage of whole sardines (Sardina pilchardus). The offal 
was transferred to a deep-freeze immediately after processing and stored at –20 0C.  
Silage was prepared from minced sardine offal by adding 22 g kg –1 (v/w) formic acid 
(85%). It was then stored at 25 ± 1 °C for 5 days, stirring periodically. Afterwards it 
was heated in an oven at 90 °C for about 10 minutes before freeze-drying.  
 

2.2. Experimental diets and larval rearing 
 
Four compound diets were formulated (Table 1). In diets S19 and C19, the protein 
hydrolysate – consisting of sardine silage (SH, 42% crude protein) and a commercial 
enzymatic FPH (CPSP, Concentré Protéique soluble de Poisson, Sopropêche, 
Boulogne-sur-Mer, France, 82% crude protein), respectively - was incorporated at a 
level of 19%. The remaining of the dietary protein fraction was supplied by fishmeal 
(Norse LT 94). The diet with 19% CPSP (C19) corresponded to the one that gave the 
best results when tested by Cahu et al. (1999), and was used as a control. In diets S10 
and C10, replacement of fishmeal with sardine silage or CPSP was limited to 10%. 
The ingredients were mixed with water, pelletized and dried at 60 0C for 25 min. The 
pellets were then sieved to obtain a particle size of 200–400 μm.  
European sea bass larvae (Dicentrarchus labrax) were obtained from the Aquanord 
marine farm (Gravelines, France). They were reared at IFREMER facilities, Centre de 
Brest, in running seawater. Larvae were randomly distributed among 12 conical 
fiberglass tanks (35 l) at 4 days post-hatching (dph), with an initial stocking density of 
60 larvae l–1. Water temperature was 20°C and the physical rearing conditions were as 
previously described (Cahu and Zambonino Infante, 1994). Mouth opening occurred 
at 5 dph and the larvae were kept in the dark without food until 7 dph. During this 
period, larvae had exclusively an endogenous feeding. The 4 experimental diets were 
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given from day 8 dph onwards. Three replicates were used for each diet. In parallel, 
larvae from the same batch were allotted to 4 conical fiberglass tanks (100 l), with the 
same stocking density, and fed the experimental diets before being used in a challenge 
trial at 16 dph. Fish were fed to excess 18 h/day, using belt feeders. The experiment 
continued until 33 dph. 
 
 

2.3.  Analytical methods 
 
Protein solubilities in sardine and CPSP hydrolysates were determined by the 
trinitrobenzosulphonic acid (TNBS) method (Adler-Nissen, 1979) and the degree of 
hydrolysis was calculated as a proportion (%) of free a-amino groups with respect to 
total a-amino groups in each sample. Analyses were performed in duplicate. The 
molecular weights of soluble protein fractions in sardine and CPSP hydrolysates were 
determined, with slight modifications, according to Boza et al., (1994). Briefly stated, 
aliquots of each sample were dissolved in 0.07 M phosphate buffer (10 mg ml-1) at pH 
8.0, homogenized, stirred for 10 min on a magnetic plate and centrifuged at 3,000 rpm 
for 10 min. The supernatants were filtered through a 0.2 μm pore filter and analyzed 
by HPLC-gel filtration chromatography in an ALLIANCE 2690MX (Waters, MA, 
USA) system equipped with a TSK-Gel G2000SWXL column (TOSOH 
BIOSCIENCE, Stuttgart, Germany) and 2996 Photodiode Array Detector (Waters, 
MA, USA). The mobile phase was 0.1 M sodium sulphate in phosphate buffer 0.07 M 
at a flow rate of 1ml min-1. Column effluent was monitored for UV light absorption at 
230 nm. Peak identification and integration was performed by the software 
Millennium32 Chromatography Manager (Waters, MA, USA). The molecular weights 
of the protein fractions were calculated with reference to the retention times of the 
following molecular weight standards: bovine albumin (67000 Da; Sigma A-4503), 
ribonuclease A (13000 Da; Sigma R-5250), insulin chain A (2532 Da; Sigma I-1633), 
Tyr-Tyr-Tyr (508 Da; Sigma T-2007) Val-Tyr-Val (379 Da; Sigma V-8376), L-
tryptophan (204 Da; Sigma T-0254), and DL- phenylalanine (165 Da; Sigma P 4905). 
Based on their respective retention times and according to International Union of Pure 
and Applied Chemistry (IUPAC) peptide nomenclature, four molecular weight 
soluble fractions were defined: <200 Da (corresponding mainly to free amino acids), 
200-500 Da (corresponding mainly to di-and tripeptides), 500-2500 Da 
(corresponding mainly to oligopeptides), and >2500 Da (corresponding mainly to 
polypeptides). 
The chemical composition of the ingredients and diets were determined according to 
standard procedures: dry matter by drying in an oven at 105 0C for 24 h, ash by 
combustion at 550 °C in a muffle furnace for 24 h, nitrogen by the Dumas combustion 
method (A.O.A.C. 990.03) and lipids according to Folch et al. (1957). 

2.4. Sampling and dissection 
 
Thirty larvae per dietary group were sampled using a nest after lowering the water 
column at days 8, 15, 22, 29 and 33 for growth monitoring. This procedure allowed a 
fast sampling without stress for larvae. At the end of the experimental period, the 
survival of larvae was determined by counting the population in each tank. On days 
26 and 33, 50 larvae per tank were collected for enzymatic measurements before 
administering the daily food supply. They were immediately frozen and stored at –
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80°C. The larvae were dissected and their pancreatic and intestinal segments were 
separated according to Cahu and Zambonino Infante (1994). 
 

2.5. Enzymatic assays 
 
The dissected segments were homogenized in five volumes (v/w) of distilled cold 
water (4°C). Amylase and trypsin were assayed according to Métais and Bieth (1968) 
and Holm et al. (1988), respectively. Brush Border Membranes (BBM) were purified 
from the intestinal segment homogenate according to the modified method of 
Zambonino Infante et al. (1997) for intestinal scraping (Crane et al., 1979). BBM 
enzymes, Aminopeptidase N (AN) and Alkaline Phosphatase (AP) were measured 
according to Maroux et al. (1973) and Bessey et al. (1946), respectively. Enzyme 
activity was expressed as segmental activity in mU (intestinal segment)-1. The 
secretion of trypsin and amylase was expressed as a ratio of their segmental activity in 
the intestinal segment with respect to the total activity assayed in both pancreatic and 
intestinal segments (Cahu et al., 1999). Protein content was determined by the 
Bradford method (Bradford, 1976).  
 

2.6. Microbiological methods  
 
At 17 and 26 dph, 20 larvae from each rearing tank were sampled before the daily 
food distribution to count bacteria, according to the methods previously described 
(Gatesoupe, 1995). Under sterile conditions, larvae were rinsed over a 450 µm net, re-
suspended in 4.5 ml of half-strength seawater, and crushed in a glass homogeniser. 
After homogenisation, appropriate dilutions were spread on Petrifilm (Aerobic Count 
Plates, 3M Microbiology products) and TCBS (thiosulfate-citrate-bile-salt agar, AES 
Laboratoire, dissolved in half-strength seawater), for rough estimation of Vibrio spp. 
counts. The plates were incubated at 20°C and inspected for up to 5 days. The 
detection level was 20 colony-forming units (CFU) per larva. At least 10 colonies 
were sampled on each individual Petrifilm for further biochemical identification. The 
selected isolates were cultivated on Plate Count Agar (PCA, AES Laboratoire, 
enriched with 18 g l-1 NaCl, pH adjusted to 7.8). The phenotypic characterisation of 
the isolates was determined with API 20 E strips according to manufacturer’s 
instructions (bioMérieux). It has been reported that API 20E is the most commonly 
used kit for rapid diagnosis of bacteria from fish (Popovic et al., 2004). API 20 E 
profiles were compared using the Wagner parsimony method, using Mix of Phylip 
(Felsenstein, 1996), to arrange the strains in dendrograms drawn with Fixdtree 
(Felsenstein, 1996) in order of similarity. Then DNA was extracted and the fragments 
corresponding to 16S rDNA were amplified by PCR. The isolates were clustered 
according to their genotypic similarity, characterized by Amplified Ribosomal Dna-
Restriction Analysis (ARDRA) of the PCR products using Hae III and Cfo I 
(Gatesoupe, 2002). One isolate per dominant cluster was selected for sequencing the 
16S rDNA gene (partial sequences of 570 – 923 bp from primer SA-dir 5'-
agagtttgatcatggctcag-3'). The phylogenic position of the cluster was then searched 
with BLAST (NCBI). 
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2.7. Challenge trial  
 
At 16 dph, 50 larvae from 6 different tanks corresponding to each experimental diet 
were transferred before the daily food supply into 500 ml bottles with screw closure. 
The larvae were challenged with a strain of Vibrio anguillarum, pathogenic to sea 
bass larvae. According to the method of Gatesoupe (1995), the initial concentration of 
the bacterial inoculum and the duration of the test were preset to obtain the mortality 
peak in a short time, not long enough to affect survival in the control group without 
infection. Approximately 109 CFU were added to each challenge bottle to obtain 2 × 
106 CFU ml-1, then the bottles were tightly closed. Ten replicates plus 3 control 
replicates without the pathogen were prepared for each dietary group. The challenge 
experiment lasted 4 days and mortality was calculated by counting the survivors.  
 

2.8. Statistical analysis  
 
Student’s t test was used to compare the mean differences in solubility and peptide 
weights after arcsine square root transformation. Data on survival, trypsin and 
amylase secretion levels were also arcsine square root transformed. The normality and 
homogeneity of the data were checked with the tests of Kolmogorov-Smirnov and 
Bartlett, respectively. Data were compared by the analysis of variance (ANOVA) at 
the 0.05 significance level. Significant differences in mean weights were revealed by 
Tukey’s test. Due to the large number of measurements, this test was selected instead 
of the Newman-Keuls test, which can potentially identify falsely significant 
differences (Zar, 1996). The data with few replications for the enzyme assays 
challenge test and the bacterial counts were analysed by applying the Least 
Significant Difference (LSD) test, which is less conservative than Tukey’s test. The 
bacterial counts were log transformed, then analysed in a three-way ANOVA. Data 
from the challenge test were analysed with one- and two-way ANOVA, after arcsine 
square root transformation.  
 

3. Results  
 

3.1. Protein solubility and peptide profile of the dietary hydrolysates  
 
Significant differences were revealed between the two types of dietary hydrolysates 
with respect to the solubility and molecular weight distribution of the solubilised 
protein (Table 2). CPSP hydrolysates showed a higher degree of hydrolysis (DH) 
compared with SH (61.4% and 46.5%, respectively) and thereby higher protein 
solubility since DH is positively correlated to the solubility of the FPH. 
The chromatographic peptide profiles of the two types of dietary hydrolysates are 
shown in Fig. 1. The main fraction of soluble peptides of CPSP hydrolysates (51.4%) 
was constituted by oligopeptides with more than three residues (500-2500 Da) 
followed by di-/tripeptides (36.5%), proteins/polypeptides (10.6%) and free amino 
acids (1.5%) (Table 2). On the other hand, SH hydrolysates contained a high 
proportion (54%) of di-/tripeptides (200-500 Da) and free amino acids (4.3%) and 
fewer oligopeptides (35%) or proteins/polypeptides (6.5%) compared with CPSP 
hydrolysates. 
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3.2. Larval growth, survival and enzymes activity 
 
At the end of the trial (33 dph), no significant differences were found between 
survival rates for the different dietary groups, which were 38 ± 5, 36 ± 7, 43 ± 4, and 
33 ± 7% for groups C19, S19, C10, and S10, respectively. 
Differences in growth between groups were already obtained from 15 dph (Fig. 2), 
when a significantly higher mean weight was observed with low levels of FPH, 
regardless of the type of hydrolysate (groups C10 and S10). Larvae fed on the C10 
diet presented the highest growth performance from 22 dph until the end of the trial 
and exhibited significantly higher final wet weight than larvae fed on the S10 diet 
with the same level but a different type of hydrolysates (Fig 2).  
There was no significant difference in growth between the two groups fed on the diets 
with high levels of FPH (C19 and S19) throughout the experimental period.  
Rates of trypsin and amylase secretion were not significantly different at 26 and 33 
dph (Table 3). However at 33 dph, trypsin secretion with diet S19 tended to be lower 
than that observed with the other diets (39 vs. 52-58%, P = 0.06).  
The segmental activities of BBM enzymes are given in Fig. 3. Both alkaline 
phosphatase and aminopeptidase activity presented the same pattern; increasing from 
day 26 to day 33. Larvae fed on the C10 diet showed significantly higher intestinal 
enzyme activity than those fed on the other diets. Differences with AN were not 
significant at 26 dph but the trend was quite similar (P = 0.07). 
 

3.3. Bacterial assays and challenge 
 
No significant differences were observed between bacterial samples counted on 
Petrifilm and expressed in CFU per individual larva (Table 4). The three-way 
ANOVA indicated that the only significant differences were related to the date of 
sampling for TCBS counts, which were ca. 102-103 CFU per larva at 17 dph, and less 
than 102 at 26 dph. However, the lowest TCBS counts were observed in group C10 at 
both dates. At 17 dph, the characterization revealed that Vibrio spp. represented only 
4% of the isolates in group C10, whereas they represented 27% of the isolates in 
group C19 (Table 5). Both dose and FPH type affected the proportion of Vibrio spp. 
in larval microbiota, since 32% and 52% of the isolates respectively corresponded to 
this genus in larvae fed on diets S10 and S19. The dominant species of Vibrio were 
also different, depending on the dietary FPH. Highly diversified strains of Vibrio were 
observed in group C19, where 7% of the isolates belonged to cluster TYH3, while the 
other 20% characterised as Vibrio spp. corresponded each ones to different genotypes. 
A clear dominance of two clusters of Vibrio was observed in groups S10 and S19. The 
16S ribosomal RNA genes in cluster TYH3 and B4Y78 were closely related to those 
in Vibrio sp. RE1-3 (Patel et al., 2003) and Enterovibrio norvegicus LMG 19842 
(Thompson et al., 2002), respectively. The proportion of cluster TYH3 seemed 
affected both by the type of FPH and the dose, whereas cluster B4Y78 was 
exclusively observed in larvae fed with the experimental FPH. Marinomonas spp. 
were dominant in the microbiota from group C10 (cluster B4N46, close to M. 
mediterranea MMB-1, Solano and Sanchez-Amat, 1999; cluster B4C03, close to M. 
primoryensis KMM 3634, Romanenko et al., 2003). Bacillus spp. were dominant in 
group C19 (cluster B4C54, close to Bacillus sp. 19491, Heyrman and Swings, 2001; 
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cluster B4C57, close to Bacillus sp. IDA1983, Felske et al., 2003). 
Pseudoalteromonas sp. was observed in all groups, but to a lesser extent in group C19 
(one cluster close to Pseudoalteromonas sp. SM9913, Chen, 2003). Other bacterial 
genotypes referred as “others” were observed once, in various proportion depending 
on the treatments. The greatest diversity in microbiota was noted in groups C19 and 
S10 (26% and 24% of the isolates, respectively). At 26 dph, the microbiota could not 
be efficiently characterized due to the dominance of bacteria which were detected on 
Petrifilm but which did not subsequently grow on PCA plates. At this date, TCBS 
counts were highly variable in group S19, due to the proliferation of Vibrio sp. TYH3 
in one replicate (2 × 105 CFU larva-1). 
After 3 days of challenging with Vibrio anguillarum, the larvae fed on diet S19 until 
16 dph presented a significantly lower mortality rate than those of groups C10 and 
C19 in one-way analysis (9 vs. 19-23%, Table 6). Meanwhile, mortality was between 
0% and 2% in control bottles without infection, except in one corresponding to diet 
S10 (5%). Two-way analysis of variance indicated that the dose of FPH had no effect 
on mortality after infection, and that interaction was not significant, whereas the 
difference due to the type of hydrolysate was highly significant. 
 

4. Discussion 
 
A lot of attention has been given to understanding amino acid metabolism and the 
requirements of marine fish larvae (Plakas and Katayama, 1981; Watanabe and Kiron, 
1994; Rønnestad et al., 1999; 2003; Applebaum and Rønnestad, 2004; Aragão et al., 
2004). Consequently, adequate supplementation and balance of amino acids have 
greatly improved formulated micro-diets for replacing live prey at early larval stages. 
However, very little attention has focused on the appropriate peptide profile of the 
microdiet.  
In the present study, two types of fish protein hydrolysates and two dietary inclusion 
levels were tested in the diets of sea bass larvae from mouth opening until day 33. The 
main differences between the hydrolysates related to the molecular weight distribution 
of their peptides and their degree of solubility, both of which originated from the 
different hydrolysis procedures applied. The results indicated that SH hydrolysates 
were less soluble and contained a larger proportion of short peptides, namely di-
/tripeptides, than CPSP hydrolysate. Amino acid analysis was not performed, since 
little variation was observed in the amino acid composition of either FPH or fishmeal 
produced from different fish species (Hertrampf and Piedad-Pascual, 2000). 
The incorporation of CPSP hydrolysates (treatment C10) in the diet at a concentration 
of 10% effectively improved growth, survival and the intestinal development of sea 
bass larvae. At 15 dph, the diets with low replacement rates for fishmeal by FPH 
(10% of total ingredients) produced improved growth of sea bass larvae with respect 
to diets with higher replacement rates of 19%, such as those already tested by Cahu et 
al. (1999). After that day and until the end of the trial (day 33), the best growth and 
survival rates were obtained with the low dose of CPSP, whereas the worst was 
observed with the low dose of the experimental sardine hydrolysate. The fact that SH 
hydrolysate contained more than 50% of di-/tripeptides, may explain the reduction in 
overall larval performance. Carvalho et al. (2004) also found that a dietary excess of 
di- and tripeptides detrimentally affected the performance of common carp larvae in 
early feeding stages and hypothesized that the subsequent reduced larval performance 
was either due to the saturation of the peptide transport mechanism or to the rapid 
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hydrolysis of low molecular weight peptides, which produced an excess of amino 
acids that subsequently saturated the amino acid intestinal transport mechanisms.  
Both fish larvae and adult fish are capable of absorbing di- and tripeptides (Govoni et 
al., 1986) but there are only a limited number of intestinal peptide transporters 
(Bakke-McKellep et al., 2000). Saturation and competition of amino acids for 
transport mechanisms have been proposed as causes for the detrimental effects 
associated with fish fed on high levels of free amino acids (Plakas and Katayama, 
1981). Rønnestad et al. (2000) suggested that the faster absorption of the free amino 
acids, present in excess in some diets, might lead to amino acid imbalances. In line 
with previous speculation, Kolkovski and Tandler (2000) assumed that a fast flow of 
short peptides through the gut wall might saturate the larval digestive system. 
These assumptions do not contradict the findings of Zambonino Infante et al. (1997), 
who reported that the dietary incorporation of a fishmeal hydrolysate at a 20% level, 
which mainly contained di- and tripeptides (75%) significantly improved the survival 
and growth of European sea bass larvae compared to a diet with 40% fishmeal 
hydrolysate. In that work, native-intact proteins were substituted by one type of FPH. 
In our study, comparisons have been performed between two types and levels of 
dietary hydrolysates with different peptide profiles. 
Oligo-/ polypeptides and proteins (> 500 Da) in live feed (rotifers and Artemia), 
which is still considered a standard food for fish larvae, occur in more than 84% of the 
total molecular weight distribution whilst di-/tripeptides and amino acids account for 
less than 11% and 7%, respectively (Carvalho et al., 2003). If peptidic profile and 
solubility of artificial diets for fish larvae should be similar to those of live food, 
CPSP hydrolysates would seem to approximate the requirements better than SH in 
terms of peptide profiles. 
Findings on growth were supported by the notable effect of the low dose of CPSP on 
the early stimulation of the BBM digestive enzymes. Intestinal maturation in sea bass 
is characterized by a decrease in cytosolic digestion followed by an increase in brush 
border membrane enzyme activity (Cahu and Zambonino Infante, 1995). The 
segmental activities of BBM enzymes increased between day 26 and day 33, 
reflecting a normal intestinal maturation process. The elevated levels of 
aminopeptidase and alkaline peptidase in both 26 and 33 dph larvae fed the low dose 
of CPSP showed that maturation of the intestine occurred earlier in this group than in 
the others.  
However, although the levels of trypsin and amylase secretion seemed to increase 
from 26 to 33 dph, they were not significantly different among the experimental 
groups. It can be noted that secretion levels of trypsin and amylase were similar and 
adequate in all groups, suggesting that the pancreatic maturational process had 
occurred in each group (Cahu et al., 1999). Enzymatic data indicated that the best 
development was induced by the diet containing 10% CPSP. The other diets, 
containing higher levels of hydrolysate (19%) or a high proportion of short peptides, 
led to delayed larvae development. 
The immune system may also be affected by FPH supply. It should be noted that 
experimental acid silage significantly increased the resistance of larvae challenged 
with V. anguillarum. There have been reports of biologically active peptides with 
immuno-stimulating and antibacterial properties being produced during the 
hydrolyzing procedure (Coste et al., 1992; Bøgwald et al., 1996; Gildberg et al., 1996; 
Daoud et al., 2005). However, it is not known whether such biologically active 
peptides existed in the two types of experimental FPH tested and so further research is 
required in this area.  
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Nevertheless, none of these effects on growth, development, digestion, and possibly, 
immunity should only be considered in the light of a direct relationship between 
nutrients and the animal. The FPH also affected microbiota, which was not surprising, 
given that protein hydrolysates are major ingredients in most culture media for 
bacteria. In spite of this effect of FPH on microbiota, it must be noted that the 
bacterial load in the present experiment was much lower than that previously 
observed (102-103 vs. 105-106 CFU larva-1, Gatesoupe et al., 1997). This may be 
attributable to improvements in rearing techniques and diet composition, since FPH 
represented half of the amino acid supply in the previous experiment. The expression 
of bacterial counts per individual does not take into account larval growth, and in the 
present experiment mean weights were multiplied by ca. five from 17 to 26 dph. 
Counts on Petrifilm would therefore tend to decrease between the two sampling dates 
if expressed in CFU per g of intestine, while TCBS counts, which provide a rough 
estimate of Vibrio spp., even decreased on an individual larvae basis. The proportion 
of Vibrio spp. was clearly related to the dose and type of FPH at 17 dph. The 
dominance of cluster TYH3, and possibly also that of B4Y78, may at least partially 
explain the increased resistance of sea bass larvae in the challenge at 16 dph. This has 
already been observed in turbot larvae, in which an artificial dominance of Vibrio sp. 
was created (Gatesoupe, 1997). Such an improvement in the resistance of the larvae 
might be due to a barrier effect, with settled strains preventing the pathogenic Vibrio 
from invading the larvae. An alternative hypothesis would be the stimulation of the 
immune system by the settled strains. For instance, a probiotic strain of V. fluvialis 
stimulated the immune response of rainbow trout, thus preventing furunculosis 
(Irianto and Austin, 2002). Nevertheless, it should be borne in mind that there is some 
risk of favouring the proliferation of Vibrio spp., even if the strains are reputedly safe. 
Cluster TYH3 showed opportunistic behaviour in one replicate at 26 dph, although no 
clearly detrimental effect was detected. It certainly does not seem advisable to use 
dietary FPH to haphazardly stimulate bacteria that are supposed to provide certain 
probiotic effects. Moreover, the challenge test was performed under stressful 
conditions that are unlikely to occur during normal rearing, where it would seem wise 
to try to reduce the bacterial load as much as possible. Consequently, the low dose of 
CPSP may be safe, even if protection against the pathogen is not optimal under 
extreme conditions. By the end of the first month of rearing, the dominant strains in 
the larval microbiota did not seem to be cultivable on plate count agar, except when 
there was opportunistic proliferation of Vibrio sp. This situation is different from 
those previously observed for larvae fed on a compound diet (Gatesoupe et al., 1997) 
or live food organisms (Gatesoupe, 2002). New techniques are required for further 
study, including direct counting by epifluorescence microscopy and randomly cloned 
eubacterial 16S rDNA (Hold et al., 2002). 
In conclusion, the present study mainly provides evidence of the significance of the 
level and molecular weight distribution of peptides in compound diets for feeding 
newly hatched sea bass larvae. Further investigations concerning the optimal dietary 
peptide profile and the speculated bioactive fractions are requested in order to propose 
an optimal hydrolytic procedure for valorising fish by-products. The prevention of 
fish disease may benefit from further progress in diet formulation. For instance, it may 
be interesting to try combining low doses of FPH with the omission of mineral iron 
supply, which has been already proposed (Gatesoupe et al., 1997). 
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Figure 1. Molecular weight chromatographic distribution of soluble protein nitrogen 

in different dietary hydrolysates (dotted vertical lines define the different 

fractions). 

 

 

 

 



 
 

Figure 2. Growth of sea bass larvae fed on the experimental compound diets from D8 to D33. Means ± S.D. (n=30) with different superscript 

letter are significantly different (P < 0.05). 



 
Figure 3. Segmental activities of Alkaline Phosphatase (AP) and Leucine 

AminoPeptidase (AN) in the intestine of larvae fed the different dietary 

treatments at 26 and 33 dph. Means ± S.D. (n=3) with different superscripts 

for significantly different activities (P < 0.05). 

 



Table 1. Ingredients and chemical composition of the experimental diets (g kg-1, on a dry matter 
basis) 

 
 C19 S19 C10 S10 

Ingredients     

Fishmeala 530 530 620 620 

CPSPb 190  100  

Sardine silage   190  100 

Soy lecithinc 150 150 150 150 

Vitamin mixd 80 80 80 80 

Mineral mixd 40 40 40 40 

Betainee 10 10 10 10 

     

     

Chemical composition 

(g kg-1)  

    

Dry mater 932 928 917 929 

Protein (N × 6.25) 562 477 553 516 

Lipid 160 214 170 195 

Ash 141 161 143 153 

Gross energy (J kg-1)f 15 16 16 16 

a Fishmeal (Norse-LT 94) supplied by La Lorientaise, Lorient, France; b Sopropêche, Boulogne sur 

Mer, France; c From Louis François Exploitation, Saint Maur, France; d According to Cahu et al., 1999; 
e Betaine hydrochloride (99%) from Sigma; f Calculated as: fat × 37.7 J kg-1; protein × 16.7 J kg-1.  
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Table 2. Protein solubility and peptide molecular weight distribution (%) of dietary hydrolysates. 
Data are the means ± SD of two replicates. Different letters above means within each column 
indicate statistically significant differences (P<0.05) 

 DH (%)* <200 Da 200-500 Da 500-2500 Da >2500 Da 

CPSP 61.4± 2.7a  1.5 ± 0.5a 36.5 ± 0.6a 51.4 ± 1.2a 10.6 ± 1.4a

      

SH 46.5 ± 2.8b 4.3 ± 0.4b 54.0 ± 0.8b 35.2 ± 1.5b 6.5 ± 1.1b

      

*Degree of hydrolysis 
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Table 3. Trypsin and amylase secretion (% of activities in the intestinal segment, related to the total 
activity, pancreatic plus intestinal segment) per larvae at 26 and 33 dph. The means ± SD (n=3) were 
not significantly different (P > 0.05) 

 C19  S19 C10 S10 

Day 26     

Trypsin 48 ± 7 50 ± 3 53 ± 8 43 ± 6 

Amylase 64 ± 10 73 ± 2 64 ± 10 78 ± 4 

     

Day 33     

Trypsin 58 ± 6 39 ± 3 56 ± 4 52 ± 10 

Amylase 68 ± 8 77 ± 16 78 ± 2 74 ± 8 
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Table 4. Bacterial counts in larvae sampled at 17 and 26 dph, in log (CFU larva-1), means ± S.D. 
(n=3). The differences were not significant in a 3-way ANOVA, except for the effect of date on TCBS 
counts (superscripts a and b, P = 0.04). The interactions were not significant 

 

 C19  S19 C10 S10 

Day 17     

Petrifilm 3.6 ± 0.7 3.6 ± 0.3 3.7 ± 0.7 3.5 ± 0.5 

TCBSa 2.9 ± 0.7 3.2 ± 0.4 2.4 ± 0.4 3.2 ± 0.3 

     

Day 26     

Petrifilm 3.1 ± 1.3 3.6 ± 1.5 2.1 ± 0.7 3.2 ± 0.3 

TCBSb 1.9 ± 0.6 1.7 ± 3 1.2 ± 1.1 1.7 ± 1.5 
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Table 5. Proportions of dominant microbiota strains in larvae sampled at 17 dph (%). The 
identification was based on alignment with nucleotide sequences currently available in NCBI 
database. Items referred as “others” corresponded to diverse genotypes observed only once. 

 

 C19  S19 C10 S10 Accession #* Alignment** 

Vibrio spp.       

Cluster TYH3 7 39 0 19 AY539782 33-634 

Cluster B4Y78 0 13 0 13 AJ437193 18-805 

Others 20 0 4 0   

       

Marinomonas spp.       

Cluster B4N46 0 0 35 0 AJ630652*** 1-518 

Cluster B4C03 0 5 27 6 AY539835 30-587 

       

Bacillus spp.       

Cluster B4C54 20 0 0 0 AB118223 29-790 

Cluster B4C57 20 0 0 0 AY043085 11-689 

       

Pseudoalteromonas sp. 7 32 31 38 AY305857 1429-686 

       

Others 26 11 3 24   

* Accession number of a homologous partial fragment; ** position of the first and the 
last nucleotides corresponding to the fragment in the referenced sequence;*** new 
sequence, submitted for this study to EMBL. 
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Table 6. Mortality (%) of sea bass larvae fed on the experimental diets until 16 dph, then challenged 
for 3 days with Vibrio anguillarum. Means ± S.E. (n=10 for the challenge, n=3 for the control without 
pathogen) with different superscripts for significantly different means (P < 0.05). The interaction 
between hydrolysate and dose was not significant in the 2-way ANOVA 

 

Challenge Dose 19 Dose 10  Hydrolysate effect (P = 0.004) 

CPSP hydrolysate  19 ± 3a 23 ± 5b  21± 2a

SH hydrolysate  9 ± 2b 14 ± 2ab  11± 2b

Dose effect (n.s.) 14 ± 2 18 ± 2   

     

Control C19  S19 C10 S10 

 1 ± 1 1±1 1 ± 1 5 ± 4 
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