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1 Introduction 

The general objective of this deliverable is the development of Sustainable and Cost-Effective Feeds 

using Commercially Available Novel Raw Materials of Low Ecological Footprint that support enhanced 

growth performance, robustness and welfare of farmed fish.  

The reduction of fish wild stocks and fisheries along with high global fish consumption has increased 

the demand for aquaculture products (FAO, 2016). Fishmeal (FM) and fish oil (FO) have been the 

major dietary nutrient sources in aqua feeds. However, their limited availability and high cost, have 

directed the search to more sustainable alternative ingredients to reduce the inclusion of FM and FO 

in aquafeeds (FSAI, 2002; Lundebye et al., 2004). The majority of research has focused on the 

replacement of FM and FO by terrestrial plant raw materials and vegetable oils, respectively 

(Montero and Izquierdo, 2010; Torrecillas et al., 2017a; Benedito-Palos et al., 2007). However, 

despite current aquafeeds incorporate a high amount of vegetable ingredients, one of the constraints 

associated to their inclusion in fish diets is the presence of antinutritional factors, which are known 

to cause inflammation in the digestive tract, especially in carnivorous fish, and their low palatability 

due to the high content of non-starch polysaccharides (NSP) and starch (Estruch et al., 2020). 

Therefore, the successful inclusion of these ingredients in fish diets depends on fish species and 

feeding habits, being more challenging for carnivorous species and sometimes being associated with 

a negative impact on growth, health and composition of the latter (Estruch et al., 2020). 

Consequently, research efforts have been concentrated in the last years in expanding the novel 

alternative sources to FM and FO more sustainable and with the same or higher potential as FM to 

maximize fish productivity.  

To this direction, the specific objective of this deliverable is to test a range of novel promising 

ingredients to substitute FM and FO validated in other species, but not evaluated under a cost-

effective and low environmental footprint approach. Besides studying the effect of these ingredients 

on KPIs values, fillet quality will be also considered. This d e l i v e r a b l e  i s  s e t  t o  define 

d i e t  formulations f o r  E u r o p e a n  s e a b a s s  a n d  g i l t h e a d  s e a  b r e a m  that while 

improving current KPIs will be more Environmentally Sustainable and Cost-Effective. 

For this purpose, four different trials were performed. Two trials for European seabass and two trials 

for gilthead sea bream in tasks 4.2.1. and 4.2.2. For both species, protein rich raw materials were 

selected and tested in two separate trials, while two other trials concerned the substitution of FO with 

alternative lipid sources. ULPGC performed the trials for gilthead sea bream and HCMR performed the 

trials for European seabass.  

Task 4.2.3. “The Understanding and Minimizing Negative Effects of Alternative Diets on Fish Health 

and Welfare Anti-Nutritional Factors” was studied in European sea bass. Two trials were conducted; 

a growth trial and a digestibility trial. 

The contributors of this task decided to construct a list of various raw materials which is in use in 

aquafeeds including novel ones, to select those which are available. The selected raw materials used 

in the formulations for European seabass and gilthead sea bream are presented in Table 1. 
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Table 1. List of available novel raw materials used in Aquafeeds for European seabass and gilthead 

seabream 

Raw material  Cost in €/MT Notes 

Krill meal 2500  

Alga Prime 58% 6000 60% fats 

Fermented soy 1300  

Rape seed meal 350  

Guar Meal 900  

Faba bean 600  

Pea meal 400  

Sunflower meal  500  

Poultry meal 900  

Blood meal 1000  

Feather meal 750  

Insect meal (Hermetia illucens)  3500  

Insect meal (Tenebbrio molitor) 3500  

Single cell protein (Methylococcus capsulatus) 2000  

Calysseo FeedKind 2000 Only in Asia. 
Maybe next years 
in Europe 

Veramaris algal oil 8000  

DHA Natur Oil 3000 Production has 
been stopped 

Poultry oil 1300  

Rapeseed oil  1400  

Salmon oil  1400  
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2 Evaluation of the Nutritional Value and Sustainability of Novel 
Cost-Effective Alternatives to Fishmeal 

 

2.1 European Seabass 

2.1.1 Materials and Methods 

Fish and samplings 

Two experimental trials were conducted in European sea bass. A growth trial where fish of an initial 

average body weight of 16.47 ± 3.45 g were distributed in groups of 22 fish in 12 tanks of 250 L 

capacity, triplicate tanks per treatment. Borehole water was supplied to the tanks with 200%/h 

renewal. During the experiment, the photoperiod was 12L: 12D light/dark, seawater salinity was 35 

g L-1, temperature was 19.7 ± 2.6oC and oxygen saturation was over 80%. Fish were fed the 

experimental diets by hand, six days per week, three times per day (09:00, 12:00 and 16:00) until 

apparent satiation. Fish weight was measured at the beginning in the middle and in the end of the 

trial using mild anaesthesia using clove oil. The growth study was undertaken for 73 days. 

Subsequently a digestibility trial took place where faeces were collected for 10 days for the 

determination of nutrient digestibility. Feed conversion, specific growth rate, daily growth index, 

feed and protein utilization was calculated at the end of the whole experimental period. At the end 

of the trial all fish were anaesthetized and weighed individually. Samples were taken as follows: blood 

from 6 fish/tank for immunological parameters determination; liver and intestine from 3 fish/tank 

for histological observations; 5 whole fish/tank for whole body composition, liver from 5 fish for 

antioxidant status.  

Experimental diets 

Four isoenergetic and isonitrogenous diets (47.5% protein, 17% fat) were formulated and produced 

at the installations of the Institute of Marine Biology, Biotechnology and Aquaculture, HCMR. Two 

raw materials high in protein content were selected, fermented soya and yeast protein (46.8% and 

46.1% protein content, respectively) to replace 60% of the fish meal (FM) included at 30% in the 

control diet (CTRL). The two raw materials were added at 12.5%, 25%, 37.5% as a mixture of 75% 

fermented soya, 25% yeast protein to each experimental diet resulting in diets NOVEL 1 (12.5%), 

NOVEL 2 (25%), NOVEL 3 (37.5%). Yttrium was added to the diets as an inert marker for the 

determination of digestibility coefficients. Diets were produced with a pilot-scale twin-screw 

extruder (model BC45, CLEXTRAL, France) with a screw diameter of 55.5 mm and temperature 

ranging 109-113°C. Upon extrusion, feeds were dried, and pellets were allowed to cool at room 

temperature and subsequently, the oil fraction was applied to the extruded pellets by coating under 

vacuum conditions (PG-10VCLAB, DINNISEN, The Netherlands). Diet formulation and compositions is 

given in Table 2. Amino acid composition is given in Table 3. 

Biochemical analysis 

Proximate analysis of the experimental diets and body and fillet gross composition was determined 

according to AOAC (1995).  
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Table 2. Diet formulation and composition containing novel ingredients for seabass juveniles 

  CTRL NOVEL 1 NOVEL 2 NOVEL 3 

Fish meal  30 12 12 12 

Krill meal 
 

3 3 3 

Wheat meal 13.51 6.91 4.41 2.95 

Wheat Gluten 0 9.7 10 16 

Corn gluten 20 18 12.8 6.9 

SPC 22 20 15 4 

Fermented Soya 
 

10 20 30 

Fish Oil 13.1 13.9 13.9 13.76 

Monocalcium Phosphate 1 3 3 3 

Mineral and Vitamin 
Premix 

0.05 0.05 0.05 0.05 

Lysine 0.1 0.5 0.4 0.4 

Methionine 0.1 0.3 0.3 0.3 

Yeast protein 
 

2.5 5 7.5 

Yttrium oxide 0.05 0.05 0.05 0.05 

% Gross composition 

Moisture  5.19 5.53 5.85 6.29 

Ash 7.31 6.87 7.25 7.34 

Protein 47.68 47.23 47.25 47.78 

Fat 17.05 17.27 16.70 16.79 

 

Table 3. Dietary amino acid composition g/kg feed in diets for seabass fed on novel raw materials  
CTRL NOVEL 1 NOVEL 2 NOVEL 3 

EAA 
    

Lys  40.2 38.4 35.6 38.7 

Arg 30.9 34.2 35.4 35.3 

Thr 18.7 17.3 22.2 22.2 

Val 21.0 21.4 22.2 22.5 

Met 10.4 9.4 10.5 9.99 

ILe  22.2 23.1 24.0 26.1 

Leu 42.2 41.3 41.7 39.4 

Phe 26.3 28.3 28.9 28.3 

His 5.51 6.16 6.48 6.65 

NAA 
    

Gly 18.5 18.2 21.5 22.6 

Ser 17.5 21.7 20.7 19.4 

Ala 29.6 26.6 30.2 24.8 

Glu  64.6 84.4 88.1 93.5 

Asp 42.9 37.5 50.8 38.2 

Pro 29.7 38.0 38.0 40.3 

Tyr 15.8 16.6 16.9 15.8 
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Antioxidant enzymes activities  

Whole livers were removed, weighted, snap-frozen in liquid nitrogen and stored at -80oC till 

homogenization. After homogenization samples were centrifuged at 4oC at 10,000 g for 20 min and 

supernatants were collected and stored at -80oC until the enzymatic determination. Catalase (CAT) 

activity was measured according to Grilo et al. (2020) after modification. Total glutathione peroxidase 

(TGPx) was determined according to MacFraland et al. (1999) and glutathione S-transferase (GST) 

was quantified according to Habig et al. (1974) adapted for microplate as described by Frasco & 

Guilhermino (2002).  

 

Digestive enzyme activities 

Whole intestines were excised, weighted, rinsed with ice-cold 50mM Tris-HCl, pH 7.5, snap-frozen in 

liquid nitrogen and stored at -80oC until homogenization. Homogenates were centrifuged and the 

collected supernatants were stored at -80oC until determination of enzymatic activities. Activities of 

trypsin, L-alanine peptidase (ALA) and alkaline phosphatase (ALP) were determined according to 

German et al. (2004 and 2009) after modifications. Total soluble proteins were determined according 

to Bradford (1976) adapted for microplate using bovine serum albumin (BSA) as a standard. Activities 

of all enzymatic biomarkers (antioxidant and intestinal) were determined using a microplate 

spectrophotometer reader. Results expressed as specific activities of enzyme (μM or mM/min/mg 

proteins) 

 

Immunological analysis 

The haemoglobin concentration was measured using the Drabkin reagent as described before (Rigos 

et al., 2010). The spontaneous and zymosan-triggered respiratory burst activities were assessed in 

whole blood using the chemiluminescence assay (Henry et al., 2009). The antibacterial activity of 

serum was assessed against a Gram-positive bacterium (lysozyme activity) and against a Gram 

negative bacterium (complement E.coli killing activity) (Kokou et al., 2012). The ceruloplasmin 

oxidase activity was measured to assess the inflammatory status of the fish and the serum 

antiprotease activity was used as an indicator of the fish capacity to inhibit the trypsin produced by 

pathogens (Henry and Fountoulaki, 2014).  The alkaline phosphatase activity was measured using the 

methods described by Guardiola and colleagues (2014) and the total protein concentration was 

measured using the Bradford method (Bradford, 1976).  

Histological analysis  

Standard histological methods (heamatoxyline and eosin staining) were used. Briefly, tissues were 

transferred to ethanol 70%, dehydrated in ascending ethanol concentrations to 100%, embedded in 

paraffin (56 1C), and sections (5 mm) (microtome Leica RM 2255, Nussloch, Germany) were stained 

with haematoxylin and eosin (Leica Auto Stainer XL, Nussloch, Germany) and examined under light 

microscopy (Olympus VANOX-T, NJ, USA) equipped with a digital camera (Infinity, Lumenera, Ontario, 

Canada. Sections of the anterior, and posterior gut were examined for the appearance of absorptive 

vacuoles in the mucosal enterocytes and the integrity of mucosa and submucosa.  

Statistical analysis 

All values are presented as means ± standard deviations and differences present at 5% level were 

considered significant. Normal distribution and homogeneity of variance were checked using 

Kolmogorov-Smirnov and Levene tests, respectively. One-Way ANOVA and Tuckey’s post hoc test 

were performed. For some of the immune parameters, when appropriate (i.e., population was not 
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normal as for the respiratory burst and ceruloplasmin activity), data were Ln- transformed and when 

homogeneity of variance was not obtained (i.e. haemoglobin and protein concentrations), Welch test 

was applied. Kruskal-Wallis and Tamhane test were performed for lysozyme and anti-protease 

activity. SPSS 13.0 software was used for all statistical analysis.  

 

2.1.2 Results 

Growth feed utilization 

There were no mortalities during the trial. The results on growth performance and feed utilization 

are presented in Table 4. Fish reached a final body weight of 40g and no significant differences were 

seen between experimental groups feeding on the novel ingredients and the CTRL, either on growth 

performance, as final body weight, specific growth rate SGR, or feed efficiency. A tendency for a 

lower performance was evident in diet NOVEL 3 with the highest dietary inclusion level of the novel 

ingredients. No palatability issues were recorded, since % daily feed consumption didn’t differ 

between groups. Values on protein efficiency (ANPU) although not significantly different between 

groups, showed a tendency of a better utilization in the groups fed with the two-inclusion level of 

the novel ingredients (32.96 and 33.15, respectively) compared to the CTRL diet (31.7) while at the 

highest inclusion level it seems that protein was not efficiently utilized (30.01). A decrease in the 

hepatosomatic index was evident by the addition of the novel ingredients; it was significantly lower 

in diets where the novel raw materials were added at the 2nd and the 3rd level compared to the CTRL.  

Table 4. Growth performance parameters, feed and protein utilization of European seabass 

juvenile fed on diets containing different levels of novel raw materials 

  CTRL NOVEL 1 NOVEL 2 NOVEL 3 
 

Initial Body Weight (g) 16.49±0.43 16.47±0.44 16.45±0.5 16.46±0.53 
 

Final Body Weight (g) 40.29±1.63 39.64±1.48 40.38±2.1 38.68±2.85 
 

SGR 1.26±0.03 1.24±0.02 1.26±0.03 1.20±0.06 
 

FCR 1.05±0.02 1.01±0.03 1.05±0.04 1.09±0.07 
 

% Daily feed 
consumption 

1.23±0.03 1.17±0.03 1.24±0.02 1.24±0.03 
 

PER 2.01±0.04 2.10±0.06 2.03±0.07 1.92±0.12 
 

ANPU 31.73±0.62 32.96±0.64 33.15±0.10 30.01±3.28 
 

HSI % 1.46±0.07b 1.35±0.03ab 1.26±0.08a 1.26±0.1a 
 

CF 1.34±0.07 1.38±0.20 1.35±0.12 1.33±0.13 
 

VSI 10.84±0.29 10.43±0.26 10.51±0.22 9.91±0.81 
 

Values (mean ± SD, n=3) with different superscript letters in the same row are significantly different (P<0.05). 
FCR Feed conversion ratio: dry feed intake (g)/weight gain (g); 
SGR Specific growth rate (%day-1): (ln final mean weight-in initial mean weight)/days x 100; 
PER Protein efficiency ratio: weight gain/protein consumed 
ANPU Apparent net protein utilization: Protein body/protein consumed 
HSI-Hepatosomatic index %: (Weight liver(g)/Weight body(g))*100 
CF condition factor: (Weight body/Length3)*100 
VSI viscerosomatic index: (Weight viscera/weight body)*100 

 

 

 



D4.3: Novel raw materials   
 

10 
 

Nutrient digestibility 

Nutrient digestibility (ADC) was high, and no differences were observed between experimental 

groups for dry matter, protein, and fat (Table 5). Dry matter ADC range from 80.4 to 81.5, protein 

ADC from 94.5 to 95.8 and fat ADC from 97.3 to 97.5. Carbohydrate ADC was significantly different 

between diets. CTRL diet showed the lowest value 54.8% while the other three groups gave the same 

values on the average 61.5%. 

Table 5. Nutrient digestibility % (ADC) of European seabass juvenile fed on diets containing 

different levels of novel raw materials 

  CTRL NOVEL 1 NOVEL 2 NOVEL 3 

Dry matter 80.49±0.44 81.48±0.83 80.42±0.58 80.85±0.88 

Protein 95.08±0.11 95.85±0.09 94.96±0.19 94.53±0.21 

Fat 97.42±0.54 97.30±0.74 97.42±0.31 97.49±0.24 

Carbohydrates 54.82±0.69a 60.93±1.21b 61.32±1.33b 62.13±0.76b 

Values (mean ± SD, n=3) with different superscript letters in the same row are significantly different (P<0.05). 

 

Body composition 

Results on whole body composition are given in Table 6. There was no difference in any of the 

components measured; values were close to those of the initial population. Moisture ranged from 

66.2% to 67.7%, protein from 15.5% to 16%, ash from 3.5% to 4.1% and fat from 12.3% to 13.2%.  

The amino acid composition of the whole body in wet weight is given in Table 7. In the EAA, differences 

were evident in Leucine and Valine where diet NOVEL 3 significantly exhibited the lowest values. In 

the NEA, Glycine values in the CTRL diet were significantly lower and higher in Diet NOVEL 1. Alanine 

values were significantly higher in diet NOVEL 3, while no differences were evident in the rest of the 

EAA and NEA. 

 

Table 6. Body composition of seabass juvenile fed on diets containing different levels of novel raw 

materials 

  Initial 
Population 

CTRL NOVEL 1 NOVEL 2 NOVEL 3 

Moisture 66.78 67.28±0.83 66.22±0.18 67.61±0.61 67.74±1.36 

Ash 3.67 4.12±0.42 3.47±0.14 3.88±0.34 4.04±0.20 

Protein 15.45 15.68±0.32 15.58±0.25 15.99±0.33 15.55±0.5 

Fat 13.56 12.69±0.44 13.2±0.53 12.72±0.44 12.31±0.3 
Values (mean ± SD, n=3) with different superscript letters in the same row are significantly different (P<0.05). 
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Table 7. Amino acid composition in wet weight (g/kg) in the whole body of European seabass 

juvenile fed on diets containing different levels of novel raw materials  
INITIAL 

POPULATION 
CTRL NOVEL 1 NOVEL 2 NOVEL 3 

EAA 
     

Lys 16.44 13.50±0.98 13.45±1.02 14.39±0.8 15.47±1.1 

Arg 10.13 10.99±0.44 11.21±0.64 10.19±0.31 10.41±0.92 

Thr 6.08 6.07±0.65 6.02±0.5 5.26±0.5 5.58±0.8 

Val 6.11 9.01±0.73b 9.12±0.45b 7.78±1.5ab 6.35±0.1a 

Met 3.19 3.15±0.23 3.29±0.27 3.15±0.2 2.77±0.13 

ILe 6.54 7.05±0.6 7.16±0.8 6.68±0.14 6.23±0.2 

Leu 9.60 12.06±1.2ab 12.36±0.7b 11.08±0.63ab 9.99±0.3a 

Phe 6.54 7.05±0.8 7.12±0.51 6.63±0.2 6.72±0.4 

His 1.69 1.60±0.2 1.82±0.1 1.37±0.23 1.78±0.6       

NAA 
     

Gly 38.86 23.16±1.15a 30.89±0.8b 27.54±3.6ab 25.0±2.8ab 

Ser 4.45 6.22±0.5 5.90±0.2 5.68±0.2 5.33±0.33 

Ala 8.77 8.66±0.6a 8.36±0.7a 8.88±0.5a 10.24±0.6b 

Glu 16.91 18.91±1.1 20.59±1.1 17.06±2.8 16.06±0.14 

Asp 17.07 15.20±2.6 16.31±1.0 15.32±1.04 13.16±1.7 

Pro 7.14 11.23±0.23 11.46±0.44 8.29±3.0 8.29±0.9 

Tyr  3.62 3.90±0.6 4.95±0.4 4.09±0.2 3.95±0.3 

Values (mean ± SD, n=3) with different superscript letters in the same row are significantly different (P<0.05). 

 

 

Immune response 

The results on immune response are given in Table 8. Haemoglobin was measured in fresh blood and 

expressed as g/dl of blood using a standard curve based on methaemoglobin. Antiprotease activity 

(APA) is expressed as the percentage of trypsin inhibition obtained in the sera samples. The 

myeloperoxidase activity (MPO) followed the respiratory burst activity in sera samples and was 

expressed as OD units. Nitric oxide concentration in sera was expressed as μM using a NaNO2 

standard curve. Complement activity was expressed as the percentage of bacterial killing of a 

luminescent strain of E.coli. Lysozyme and ceruloplasmin activities were expressed as arbitrary 

units/ml obtained from the kinetic measurements.  

There was no significant difference in the immunological parameters between the various tested 

diets, but haemoglobin concentrations were slightly higher in fish fed the novel diets compared to 

the FM-based diet. These results suggested that FM can efficiently be replaced by novel ingredients 

such as fermented soya, and yeast protein without affecting the systemic immune system of 

European sea bass. 
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Table 8. Immune parameters measured in seabass juvenile fed on diets containing different levels 

of novel raw materials 
 CTRL NOVEL 1 NOVEL 2 NOVEL 3 

Haemoglobin concentration (g/dl) 16.57±0.65 17.78±0.57 18.74±0.55 18.08±0.74 

Lysozyme activity (units/ml) 201.01±9.51 230.99±11.50 223.37±12.82 220.05±8.82 

MPO (units/ml) 0.056±0.010 0.079±0.015 0.058±0.008 0.062±0.008 

Ceruloplasmin activity (units/ml) 14.42±2.95 22.04±4.17 27.70±7.85 19.23±5.77 

Alkaline Phosphatase (units/ml) 66.53±9.37 65.32±8.86 67.97±11.16 55.99±9.31 

Trypsin Inhibition (%) 84.20±1.74 84.96±1.29 85.43±1.66 82.19±2.01 

Nitric oxide (μM) 23.07±3.42 22.43±5.15 20.10±3.80 20.40±3.02 

Data represent mean ± S.E.M., n=21 

 

Antioxidant and digestive status 

The effects of the novel ingredients-based diets (NOVEL 1, NOVEL 2 and NOVEL 3) on the antioxidant 

and intestinal enzymatic system of seabass juveniles are indicated in Table 9. Novel ingredients did 

not significantly reduce the activities of the antioxidant enzyme catalase (CAT) compared to CTRL. 

However, NOVEL 1 and NOVEL 2 diets significantly reduced the activity of Se-GPx while NOVEL 3 was 

the same with the CTRL. Opposite, NOVEL 2 and NOVEL 3 diets induced GST, but the induction was 

significant only with the NOVEL 3 diet compared to CTRL.  

The intestinal enzymatic activities of trypsin and ALA were reduced by the diets based on novel 

ingredients in comparison to CTRL diet. Significant reductions of trypsin activities were indicated in 

all novel diets, while significant reductions of ALA were found only with NOVEL 3 diet. The induction 

of ALP activities found in Novel 3 diets was not insignificant compared to the rest of the diets. 

 

Table 9. Specific activities of antioxidant and intestinal enzymes of seabass juveniles fed on diets 

containing different levels of novel raw materials. (↑ induction, ↓ reduction) 

 

Enzymatic biomarkers CTRL NOVEL 1 NOVEL 2 NOVEL 3 

CAT  
(mM/min/mg protein) 

304.57±44.59 268.92±44.54↓ 279.66±43.59↓ 295.44±55.78↓ 

Se-GPx  
(μM/min/mg protein) 

15.84±2.77a 14.30±2.38ab↓ 13.20±2.01b↓ 16.09±1.81a 

GST 
(μM/min/mg protein) 

51.31±7.60a 49.64±7.38a↓ 57.57±12.00ab↑ 72.97±13.37b↑ 

Trypsin  
(μM/min/mg protein) 

5.78±1.22a 2.30±0.52b↓ 2.28±0.51b↓ 1.69±0.36b↓ 

ALA  
(μM/min/mg protein) 

8.37±1.57a 8.4±1.89a 7.61±1.07ab↓ 6.49±1.27bc↓ 

ALP 
(μM/min/mg protein) 

10.64±1.84 10.12±1.72 10.87±1.66↑ 11.38±1.68↑ 

Values are means ± std of 15 cases (3 tanks, 5 samples/tank). Different letters indicate significant differences 
at P<0.05 level. CAT catalase, Se-GPx Selenium dependent glutathione peroxidase, GST S-tranferase, ALA L-
alanine peptidase, ALP alkaline phosphatase  
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Histological observations 

Significant pathological changes were observed among the diets in liver tissue examined. Liver tissue 

of the CTRL diet showed diffused high intracytoplasmic lipid storage into hepatocytes (Figure 1a) with 

nuclear displacement. The addition of the fermented soya with the yeast protein, at all inclusion 

levels resulted in a significant improvement in the morphology of the cells with centrally located 

nuclei and regular size of hepatocytes (Figure 1b, c, d). No significant differences were observed 

within groups of fish in intestine tissue examined. Intestine tissue showed no inflammatory reaction 

in lamina propria or submucosa in all diets examined. 

        

                     
Control       Novel 1 
        

                  
Novel 2       Novel 3 

Figure 1. Liver tissue of European seabass juveniles fed on diets containing different levels of novel 

raw materials (magnification 20X) a  Control, b Novel 1, c Novel 2, d Novel 3 
 
 

2.1.3 Conclusions 

The novel ingredients chosen as alternatives to FM at all inclusion levels substituting 60% of the FM 

in diets for European seabass, showed that growth, feed utilization, nutrient digestibility and immune 

response was not significantly different from the Control diet. The antioxidant defense system and 

the digestive system seems to be reduced although at levels that didn’t affect growth and systemic 

immunity. Liver tissue showed an improved morphology when fish was fed on the diets where the 

novel ingredients were included, at all inclusion levels. 

 

 

a b

b 

c d

d 
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2.2 Gilthead sea bream 

2.2.1 Materials and Methods 

Experimental fish and conditions 

Triplicate groups of gilthead sea bream juveniles with an initial body weight of 65.37 ± 3.36 g were 

randomly distributed in 15 cylindrical tanks a 500 litres capacity, at a density of 25 fish per tank. Tanks 

were equipped with microbubble aeration, in an open water flow system. Water temperature ranged 

from 19.3 °C to 22.6 °C, dissolved oxygen ranged 5.7-6.4 mg/l, and salinity was 37 mg/L at natural 

photoperiod. 

Fish were fed three times per day until apparent satiety for 112 days. After each meal, the uneaten 

pellets were collected with a strainer through the tank outlet, dried for 24h and weighed to estimate 

feed intake. Fish weighed and length were monitored every 30 days to estimate growth performance 

parameters, including:  

Weight gain, WG (g): final weight – initial weight; 

Feed intake, FI (g feed fish-1 day-1): feed intake/days/number of fish; 

Feed conversion ratio, FCR: dry feed intake (g)/weight gain (g); 

Specific growth rate, SGR (%day-1): (ln final mean weight-in initial mean weight)/days x 100; 

Protein efficiency ratio, PER: weight gain/protein consumed 

Lipid efficiency ratio, LER: weight gain/lipid consumed 

 

Experimental diets 

Five experimental diets with different percentages of substitution of FM by the two target alternative 

protein sources were formulated: the meal of the black soldier fly Hermetia illucens (InnovaFeed, 

France; INS diets) and the single-cell protein meal obtained from a by-product resulting from the 

fermentation of the bacteria Methylococcus capsulatus (FeedKind, Calysta, Menlo Park, CA; SCP 

diets). A control diet (CTRL) was formulated to contain 15% FM which was successively replaced by 

one of the two alternative protein sources tested at 5 and 10% replacement levels (5-INS and 10-INS 

and 5-SCP and 10-SCP) (Table 10). Feeds were manufactured by Skretting ARC Feed Technology Plant 

(Stavanger, Norway) and shipped to the ECOAQUA Institute laboratories (Canary Islands, Spain), 

where they were analysed for proximate composition (Table 10). 

 

Biochemical composition 

Samples of diets, whole-body and fillets were analysed for gross composition according to A.O.A.C. 

(1995). Amino acid profile of samples was estimated after acid hydrolysis with HCl 6 M and phenol 

0.01% at 110ºC for 24 h. Then samples were dried under N2 atmosphere and reconstituted with 1000 

μL ultra-pure water and then filtered by a 0.22 μm filter. Aliquots of the filtrate were stored at -20ºC 

until use. Samples were then derivatized using 4-dimethylaminoazobenzene-4’-sulfonyl chloride. The 

amino acid separation was carried out in an HPLC (YOUNG LIN YL 9100; YL Instruments, Korea) using 

a Kromasil Classic® C18 4 μm 4.0*250 mm column equipped with a column guard Nova-Pak® C18 4 

μm, WAT 044380. Acetonitrile: ultra-pure water (60:40) and phosphate buffer solution (NaH2PO4, 9 
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mM) will be used as eluents. Quantification was performed using a UV/Vis detector YL 9120 (YL 

Instruments). Each sample were analysed in duplicate, or triplicate and the concentration of each 

amino acid were expressed as a percentage of the sum of amino acid analysed. Dietary amino acid 

composition is given in Table 11. 

 

Table 10. Formulation and proximate composition of the experimental diets for gilthead sea bream 

 Experimental diets 

Raw material 

(%) 

CTRL 5-INS 10-INS 5-SCP 10-SCP 

Corn gluten 9.00 9.00 9.00 9.00 9.00 

Wheat gluten 16.74 16.37 16.01 17.00 16.86 

Sunflower 

meal 

5.00 5.00 5.00 5.00 5.00 

Faba bean 10.00 10.00 10.00 10.00 10.00 

Soy protein 

concentrate 

22.00 22.00 22.00 22.00 22.00 

Fish oil  7.93 8.51 9.14 8.51 8.50 

Fish meal  15.00 10.00 5.00 10.00 5.00 

Rapeseed oil 4.93 4.40 3.82 4.44 3.49 

Phosphate 1.08 1.26 1.45 1.13 1.53 

DL-Methionine  0.05 0.13   

Choline 0.27 0.30 0.34 0.31 0.31 

Lysine HCl 0.07 0.32 0.56 0.17 0.50 

Mineral mix 0.10 0.10 0.10 0.10 0.00 

Vitamin premix 0.30 0.30 0.30 0.30 0.30 

Wheat 6.58 6.39 6.15 6.04 6.51 

Insect Meal - 5.00 10.00 - - 

Single cell - - - 5.00 10.00 

Lecithin 1.00 1.00 1.00 1.00 1.00 

      

Proximate composition (% DM)  

Protein 55.43 54.75 52.15 54.78 56.17 

Lipids 17.46 18.08 17.75 18.42 17.68 

Moisture 8.48 8.68 7.87 8.38 9.23 

Ash 5.69 5.19 5.06 5.20 5.23 

 

Plasma lysozyme content  

Plasma lysozyme quantification was determined by a turbidimetric assay according to Anderson and 

Siwicki (1994) and expressed in U/mg protein. 
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Antinutritional factors and in vitro digestibility of the diets 

Protein digestibility in vitro (degree of hydrolysis) was determined by pH-stat titration according to 

the method developed by Dimes and Haard (1994) and modified by Alarcon et al. (2002). 

Additionally, the two predominant protease inhibitor groups, namely the Kunitz trypsin inhibitor (KTI) 

and Bowman−Birk protease inhibitor (BBI) were determined in each experimental diet. For that, 

protease inhibitors were extracted by grounding feeds and mixed with distiller water (50 mg ml-1) 

followed by extraction with chloroform and isolated by centrifugation. KTI was assayed against 

trypsin activity (Bernard et al., 1961) whereas BBI was assayed against chymotrypsin activity 

(Asgeirsson and Bjarnason, 1991). All reactions were performed at 23ºC in triplicate. 

 

Table 11. Amino acid composition (ug/mg protein) of the experimental diets 

Experimental diets 

 CTRL 5-INS 10-INS 5-SCP 10-SCP 

EAA      

Thr 35.0 32.2 31.8 30.7 30.9 

Met 33.3 31.1 28.7 28.9 31.2 

Lys 19.4 20.8 22.9 20.3 19.2 

Leu 25.9 20.2 17.4 19.9 22.3 

Arg 60.7 52.7 52.6 53.1 50.6 

ILe 12.2 11.0 8.0 8.9 11.5 

Val 4.8 3.4 5.3 4.0 3.9 

Phe 21.6 30.8 35.0 27.5 27.1 

His 16.7 18.3 27.1 18.4 14.3 

NEAA      

Asp 51.8 56.3 46.7 33.4 33.2 

Glu 31.2 43.4 79.2 29.0 67.1 

Ser 45.2 45.1 51.7 35.3 45.6 

Gly 17.7 16.3 15.8 16.4 15.1 

Ala 7.4 4.4 5.4 5.5 5.7 

Pro 26.4 25.0 25.1 25.5 24.8 

Tau 5.0 4.7 4.4 2.6 4.5 

Cys 26.6 19.5 20.7 19.9 17.1 

Tyr 39.8 50.1 74.6 56.9 35.0 

 

 

2.2.2 Results 

Growth performance and feed utilization  

After 112 days of feeding, sea bream fed 5-SCP or 10-SCP diets showed similar final weight than those 

fed CTRL diet (Table 12). In contrast, INS diets showed lower final weight than those fed CTRL or SCP 

diets, particularly in fish fed 10-INS (P<0.05; Table 12). Furthermore, INS diets (5-INS and 10-INS) led 

to a reduced feed intake in fish compared to 5-SCP diet (P<0.05). Although no statistical differences 
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were noted in other growth and feed utilization parameters, the tendency observed for final weight 

was similar in weight gain, SGR, PER, and LER, being the lowest particularly in sea bream fed 10-INS.  

 

Table 12. Growth performance and feed utilization of gilthead sea bream fed the experimental 

diets for 112 days 

 CTRL 5-INS 10-INS 5-SCP 10-SCP 

Initial body 

weight (g) 

65.33±0.11 65.37±0.31  65.33±0.29 65.25±0.98 65.69±0.09 

Final body 

weight (g) 

161.38±3.09a 158.38±8.04ab 152.21±3.94b 163.51±3.69a 161.22±4.42a 

Weight gain (g) 96.05±3.16 93.01±8.00 86.88±3.76 98.26±4.67 95.53±4.51 

SGR  0.81±0.02 0.79±0.05 0.75±0.02 0.82±0.03 0.80±0.03 

Feed intake  1.32±0.04ab 1.31±0.04b 1.32±0.01ab 1.38±0.01a 1.31±0.01b 

FCR 1.54±0.08 1.59±0.13 1.69±0.11 1.57±0.07 1.54±0.11 

PER 1.17±0.06 1.15±0.09 1.10±0.02 1.16±0.06 1.16±0.08 

LER 3.72±0.19 3.49±0.19 3.34±0.17 3.46±0.24 3.69±0.29 

Values (mean ± SD, n=3) with different superscript letters in the same row are significantly different (P<0.05). 

 

Whole-body and flesh composition 

Whole-body and fillet proximate composition did not differ among fish fed the experimental diets 

(Table 13). Similarly, whole-body amino acid composition of fish fed INS or SCP diets was not 

significant different than those fed CTRL diet (Table 14). 

 

Plasma lysozyme 

Additionally, sea bream plasma lysozyme did not show significant differences among fish fed the 

different experimental diets (Figure 2).  

 

 

Table 13. Proximate composition of whole-body and fillets of gilthead sea bream fed the 

experimental diets for 112 days 

 CTRL 5-INS 10-INS 5-SCP 10-SCP 

Whole-body 

Protein 15.59±0.55 15.66±0.12 15.78±0.29 15.54±0.31 15.78±0.51 

Lipids 14.08±1.59 14.85±0.29 14.68±0.59 15.44±0.37 13.65±1.20 

Moisture 67.51±2.31 66.96±0.31 67.17±0.58 66.44±0.43 68.42±1.49 

Ash 1.11±0.03 1.11±0.04 1.15±0.07 1.23±0.07 1.17±0.01 

Fillet 

Protein 20.69±0.41 20.88±0.18 20.60±0.05 21.15±0.27 20.95±0.41 

Lipids 7.68±0.84 8.02±0.07 8.18±0.11 8.06±0.04 8.20±0.16 

Moisture 70.60±0.71 70.11±0.09 70.15±0.05 69.93±0.19 70.16±0.10 

Ash 1.40±0.06 1.37±0.13 1.40±0.13 1.39±0.09 1.34±0.03 



D4.3: Novel raw materials   
 

18 
 

Table 14. Whole body amino acid composition (μg/mg protein) of gilthead sea bream fed the 

experimental diets 

Experimental diets 

 CTRL 5-INS 10-INS 5-SCP 10-SCP 

EAA      

Thr 68.0±11.08 77.2±11.63 66.8±6.33 75.8±13.85 74.2±11.49 

Met 31.1±5.01 33.8±5.19 36.1±7.27 28.7±5.13 32.8±3.35 

Lys 17.2±0.67 18.7±1.60 18.9±3.79 17.5±2.16 16.8±0.87 

Leu 21.4±3.79 22.5±4.08 23.7±7.66 17.4±4.54 22.4±3.96 

Arg 18.4±6.40 20.5±6.15 21.3±8.90 18.4±7.88 22.2±8.12 

Ile 10.1±2.55 12.5±3.99 12.4±5.49 9.9±2.36 11.8±1.60 

Val 30.8±6.58 32.6±6.16 30.8±9.81 26.5±4.92 25.8±3.59 

Phe 11.1±3.76 10.6±2.79 10.5±3.03 7.9±1.12 8.5±1.38 

His 3.4±0.48 3.8±0.73 3.8±0.99 3.4±0.94 3.6±0.22 

NEAA      

Asp 8.6±1.12 8.9±2.83 9.4±5.09 8.1±0.80 9.7±3.01 

Glu 28.1±5.43 30.2±7.34 32.4±11.69 28.4±8.02 32.0±11.06 

Ser 16.3±2.54 17.1±3.37 16.9±5.27 13.4±1.05 14.9±2.27 

Gly 7.8±0.72 8.3±0.95 7.8±1.61 7.9±0.45 7.3±0.24 

Ala 23.5±4.45 25.7±3.76 27.6±6.62 22.7±7.23 25.1±4.25 

Pro 14.0±4.57 15.8±7.07 9.9±5.48 11.1±5.27 10.3±3.33 

Tau 12.8±2.14 14.1±2.84 16.2±3.20 12.9±3.85 14.9±2.19 

Cys 29.9±4.53 32.7±4.96 33.0±8.77 26.2±5.25 31.2±3.43 

Tyr 15.0±1.67 17.4±3.96 19.1±6.53 15.2±3.79 15.5±2.74 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Plasma lysozyme content (U/mg protein in plasma) of gilthead sea bream fed the 

experimental diets for 112 days. 
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In vitro dietary protein digestibility of the experimental diets 

SCP feeds exhibited consistently high total digestibility rates at all ratios of mg dietary protein/U 

digestive capacity tested as a result of a high enzymatic hydrolysis (Figure 3). 10-INS feed performed 

very well at low ratio of dietary protein/ U digestive capacity, mainly due to very high autohydrolysis 

rate, whereas its digestibility declined with increasing of the dietary protein/ U digestive capacity 

lower than that of CTRL (Figure 3).  

In addition, all diets were found to contain both KTIs and BBIs (Table 15). Interestingly, 10-INS 

presented the highest KTIs content and the highest inhibition of trypsin activity (Figure 4), which 

provides a plausible explanation of its declined digestibility at increasing rations of the dietary 

protein/ U digestive capacity. Consequently, SCP feeds exhibit the lowest trypsin inhibition rates, 

(Figure 4). In contrast, the variability of chymotrypsin inhibition is much lower with small differences 

between the diets (Figure 4). 

 

Table 15. KTI and BBI (Units/mg feed) of the experimental diets 

 Experimental diets 

 CTRL 5-INS 10-INS 5-SCP 10-SCP 

      

KTI (U/ mg feed) 0.54±0.15 0.58±0.317 0.68±0.20 0.50±0.17 0.34±0.09 

BBI (U/ mg feed) 0.63±0.09 0.53±0.05 0.69±0.12 0.83±0.12 1.31±0.40 

            

   

   

   

   

            

      

 

Figure 3.  Autohydrolysis and 

enzymatic hydrolysis of the 

experimental diets at increasing 

ratios of mg dietary protein/U 

digestive capacity. 
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Figure 4. Trypsin and chymotrypsin inhibition rates (%) of the experimental diets. 
 
 

2.2.3 Conclusions 

The replacement of 67% of FM by the insect meal from black soldier fly (Hermetia illucens) did not 

affect fish body and fillet nutrient composition neither plasma lysozyme nor posterior gut health in 

gilthead sea bream juveniles. However, to not compromise fish growth performance, replacement 

could only be successful up to 33%, with further replacement affecting feed palatability/digestibility 

and consequently, intake, growth, and nutrient utilization.  

Additionally, the replacement of FM with the single cell protein from Methylococcus capsulatus is 

possible up to 67%, without compromising growth, feed utilization, body composition and fish 

health. Therefore, the results of the present study highlighted the potential and the nutritive quality 

of these alternative proteins to FM in practical diets for gilthead sea bream juveniles. 

 

  

CTRL
5 - I NS

1 0 - I NS

5 - SCP

1 0 - SCP

CTRL
5 - I NS

1 0 - I NS

5 - SCP

1 0 - SCP
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3 Novel Cost-Effective Lipid Sources (omega yeasts, microalgae, 
marine microorganisms, camelina seeds, oils, etc.). 

   

3.1  European seabass 

3.1.1 Materials and Methods 

Experimental fish and conditions 

In the framework of this task HCMR conducted two experimental trials. The first trial concerned 

juvenile European seabass, while the second trial was in commercial sized fish with an objective to 

additionally assess effects of novel ingredients on fish quality. In the first trial, fish of an initial body 

weight of 19.5g were randomly distributed in groups of 25 fish /tank and fed for 83 days at libitum 

at a water temperature of 240C. Fish were weighted individually at the beginning, in the middle and 

at the end of the experimental trial under mid anaesthesia with clove oil 10% in ethanol, to estimate 

growth parameters (weight increase and SGR).  Feed consumption was recorded daily to evaluate 

feed utilization (FCR).  

In the second trial, European sea bass of an initial average weight of 221.0 ± 7.6g were obtained from 

a commercial fish farm in Greece and transferred to the facilities of the Institute of Marine Biology, 

Biotechnology and Aquaculture, of the Hellenic Centre for Marine Research in Heraklion, Crete. Fish 

were distributed in groups of 18 fish in six (6) indoor tanks of 500 L capacity, triplicate tanks per 

treatment. Borehole water was supplied to the tanks with 200%/h renewal. During the experiment, 

the photoperiod was 12L: 12D light/dark, seawater salinity was 35 g L-1 and temperature was 20 ± 

0.2oC. Temperature and dissolved oxygen (DO) were recorded weekly. Fish were fed the 

experimental diets by hand, six days per week, two times per day (09:00 and 16:00) until apparent 

satiation. The growth study was undertaken for 73 days. Feed conversion, specific growth rate, daily 

growth index, feed and protein utilization was calculated at the end of the experimental period.  

 

Experimental diets 

Two set of diets were formulated and produced at the installations of the Institute of Marine Biology, 

Biotechnology and Aquaculture  for the needs of the two separate trials by an experimental extruder. 

The first set comprised of three diets; all diets contained 10% fish meal. The control (CTRL) diet 

contained 11% fish oil (FO) and 3% rapeseed oil (RO), while the other two diets contained: Algae meal 

from Schizochytrium rich in DHA at 5% inclusion level, FO 3% and RO 8% (diet ALGA), and Krill meal 

at 7.5% inclusion level 0% FO and 12.5% RO, (diet Krill). Diets differed in their EPA & DHA content, 

although kept at optimum levels for European sea bass (<0.9%). Diets were produced with a pilot-

scale twin-screw extruder (model BC45, CLEXTRAL, France) as described before in paragraph 2.1.1.2. 

Diet formulation and compositions is given in Table 16.  

In the second trial, the optimum performing diet from the first trial namely the Krill diet was selected 

and tested against the CTRL diet (Table 17). Fatty acid profile in both set of diets is given in Table 18 

and Table 19. 
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Table 16. Formulation and composition of the diets used in the first trial of juvenile European sea 

bass, along with the composition of the novel lipid sources, ALGA and KRILL   

  CTRL ALGA KRILL   

Fish meal 15 15 15   

Krill meal 
  

7.5   

Alga meal 
 

5 
 

  

Wheat meal 11.4 10.2 11.1   

Wheat Gluten 18 17 15   

Corn gluten 15 15 13   

Soy Bean meal 47 8 8 8   

Soy bean Conc 60 15 15 15   

Fish Oil 11 3 
 

  

Rapeseed Oil 3 8.2 12.5   

Vit C - 35 0.1 0.1 0.1   

Monocalcium 
Phosphate 

2 2 1.6   

Mineral and 
Vitamin Premix 

0.4 0.4 0.4   

Lysine 0.9 0.9 0.6   

Methionine 0.2 0.2 0.2   

    ALGA KRILL 

% Gross composition diets Raw materials 

Dry matter 94.28 94.76 94.31 86.0 96.06 

Moisture 5.72 5.24 5.69 14.02 3.94 

Ash 5.85 5.84 6.08 5.7 11.9 

Protein 50.30 49.32 49.44 10.6 60.4 

Fat 17.90 17.80 17.49 55.7 15.6 

 

 

Table 17. Formulation and composition of the diets containing novel lipid sources used in the 

second trial of commercial size European sea bass  

   CTRL KRILL 

Fish meal 12 12 

Krill meal 
 

7.5 

Wheat meal 12.3 12.5 

Wheat Gluten 14 10 

Corn gluten 15 13 

Soy Bean meal 47 18 18 

Soy bean Conc 60 10 10 

Fish Oil 11 
 

Rapeseed Oil 4.5 14.5 
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Monocalcium 
Phosphate 

2 1.6 

Mineral Premix 0.05 0.05 

Vitamin premix 0.086 0.086 

Lysine 0.9 0.6 

Methionine 0.2 0.2 

% Gross composition 

Moisture 5.93 6.15 

Ash 5.49 5.94 

Protein 43.77 43.70 

Fat 17.83 18.01 

 

Table 18. Fatty acid profile of the novel lipid sources and the diets used in the first trial with juvenile 

European sea bass   
Alga Krill 

∑SFA 28.79 39.38 

∑MUFA 0.87 31.06 

∑n-9 0.30 14.15 

∑n-6 16.26 2.91 

∑n-3 54.07 26.65 

ARA 0.77 0.26 

EPA 0.42 16.05 

DHA 52.68 6.45 

n-3/n-6 3.32 9.16 

 

Dietary fatty acid profile 
 

CTRL ALGA KRILL 

∑SFA 26.94 18.76 15.82 

∑MUFA 41.88 45.28 54.25 

∑n-9 34.58 40.47 48.27 

∑n-6 14.10 19.20 22.22 

∑n-3 17.08 16.76 7.72 

20:4n6(ARA) 0.38 0.17 0.08 

20:5n3 (EPA) 5.79 1.78 1.93 

22:6n3(DHA) 7.28 9.48 1.52 

n-3/n-6 1.21 0.87 0.35 

 

Table 19. Dietary fatty acid profile (% of total fatty acids) of the diets containing novel lipid sources 

in the second trial in commercial sized European seabass   
CTRL KRILL 

∑SFA 23.82 11.66 

∑MUFA 38.15 52.04 

∑n-9 31.42 50.20 

∑n-6 15.50 23.57 
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∑n-3 21.59 10.69 

20:4n6(ARA) 0.64 0.24 

20:5n3 (EPA) 9.75 2.43 

22:6n3(DHA) 6.60 1.72 

n-3/n-6 1.39 0.45 

 

Biochemical analysis 

Biochemical analysis of diets and body composition were performed as previously described in 

paragraph 2.1.1.3. Fatty acid analysis of diets, raw materials, tissues and fillets according to 

Fountoulaki et al. (2009). Immune parameters, antioxidant enzymes determination, histological 

preparation of the tissues as well as statistical analysis were performed as described in paragraph for 

2.1.1.3. 

 

3.1.2 Results  

Growth performance and feed utilization 

At the end of the first trial fish reached a final body weight of 64g in diet KRILL significantly higher 

than that of diet ALGA and similar to that of the CTRL diet. This was reflected to SGR and DGI while 

no difference was achieved in FCR and protein efficiency as PER and ANPU. Results are presented in 

Table 20.  

In the second trial, after 70 days of feeding the experimental diets fish growth performance was the 

same for both diets. A tendency for a higher growth rate was evident in those fish fed on KRILL diet. 

FCR and % consumption was the same for both groups of fish (Table 21). 

 

Table 20. Growth performance parameters, feed and protein utilization of European seabass 

juvenile fed on diets containing novel lipid sources 

  CTRL ALGA KRILL P value 

Initial body weight(g) 19.41±0.08 19.44±0.03 19.37±0.08  

Final body weight(g) 61.42±1.64ab 58.90±1.75a 63.81±2.21b * 

Weight increase(g) 42.00±1.71ab 39.46±1.78a 44.44±2.14b * 

SGR 1.37±0.04ab 1.32±0.04a 1.42±0.04b * 

DGI 1.34±0.04a 1.28±0.04ab 1.39±0.05b * 

FCR 1.14±0.01 1.11±0.05 1.10±0.02 ns 

% Daily consumption 1.62±0.02b 1.53±0.04a 1.61±0.05b * 

PER 1.75±0.02 1.84±0.09 1.84±0.04 ns 

ANPU 29.56±0.41 31.79±1.44 30.73±0.17 ns 

Values are means of 3 replicate tanks *P value>0.05, **>0.01, ***>0.001 

SGR Specific growth rate (%day-1): (ln final mean weight-in initial mean weight)/days x 100; 
DGI Daily Growth Index (%day-1): (final mean weight 1/3– initial mean weight 1/3)/days)×100. 
FCR Feed conversion ratio: dry feed intake (g)/weight gain (g); 
PER Protein efficiency ratio: weight gain/protein consumed 
ANPU Apparent net protein utilization: Protein body/protein consumed 
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Table 21. Growth performance parameters, feed utilization of commercial sized European seabass 

fed on diets containing novel lipid sources  
CTRL KRILL 

Initial body weight(g) 220.66±6.63 221.34±10.1 

Final body weight(g) 335.03±11.8 340.45±19.8 

Weight increase(g) 114.37±14.2 119.11±26.1 

SGR 0.59±0.07 0.61±0.12 

FCR 1.36±0.08 1.36±0.2 

% Daily consumption 0.78±0.05 0.80±0.05 

 

Body composition and fatty acid profile 

No difference was evident in gross body composition (Table 22) in the first trial. Liver composition 

showed high lipid content in the CTRL and KRILL diets (27.3% and 28.3%) compared to ALGA (21%), 

but differences were not significant. 

 

Table 22. Body and liver composition of European seabass juveniles fed on diets containing novel 

lipid sources  
CTRL ALGA KRILL 

Moisture 65.44±1.19 64.98±1.22 64.91±0.64 

Ash 3.75±0.16 4.35±0.13 4.06±0.65 

Protein 16.42±0.04 16.73±0.26 16.35±0.31 

Fat 13.54±1.36 13.63±1.27 14.45±0.62  
Liver composition % 

Glycogen 7.35±0.35 7.10±1.35 7.08±0.33 

Fat 27.34±2.75 20.99±3.94 28.32±4.32 

Values are means of 3 replicate tanks, P value *<0.05, **<0.01, ***<0.001 

 

Fatty acid profile of the diets and raw materials is given in Table 23. Alga meal contained low EPA 

(0.42%) and high DHA (52.7%), while Krill meal contained high EPA (16.05) and low DHA (6.4%). Diet’s 

fatty acid composition differed according to the lipid source used. Thus, EPA was similar in both ALGA 

and KRILL diets (1.8% and 1.9%, respectively) while in the CTRL diet the percentage was three times 

higher (5.8%). DHA content was similar in diets CTRL and ALGA (7.3% and 9.5%, respectively) while 

in KRILL diet the percentage was lower (1.5%). As expected, the rest of the fatty acid content in the 

diets was in accordance with the oils included. A higher MUFA, content was found in diet KRILL mostly 

as oleic acid (18:1n-9), a higher n-6 as linoleic acid (18:2n-6) and to a lesser extend as linolenic acid 

(18:3n-3) leading to a different n-3/n-6 ratio.  

The fatty acid profile of liver, white muscle and intestine is given in Table 23, Table 24 and Table 25 

as sum of various groups (saturates, monounasurates, n-9, n-6, n-3). EPA, ARA and DHA are 

presented individually. All tissues analysed, reflected their respective dietary levels.  
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Table 23. Liver fatty acid profile in juvenile European seabass fed on diets containing novel lipid 

sources 

Fatty acids CTRL ALGA  KRILL P value 

∑SFA 34.72±0.76b 29.27±0.88a 33.23±2.65ab 0.020 

∑MUFA 53.43±0.5 52.81±2.28 54.65±1.44 ns 

∑n-9 45.16±0.53 46.36±2.1 48.22±1.61 ns 

∑n-6 6.61±0.14 10.63±0.94 9.87±1.69 ns 

∑n-3 5.70±0.16ab 7.98±2.21b 2.77±0.52a 0.012 

20:4n6(ARA) 0.25±0.07b 0.31±0.12b 0.04±0.01a 0.011 

20:5n3 (EPA) 1.71±0.04b 0.89±0.33a 0.58±0.11a 0.001 

22:6n3(DHA) 3.33±0.45b 5.13±1.36b 0.92±0.47a 0.003 

n-3/n-6 0.86±0.02b 0.75±0.17b 0.28±0.06b 0.002 

Values are means of 3 replicate tanks P value *<0.05, **<0.01, ***<0.001 

 

Table 24. White muscle fatty acid profile in juvenile European seabass fed on diets containing novel 

lipid sources 

Fatty Acids  CTRL ALGA KRILL P value 

∑SFA 41.39±7.34 29.89±2.65 31.79±8.55 ns 

∑MUFA 32.73±5.24a 38.88±3.25ab 43.19±3.68b 0.049 

∑n-9 25.11±4.16a 31.24±2.38ab 34.52±2.91b 0.031 

∑n-6 8.14±1.23a 13.02±0.99b 15.04±2.23b 0.006 

∑n-3 18.27±1.8b 18.79±2.19b 10.18±2.68a 0.003 

20:4n6(ARA) 0.57±0.05a 0.44±0.14b 0.022b 0.000 

20:5n3 (EPA) 5.95±0.7b 2.88±0.18a 3.64±1.07a 0.006 

22:6n3(DHA) 10.43±0.88b 11.59±1.69b 4.29±1.27a 0.001 

n-3/n-6 2.24±0.4c 1.44±0.27b 0.68±0.09a 0.001 

Values are means of 3 replicate tanks P value *<0.05, **<0.01, ***<0.001 

 

Table 25. Intestine fatty acid profile in juvenile European seabass fed on diets containing novel lipid 

sources 

Fatty Acids CTRL ALGA KRILL P value 

∑SFA 32.62±0.52b 25.84±0.99a 25.21±1.0a 0.000 

∑MUFA 38.22±1.12a 39.81±1.52a 45.92±1.68b 0.001 

∑n-9 31.71±1.11a 34.93±1.61ab 38.90±2.06b 0.005 

∑n-6 11.91±0.5a 15.45±0.04b 17.36±0.14c 0.000 

∑n-3 17.31±0.89b 18.97±0.58b 11.87±0.74a 0.000 

20:4n6(ARA) 1.04±0.3 0.92±0.27 0.51±0.05 ns 

20:5n3 (EPA) 4.95±0.31c 2.32±0.36a 3.49±0.14b 0.000 

22:6n3(DHA) 9.77±0.9b 11.71±0.34c 5.32±0.65a 0.000 

n-3/n-6 1.45±0.12c 1.23±0.04b 0.68±0.05a 0.000 

Values are means of 3 replicate tanks *P value>0.05, **>0.01, ***>0.001 
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Results of the second trial on fillet gross composition are given in Table 26. No differences were 

recorded between the two groups. KRILL diet group tended to have lower fillet fat than that of the 

CTRL diet. Fatty acid composition of fish fillet reflected that of the diets. The highest EPA content was 

present in fish fed CTRL diet (6.6%). DHA was high in both diets maintaining a high nutritional value 

of European seabass. Concerning the quality indexes, hypocholesterolemic (h) was the same for both 

diets while hypercholesterolemic (H) was lower in the KRILL diet. Lower AI in fish fed KRILL diet than 

in those fed the CTRL diet could also be observed (Table 26).  

 

Table 26. Fillet gross composition %, fatty acid profile, % of total fatty acids, and lipid quality 

indexes of commercial sized European seabass fed on diets containing novel lipid sources  
Initial 

population 
CTRL KRILL 

 
% Gross composition 

Moisture 76.49 74.62±2.11 74.78±0.14 

Ash 1.20 1.36±0.06 1.43±0.09 

Protein 18.56 19.28±0.62 20.07±0.67 

Fat 3.61 4.47±1.69 3.25±0.72  
Fatty acids profile 

∑SFA 23.90 24.28±0.56 19.36±0.47 

∑MUFA 43.98 42.10±0.68 47.05±1.8 

∑n-9 36.77 35.70±0.50 42.03±2.1 

∑n-6 12.17 12.90±0.17 17.20±0.6 

∑n-3 19.83 20.09±1.09 16.06±1.97 

20:4n6(ARA) 0.76 0.71±0.1 0.5±0.19 

20:5n3 (EPA) 5.24 6.57±0.17 3.80±0.44 

22:6n3(DHA) 10.54 9.59±0.92 7.73±1.64 

n-3/n-6 1.63 1.56±0.09 0.94±0.15  
Quality indexes 

AI 0.35 0.35±0.01 0.24±0.01 

TI 0.70 0.71±0.03 0.76±0.04 

H 18.88 18.92±0.2 14.80±0.52 

h 63.91 62.83±0.24 62.51±0.29 
(AI) Atherogenic index =(12:0 + 4 * 14:0 + 16:0) / (Σ MUFA + Σ n-3 PUFA + Σ n-6 PUFA), 

(TI) Thrombogenic index = (14:0 + 16:0 + 18:0) / (0.5* Σ 18:1) + (0.5* Σ MUFA) + (0.5* Σ n-6 PUFA) + (3* Σ n-3 

PUFA) + (Σ n-3 PUFA/Σ n-6 PUFA),  

(H) Hypercholesterolemic fatty acids = 12:0 + 14:0 + 16:0,  

(h) Hypocholesterolemic fatty acids = 18:0 + Σ MUFA + Σ PUFA 

 

Immune response 

Results on immune parameters measured are given in Table 27. Trypsin inhibition activity of fish 

serum functions as a way to fight the evasion process of fish parasitical or bacterial pathogens. In the 

first trial, it was relatively low in all fish, but fish fed KRILL diet tended to show slightly lower anti-

protease activity compared to both CTRL and ALGAE diets. Ceruloplasmin activity which is linked to 

inflammation followed the same trend. Myeloperoxidase followed the same trend, but differences 
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were more pronounced with a 94% confidence. Concerning nitric oxide concentration and lysozyme 

and complement bactericidal activities, fish fed ALGAE diet tended to show lower activity than the 

other two diets and these differences were significant concerning the lysozyme activity, which 

followed the variations obtained for the growth performance. In conclusion, addition of Algal meal 

or krill meal did not strongly affect the immune status of the fed fish but tended to reduce it 

compared to fish fed the FM and FO based diet. 

 

Table 27. Immune parameters measured in juvenile European seabass fed on diets containing novel 

lipid sources 
  CTRL Algae Krill Test P 

APA 33.86±3.66 30.06±2.74 28.45±2.70 ANOVA P=0.442 

MPO 0.52±0.02b 0.53±0.03b 0.44±0.03a ANOVA P=0.051 

Nitric Oxide 0.29±0.03 0.25±0.02 0.36±0.04 KW P=0.115 

Complement  61.3±1.1 60.7±0.9 63.2±1.4 ANOVA P=0.304 

Lysozyme 495.04±9.45ab 473.04±9.74a 505.94±11.00b ANOVA P=0.071 

Ceruloplasmin 23.0±5.2 29.7±5.8 19.6±3.3 KW P=0.481 

APA Antiprotease activity is expressed as the percentage of trypsin inhibition obtained in the sera samples; 

MPO myeloperoxidase activity followed the respiratory burst activity in sera samples and was expressed as OD 

units; Nitric oxide concentration in sera was expressed as μM using a NaNO2 standard curve; Complement 

activity was expressed as the percentage of bacterial killing of a luminescent strain of E.coli; Lysozyme and 

ceruloplasmin activities were expressed as arbitrary units/ml obtained from the kinetic measurements; Data 

represent mean± S.E.M., n=24 

 

Antioxidant status 

The effects of the experimental diets used in the first trial (ALGAE and KRILL) on the antioxidant and 

intestinal enzymatic system of seabass juveniles are indicated in Table 28. The diets based on 

different lipids sources, i.e. ALGAE and KRILL, induced all the antioxidant enzymatic activities in 

comparison to the CTRL diet. However, inductions were significant only for CAT and GST in ALGAE 

diet and only for TGPx and GST in KRILL diet compared to the CTRL diet. Between ALGAE and KRILL 

diets significant inductions appeared in the KRILL diet for TGPx and GST.  

Intestinal activities of trypsin were significantly reduced in ALGAE and KRILL diets, but an insignificant 

induction was indicated in ALA in ALGAE diet, while a significant induction of ALP was observed in 

the ALGA diet compared to the CTRL diet. 

 

Histological observations 

No differences were observed in liver and intestine tissue in all samples examined. Diffused high 

intracytoplasmic lipid storage into hepatocytes was observed with peripheral nuclear displacement. 

No inflammatory reaction was seen in lamina propria or submucosa in all the diets examined.  
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Table 28. Specific activities of antioxidant and intestinal enzymes of European seabass juveniles 

fed on diets containing novel lipid sources. (↑ induction, ↓ reduction) 

Enzymatic biomarkers CTRL ALGAE KRILL 

CAT (mM/min/mg protein) 114.43±5.2a 137.15±17.8b↑ 128.16±17.4ab↑ 

TGPx (μM/min/mg protein) 10.66±2.4a 11.08±2.6a↑ 16.57±3.6b↑ 

GST (μM/min/mg protein) 27.84±4.1a 29.01±4.5b↑ 41.08±5.8c↑ 

Trypsin (μM/min/mg protein) 7.37±1.3a 5.30±1.0b↓ 4.47±0.8b↓ 

ALA (μM/min/mg protein) 56.85±9.5a 64.58±9.3ab↑ 56.53±8.5a 

ALP (μM/min/mg protein) 68.03±13.4a 96.03±22.7b↑ 79.68±18.3ab↑ 

 

 

3.1.3 Conclusions 

The use of Algae and Krill meal as source of ω-3 in diets for juvenile European sea bass, substituting 

73% and 100% of the FO is feasible without compromising growth feed and protein utilization. In 

addition, Krill meal inclusion showed the highest growth rates compared to CTRL and ALGAE diets. 

The addition of Algal meal or krill meal did not strongly affect the immune status of the fish but 

tended to reduce it compared to fish fed on FO based diet. Commercial sized fish showed the same 

growth rate in both diets. The fillet content in ω-3 PUFA was the same in both diets, while fillets of 

the fish feeding on Krill meal can supply to the consumers adequate percentage of PUFA with a low 

Hypercholesterolemic index. Furthermore, the addition of ALGAE or KRILL induce the antioxidant 

defense system increasing the ability of the fish to eliminate and/or to balance ROS production to 

maintain homeostasis.  

 

3.2  Gilthead sea bream 

3.2.1 Materials and Methods 

Experimental Fish 

A feeding trial was conducted with gilthead sea bream (Sparus aurata) fingerlings with an initial body 

weight of 2.50 ± 0.01 g (mean ± SE) and an initial fork length of 5.33 ± 0.01 cm. Fish, which were 

produced at the ECOAQUA Institute facilities, were randomly distributed in groups of 55 fish in 

21x250 L fiberglass cylinder tanks with conical bottom and painted with light grey color (stocking 

density of 0.55 kg m-3). Tanks were continuously supplied with filtered sea water (35 mg L-1 salinity) 

and aeration. Water temperature (23.1 ±0.3 ºC) and dissolved oxygen (6.4 ±0.2 mg L-1) were recorded 

daily. Tanks were illuminated by fluorescent lights placed above the tank at an intensity of 100 lx and 

programmed for 12h light photoperiod (from 8 a.m. to 8 p.m.). Each experimental diet was randomly 

assigned to experimental tanks and tested in triplicate (n=3). Fish were manually fed until visual 

apparent satiety three times a day, 6 days per week for 74 days. Feed delivery was calculated daily, 

and uneaten pellets were collected in a net by opening the water outlet 30 min after each meal, dried 

in an oven for 24 h and weighed to estimate feed intake (FI). Mortalities were removed daily, and 

their biomass accounted to more accurately estimate FI expressed per average body weight (g feed 

g fish-1). Individual weight and length (fork length) were assessed after 74 days of feeding. Prior to 

sampling, fish were fasted for 24 h. Fish were anesthetized with clove oil (6 mL 100 L-1) and, after 
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handling, fish that were not used for sample collection, were allowed to recover in a tank with 

aerated sea water before returning them to their original tank. 

Experimental Diets 

Seven experimental diets were formulated to contain similar amounts of protein, lipid and energy. 

The control diet (FO diet) contained 15% FM and 5% fish oil. In the experimental diets, the fish oil 

was replaced by either poultry oil (PO diets) or by a blend of poultry and one of two algal oils to 

approximately reach the EPA+DHA level of the control diet. One algal oil (Veramaris algal oil, 

Veramaris, The Netherlands) contained both EPA and DHA (ED diets), whereas the other algal oil 

(DHA Natur Oil, Archer Daniels Midland, USA) contained mainly DHA and n-6 DPA (DD diets). The 

experimental diets were produced with two different FM levels: 15 and 7.5% FM (Table 29). Except 

of the PO diets, all diets covered the n-3 LC-PUFA requirements for gilthead sea bream juveniles 

(Izquierdo, 2005). Feeds were manufactured by Skretting ARC Feed Technology Plant (Stavanger, 

Norway) at a pellet size of 1 mm and shipped to the ECOAQUA Institute laboratories (Canary Islands, 

Spain), where they were analyzed for proximate (Table 29) and fatty acid composition (Table 30). All 

diets were kept at 10º C before and during the feeding trial. 

 

Table 29. Formulation and proximate composition of the experimental diets containing novel lipid 

sources for gilthead sea bream fingerlings 

  Lipid source 

  15 %FM 7.5 %FM 

Ingredients (%) FO ED DD PO ED DD PO 

Fish meal 15.00 15.00 15.00 15.00 7.50 7.50 7.50 

Wheat 12.30 12.43 12.13 11.43 9.90 9.52 10.88 

Corn gluten 6.58 6.12 6.20 10.00 10.00 10.00 10.00 

Hi-pro soya 5.00 5.00 5.00 5.00 8.00 8.00 5.00 

Wheat gluten 17.71 18.02 17.92 15.38 18.25 17.00 17.72 

Soya protein concentrate 25.00 25.00 25.00 25.00 27.50 29.00 30.00 

Faba beans 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Fish oil 5.28 0.00 0.00 0.00 0.00 0.00 0.00 

Rapseed oil 7.92 7.60 5.69 7.29 7.52 5.58 7.57 

Veramaris algal oil 0.00 2.46 0.00 0.00 2.76 0.00 0.00 

DHA Natur oil c 0.00 0.00 3.67 0.00 0.00 4.11 0.00 

Poultry oil 0.00 3.16 3.92 5.70 3.38 4.09 6.12 

Vitamin premix 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Mineral premix 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Microalgae:PO - 1:1.3 1:1.1 - 1:1.2 1:1 - 

Proximate analysis (%) 

Crude protein 49.31 48.35 48.06 50.18 49.31 49.14 50.38 

Crude lipids 18.19 17.53 18.23 17.50 17.92 17.32 17.58 

Neutral lipids 89.32 89.91 90.15 91.96 90.37 90.00 94.17 

Polar lipids 10.68 10.09 9.85 8.04 9.63 10.00 5.83 

Moisture 6.60 8.23 7.85 8.28 8.05 7.09 7.67 

Ash 4.66 4.51 4.70 4.64 4.60 4.19 3.94 
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Table 30. Fatty acid composition of the experimental diets (% total identified FA) containing novel 

lipid sources for gilthead sea bream fingerlings 

 

 

 

 

 

 

 

 

 

 

Antinutritional factors and in vitro digestibility of the diets 

Protein digestibility in vitro (degree of hydrolysis) was determined by pH-stat titration according to 

the method developed by Dimes and Haard (1994) and modified by Alarcon et al. (2002). In addition, 

the two predominant protease inhibitor groups, namely the Kunitz trypsin inhibitor (KTI) and 

Bowman−Birk protease inhibitor (BBI) were determined in each experimental diet. For that, protease 

inhibitors were extracted by grounding feeds and mixed with distiller water (50 mg ml-1) followed by 

extraction with chloroform and isolated by centrifugation. KTI was assayed against trypsin activity 

(Bernard et al., 1961) whereas BBI was assayed against chymotrypsin activity (Asgeirsson and 

Bjarnason, 1991). All reactions were performed at 23ºC in triplicate. 

 

 

3.2.2 Results 

Growth performance and feed utilization 

Survival was very high in all experimental groups except in fish fed 7.5% FM PO that had lower survival 

(92.12%) than fish fed FO or 7.5% FM ED diet (P<0.05; Table 32). Moreover, two-way ANOVA showed 

that fish fed PO diets had significantly higher mortality than those fed ED or DD, regardless of dietary 

FM level. Furthermore, fish fed PO (15 or 7.5% FM) showed the lowest FBW, FBL and SGR, together 

with the highest FCR and lowest PER and LER (P<0.05; Table 32). Diets ED and DD with 15% FM did 

not negatively affect fish FBW, FBL, SGR, FCR and PER compared to the FO diet (P<0.05; Table 32). 

Nevertheless, fish fed 15% FM DD showed a 7% lower LER than fish fed the FO diet (P<0.05; Table 

32). On the contrary, sea bream fed 7.5% FM ED and DD showed significantly lower growth together 

with poorer feed utilization parameters than those fed FO or 15% FM ED or DD (P<0.05; Table 32). 

Therefore, a reduction of dietary FM from 15% to 7.5% negatively affected growth parameters as 

denoted by the two-way ANOVA analysis (P<0.05; Table 32). No interaction was found between the 

lipid source and the dietary FM content, except for FCR, PER and LER, where a significant shared 

effect was observed (P<0.05; Table 32).   

  Lipid source 

  15 %FM 7.5 %FM 

Fatty acid FO ED DD PO ED DD PO 

SFA 16.11 13.15 15.80 16.39 13.90 16.96 17.95 

MUFA 43.02 39.89 39.20 48.96 41.35 41.21 48.23 

n-6 17.79 21.21 22.88 24.29 21.40 24.59 25.41 

n-3 19.51 20.49 17.84 9.72 21.12 16.73 7.96 

20:4n-6 0.59 0.80 0.48 0.32 0.50 0.40 0.21 

20:5n-3 5.30 3.33 1.54 1.24 3.65 1.01 0.69 

22:6n-3 5.36 8.72 9.04 2.11 10.62 10.67 1.46 

n-6/n-3 0.91 1.04 1.28 2.50 1.01 1.47 3.19 
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In vitro dietary protein digestibility of the experimental diets 

All diets were found to contain both KTIs and BBIs (Table 31). The DD diets containing high quantities 

of DHA Natur Oil, Archer Daniels Midland, USA, had the double content of BBI inhibitors compared 

with the rest of the diets (Table 31). This was reflected in the lowest enzymatic hydrolysis rates DD 

diets exhibited (Figure 5). PO diets exhibited the lowest total digestibility rates (Figure 5) which is in 

accordance with the significantly lower SGR rate in the fish fed on PO diets (Table 32). The digestibility 

rates of ED and DD diets were comparable to those of FO diet (Figure 5). 

Table 31. KTI and BBI (Units/mg feed) of the experimental diets for gilthead sea bream containing 

novel lipid sources 

 

 Lipid Source KTI U/mg sample BBI U/mg sample 

 FO 0.56 ± 0.13  0.23 ± 0.06  

15% FM 

ED 0.52 ± 0.12 0.25 ± 0.07  

DD 0.32 ± 0.04  0.81 ± 0.29  

PO 0.55 ± 0.14  0.39 ± 0.09 

7.5% FM 

ED 0.45 ± 0.12 0.24 ± 0.07 

DD 0.50 ± 0.10 1.01 ± 0.33 

PO 0.46 ± 0.13  0.47 ± 0.07 

 

Whole body composition and fatty acid profile 

Whole body and fillet lipid content of fish fed the experimental diets for 74 days were increased in 

comparison to the initial fish composition. The proximate composition of whole body or fillets did 

not differ among fish fed the different diets (Table 33). 

Regardless of dietary lipid source or FM content, the most abundant fatty acids in fish whole-body 

were oleic acid (OA, 18:1n-9), palmitic acid (16:0), linoleic acid (LA, 18:2n-6) and DHA (Table 34). 

Monounsaturated fatty acids (MUFA), n-6/n-3, n-9, n-3 or EPA/DHA, reflected their respective 

dietary levels, whereas sum SFA was similar in all the fish groups, regardless of dietary levels (Table 

34). Fish fed PO diets had the lowest contents in sum n-3 FA and the highest contents in MUFA, n-9 

fatty acids and 18:2n-6 (P<0.05; Table 34). In addition, 20:4n-6 levels in fish fed PO diets, were not 

significantly lower than in control fish, although ARA levels in the PO diets were low (P<0.05; Table 

30). Similarly, DHA contents in fish fed PO diets were not significantly different from fish fed the FO 

diet while DD fish had the highest content of DHA, and n-6. Finally, the whole-body fatty acid profiles 

of fish fed the ED diets were very similar to those of control fish, except for their higher contents of 

n-6 and some minor fatty acids (P<0.05; Table 34). 

 

Fillet lipid quality indexes  

Hypocholesterolemic (h), hypercholesterolemic (H) FA, and the ratio H/h were similar among fillet of 

fish fed the different experimental diets (Table 35). However, although not statistically different, a 

tendency to lower AI in fish fed ED than in those fed the FO diet could be observed (Table 35). 

Furthermore, sea bream fed PO diets showed a higher TI than those fed FO, ED or DD diets, which 

was confirmed by two-way ANOVA (P<0.05; Table 35). Additionally, peroxidation index (PI) of fish 

fed ED and DD diets did not differ from those fed FO but were higher than those fed PO diets (P<0.05; 

Table 35). 
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Figure 5. Autohydrolysis and enzymatic 
hydrolysis of the gilthead sea bream 
experimental diets with novel lipid sources at 
increasing ratios of mg dietary protein/U 
digestive capacity. 
 

 



 

  
  

Table 32. Growth performance of gilthead sea bream fingerlings fed on diets containing novel lipid sources 

  Lipid source  

  15 %FM 7.5 %FM Two-way ANOVA 

 FO ED DD PO ED DD PO Lipid source %FM Lipid source x %FM 

Survival (%) 98.18±1.05a 97.57±0.61ab 97.58±1.60ab 96.97±1.60ab 98.79±0.61a 97.58±1.60ab 92.12±1.19b PO<ED, DD 
P=0.00 

NS NS 

FBW (g) 12.42±0.26a 12.37±0.50a 11.78±0.31a 9.41±0.46b 9.93±0.02b 9.48±0.15b 7.76±0.15c ED, DD<PO 
P=0.00 

P=0.00 NS 

FBL (cm) 8.50±0.05a 8.53±0.10a 8.46±0.05a 7.98±0.01b 8.04±0.05b 7.93±0.05b 7.52±0.07c ED, DD<PO 
P=0.00 

P=0.00 NS 

SGR (% day−1) 2.17±0.03a 2.16±0.05a 2.09±0.03a 1.78±0.08b 1.86±0.01b 1.80±0.02b 1.52±0.03c ED, DD<PO 
P=0.00 

P=0.00 NS 

FI (g feed-1 g 

fish-1) 

0.97±0.01 0.97±0.01 0.97±0.01 0.99±0.02 0.96±0.01 0.98±0.02 1.01±0.01 NS NS NS 

FCR 1.22±0.02d 1.22±0.00d 1.27±0.01cd 1.37±0.02b 1.35±0.01bc 1.35±0.01bc 1.56±0.01a PO<ED, DD 
P=0.00 

P=0.00 P=0.01 

CF 2.23±0.39abc 2.37±0.38a 2.30±0.38ab 1.87±0.15bc 2.16±0.56abc 2.43±0.57a 1.80±0.10c ED, DD<PO 
P=0.00 

NS NS 

PER 1.56±0.02a 1.56±0.01a 1.49±0.01a 1.34±0.02b 1.38±0.01b 1.40±0.01b 1.17±0.02c ED, DD<PO 
P=0.00 

P=0.00 P=0.00 

LER 4.46±0.06a 4.30±0.02ab 4.15±0.02bc 3.84±0.07d 3.81±0.04d 3.98±0.03cd 3.37±0.05e ED, DD<PO 
P=0.00 

P=0.00 P=0.02 

Values (mean ± SE, n=3) with different superscript letters in the same row are significantly different (P < 0.05). 
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Table 33. Whole-body composition (% wet weight) of gilthead sea bream fingerlings fed on diets containing novel lipid sources 

 Lipid source 

  15 %FM 7.5 %FM 

   (% ww) Initial FO ED DD PO ED DD PO 

 Protein 15.72±0.74 16.34±0.13 16.24±0.30 15.72±0.41 15.62±0.22 15.78±0.13 15.93±0.29 15.59±0.21 

Whole-

body 

Lipids 4.49±0.06 12.47±0.58 12.33±0.45 12.60±0.10 12.17±0.42 12.05±0.14 12.65±0.42 12.11±0.49 

 Ash 3.91±0.51 3.70±0.23 3.88±0.18 3.78±0.14 3.64±0.30 4.30±0.07 3.63±0.17 3.78±0.28 

 Moisture 75.49±0.35 67.79±0.44 67.77±0.83 68.07±0.47 69.55±0.73 68.63±0.23 68.09±0.42 68.98±0.06 

          
Fillet Protein 20.85±0.26 19.51±0.32 19.50±0.36 19.17±0.13 19.65±0.23 19.20±0.16 19.22±0.09 19.54±0.22 

 Lipids 3.22±0.23 6.81±0.50 7.70±0.68 7.50±0.69 7.02±0.34 6.96±0.70 8.63±0.55 6.47±0.38 

 Moisture 77.85±0.75 72.25±0.79 72.83±0.59 72.99±0.60 72.60±0.26 73.76±0.43 73.17±0.34 72.68±0.56 

        Values (mean ± SE, n=3) with different superscript letters in the same row are significantly different (P < 0.05). 
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Table 34. Whole-body fatty acid composition (% total identified FA) of gilthead sea bream fingerlings fed on diets containing novel lipid sources 

  Lipid source    

  15 %FM 7.5 %FM Two-way ANOVA 

Fatty 
acid (%) 

FO ED DD PO ED DD PO Lipid source %FM Lipid 

source x 

%FM 

SFA 18.14±1.43 15.99±0.86 15.62±0.24 16.26±0.55 15.26±0.74 14.98±0.84 16.84±0.71 NS NS NS 

 MUFA 47.73±1.41ab 45.23±1.0abc 43.34±0.99bc 49.40±1.20a 43.70±1.17bc 41.85±1.26c 49.52±1.08a PO±ED, DD 
P=0.00 

NS NS 

 n-9 38.25±1.21ab 38.13±0.87ab 36.44±0.87b 42.35±0.91a 37.44±1.03b 36.31±1.04b 42.84±1.13a PO±ED, DD NS NS 

 n-6 17.23±0.11e 19.55±0.23d 21.84±0.03bc 22.28±0.47bc 21.24±0.14c 23.60±0.14a 22.76±0.40ab PO, DD±ED 
P=0.00 

P=0.00 NS 

n-3 15.03±2.55ab 17.82±0.51a 18.06±1.20a 10.26±0.98b 18.53±0.52a 18.27±1.88a 9.05±1.32b ED, DD±PO 
P=0.00 

NS NS 

20:4n-6 0.41±0.06ab 0.44±0.04ab 0.51±0.01a 0.32±0.02b 0.45±0.00ab 0.55±0.03a 0.33±0.03b DD±ED±PO 
P=0.00 

NS NS 

20:5n-3 3.24±0.66a 2.46±0.23abc 1.34±0.14bc 1.26±0.18bc 2.53±0.17ab 1.13±0.10bc 1.03±0.23c ED± DD, PO 
P=0.00 

NS NS 

22:6n-3 5.35±1.22bc 9.54±0.09ab 11.93±0.86a 3.74±0.41c 10.17±0.25a 12.50±1.64a 3.20±0.69c DD±ED±PO 
P=0.00 

NS NS 

n-6/n-3 1.20±0.17b 1.10±0.05b 1.22±0.09b 2.20±0.17a 1.15±0.04b 1.32±0.14b 2.62±0.35a PO±ED, DD 
P=0.00 

NS NS 

          Values (mean ± SE, n=3) with different superscript letters in the same row are significantly different (P < 0.05). 
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Table 35. Fillet lipid quality indexes of gilthead sea bream fingerlings fed on diets containing novel lipid sources 

  Lipid source    

  15 %FM 7.5 %FM Two-way ANOVA 

Index FO ED DD PO ED DD PO Lipid source %FM Lipid 

source x 

%FM 

H 12.26±0.40 10.72±1.81 11.40±0.52 11.07±0.25 10.40±0.51 11.91±0.80 11.18±0.07 NS NS NS 

h 86.96±0.41 88.69±1.76 88.13±0.53 88.42±0.27 89.05±0.49 87.63±1.38 88.36±0.12 NS NS NS 

h/H 7.11±0.26 8.96±2.01 7.77±0.41 8.00±0.21 8.60±0.45 7.43±0.57 7.90±0.06 NS NS NS 

AI 0.20±0.02 0.15±0.03 0.17±0.01 0.17±0.00 0.14±0.01 0.18±0.02 0.16±0.02 NS NS NS 

TI 0.14±0.01 0.13±0.02 0.14±0.01 0.16±0.00 0.12±0.01 0.14±0.01 0.16±0.00 PO>ED, DD 
P=0.02 

NS NS 

PI 138.12±4.87ab 163.90±23.3

7a 

175.55±12.60a 91.00±3.15b 160.00±6.31a 172.47±19.22a 91.55±3.98b ED, DD>PO 
P=0.00 

NS NS 

Hypercholesterolemic fatty acids (H) = 12:0 + 14:0 + 16:0, Hypocholesterolemic fatty acids (h) = 18:0 + Σ MUFA + Σ PUFA, Atherogenic index (AI) = (12:0 + 4 * 14:0 + 16:0) / 

(Σ MUFA + Σ n-3 PUFA + Σ n-6 PUFA), Thrombogenic index (TI)= (14:0 + 16:0 + 18:0) / (0.5* Σ 18:1) + (0.5* Σ MUFA) + (0.5* Σ n-6 PUFA) + (3* Σ n-3 PUFA) + (Σ n-3 PUFA / Σ n-6 

PUFA), Peroxidation index (PI) = 0.025 × (Σ monoenoic fatty acids) + 1 × (Σ dienoic fatty acids) + 2 × (Σ trienoic fatty acids) + 4 × (Σ tetraenoic fatty acids) + 6 × (Σ pentaenoic 

fatty acids) + 8 × (Σ hexaenoic fatty acids).H=hypercholesterolemic, h=Hypocholesterolemic,  



 

  
  

 

3.2.3 Conclusions 

In conclusion, the results of the present study showed that a blend of poultry oil and algae oils 

containing either DHA or both EPA and DHA, are effective in the total replacement of fish oil in 

practical (15% FM) diets for gilthead sea bream. These blends supported good growth while ensuring 

high nutritional quality of the fish fillet for the consumer. Both dietary algal lipid sources were 

effective in increasing fillet DHA content. On the contrary, PO was not able to completely replace fish 

oil and negatively affected fish performance, in relation to an insufficient dietary n-3 LC-PUFA content. 

 

4 Understanding and Minimizing Negative Effects of Alternative 
Diets on Fish Health and Welfare Anti-Nutritional Factors 

The limited availability of marine ingredients for aquafeeds led the feed industry to replace them with 

sustainable and cost-efficient alternatives of different origin, plant or terrestrial. The major limitation 

in the use of plant raw materials is related to their high amount of anti-nutritional factors (ANFs) such 

as protease inhibitors, non-starch polysaccharides (NSP) and phytate (Francis et al., 2001), which 

affect growth parameters, feed utilization, nutrient digestibility etc. Processing technologies of the 

raw materials and feeds (heating, soaking, extrusion, enzyme addition etc) can be a valuable tool to 

enhance digestive utilization of nutrients (Kraugerud & Svilus 2011, de Vries et al., 2012). Exogenous 

enzymes have been investigated in fish (Lemos & Tacon 2015) where addition to diets has resulted in 

increased utilization of phytate phosphorus, other trace elements and protein, while the potential of 

NSP enzymes (xylanase) in fish diets as a way to improve growth and feed utilization is limited in fish 

and specifically in European sea bass is non-existing. The aim of the present study was to investigate 

the effects of raw material processing as well as enzyme addition in plant meal-based diets for 

European seabass (Dicentrarchus labrax) on growth performance, feed utilization and nutrient 

digestibility. For the purpose of this task, HCMR performed two trials; a growth trial followed by a 

digestibility trial. 

4.1 Materials and Methods 

Experimental fish 

For the growth trial, European sea bass of an initial body weight of 19.5±2.9g and initial stocking 

density 4.9kg/m3 was fed the experimental diets in triplicate groups of 25 sea bass/tank. Fish were 

weighted individually at the beginning, in the middle and at the end of the experimental trial under 

mid anaesthesia with clove oil 10%, diluted in ethanol. Feed consumption was recorded daily to 

estimate growth parameters (weight increase and SGR) and evaluate feed utilization (FE, FCR).  Fish 

were fed at libitum twice a day for a period of 83 days. 

Fifteen fibre glass tanks of 100L capacity each, were used in recirculation water system (RAS), with a 

bio filter, at 10% water renewal/day. Dissolved oxygen (DO), ammonia (NH3/NH4), nitrate (NO3-) and 

nitrite (NO2-) were measured daily using API tests (aquarium pharmaceuticals) and never exceeded 

the acceptable concentration levels. Water temperature ranged from 22-24oC. Photoperiod was kept 
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at 12h day 12h night. 10 days before the end of the growth trial faeces were collected for 10 days to 

evaluate digestibility of protein, fat, and starch. During the period of faeces collection, fishes were fed 

late in the afternoon, then tanks were cleaned, and ice used externally, in the sample collection tubes, 

to prevent leaching of collected faeces. The next morning faeces were collected from silicon tube into 

50ml containers, the samples were then centrifuged and stored in the freezer (-200C) until they were 

freeze-dried and analysed. 

By the end of the experimental period all fishes were weighted individually and 10 fish from each tank 

were kept in freezer (-200C) for gross body composition analysis. Ten fish per tank were sampled for 

viscerosomatic, liposomatic and hepatosomatic indices while liver samples were collected for liver 

composition analysis and intestines for digestive enzyme activity. Additionally, liver and intestine 

samples were collected for histological observations in buffered formalin.  

The following parameters were measured: 

• FCR: feed consumed g/growth g 

• SGR: {(Ln mean final body weight - Ln initial body weight)/days} *100 

• % daily feed consumption: {(feed intake g/fish*100) / (initial body weight / fish) * final body 

weight / fish)0.5)} / days of feeding 

• Viscerosomatic index: 100*visceral weight(g) / fish weight(g) 

• Liposomatic index: 100*visceral fat weight(g) / fish weight(g) 

• Hepatosomatic index: 100*liver weight(g) / fish weight 

 

Experimental diets 

Five isoenergetic isonitrogenous diets were formulated and produced at the installations of the 

Institute of Marine Biology, Biotechnology and Aquaculture of HCMR. To a basal diet containing 30% 

of a plant raw material mix, consisting of rapeseed meal, sunflower meal and guar meal at 10% each, 

(negative control diet CTRL-), a different processing of the raw materials followed to formulate three 

different experimental diets. Diet Treated containing the three raw materials after they had been 

subjected to thermal conditioning as follows: in a large container each raw material was treated with 

50% boiling water for 10 minutes with continuous mixing while substrate temperature was 

maintained at 40oC using a heating block. The mixture of the three raw materials, after treatment, 

was placed in an oven overnight at 40oC and ground prior to the incorporation in the diet. Diet 

Synergen contained 0.5% of the commercial additive Synergen™ (Alltech) which was added together 

with the rest of the ingredients and before the extrusion, and diet Phy-xyl contained 0.01% phytase 

and 0.03% xylanase in liquid form, which was added by coating to avoid denaturation of the enzymes 

due to the high temperatures reached during the extrusion. A positive control diet was also selected 

(CTRL+) resembling a commercial like diet, containing 20% fish meal and none of the aforementioned 

raw materials. Yttrium was added to the diets as an inert marker for the determination of digestibility 

coefficients. Diets were produced with a pilot-scale twin-screw extruder (model BC45, CLEXTRAL, 

France) with a screw diameter of 55.5 mm and temperature ranging 109-113°C. Upon extrusion, feeds 

were dried, and pellets were allowed to cool at room temperature and subsequently, the oil fraction 

was applied to the extruded pellets by coating under vacuum conditions (PG-10VCLAB, DINNISEN, The 

Netherlands). Diet’s formulation and composition is given in Table 36. 
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Table 36. Diet formulation and composition of the experimental trial on European seabass juvenile 

fed different treated plant-based diets 

Raw materials CTRL+ CTRL- 

Fish meal 68 20 15 

Blood meal 
 

9 

Wheat meal 9.8 3.7 

Corn gluten 22 10 

Soy Bean meal 8 4 

SPC 24 12 

Rape seed meal 
 

10 

Sunflower meal 
 

10 

Guar meal 
 

10 

Fish Oil 11 11 

Rapeseed Oil 2 2 

Vit C - 35 0.1 0.1 

Monocalcium 
Phosphate 

2 2 

Mineral and Vitamin 
Premix 

0.4 0.4 

Lysine 0.5 0.6 

Methionine 0.2 0.2 

Synergen 
 

0.05 

Phytase - Xylanase 
 

0.01+0.03 

 

  CTRL+ CTRL- Synergen Treated Phy-Xyl 

moisture 6.35 7.25 6.45 6.18 6.26 

Ash 6.75 7.24 7.37 7.34 7.35 

Protein 47.55 47.65 48.28 47.96 48.35 

Fat 16.92 16.73 16.65 15.43 16.38 

NFE 22.44 21.12 21.25 23.10 21.67 

Energy KJ/kg 21.79 21.51 21.65 21.41 21.63 
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Biochemical analysis 

Biochemical analysis of diets and body composition were performed as previously described in 

paragraph 2.1.1.3. Immune parameters, antioxidant enzymes determination, histological preparation 

of the tissues as well as statistical analysis were performed as described in paragraph for 2.1.1.3. 

 

4.2 Results   
Growth performance and feed utilisation 

The results on growth performance are given in Table 37. At the end of the 83 day-trial, fish growth 

showed significant differences between diets. Compared with the negative control diet, where raw 

materials were included without any treatment or enzyme addition, the best performing diet was Phy-

xyl diet, significantly better than all other diets Synergen or treated diet, except from the CTRL+ diet 

which exhibited the highest performance from all other diets. Feed utilization (FCR) and protein 

efficiency were improved by the heat treatment of the plant raw materials or the inclusion of the 

enzymes phytase and xylanase in comparison to the addition of the enzyme complex Synergen. In any 

case, the inclusion of treated plant raw materials or the addition of the enzymes ameliorate all 

parameters as well as feed and protein utilization.  

 

Table 37. Growth performance parameters - feed utilization morphometric data of European 

seabass juveniles fed different treated plant-based diets 

  CTRL+ CTRL- Synergen Treated Phy-xyl 

Initial body weight(g) 19.52±0.06 19.55±0.06 19.56±0.1 19.54±0.1 19.42±0.09 

Final Body Weight (g) 59.79±2.5d 40.44±0.5a 46.72±0.8b 48.82±1.7bc 52.59±0.35c 

Weight increase (g) 40.27±2.4d 20.89±0.41a 27.16±0.85b 29.28±1.63b 33.17±0.3c 

SGR 1.35±0.05d 0.88±0.01a 1.05±0.03b 1.10±0.04b 1.20±0.001c 

DGI 1.47±0.06d 0.89±0.01a 1.09±0.03b 1.16±0.05b 1.28±0.01c 

FCR 1.21±0.02a 1.64±0.05c 1.48±0.03bc 1.43±0.11b 1.38±0.05b 

% Consumption 1.73±0.04ab 1.61±0.05a 1.71±0.01ab 1.72±0.08ab 1.79±0.07b 

PER 1.75±0.04c 1.30±0.04a 1.40±0.03ab 1.46±0.11b 1.50±0.06b 

ANPU 32.00±0.7c 25.23±1.15a 25.70±0.8ab 28.09±1.7ab 28.43±1.5b 

 Morphometric measurements  
HEP/index 1.87±0.12c 1.37±0.07ab 1.49±0.05b 1.26±0.07a 1.29±0.07ab 

LIP/index 4.03±0.43c 1.52±0.38a 3.17±0.62bc 2.31±0.27ab 3.72±0.28c 

VIS/index 15.63±0.38b 12.53±0.9a 13.86±0.19a 12.58±0.95a 13.18±0.24a 

 

Hepatosomatic index was significantly higher in the CTRL+ diet (1.87%) than in the rest of the diets, 

with the lowest recorded in the group of fish fed on diet Treated. Liposomatic and viscerosomatic 

index showed significant differences, with  CTRL+ exhibiting the highest values (4.0% and 15.6%, 

respectively) compared to the CTRL- diet (1.52% and 12.53%, respectively). In the rest of the diets the 

enzyme addition resulted in an increase of those parameters compared to the Treated diet.  
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Body and liver composition 

Body gross and liver composition in given in Table 38. Significant differences were evident in all 

parameters except protein content. Significantly higher fat and lower moisture was observed in CTRL+ 

diet (12.55% and 66.2%, respectively) compared with the CTRL- diet (7.75% and 70%, respectively). 

Thermal treatment or enzyme inclusion resulted in lowering fat levels compared with CTRL+ diet. Liver 

glycogen didn’t show significant difference between dietary groups while fat was significantly higher 

in the CTRL+ diets (22.8%) and SYNERGEN (20.3%). CTRL- and TREATED diets exhibited the lowest 

values (16%), intermediate values was given by the PHY-XYL diet (17.9%). 

 

Table 38. Whole body and liver composition of seabass fed different treated plant-based diets 

  CTRL+ CTRL- Synergen Treated Phy-Xyl 

Moisture 66.19±0.75a 69.99±0.6c 67.98±0.65b 69.74±0.36c 67.99±0.45b 

Ash 4.18±0.12ab 4.72±0.23b 3.93±0.48a 4.34±0.19ab 4.23±0.20ab 

Protein 17.22±0.37 17.11±0.35 16.80±0.14 17.38±0.23 17.39±0.26 

Fat 12.55±0.63c 7.75±0.55a 10.41±0.36b 8.33±0.31a 10.10±0.48b 
 

Liver composition 

Glycogen 9.64±1.21 7.56±0.66 7.78±0.63 8.36±1.65 7.04±0.40 

Fat 22.79±1.63c 15.93±1.02a 20.27±1.04bc 15.62±0.24a 17.90±1.23ab 

 

Nutrient Digestibility 

The results on nutrient digestibility are given in Figure 6. Protein digestibility was high in all diets 

ranging from 94.7 to 95.2 and no differences were showed between them. Fat digestibility ranged 

from 98.1 in the CTRL+ diet to 88.5 in the rest of the diets. Heat treatment of the raw materials or the 

addition of the exogenous enzymes as Synergen didn’t result in improved fat digestibility and values 

were the same with diet CTRL-. The addition of the enzymes phytase and xylanase resulted to improve 

significantly fat digestibility in diet Phy-Xyl. Carbohydrate digestibility was the highest in CTRL+ (71.5%) 

and the lowest in the CTRL- (66.2%). Improvement was achieved by the heat treatment (71.6%) or by 

the addition of the enzymes, but the best digestibility was achieved by the Treated and the Phy-Xyl 

diet (70.2%). Phosphorus digestibility was significantly different between diets. The lowest was 

achieved in the CTRL+ diet 56.3%, and the highest in SYNERGEN diet 72% while intermediate values 

were given by the rest of the diets (64% to 66.3%). Therefore, can be suggested that the 

supplementation of the enzymatic complex Synergen led to a better assimilation of the phosphorus 

contained in this diet than that of the rest of the diets. 
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Figure 6. Nutrient digestibility of European seabass juveniles fed different treated plant-based 

diets (N=3). 

 

Immune response 

The results on the immune response by the fish fed the different diets is given in Table 39, Figure 7, 

and Figure 8. Trypsin inhibition (APA) activity of fish serum functions as a way to fight the evasion 

process of fish parasitical or bacterial pathogens. It was relatively low in all fish. Surprisingly, fish fed 

CTRL- alone or with phytase and xylanase addition or heat treated had a significantly higher trypsin 

inhibition activity than fish fed the CTRL+ diet (Figure 9). The addition of the supplement enzyme 

Synergen brought protease inhibition activity close to that of fish fed the CTRL+ diet. Complement and 

lysozyme antibacterial activities were significantly affected in fish fed the test diets. Diet 

supplemented with phytase, and xylanase significantly increased the lysozyme activity against a Gram-

positive bacterium of fish compared to the CTRL- diets without enzyme which even showed levels 

higher than the CTR+ diet. Dietary addition of Synergen enabled to significantly increase the 

complement antibacterial activity against a Gram-negative bacterium of the CTRL- to levels obtained 

in fish fed the CTRL+. The same tendency was true of the myeloperoxidase activity although 

differences were not significant concerning this parameter. The ceruloplasmin activity which is an 

index of the inflammatory process was not statistically affected by the fish diet although it tended to 

be higher in fish fed CTRL- compared to CTRL+. Overall, it remained relatively low in fish fed all tested 

diets. 

 

Antioxidant status 

The effects of the different treated plant-based diets [addition of exogenous enzymes (Synergen and 

Phyt-Xyl) and thermal processing (Treated)] on the antioxidant and intestinal enzymatic system of 

seabass juveniles are indicated in Table 40.  

CTRL+ CTRL- SYNERGEN TREATED PHY-XYL

Protein 95.23 95.12 94.97 94.96 94.67

Fat 98.06 91.65 89.55 88.55 93.72

Carbohydrates 71.50 66.20 67.67 71.59 70.22

Phosphorus 56.26 63.99 72.01 66.33 63.74
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Table 39. Immune response parameters measured of seabass juveniles fed different treated plant-

based diets (mean ± S.E.M., n=24) 

 APA MPO Lysozyme Compleme

nt 

Ceruloplasmin 

CTRL+ 45.38±3.10a 0.56±0.04 470.7±15.2ab 58.6±1.1b 11.6±3.3 

CTRL- 56.74±3.66c 0.45±0.03 458.2±8.4a 52.2±1.4a 13.8±3.8 

Synergen 47.03±2.83ab 0.55±0.03 473.9±11.3ab 57.2±1.7b 12.9±3.1 

Treated 55.35±3.02bc 0.53±0.04 486.8±11.5ab 54.7±1.3ab 9.9±2.4 

Phy-Xyl 54.69±3.05bc 0.49±0.03 503.0±10.1b 51.2±1.1a 13.6±2.7 

Test P ANOVA 

P=0.031 

ANOVA 

P=0.182 

Welch 

P=0.024 

ANOVA 

P=0.0003 

KW 

P=0.733 

APA Antiprotease activity is expressed as the percentage of trypsin inhibition obtained in the sera samples; MPO 

myeloperoxidase activity followed the respiratory burst activity in sera samples and was expressed as OD units; 

Nitric oxide concentration in sera was expressed as μM using a NaNO2 standard curve; Complement activity was 

expressed as the percentage of bacterial killing of a luminescent strain of E.coli; Lysozyme and ceruloplasmin 

activities were expressed as arbitrary units/ml obtained from the kinetic measurements; Data represent mean 

± S.E.M. n=24. 

 

 

 

 
Figure 7. Lysozyme activity of European seabass juveniles fed different treated plant-based diets. 

Bars represent mean ± S.E.M. Different letters represent significant differences between 

experimental diets (Welch’s ANOVA, P<0.05, n=24) 
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Figure 8. Bacterial Killing of seabass juveniles fed different treated plant-based diets Bars represent 

mean ± S.E.M. Different letters represent significant differences between experimental diets 

(Welch’s ANOVA, P<0.05, n=24) 

 

 

 
Figure 9. Trypsin inhibition of European seabass juveniles fed different treated plant-based diets 

Bars represent mean ± S.E.M. Different letters represent significant differences between 

experimental diets (Welch’s ANOVA, P<0.05, n=24) 

 

CAT activity was significantly higher in the CTRL+ diet and the lowest in the CTRL- diet. Heat treatment 

or the addition of exogenous enzymes (Synergen and Phy-Xyl) increased CAT activity compared to the 

CTRL-, not at the same levels as in the CTRL+ diet. Moreover, CAT activity was significantly higher with 

Phy-Xyl diet compared to the two others (i.e. Synergen and Treated). The same results gave Se-GPx 

which was significantly high in CTRL+ and lower in the CTRL- but the inclusion of the enzymes resulted 

in increasing activity. Moreover, in Treated diet activity was the highest. Yet, GST was significantly 

reduced in the CTRL- diet but its induction with the Synergen inclusion was significant and close to the 

levels of the CTRL+ diet. Treated diet showed the lowest values while Phy-Xyl diet, showed 

intermediate values. Phy-Xyl addition significantly reduced the intestinal activities of trypsin, ALA and 
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ALP compared to CTRL+. Yet, ALP and trypsin activities were significant lower with Phy-Xyl diet 

compared to Treated diet. Synergen diet significantly reduced ALP activity compared to CTRL+ diet 

but did not affect ALA and trypsin activities 

 

Table 40. Specific activities of antioxidant and intestinal enzymes of European seabass juveniles fed 

different treated plant-based diets (↑ induction, ↓ reduction) 
Enzymatic biomarkers CTRL+ CTRL- Synergen Treated Phy-Xyl 

CAT  
(mM/min/mg protein) 

335.6±40.4a 32.0±1.9b↓ 125.5±9.8c↓ 117.9±15.3c↓ 181.7±35.2d↓ 

Se-GPx  
(μM/min/mg protein) 

252.8±54.8a 114.7±18.7b↓ 178.1±26.4c↓ 395.7±39.4d↑ 133.8±18.5bc↓ 

GST  
(μM/min/mg protein) 

78.3±8.4a 35.8±6.1b↓ 92.5±17.6a↑ 26.0±4.6b↓ 41.2±6.1b↓ 

Trypsin  
(μM/min/mg protein) 

16.3±2.1a 10.1±1.1c↓ 15.6±2.2ab↓ 12.2±1.5bc↓ 4.2±0.7d↓ 

ALA  
(μM/min/mg protein) 

151±12.2a  118.3±13.3b↓ 153.9±14.4a 100.9±14.7bc
↓ 

94.5±11.5c↓ 

ALP  
(μM/min/mg protein) 

92.14±17.6a 27.7±5.5b↓ 46.8±8.5c↓ 45.4±8.8c↓ 33.7±7.2bc↓ 

Values are means ± std of 15 cases (3 tanks, 5 samples/tank). Different letters indicate significant differences at P<0.05 level. 

 

 

Histological observations 

No differences were observed in liver and intestine tissue in all samples examined. Diffused high 

intracytoplasmic lipid storage into hepatocytes was observed in all diets with peripheral nuclear 

displacement. This was more pronounced in diet CTRL+ compared with all other diets. 

 

4.3 Conclusion 
In the present study it was evident that exogenous enzymes supplementation has a great potential in 

European sea bass diets to significantly improve SGR and FCR and nutrient utilization as in other 

species (Atlantic salmon, Carp, Rainbow trout, Japanese sea bass, African catfish). The effectiveness 

of the enzymes used in the present study in reducing the anti-nutritional effect of NSP and phytate 

was more evident for Phy-Xyl diet compared to Synergen and Treated diet. Digestibility of protein was 

improved by the addition of Synergen while fat digestibility was the highest by the supplementation 

of xylanase & phytase.  

Concerning the immune response, Synergen addition improved the complement bactericidal activity 

while phytase and xylanase supplementation improved lysozyme activity. This addition of exogenous 

enzymes proved to improve the antibacterial activity of fish fed ingredients of plant origin. The 

antioxidant defence system of the fish was positively affected by the addition of the enzymes 

compared to the CTRL-. Synergen addition did not affect ALA and trypsin activity. 
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5 Recommended diets for European sea bass and gilthead sea 
bream  

 

Table 41. Diet formulation for juvenile European sea bass 

  % inclusion 

Fish meal 68 12 

Krill meal 7.5 

Wheat meal 4.1 

Wheat Gluten 9 

Corn gluten 10 

Soy Bean meal 47 6 

SPC 10 

Fermented Soya 20 

Rapeseed Oil 12.5 

Monocalcium 
Phosphate 

3 

Mineral and Vitamin 
Premix 

0.5 

Lysine 0.4 

Methionine 0.3 

Yeast 5 

  100.3 

Moisture % 7.49 

Protein % 46.39 

Fat % 15.75 

Ash % 5.79 

euro/kg feed 1.4 

 

 

Table 42. Diet formulation for juvenile gilthead sea bream 

  NOVEL  ED DD 

Corn gluten 9 9 6.12 6.2 

Wheat gluten 16.37 16.86 18.02 17.92 

Sunflower meal 5 5     

Faba bean 10 10 5 5 

Hi-pro soya a     5 5 

Soy protein concentrate 22 22 25 25 

Fish oil  8.51 8.5 
 

 

Fish meal  10 5 15 15 

Rapeseed oil 4.4 3.49 7.6 5.69 
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Veramaris algal oilb     2.46 0 

DHA Natur oil c     0 3.67 

Poultry oil f     3.16 3.92 

Phosphate 1.26 1.53     

DL-Methionine 0.05       

Choline 0.3 0.31     

Lysine HCl 0.32 0.5     

Mineral mix 0.1 0 0.1 0.1 

Vitamin premix 0.3 0.3 0.1 0.1 

Wheat 6.39 6.51 12.43 12.13 

Insect Meal 5       

Single cell   10     

          

Protein 54.75 56.17 48.35 48.06 

Lipids 18.08 17.68 17.53 18.23 

Moisture 8.68 9.23 8.23 7.85 

Ash 5.19 5.23 4.64 4.6 

euro/kg feed 1.3 1.24 1.33 1.23 
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