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Abstract: The present review reports the results of two studies carried out at the Institute for the Coastal Marine 
Environment of Messina (Italy) on the suitability of plant-derived raw materials as dietary components for an innovative 
fish species for aquaculture, black spot sea bream Pagellus bogaraveo. The research focused on the effects of the use of 
plant (protein/lipid) dietary sources on growth performance, body composition and gastro-intestinal enzyme patterns in 
nutrient digestion of wild juveniles of P. bogaraveo. In particular, the effect of a total replacement of Fish oil by Echium 
and linseed oils and a partial substitution of fish meal with a graded level of Rice Protein Concentrate, will be discussed.  
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INTRODUCTION 

 Blackspot sea bream (Pagellus bogaraveo, Brünnich, 
1768) has become a promising candidate species for 
European aquaculture [1, 2] on the basis of several factors, 
which include: high commercial value, excellent taste, 
scarcity in fishing grounds and adaptability to intensive 
farming [3-5]. 

 During the last decade, considerable progress has been 
made in terms of prefattening and ongrowing in tanks and 
cages of cultured blackspot sea bream [6, 7], but very low 
growth rates have been reached in comparison to other 
sparids such as gilthead sea bream [8-12]. In addition, 
prefattening and ongrowing has been generally associated 
with a very high lipid deposition [1, 13, 14]. Recent 
advances in the study of lipid metabolism of P. bogaraveo 
[15, 16] clearly show the conversion of nutrients, other than 
lipids, into corporal fat. In addition, the results indicate 
dietary protein levels and sources as the major factors 
responsible for the species lipogenesis and lipid retention. 
Maintenance protein requirement in black spot sea bream has 
recently been estimated for juvenile blackspot sea bream 
[14]. The value of 4.3 g kg-1, which is higher than those 
reported for other farmed fish, such as gilthead sea bream 
[17] and European sea bass [18, 19], demonstrates the high 
dependency of this species on high dietary protein 
requirements. This suggests that, to reduce production costs, 
alternative sources of proteins should be investigated. To 
date, however, the introduction of plant protein/lipid sources 
in dietary formulations for this species has received little 
attention, and the knowledge of the effects on digestive 
processes is limited, except for a few recent studies [20, 21].  
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Recent research carried out on wheat gluten [16] indicate 
that it is possible to replace 50% of fish meal (FM), without 
any adverse effect on growth, when a high protein level 
(60%) is used, confirming the high dependency of this 
species on high dietary protein requirements. However, 
wheat gluten does not appear to be a good protein source to 
replace FM due to the strong effect on lipogenesis and high 
lipid retention of the species.  

 Research on the use of alternative dietary ingredients to 
marine feedstuff is, at the moment, a major issue in the 
aquaculture field considering the high dependency upon 
marine capture fisheries for sourcing key dietary nutrient 
inputs, such as FM and fish oil (FO) [22].  

 In addition, the reduction of FM and FO may lead to a 
decrease in contaminant levels in feed, and consequently, in 
fish filets [23, 24] which, at the end, results in a significant 
benefit for human nutrition. Among the potential substitutes, 
plant ingredients appear to be the best candidates [25] 
because of their wide availability and competitive price.  

 A large number of studies have demonstrated the suita-
bility of plant protein (PP) sources for many carnivorous 
fish, with reasonably good performance traits and fish 
quality [26]. However, it is well recognized that high dietary 
level of PP (> 40% of total protein) in partial replacement of 
FM reduce feed efficiency and growth performances [19, 27, 
28]. Total replacement of FM has shown to be feasible when 
amino acid (AA)-supplemented diets were used [12, 29-31]. 
The most used PP sources includes legumes such as soybean, 
pea and lupin [29, 32, 33]; corn gluten meal [34] and several 
cereal concentrates, including maize and wheat [35, 36] that 
have already been tested in turbot, Atlantic salmon, 
European sea bass and carp nutrition.  

 Rice protein concentrate (RPC) is normally used in the 
human food industry; it represents also an interesting raw 
material for fish nutrition due to its high protein (75% crude 
protein) and lipid (11% ether extract) content. These 
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component percentages, which are comparable to fish meal, 
are higher than most other plant nutrient sources, with the 
exception of wheat gluten (77-80%) and pea protein 
concentrate (>80%) [37].  

 The successful inclusion of RPC in partial replacement of 
FM in fish feedstuff, was investigated in the rainbow trout 
obtaining no adverse effects on growth performance traits 
(up to 20% inclusion) [37]. Except for the present work, no 
literature is available on the effect of RPC inclusion in diets 
for marine species.  

 Plant-derived oils, which are rich in C18 polyunsaturated 
fatty acids (PUFA), are considered the only sustainable 
alternative to FO. Some vegetable oils (VOs) such as 
soybean, linseed (LO), rapeseed and palm oils are considered 
good alternative lipid sources as they have no detrimental 
effects on growth and survival of salmonids [38, 39]; 
freshwater [40-43] and marine fish [44, 45]. In addition, the 
Echium oil (EO) has been successful tested on gilthead sea 
bream [46].  

 The present paper reports the results of researches carried 
out at the Institute for Coastal Marine Environment 
(Messina, Italy) on the use of alternative protein/lipid dietary 
sources in practical diets for the blackspot sea bream. In par-
ticular, the results of a total replacement of FO with EO and 
linseed oil (LO) [1] and a partial substitution of FM with a 
graded level of RPC [26, 47] will be discussed. To our 
knowledge, this study represents the only dietary lipid 
feeding trial performed in blackspot sea bream on the total 
replacement of FO with EO and LO. 

 In addition, an integrated approach was used to link 
histological and biochemical (digestive enzymes) observa-
tions in order to investigate possible changes induced by 
RPC as a new protein source in P. bogaraveo diets [21, 48, 
49].  

MATERIALS AND METHODOLOGY 

Feeding Trials: Experimental Design 

 Two feeding trials were carried out at the experimental 
plant of the Institute for Coastal Marine Environment 
(Messina, Italy) on wild juveniles of Pagellus bogaraveo 
harvested from the Messina Straits in several catches. The 
fish were transferred to the experimental plant and no 
pathologies were recorded during the acclimatization period 
of 30 days in 1.9 m3 raceways.  

 The experimental design (summarized in Table 1) used 
for each trial was balanced monofactorial; experimental fac-
tor was diet (three diets x four replications, 10 fish per tank). 
Fish were individually weighed to obtain a homogenous 
stock of fish; they were randomly distributed in 12 fibre-
glass tanks (0.5 m3) supplied with saltwater at a flow rate of 
5.5 L min-1 in a flow-trough system and reared under natural 
photoperiod and water temperature (Table 1). In order to 
avoid problems of changing the dietary habits, fish were fed 
with the experimental diets one week prior to the beginning 
the trial. Feed intake was recorded, and no rejected events 
occurred during the trial. Total biomass per each tank was 
weighed in bulk every 15 days, in order to update the daily 
feeding rate; fish were hand-fed twice a day, 6 days per 
week. 

Table 1.  Experimental Conditions of Growth Trials (120 Fish 

per Trial). Trial 1: Total Replacement of Fish Oil by 

Echium Oils (EO) and Linseed Oils (LO). Trial 2: 

Partial Substitution of Fish Meal with RPC. *Values 

Indicated are the Mean ± S.D. **Tempera-ture (°C), 

Dissolved Oxygen (ppm), Salinity 
 

 Body 

Weight (g)* 

Feeding Rate % 

(wet biomass) 

Water Quality 

Parameters** 
Weeks 

1 
trial 

67.9±7.9 1.5 17.5±2.5; 
5.5±0.3; 37 

10 

2 
trial 

75.0±17.5 1.2 21.3±2.3; 
4.9±0.2; 38 

15 

Diets 

 Feeds for feeding trials were formulated at the Institute of 
Science and Food Production, National Council of Research 
(Turin, Italy), and manufactured in the laboratory of the 
Department of Animal Husbandry, University of Turin. Plant 
raw materials and experimental diets were nutritionally 
characterized (proximate composition, fatty acids and amino 
acids profiles). All ingredients and oil were thoroughly 
mixed, water was blended into the mixture to obtain an 
appropriate consistency to 3.5 (mm diameter) pellets. Then, 
the feeds were dried at 50°C and stored at 6° C until 
utilization.  

Trial 1: Total Replacement of Fish Oil by Echium and 
Linseed Oils  

 Two experimental diets, formulated to be isoproteic (CP 
47%), isolipidic (EE 16%) and isoenergetic (GE 20 MJ kg-1 
DM) with a total replacement of FO by vegetable oils, 
Echium (Echium plantagineum, L.) (EO) and linseed (Linus 
usitatissimus, L.) (LO), were purchased from Croda Italiana 
S.p.A. These diets were tested against a control diet based on 
FO (Tables 2-3). 

Table 2.  Ingredients and Proximate Composition of Experi-

mental Diets. 
a
Vitamin and Mineral Mixture Com-

position is Reported by Palmegiano et al. (2006). 
b
Calculated as: 100-[% Crude Protein +% Ether 

Extract+ % Ash+ % Crude Fibre] 
 

Ingredients (%) FO EO LO 

Fish meal 
Flaked corn 

Extruded soybean meal 
Fine bran 
Plant oil  
Fish oil 

Raw starch 
Lignum sulphate 
Vitamin mixture a  
Mineral mixturea  

55.0 
20.0 
5.5 
2.5 
- 

5.5 
6.5 
1.0 
2.0 
2.0 

55.0 
20.0 
5.5 
2.5 
7.5 
- 

6.5 
1.0 
2.0 
2.0 

55.0 
20.0 
5.5 
2.5 
7.5 
- 

6.5 
1.0 
2.0 
2.0 

Proximate composition (% DM)    

Dry matter (% FM) 
Crude protein  
Ether extract 

Nitrogen-free extract b 
Ash  

Crude fibre 
Gross energy (MJ/kg –1 DM)  

95.6 
46.6 
16.2 
11.7 
9.0 
1.1 

20.05 

96.3 
46.6 
16.2 
11.7 
9.0 
1.1 

20.05 

95.4 
46.6 
16.2 
11.7 
9.0 
1.1 

20.05 
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Table 3.  Fatty Acid Composition (% of total FA) of the 

Experimental Diets. 
a
Sum of C18:1 n9 and C18:1n7. 

b
Saturated FA. 

c
Monounsaturated FA. 

d
Polyunsatu-

rated FA Series n-3. 
e
Polyunsaturated FA Series n-6 

 

Fatty Acid FO EO LO 

C14:0 5.32 2.40 2.57 

C16:0 18.50 13.92 12.72 

C16:1n7 6.89 3.17 2.97 

C18:0 2.80 3.36 2.76 

C18:1 a 19.41 19.82 18.69 

C18:2n6 17.13 22.19 21.17 

C18:3n3 1.55 13.11 25.25 

C18:3n6 0.26 4.28 - 

C18:4n3 1.85 5.49 1.00 

C20:1n9  4.20 2.22 1.86 

C20: 2n6 0.18 0.17 - 

C20:4n6 0.19 0.20 0.19 

C20:4n3 0.35 0.11 0.16 

C20:5n3 8.20 3.10 3.66 

C22:1n9 5.00 2.27 2.33 

C22:5n3 0.67 0.16 0.27 

C22:6n3 7.43 4.20 4.81 

 SFA b 22.62 19.68 18.05 

 MUFA c 28.61 24.31 22.88 

 PUFA n-3d 38.07 53.01 56.08 

 PUFA n-6 e 17.76 26.84 21.36 

n-3/n-6 1.11 0.98 1.63 

 

Trial 2: Partial Substitution of Fish Meal with Rice 

Protein Concentrate 

 Commercial rice protein concentrate was purchased from 
CBH Company Limited (Quindao, China). Two experi-
mental diets were formulated to be isoproteic (CP 47%), and  
 

Table 4.  Ingredients and Proximate Composition of the 

Experimental Diets. 
a
Vitamin and Mineral Mixture 

Composition is Reported by Palmegiano et al. 

(2006). 
b
Calculated as: 100-[% Crude Protein + % 

Ether Extract + % Ash + % Crude Fibre]. 
c
Calcula-

ted as Crude Protein and Gross Energy Multiplied 

by Protein and Energy Apparent Digestibility 

Coefficient  
 

Ingredients (%) RPC 0 RPC 20% RPC 35% 

Rice protein concentrate 

Herring meal 

Corn meal 

Dehulled barley meal 

Cod liver oil 

Brewer’s yeast 
Lignum sulphate 

Vitamin mixture a 

Mineral mixture a 

0.0 
57.0 

9.0 

23.5 

6.0 

2.0 
1.5 

0.5 

0.5 

20.0 
36.0 

9.0 

24.5 

6.0 

2.0 
1.5 

0.5 

0.5 

35.0 
20.5 

9.0 

25.0 

6.0 

2.0 
1.5 

0.5 

0.5 

(Table 4) Contd….. 

Proximate Composition  

(% DM) 
RPC 0 RPC 20% RPC 35% 

Dry matter (% FM) 
Crude protein 

Ether extract 

Nitrogen-free extract b 

Ash 

Crude fibre 

Gross energy (MJ/kg –1 DM) 
DP/DE (g MJ-1) c 

95.8 
48.1 

14.3 

24.6 

10.1 

2.0 

21.5 
25.8 

95.1 
47.1 

13.7 

28.8 

8.1 

2.3 

21.9 
24.9 

95.1 
46.9 

13.5 

30.3 

6.4 

2.9 

22.0 
25.0 

 

isoenergetic (GE 22 MJ kg-1 DM) with an increasing level of 
RPC, 20% (RPC 20) and 35% (RPC 35) respectively, corres-
ponding to a decreasing level of fish meal (36 and 20.5% 
respectively). These diets were tested against a fish meal-
based control diet (RPC 0) (Tables 4-5).  

Table 5.  Amino Acid (AA; 16 g
–1

 N, Expressed as Free Amino 

Acid Originating from Protein Hydrolysis) and 

Fatty Acid (% of Total FA) Composition of the 

Experimental Diets. 
1
Triptofane was not Determined 

as it was Completely Destroyed by Hydrolysis Acid 

(HCl 6N). 
a
Sum of C18:1 n9 and C18:1n7. 

b
Satu-

rated FA. 
c
Monounsaturated FA. 

d
 Polyunsaturated 

FA Series n-3. 
e
Polyunsaturated FA Series n-6 

 

Amino acid RPC 0 RPC 20% RPC 35% 

Essential AA    

Cys+Met 3.5 3.8 4.0 

Phe+Tyr 6.5 7.9 9.2 

Lysine 7.4 6.0 5.0 

Leucine 7.7 8.2 8.7 

Isoleucine 2.3 2.2 2.4 

Threonine 3.5 3.3 3.4 

Triptofane1 n.d. n.d. n.d. 

Valine 6.6 5.8 6.2 

Histidine 1.9 2.1 2.3 

Arginine 6.2 7.1 8.1 

Non-essential AA    

Aspartic acid 9.6 9.8 10.4 

Glutamic acid 13.9 15.6 17.4 

Serine 3.2 3.5 4.1 

Proline  7.8 8.6 8.7 

Glycine 6.5 6.5 6.6 

Alanine 3.2 3.5 4.1 

Fatty acid    

C14:0 5.89 5.33 4.77 

C16:0 15.20 15.51 16.12 

C16:1n7 6.28 5.80 5.07 

C18:0 2.45 2.48 2.55 
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(Table 5) Contd….. 

Fatty Acids RPC 0 RPC 20% RPC 35% 

C18:1a 16.11 19.25 21.18 

C18:2n6 6.25 10.20 13.07 

C18:3n3 1.36 1.40 1.36 

C18:4n3 2.49 2.17 1.94 

C20:1n9 6.01 5.42 4.90 

C20:5n3 8.77 7.75 7.00 

C22:1n9 0.78 6.99 5.99 

C22:5n3 1.75 1.81 1.85 

C22:6n3 10.54 8.44 7.69 

 SFA b 24.63 23.60 23.69 

 MUFA c 29.41 38.81 38.24 

 PUFA n-3 d 25.42 22.05 18.32 

 PUFA n-6 e 7.38 10.67 13.44 

n-3/n-6 3.44 2.07 1.36 

 

Sampling and Chemical Analysis 

 At the end of feeding trials, fish were starved for 48hrs, 
then the fish per each tank were weighed for final mean body 
weight and biomass gain. Five fish per tank were sacrificed 
by a blow on the head and individually weighed, for the 
calculation of somatic indexes. Gut, liver and perivisceral fat 
were isolated from the rest of the body weighed. The dorsal 
muscle tissues from the same fish body were sampled and 
frozen for successive chemical determination. Experimental 
diets, fillets and samples were analyzed to determine che-
mical composition according to standard methods [50]. 

 The total nitrogen content was determined using a 
nitrogen analyzer (Rapid N III, Elementar Analysensys-teme 
GmbH, Germany) according to the Dumas method modified 
by Gustin [51], and crude protein was calculated as total 
N*6.25. Gross energy content was determined using an 
adiabatic calorimetric bomb (IKA C7000, Staufen, 
Germany). Total amino acids (AA) were determined accord-
ing to Cavallarin et al. method [52], in the RPC raw material 
and experimental diets. Fatty acid (FA) composition was 
determined on the feedstuffs and fillet dorsal muscle 
samples. Lipid extraction of samples was performed accord-
ing to Hara and Radin [53] and the trans-methylation of FA 
according to Christie [54], with the modifications described 
by Chouinard et al. [55]. 

Growth Performance and Somatic Indexes 

 At the end of the trial, the following mean individual 
growth performance indexes were calculated per treatment: 

• WG (weight gain, g) = [FBW(final body weight, g) - 
IBW (initial body weight, g)] 

• SGR (specific growth rate,%) = [(ln FBW – ln 
IBW)/number of feeding days]*100 

• FCR (feed conversion ratio) = [total feed supplied (g 
DM)/WG (weight gain, g)] 

• PER (protein efficiency ratio) = [WG (weight gain, 
g)/total protein fed (g DM)] 

• FR (feed rate,%) = [(total feed supplied (g DM)]/number 
of feeding days)/0,5 exp (ln FWB-ln IBW)]*100 

 The somatic indexes were calculated on 5 fish per tank 
(20 individuals per diet):  

• HSI (Hepatosomatic index, %) = [liver weight (g)/ fish 
weight (g)]*100 

• VSI (Viscerosomatic index, %) = [gut weight (g)/fish 
weight (g)]*100 

• CF (Coefficient of fatness, %) = [perivisceral fat weight 
(g)/fish weight (g)]*100 

Biochemical Assay 

 For enzymatic assays five fish per tank were sacrificed 4 
h after feeding to determine enzyme activities. From each 
individual, the entire digestive tract was removed, dissected 
into separate organs (stomach, pyloric caeca and intestine) 
and homogenized with Potter-Ultraturrax (kinematica 
GmBH, Switzerland) in 50 mM tris buffer pH 7.0 in a 1:5 
dilution ratio (w/v), then centrifuged at 2000 g for 10 min 
(T< 5° C). The obtained supernatant was used as crude enzy-
matic extract; it was immediately stored at -80°C until assay, 
performed according to conventional laboratory procedures.  

 Specific substrates were used for the quantitative deter-
mination of pepsin (EC 3.4.23.1), trypsin (EC 3.4.21.4), 
chymotrypsin (EC 3.4.17.2), carboxypepsidase A (EC 
3.4.17.1) and B (EC 3.4.17.2), amylase (EC 3.2.1.1) and 
lipase (EC 3.1.1.3) activities [56]. Enzyme values were nor-
malized to the protein content of each sample, as estimated 
by the method of Lowry et al. [57], and expressed as specific 
activities (units per mg of protein, U mg-1 protein). 

Histological Analysis 

 At the end of the growth trial, three fish for each tank (12 
fish for each diet) were sampled for histological studies. 
Samples were taken 4 hrs after feeding. Rings of about 5mm 
in length were sampled from the proximal, mid and distal 
intestine and rinsed with a saline solution.  

 Histomorphological samples were fixed in 4% phos-
phate-buffered formalin (pH 7.3) at 4°C, dehydrated in gra-
ded alcohols and paraffin embedded. Transverse sections 
were cut at a 4 m thickness and stained with haematoxylin 
and eosin-orange G for examination under a light micro-
scope. The intestinal sections were evaluated following the 
criteria reported by Baeverfjord & Krogdahl [58] for Atlantic 
salmon. 

Statistical Analysis 

 Statistical data were analyzed by one-way ANOVA using 
the GLM Procedure (SPSS program) [59]. Significant 
differences were assessed using the Tukey test without 
Bonferroni adjustment. Homogeneity of variance was tested 
on statistically significant results using a goodness-of-fit 
Kolmogorov Smirnov KS test. 
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RESULTS 

1. Alternative Lipid Sources: Echium and Linseed Oil in 

Total Replacement of Fish Oil 

 As shown in Table 2, the proximate composition of the 
experimental diets was very similar; however, diets differed 
in most fatty acid groups with special regard to PUFA n-3 
and n-6 (Table 3). The vegetable oil-based diets (LO and 
EO) were characterized by a high concentration of C18:3 n-3 

-linolenic acid (LNA) (25% and 13% respectively); EO was 
also relatively rich in C18:4 n-3 stearidonic acid (SDA) 
(5.49%) and C18:3 n-6 -linolenic acid (GLA) (4.28%). Fish 
oil-based diet showed instead limited amounts of LNA, SDA 
and GLA and high percentages of C20:5 n-3 eicosapen-
taenoic acid (EPA) (8.20%) and C22:6 n-3 docosaesaenoic 
acid (DHA) (7.43%). 

 With regard to growth performances and somatic indexes 
(Table 6), FO and LO diets showed the best results with a 
mean individual weight gain of 28.19g and 23.58 g. respec-
tively, statistically different from EO diet, which resulted in 
an increase of 19.83 g. 

Table 6.  Performances, Somatic Indexes and Chemical 

Composition of Dorsal Muscle (%DM). Values are 

Mean ±S.D. (n=12). Different Letters (A,B,C) 

Indicate Statistical Difference at P  0.05 

 

 FO EO LO 

WG (g)  

FCR 

PER 

SGR 

28.19±57.5 A 

2.01±0.35 B 

1.20±0.23 A 

0.45±0.10 A 

19.83±57 B 

2.98±1.14 A 

0.88±0.33 B 

0.33±0.12 B 

23.58±21.0A 

1.88±0.19 B 

1.25±0.12 A 

0.46±0.06 A 

HSI 

VSI 

CF 

1.27±0.30 B 

6.83±0.97 B 

2.03±1.07 

1.92±0.46 A 

7.78±0.90 A 

2.78±0.88 

1.54±0.45 B 

6.66±1.08 B 

2.33±0.59 

Dry Matter % 

Crude protein 

Ether extract 

Ash 

24.76±7.18 

49.56±0.99 

26.18±3.52 

11.11±1.98 

28.65±1.54 

47.34±0.99 

30.97±4.94 

8.79±0.51 

27.04±2.17 

50.17±1.82 

28.73±8.65 

10.05±1.92 

 

 The same trend and statistical difference appeared for 
SGR and PER values, which were correlated to the weight 
gain. FCR values followed the opposite trend among the 
different groups, with the worst values recorded for EO 
(2.98).  

 Somatic indexes showed significant differences for HSI 
and VSI, with the highest values reported for EO (1.92 and 
7.78 % respectively); no statistical differences among the 
diets were recorded for CF data. The proximate composition 
of the dorsal muscle (Table 6) did not show differences 
among the groups.  

 The fish fillet fatty acid profile (Table 7) was statistically 
affected by the replacement of fish oil by vegetable oils, 
reflecting fatty acid composition of experimental diets. In 
particular, fish fed both vegetable oils (LO and EO) showed 
higher percentages of LNA in comparison to fish oil diet 
(3.43-4.99% vs. 1% respectively). Fish fed EO presented the  
 

highest values of SDA (1.91%) and GLA (1.08%) and fish 
fillets of the control diet (FO) were significantly richer in 
C16:1 n7, C20:1 n-9, C22:1n-9, and C20:5 n-3 in compari-
son with the other groups.  

Table 7.  Fatty Acid Composition (% of the Total FA) of the 

Dorsal Muscle. Values are Mean ±S.D. (n=12). 

Different Letters (a,b,c) Indicate Statistical Diffe-

rence at P  0.05 

 

Fatty Acid FO EO LO 

C14:0 4.92±0.58 4.92±0.68 4.58±0.61 

C16:0 19.76±0.97 20.02±1.17 18.71±0.77 

C16:1n-7 7.95±0.39 a 6.65±0.04 b 7.05±0.79 a b 

C18:0 4.82±0.19 b 5.39±0.11 a 5.62±0.41 a 

C18:1n-9 17.62±0.90 18.81±1.03 19.10±0.73 

C18:1n-7 5.18±0.45 a 3.89±0.20 b 4.41±0.47 b 

C18:2n-6 7.26±1.87 8.74±0.76 8.08±1.03 

C18:3n-6 0.29±0.06 b 1.08±0.13 a 0.32±0.00 b 

C18:3n-3 1.08±0.11 c 3.43±0.47 b 4.99±1.09 a 

C18:4n-3 1.31±0.12 b 1.91±0.20 a 1.15±0.13 b 

C20:1n-9 3.80±0.14 a 2.98±0.21b 3.26±0.19 b 

C20:4n-6 0.59±0.07 0.52±0.04 0.49±0.05 

C20:4n-3 0.68±0.05 0.80±0.02 0.70±0.01 

C20:5n-3 7.35±0.23 6.69±0.52 6.41±0.28 

C22:1n-9 3.62±0.40 a 2.64±0.10b 2.83±0.12 b 

C22:5n-3 2.31±0.36 1.69±0.24 2.06±0.08 

C22:6n-3 11.15±0.24 9.68±1.40 9.92±1.29 

 SFA 29.50±1.72 30.33±1.93 28.91±1.10 

 MUFA 32.99±0.13 31.08±1.17 32.24±1.82 

 PUFA 32.33±2.11 34.70±1.09 34.45±3.07 

n-3/n-6 2.91±0.55 2.32±0.31 2.75±0.10 

UFA/SFA 2.22±0.21 2.18±0.19 2.31±0.13 

DHA/EPA 1.52±0.07 1.44±0.10 1.56±0.27 

DAH/ArA 19.97±2.37 18.49±1.56 20.21±3.40 

1S/P 0.45±0.04 0.46±0.04 0.43±0.02 

2IA 0.61±0.07 0.61±0.08 0.56±0.06 

3IT 0.31±0.02 0.32±0.03 0.29±0.03 
1S/P = (C14:0+C16:0+C18:0)/  MUFA+  PUFA 
2IA = (C12:0+4*C14:0+C16:0)/[  MUFA+  PUFA (n-6) +  PUFA (n-3)] 
3IT = (C14:0+C16:0+C18:0)/[(0.5*  MUFA)+(3*  PUFA n-3)+(0.5*  PUFA n-
6)+(n-3/n-6)] 

 

 The effects of fish oil replacement on digestive enzymes 
are reported in Fig. (1). Fish fed a diet supplemented with 
FO showed a significant reduction of pepsin content in the 
stomach, compared with fish fed EO (F=7.02, P<0.05). Diet 
containing LO showed an increase (not significant) of the 
lipase values in intestinal tract. Statistically significant 
differences emerged between the amylase activities of fish 
fed on LO and FO (F= 40.80 and 57.63, P<0.01). 
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2. Alternative Protein Source: The Rice Protein Con-

centrate in Partial Substitution of Fish Meal 

 Proximate analysis, reported by Palmegiano et al. [37], 
confirmed the similarity of RPC and fish meal concerning 
high protein (75%) and lipid (11.2%) quantity. The essential 
amino acid profile of RPC (Table 5) met the amino acid 
requirements of Sparids [60]. Fatty acid (FA) composition of 
RPC (Table 5) showed high percentages of palmitic acid 
(C16:0), oleic acid (C18:1 n-9) and linoleic acid (C18:2 n-6) 
(23.32%, 34.75% and 34.43% respectively), which are 92.5 
% of the total fatty acids. Therefore, the diets that contained 
RPC (RPC 20% and 35%) were characterized by higher 
amounts of oleic and linoleic acids, with a lower n3/n6 ratio 
than the fish meal-based diet (RPC 0) (Table 5). As far as the 
feeding trial is concerned, all fish readily accepted the 
experimental diets and no mortality was recorded in the 
different groups. 

 Performances and somatic indexes are summarized in 
Table 8. No significant differences were observed in biomass 
gain and or in the other performance indexes among dietary 
treatments. However, performance showed a decreasing 
trend in the experimental diets with RPC.  

 The chemical composition of the dorsal muscle (Table 8) 
reflected the dietary profiles and showed the same trend as 
the performances with no significant differences among the 
groups. 

 On the contrary, the FAs profile of the dorsal muscle 
(Table 9) was clearly influenced by the inclusion of RPC in 
the diets, reflecting fatty acid composition of the experi-
mental diets.  

Table 8.  Performances, Somatic Indexes and Chemical 

Composition of Dorsal Muscle (%DM). Values are 

the Mean ±S.D. (n=12). 
a
Daily Growth Index (DGI) 

= 100x((Final Body Weight
1/3

-Initial Body Weight 
1/3

)/days). 
b
Gross Energy is Expressed as Mj/kg DM 

 

 RPC 0 RPC 20% RPC 35% 

WG (g) 

FCR 

PER 

DGIa
 

28.68±39.9 

0.40±0.04 

0.83±0.05 

0.70±0.17 

24.55±83.36 

0.35±0.08 

0.74±0.17 

0.62±0.24 

22.20±34.06 

0.33±0.05 

0.69±0.11 

0.57±0.16 

HSI 

VSI 

CF 

1.30±0.25 

9.39±2.0 

3.32±1.35 

1.21±0.43 

10.44±4.19 

3.47±2.15 

1.26±0.3 

9.45±2.2 

2.87±1.44 

Dry matter 

Crude protein 

Ether extract 

Ash 

Gross Energy b 

71.90±1.62 

70.39±4.66 

16.28±4.32 

5.56±0.52 

25.81±0.77 

72.64±1.72 

73.04±4.96 

16.61±5.7 

6.26±0.69 

25.50±0.88 

72.15±1.80 

70.14±5.15 

17.78±13.2 

6.07±0.64 

26.04±0.91 

 

 In particular, the sum of saturated FAs ( SFA) was not 
statistically affected by the RPC inclusion level, while with 
the increasing level of RPC in the diet, a C:14 decrease and 
C18:0 increase, were observed. 

 With regard to monounsaturated FAs (MUFA), an inc-
reasing trend was observed for C18:1 n-9 for the diets 
including RPC (20 and 35%) corresponding to a decreasing 
level of C16:1n-7 and C22:1n-9 in comparison with the 
control diet.  

 

 

Fig. (1). Digestive enzyme activities measured in different gastro-intestinal tracts of the blackspot sea bream fed with experimental diets 
containing Linseed (LO), Echium (EO) and Fish (FO) oils. Values are expressed as mean specific units (U/mg protein) ± S.E. (n=5). 
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Table 9.  Fatty Acid Composition (% of the Total FA) of the 

Dorsal Muscle. Values are Mean ±S.D. (n=12). 

Capital Letters Indicate Statistical Difference at P  

0.05. Low-Case Letters Indicate Statistical Differ-

ence at P  0.001 

 

Fatty Acid 
1
 RPC 0 RPC 20% RPC 35% 

C14:0 5.27±0.26 a 4.86±0.24 b 4.62±0.45 b 

C16:0 16.63±0.75 17.12±1.07 16.99±1.22 

C16:1n7 5.84±0.39 a 5.30±0.22 b 4.97±0.41 b 

C18:0 4.69±0.22 b 4.89±0.20 b 5.13±0.27 a 

C18:1n9 17.04±0.70 c 18.50±0.48 b 19.64±1.30 a 

C18:1n7 2.93±0.22 2.94±0.17 3.06±0.14 

C18:2n6 7.43±0.35 c 9.40±0.49 b 10.38±0.57 a 

C18:3n3 1.69±0.17 1.79±0.38 1.68±0.10 

C20:1n9 4.50±0.17 a 3.97±0.30 b 3.91±0.36 b 

C20:5n3 5.18±0.32 a 4.54±0.37 b 4.37±0.27 b 

C22:1n9 4.94±0.31 a 4.26±0.39 b 3.99±0.23 b 

C22:5n3 2.35±0.10 A 2.13±0.18 B 2.21±0.18 AB 

C22:6n3 11.29±1.23 10.48±1.14 10.26±1.37 

 SFA 26.58 26.85 26.74 

 MUFA 35.26 34.96 35.57 

 PUFA n-3 20.47A 18.93 B 18.52 B 

 PUFA n-6 8.19 c 10.03 b 10.86 a 

n-3/n-6 2.50 a 1.89 b 1.71 c 

2S/P 0.95 0.91 0.93 

3IA 0.60 A 0.57 B 0.55 C 

4IT 0.31 0.33 0.33 
1C15:0, C17:0, C18:3n6, C18:4n3, C20:0, C20:2, C20:4n6, fatty acids present at less 
than 1% have not been reported in the Table, but were counted in the composite 
fractions.  
2S/P = (C14:0+C16:0+C18:0)/  MUFA+  PUFA 
3IA = (C12:0+4*C14:0+C16:0)/[  MUFA+  PUFA (n-6) +  PUFA (n-3)] 
4IT = (C14:0+C16:0+C18:0)/[(0.5*  MUFA)+(3*  PUFA n-3)+(0.5*  PUFA n-
6)+(n-3/n-6)] 

 

 Concerning the polyunsaturated fatty acids (PUFA), a 
significant variation of n-3 series among the diets was due to 
C20:5n-3 and C22:5n-3 whose values decreased in the diets 
with RPC. 

 An opposite trend was observed for PUFA n-6, with an 
increase of C18:2n-6 from 7.43% of RPC0 to 10.38% of 
RPC35%. 

 Therefore, the n-3/n-6 ratio was influenced by the 
significant variation of polyunsaturated FAs, with a decrease 
from 2.50 of RPC0 to 1.71 of RPC35%. 

 The effects of partial substitution of fish meal with RPC 
on digestive enzymes are reported in Fig. (2). Compared to 
the control diet (RPC0), fish fed a diet with the highest level 
of RPC inclusion (35%) displayed a significant increase of 
pepsin in the stomach (F=444.864, P<0.01) and trypsin in the 
intestine (F=18.67, P<0.01). This stimulating effect was also 
observed for RPC 20% diet (F=8.58, P<0.05). Chymotrypsin 

and carboxypeptidase A and B contents were significantly 
enhanced in the intestine of fish fed RPC 35% diet (F versus 
RPC0= 29.40, 12.50, 15.48, P<0.01, respectively). Amylase 
activity in the intestine increased in response to high (35%) 
and moderate (20%) RPC concentrations (F versus RPC0= 
91.24, 27.94, P<0.01, respectively), while an opposite, 
decreasing, trend was observed for the same above-cited 
diets for the lipase activity in the intestine (F versus RPC0= 
21.98, 10.73, P<0.01, respectively). 

 

 

 

Fig. (2). Digestive enzyme activities measured in different gastro-
intestinal tracts of blackspot sea bream fed experimental diets 
supplemented with increasing amounts of Rice Protein Concentrate 
(RPC): RPC0, RPC20% and RPC35%. Values are expressed as 
mean specific units (U/mg protein) ± S.E. * P < 0.05; ** P< 0.01 
(n=5). 

 

 An intestinal morphology study of blackspot sea bream 
was reported by Micale et al. [61]. The histological 
investigation of intestinal structure related to the inclusion of 
RPC vegetable source in the diet displayed minor changes of 
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mucosal structure between individuals, irrespective of the 
administered diet (Fig. 3). These included different degree of 
folding, shortening of folds, irregularly spaced indentations 
on the mucosal lining of folds and varying extent of 
vacuolization. Hyperplasia of the submucosa, especially of 
the mid intestine, was observed in six specimens (4 RPC0, 2 
RPC20). Five fish (2 RPC0, 2 RPC20, 1 RPC35) displayed a 
mild inflammatory reaction in the DI, characterized by an 
increased number of intraepithelial lymphocytes, together 
with a slight widening and increased infiltration of the 
lamina propria with inflammatory cells (lymphocytes, 
eosinophilic granulocytes). However, these changes were 
never accompanied by any altering of the absorptive 
epithelium, suggesting that nutrient absorption was not 
impaired in these specimens. 

DISCUSSION 

1. Alternative Lipid Sources: Echium and Linseed Oil in 

Total Replacement of Fish Oil  

 Research on VOs indicate that up to 100% for salmonids 
[38, 40] and 60% for marine species [62-64] of FO may be 
replaced by VOs with no negative impact on growth, 
survival and health status of both European sea bass and 
gilthead sea bream.  

 The feeding trial on LO and EO oils, as dietary vegetable 
substitutes to FO for the blackspot sea bream diet represents, 
at the moment, the first research on VOs for this species. 

 The main results indicate that LO did not compromise 
growth or alter somatic indexes of the blackspot sea bream 
fed over a 70 days period. This is in accordance with results 
obtained for the sharpsnout sea bream [65] but in disagree-
ment with a study [44] for another Sparid, such as gilthead 
sea bream, which showed a decrease of performance by 80% 
substitution of FO with LO. Conversely, EO diet statistically 
affected growth performance and markedly increased HSI 
and VSI indexes. The literature on this aspect is contra-
dictory. Some authors report a reduction of liver fat and HSI 
[65, 66] in carnivorous species fed VOs. Other studies, 
instead, indicate a lower HSI index in EO diet in comparison 
with FO [64-67]. Fatty acid profiles in muscle reflected the 
dietary VOs profiles as observed in several studies 
performed in other species [46, 63, 68]. Consumption of LO 
and EO raw materials increased some C18 polyunsaturated 
fatty acids such as C18:3n-3 (LNA) and C18:3 n-6 (GLA), 
as demonstrated in other Sparids, such as gilthead sea bream 
[46, 68]. However, it is generally recognised that the incor-
poration of VOs may reduce n-3 HUFA levels in marine 
fish, because of their limited ability in bioconverting C18 
PUFAs into C20 and C22 HUFAs [69]. 

     

     

Fig. (3). (A-D). Intestinal sections stained with haematoxy-eosin-orange G. showing altered intestinal morphology in P. bogaraveo. (A) 
Widening and cellular infiltration of both the lamina propria (LP) and sub-mucosa (SM) are visible in the photograph of the mid intestine 
from fish fed RPC0. (B) Photograph shows mid intestine from fish fed the RPC 35 diet. (C) Indentation of mucosal lining are shown in the 
picture of a distal intestine from fish fed RPC0 diet. The lack of absorptive vacuoles can be seen in the mucosal cells, the goblet cells are 
indicated by arrows ( ). (D) Photograph shows distal intestine from fish fed RPC 20 diet. These pictures are representative for all samples 
which have the same features. 
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 In the present study, a statistical decrease of the above 
mentioned fatty acids in fillets was not observed and it can 
be supposed that both EO and LO diets induced elongation 
and desaturation of LNA to EPA and DHA in the fish fillets.  

 While studies concerning the effects of dietary replace-
ment of FO with vegetable oils have focused mainly on the 
effect on fillet quality and fish growth [44] and fish health 
[62], no studies on the effect of the administration of these 
vegetable oils on the main digestive enzyme activities are 
still available in the pertinent literature. Therefore, the 
digestive patterns recorded during the present experimental 
trial are the first available to our knowledge on marine fish, 
and particularly on blackspot seabream. Higher levels of 
amylase activities were measured in fish fed on LO and FO 
diets; this result could explain the best growth of the fish fed 
on these diets.  

2. Alternative Protein Source: Rice Protein Concentrate 
in Partial Substitution of Fish Meal 

 The inclusion in fish feedstuff of Rice Protein Concen-
trate (RPC), in partial replacement of FM, has been inves-
tigated only in rainbow trout [37] where no adverse effects 
on growth performance traits (up to 20% inclusion) were 
observed. Except for the present study, no literature is 
available on the effect of RPC inclusion in diets for marine 
species.  

 Results of growth trial of the blackspot sea bream fed 
RPC in partial substitution of FM (RPC20 and RPC35 cor-
responding to FM36 and FM20.5%, respectively), showed 
that the used vegetable source has no statistical effects on 
performance indexes and proximate composition of the 
fillets. Performance and somatic indexes results were in 
agreement with previous trials [1, 3, 4] carried out on the 
same species (of similar size) at the Marine Coastal 
Environment Institute (Messina, Italy). Growth rates (DGI 
0.57-0.70) were generally lower that those reported for the 
same species in other studies [14, 15]. Variation of the initial 
body weights, rearing conditions and genetic origin of the 
wild fish may explain the differences observed. 

 The somatic indexes obtained in this research confirmed 
the high lipid deposition around viscera and in the liver of 
this sparid as reported in other studies [1, 13-15]. Chemical 
composition of fillets did not show any statistical differences 
among treatment. CP content was about 72%, and the ether 
extract was 16.5%. These values were comparable with other 
studies on the blackspot sea bream [13, 70]. 

 FAs profiles of fillets reflected the fatty acid composition 
of administered diets as previously reported [71], but some 
FAs were not present in the same proportion and this could 
be related to the occurrence of elongation and desaturation 
process [72].  

 However, the inclusion of RPC in the diets strongly 
influenced fatty acid profiles of fish fillets, with particular 
regard to the increase of PUFA n-6 (from 8 to 10%, 
respectively) and decrease of PUFA n-3 (from 20 to 18%, 
respectively). The RPC raw material had higher content of 
oleic (19 vs. 17%, respectively) and linoleic (10-13% vs 6%, 
respectively) acids, which determined significantly higher 
percentages of these two FAs in fillets of fish fed the RPC  
 

diets. The trend observed for PUFA was in agreement with 
the feeding trial of RPC in rainbow trout [37] and with those 
reported by several studies with alternative plant-derived 
ingredients [73, 74].  

 Digestive enzyme levels showed a very good adaptive 
response of P. bogaraveo specimens to RPC-supplemented 
diets, except for lipase values. The changes observed in the 
patterns of proteolytic enzymes, which increased in response 
to RPC, may be related to raw material [21]; this behaviour 
could derive from the activation of a species compensation 
mechanism in relation to protease inhibitors, which are 
present in vegetable sources and have been reported for other 
fish species [75, 76].  

 The progressive increase of amylase activity for diets 
RPC 20-35% may be correlated with the higher content of 
nitrogen-free extract in the diet supplemented with RPC. A 
different trend was observed for lipase activity, which 
showed a progressive reduction with increasing RPC levels. 
Lipase activity is correlated with different dietary levels of 
triglycerides (TG) and phospholipids (PL) [77, 78]. The 
decrease observed for lipase values in the present study may 
be correlated to the different TG:PL of fish meal and RPC 
diets, although more deeper analyses are necessary to verify 
this aspect in blackspot sea bream. With regard to the histo-
logical study, it is known that many plant-derived nutrient 
sources, such as soybean meal, contain anti-nutritional 
substances, which may induce alterations of the intestinal 
mucosa [56, 79, 80].  

 In the present study, minor changes in the intestinal 
morphology of the blackspot sea bream study suggest that 
the RPC raw material did not induce severe inflammatory 
process. The great individual variations displayed, irres-
pective of diets, in the morphological study, could explain 
the observed changes [48, 49].  

CONCLUSION 

 Feeding trial on vegetable lipid sources LO and EO 
represents, until now, the first attempt of FO substitution in 
the blackspot sea bream diet. In conclusion, dietary LO may 
totally replace FO in feeding of P. bogaraveo without 
statistically affecting growth performances and somatic 
indexes. Conversely, EO negatively affected both growth 
and nutrient deposition with significant increase of HSI and 
VSI indexes. Fatty acid analyses showed that both EO and 
LO diets may induce elongation and desaturation of linolenic 
acid to EPA and DHA in fish fillets.  

 RPC may be considered a good, cheap alternative protein 
dietary ingredient for the formulation of practical diets in 
blackspot sea bream feeding. It would seem that approxi-
mately up to 64% of fish meal can be substituted by RPC 
without any detrimental effects on performance and altera-
tion of chemical composition of fillets. In addition, RPC raw 
material, in comparison with other vegetable sources such as 
soy-bean, did not apparently cause inflammatory processes 
of the intestinal mucosa in the blackspot sea bream. Never-
theless, future research using different dietary compositions 
(different levels and/or sources of ingredients) will allow us 
to obtain a deeper insight into the blackspot seabream 
digestive physiology. 
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