
ASA BASS 7 

Caditec Testing S.L.                        CONFIDENTIAL                                          1/7 

TRIAL  REPORT  
 

 
Determine optimal levels of fishmeal/fish oil replacement with 
soy products (soybean meal, soybean oil and soy protein concentrate) 

in practical feeds for European seabass (Dicentrarchus labrax) 
 
 

Scientific team 
 
Caditec Testing – Spain: 

• Rocio Robles, Lic – Technical director 
• Jurgen Adriaen, Ir. - Biologist 

INVE Aquaculture Nutrition – Belgium 
• Sam Ceulemans, Ir. – Coordinator R&D Feedmill Nutrition 
• Alexander Van Halteren, Ir. – Project Coordinator Feedmill Projects 
• Peter Coutteau, PhD – Product Manager Feedmill Nutrition 

1 Objective 
European seabass (Dicentrarchus labrax) is one of the main species of marine fish produced in the 
Mediterranean region, totalling close to 80,000 MT in 2006. 
 
The main objective of the present study is to determine the optimal inclusion levels and value of 
soy bean products (defatted soybean meal SBM, soybean oil SBO and soy protein concentrate SPC 
of U.S. origin) as fish meal/fish oil replacers in practical diets for D. labrax. The effect of fish meal 
replacement with soy products on growth, survival, HSI, VSI, liver histology, FCR and PER will 
be evaluated under controlled lab scale conditions. 

2 Materials and methods 
2.1 Feed Preparation  

Feed preparation was subcontracted to INVE Aquaculture N.V. Belgium which is producing the 
feeds in their pilot extrusion plant for specialty fish feed, including: 

- Fresh ingredients from the factory stock passed through INVE quality control (physical, 
chemical, legal aspects..) 

- Pulverization of coarse ingredients  
- Mixing ingredients with double shaft paddle mixer 
- Cooking-extrusion/drying on twin-screw Buhler extruder line on required pellet size  
- Vacuum coating of oil phases 
- Quality control (including analysis of feed specifications : C Protein/C Fat after 

hydrolysis/ash/moisture) 
- Packaging and transport by courier 
  

Formulations tested were based on: 
•  45/20 protein/fat specification; although there is wide variation among regions/farmers, 

this levels are generally accepted for high performance feeds for marine fish (bass and 
bream) in European cage farming 

•  actual average ingredient prices offered by suppliers to European feed mills  
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•  experience with different qualities/performances of practical feed formulations in the 
marine fish feed market  in Europe 

•  the general state-of-the-art in the field and academic studies on the limits of using SBM as 
a fishmeal replacement and the expectations that a mixture of SPC/SBM is a promising 
FM replacer 

•  practical formulation experience to compensate low fishmeal formulations with amino 
acids, available phosphorous and attractants 

 
It should be noted that the cost comparisons between formulations may vary in function of market 
fluctuations of ingredient prices. Detailed formulations and cost structure information is presented 
in Table 1. 
 
Table 1: Feed formulations and cost structure: 
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2.2 Experimental design  

The set up used for the trial consisted in a R.A.S (recirculating aquaculture system) with 18 
cylindrical fibre glass tanks with a working volume of 600 l,  with well seawater of 22 ± 1°C and 
salinity of 37 ± 1 g/l. The system had a renewal of 10-15 % per day depending on the water quality 
values and a flow rate of 6-7 l/tank/min. Initial density was 1.60 Kg/m3, with 45 individual per 
tank. The tanks were connected to a biofiltration unit of 3 tanks with different biofilter substrates 
(rigid plastic mesh, blue sponge and moving plastic beds) and to a protein skimmer; a swirl 
separator is also part of the RAS. Photoperiod was set to have 12 h of light (12L/12D); feeding 
(with automatic belt feeders) lasted also 12 h (8.00 h to 20.00 h). Experimental fish, S. aurata 
fingerlings, were obtain from a local hatchery and grown up till test size in Caditec Testing S.L. 
facilities. Trial duration was 12 weeks. Water quality (T.A.N, nitrite) was checked three times per 
week. Temperature and dissolved oxygen was checked daily. 
 
• Feeding  
 
The fish were fed with automatic belt feeders, depositing the daily feed ration on the belt feeder at 
first hour in the morning (working days and Saturdays). Automatic belt feeder was set to work 
during 12h /day (8.00- 20.00) together with illumination. The first two weeks the fish have received 
an acclimation diet, the same for all the tanks. 
The daily feed ration was calculated following feeding tables for this size of fish. Each tank had 
received a fixed % feeding ration in function of its biomass; the same % of tank biomass was 
applied to all the tanks. 
Not eaten pellets were collected per tank twice per day and the feed intake was corrected 
accordingly. 
 
• Stocking and sampling  
 
For all the handling of the animals, phenoxyethanol has been used as anaesthetic (recommended 
dose 0.25ml/l) .Before stocking fish were sampled (weight in water) to determine size distribution. 
Stocking has been done sequentially. Diets were assigned to the tanks at random. 
Sampling happened every two weeks; for the sampling, all the fish/tank have been weighed in 
groups and carefully observed to check the health status of the animal. From this sampling, 
average weight and survival have been determined and feed ration adjusted accordingly every two 
weeks. 
At the final sampling fish have been weighed individually and 5 individuals per tank (15 per 
treatment) have been picked randomly for dissection to determine HSI/VSI index and liver 
dissection; from these 5 fish per tank, 3 of them were used for histological sampling (intestine 
dissection; 9 fish per diet). Another 5 fish per tank (15 per diet) were used for carcass analyses.  
  
• Evaluation Parameters 
 
- Specific Growth Rate (SGR):  Ln(final weight/initial weight)*100/days of feeding), (%/day) 
- Survival , % 
- Food conversion ration FCR (feed intake/wet weight gain) 
- Protein efficiency ration, PER (wet weight gain/protein intake) 
- Carcass composition at the end of the trial (Protein, Fat after Hydrolysis, Moisture, Ash 

content) 
- Filet composition (Protein, Fat after Hydrolysis, Moisture) 
- Hepatosomatic index HSI (liver weight*100/total weight) and Viscerosomatic index, VSI  

(viscera weight*100/total weight)  
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- Filet index, FI (one side filet weight*100/total weight) 
- Liver analysis  
- Gut histology 
- Water quality parameters  

3 Results 
Growth results 

 
Seabass have been during 12 weeks in the experimental system; the first two weeks have been 
considered as acclimation period and experimental feeds have been provided during the next 10 
weeks. The data presented are the average of three replicates per treatment. 
 
After the 10 weeks of experimental feeding, there was a kind of grouping of the treatments 
according to the fishmeal replacement percentage (Fig.1). ANOVA analysis showed significant 
difference among treatments for SGR and FCR (see Table 1) confirming the difference in 
performance. 

 

 
  Fig. 1- Growth curve of seabass fed during 10 weeks the experimental diets (first two  
  weeks were acclimation period) 
 
 
Although there was no mortality nor signs of disease or pathology and the fish were eating well, the 
growth was significantly affected by the type of diet (Table 1). Treatment N1 (control FM65) 
performed best, with a SGR (specific growth rate) of 1.37 %/day (Table 1), followed by diets O2 
and P3 (FM50) and then treatments Q4, R5 and S6 (FM35) having S6 the significantly lowest value 
(1.21 %/day). Accordingly, significant differences were found for final weight and weight gain. 
Concerning FCR, diets N1 and P3 had significantly better results (1.22 and 1.27 respectively) and 
diet Q4 and S6 had the highest values (1.35). 
No significant differences (ANOVA, p<0.05) were found for survival, initial weight, total feed 
intake and feed intake expressed as percentage average body weight per day.  
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 Fig. 2- SGR and FCR of seabass fed experimental diets during 10 weeks. 
 
 
Concerning organosomatic indexes, HSI, VSI and FI, all the diets showed a similar value (Fig. 3) 
and no significant difference was found among the diets. However, the highest values of VSI 
correspond to diets R5 and S6 (9.04 and 9.30 % respectively) and the lowest to diet O2 (7.83%). 
 
 

 
 
Fig. 3- HSI and VSI of seabass fed experimental diets during 10 weeks. Represented values 
are the mean and standard deviation of 15 replicates.  
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Table 1-  
 

Diet 711-N1 
FM65 

711-O2 
 FM50-1 

711-P3  
 FM 50-2 

711-Q4 
 FM35-1 

711-R5  
FM35-2 

711-S6 
 FM35-3 

       

Survival (%) 100±0.0 100±0.0 100±0.0 100±0.0 98.52±1.28 
 

100±0.0 

Initial weight (g) 26.24±0.33 26.26±0.50 26.62±0.17 26.20±0.58 26.32±0.03 26.10±0.11 

Final weight (g)** 65.73±0.76a 63.08±3.98ab 63.25±1.65ab 

 
60.18±1.67bc 60.99±3.27bc 58.71±1.07c 

Weight gain (g) 39.50±0.66a 36.85±3.54ab 36.63±1.53ab 33.95±1.43bc 34.65±3.26bc 32.52±1.16c 

SGR (%/d)/ind 1.37±0.02 a 1.31±0.07 ab 1.29±0.03 abc 1.24±0.04  bc 

 
1.25±0.08 bc 1.20±0.03 c 

Total feed/ind (g) 48.08±0.95 47.56±2.94 46.35±1.44 45.78±1.39 45.89±1.68 43.92±0.96 

Feed intake 
(%ABW/d)* 

1.56±0.02 1.59±0.05 1.54±0.02 1.58±0.02 1.57±0.01 1.54±0.02 

FCR 1.22±0.01 a 1.29±0.06 bc 1.27±0.01 ab 1.35±0.02 c 1.33±0.06 bc 1.35±0.02 c 

HSI (%) 2.67±0.30 2.38±0.23 2.42±0.25 2.10±0.18 2.36±0.19 2.42±0.17 
 

VSI (%) 8.52±0.50 7.83±0.24 8.61±1.57 8.20±0.70 9.04±1.17 9.30±1.10 

FI (%) 22.28±0.03 22.56±0.91 22.03±0.31 22.35±1.05 22.09±0.10 21.76±0.93 

* Feed intake expressed as percentage of average body weight per day 
**Mean (± SD) of three replicates; values within the same row followed by different letters are significantly different (P<0.05) 
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Filet and liver analyses 
 
Samples are being processed 
 
Histological analyses 
 
Samples are being processed 
 
 
 
  


