
INTRODUCTION
Sharpsnout seabream,Diplodus puntazzo (Walbaum, 1792),

are omnivorous fish of increasing interest in aquaculture
production as an alternative product to gilthead seabream
and sea bass in the European market, especially in Spain.
In recent years, several researchers studying sharpsnout
seabream in the fattening period before they reached mar-
ket size documented that this species has a lower rate of
weight increase than those reported for gilthead sea
bream, but similar to sea bass (22 months) and Pagrus
pagrus (20 months). Only three reports have described
fish meal replacement by vegetal sources in sharpsnout
seabream, such as replacement by soybean meal (Rondán

et al. 2004, Hernández et al. 2007) and alfalfa meal
(Chatzifotis et al. 2006).

According to Ahmad et al. (2004), sunflower meal
(SFM) is an important by-product obtained following the
extraction of oil from sunflower seeds used for livestock
feed. SFM is a rich source of good quality protein that is
available at a low price when compared with other
sources of vegetal proteins. Sunflower seeds also contain
a large amount of phenolic compounds, such as chloro-
genic-, quinic-, and caffeic acids (Gandhi et al. 2008), but
these substances may be reduced by common processing
techniques, such as dry and wet heating, although heat
treatment may decrease the nutritional quality of proteins
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Background. Our previous study demonstrated that sharpsnout seabream, Diplodus puntazzo (Walbaum, 1792),
can be fed with up to 34.8% sunflower meal (SFM), with excellent results in growth parameters and feed effi-
ciency. The aim of the current study was to test the replacement of fish meal with SFM in the diet formulation
for sharpsnout seabream and to evaluate growth, nutritive parameters, amino acid retention, and body composi-
tion of the fish during the fattening period.
Materials and methods. Sixteen baskets (300-L capacity), each with thirteen fish, were distributed in a recircu-
lated saltwater system to allow four experimental diets containing 40% crude protein (CP) and 20% crude lipid
(CL) with 0%, 11.7%, 23.5%, and 34.8% SFM partially replacing fish meal to be used in quadruplicate for this
experiment. The fish were fed these diets ad libitum during the experiment, which lasted for 162 days. Growth,
nutrition efficiency, biometrics, carcass composition, amino acid composition, and amino acid retention of the
experimental fish were evaluated.
Results. There were no statistical differences in the growth parameters among the treatments. However, fish fed
a diet containing 34.8% SFM had the lowest feed intake (FI), lowest feed conversion ratio (FCR), and the high-
est protein efficiency ratio (PER). There were also no statistical differences in the biometric parameters although
fish fed the diet containing 10% SFM had the lowest CP levels. Leucine was the only difference in the essential
amino acid (EEA) profile with fish fed a diet containing 11.7% SFM having the lowest levels of leucine.
Although there were fluctuations among the amino acid retentions, they were not statistically significant.
Conclusion. SFM (up to 34.8%) can be included in the diets of sharpsnout seabream, thereby, replacing 27% of
the fish meal without altering the fish growth.
Keywords: Diplodus puntazzo, protein sources, sunflower meal (SFM), amino acid composition and retention



and carbohydrates (Francis et al. 2001). However, due to
the absence of an effective dehulling process, the fibre
content of sunflower seeds remains fairly high
(15%–24%) limiting the use of SFM in fish nutrition. The
following maximal substitutions of SFM were obtained
without statistical differences: 12% in gilthead seabream
(Sánchez Lozano et al. 2007); 22% in rainbow trout
(Martínez 1984, Sanz et al. 1994); 60% in tilapia (Furuya
et al. 2000, Maina et al. 2003); and 20% in Tilapia ran-
dalli fingerlings. Similarly, in Atlantic salmon, SFM sub-
stitution up to 33% was reported without any adverse
effects on final fish weight (Gill et al. 2006). The
metabolisable energy of SFM is low (8371 kJ · kg–1) when
compared to other oil meals (Ahmad et al. 2004).
According to Furuya et al. (2000), the limiting factors of
sunflower meal utilisation in fish nutrition include high
crude fibre (CF) content and a low lysine level.

The aim of this study was to evaluate if SFM protein
could be used to replace fish meal in the diet formulation
for sharpsnout seabream and to study the effects of these
new diets on growth, nutrient utilisation, body composi-
tion and amino acid retention of the sharpsnout seabream.

MATERIAL AND METHODS
Sharpsnout seabream were obtained from an Italian

commercial hatchery and were stocked in two cylindrical
fibreglass tanks (1750 L) inside a recirculated seawater
system. The fish were kept in these tanks and were fed ad
libitum with a diet containing 45% crude protein (CP) and
20% crude lipid (CL) for a month before the experiment
started. The feeding trial was conducted at the aquaculture
laboratory (Animal Science Department at the Polytechnic
University of Valencia, Valencia, Spain). Two hundred
and eight fish (average weight 106 ± 1.7 g) were random-
ly placed into sixteen baskets (300-L capacity) with two
baskets per cylindrical fibreglass tank (750 L). The tanks
were set up in a marine water recirculation system (70 m3

capacity) with a rotary mechanic filter and a gravity
biofilter with an approximate capacity of 6 m3. All tanks
were equipped with aeration, and the water was heated by
a heat pump installed in the system. The following equip-
ment was used to control water parameters: an oxymeter
(OxyGuard, Handy Polaris V 1.26), a refractometer with
0%–100% capacity (Zuzi A67410) and a kit using the col-
orimetric method to determinate nitrate
(NO3-N), ammonia (NH3-N) and nitrite nitrogen (NO2-N).
The kits were obtained from AquaMerck (Merck KGaA,
Darmstadt, Germany). The water temperature
(22.29 ± 3.7ºC) and dissolved oxygen (6.04 ± 0.7 mg · L–1)
were measured daily. The salinity (30.05 ± 4.3 g · L–1),
pH (6.7 ± 1.0), NH3-N (0.05 ± 0.1 mg · L–1), NO2-N
(0.34 ± 0.2 mg · L–1), and NO3-N (41.1 ± 33.7 mg · L–1)
were measured three times a week. The photoperiod was
natural, and all tanks had similar light conditions. Each
experimental diet was tested in quadruplicate.

Four experimental diets were formulated (Table 1), and
each diet contained 45% CP, approximately 22.45 MJ · kg–1

of energy and one of the four levels of SFM (0%, 11.7%,
23.5%, and 34.8%). The 11.7%, 23.5%, and 34.8% SFM
inclusion levels were calculated for replacing the follow-
ing levels of fish meal: 8.8%, 17.7%, and 27%, respec-
tively. While preparing the diets, wheat and SFM were
ground to a fine particle size in a hammer mill
(Technochufa, Valencia, Spain). All ingredients were
then thoroughly mixed with vitamins and minerals. The
diets were prepared by extrusion cooking with a semi-
industrial twin-screw extruder (Clextral BC-45, St.
Etienne, France), which helped to destroy harmful
microorganisms while minimising the loss of nutrients or
flavours. The processing conditions were as follows: 100
rpm screw speed, 110ºC temperature, 4053-5066-kPa
pressure and 2–3 mm diameter pellets according to fish
size. The diets were stored in plastic buckets at room tem-
perature until they were fed to the fish. All diets were
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Table 1
Ingredients composition of the experimental diets tested on sharpsnout seabream, Diplodus puntazzo

Ingredient [g·kg–1] 0% SFM 11.7 SFM 23.5 SFM 34.8 SFM

Fish meal, herring 603 550 496 440
Sunflower meal 0 117 235 348
Wheat 200 132 64 3
Dextrine 50 50 50 50
Soybean oil 46 46 46 46
Fish oil 91 95 99 103
Vitamin mixa 6.3 6.3 6.3 6.3
Mineral mixb 2.2 2.2 2.2 2.2
Vitamin C 1.5 1.5 1.5 1.5

 

a The vitamin mix (values are g · kg–1except to those in parenthesis) included the following:, 20; Choline, 10; DL-α-tocopherol, 5;
and ascorbic acid, 5. retinol acetate (1 000 000 IU · kg–1); calciferol (500 IU · kg–1); DL- α-tocopherol, 10; menadione sodium bisul-
phite, 0.8; thiamin hydrochloride, 2.3; riboflavin, 2.3; pyridoxine hydrochloride, 15; cyanocobalamin, 25; nicotinamide, 15; pan-
tothenic acid, 6; folic acid, 0.65; biotin, 0.07; ascorbic acid, 75; inositol, 15; betaine, 100; and polypeptides; b The mineral mix
included the following: Zn, 5; Se, 0.02; I, 0.5; Fe, 0.2; Cu 15; Mg, 5.75; Co, 0.02; except to 1000 g (Source: Dibaq-Diproteg);
SFM = sunflower meal.



administered within three months of being manufactured.
The experiment lasted for 162 days (July 30 2008

through January 8 2009). The experimental diets were
hand fed to the fish to apparent visual satiety twice daily
(0900 h and 1700 h) for five days a week and just once on
Saturday (1000 h). Feed intake (FI) was carefully moni-
tored to minimise feed wastage.

During the experimental period, fish were fasted for
24 h followed by anaesthetisation with 30 mg · L–1 of
clove oil (Guinama, Valencia, Spain) containing 87%
Eugenol. The fish were bulk weighed and counted every
three weeks, except at the beginning and end of the exper-
iment when all fish were weighed individually.

Pooled samples of five fish from the initial stock pop-
ulation and four fish from each basket at the end of the
experiment were taken to record the biometric parameters

and were stored at –20ºC for subsequent whole body com-
position analyses.

Chemical analyses of the dietary ingredients were
determined prior to diet formulation. The diets, ingredients
in the diets and the whole fish were analysed according to
AOAC (Anonymous 1990) procedures as follows: dry mat-
ter (105ºC to constant weight); ash (incinerated at 550ºC to
constant weight); CP (N × 6.25) by the Kjeldahl method
after acid digestion (Kjeltec 2300 Auto Analyser, Tecator,
Höganas, Sweden); CL extraction with methyl ether
(Soxtec 1043 extraction unit; Tecator); and CF by acid and
basic digestion (Fibertec System M. 1020 Hot Extractor;
Tecator). All analyses were performed in triplicate.

Following the method previously described by Bosch
et al. (2006), the amino acids from fish carcasses and diets
were analysed by a Waters HPLC system (Waters 474;
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Table 2
Proximate composition and amino acid composition of ingredients and experimental diets tested on sharpsnout

seabream, Diplodus puntazzo

Component
Diet

Fish meal SFM 0 SFM 11.7 SFM 23.5 SFM 34.8 SFM
Dry matter [% DM] 92.84 90.00 92.43 92.89 93.37 94.26
Crude protein [% DM] 71.20 38.33 45.48 45.48 44.99 44.42
Crude lipid [% DM] 9.98 2.17 20.84 20.92 21.53 21.02
Ash [% DM] 16.75 7.96 11.64 11.45 11.22 11.23
Crude fibre [% DM] 0 23.00 0.48 2.28 4.85 7.44
NFE [% DM] 0 28.5 21.55 19.87 17.40 15.89
Gross energy [kJ ·g–1 DM] 20.99 15.04 22.96 22.69 22.38 21.78
CP/GE [g·MJ–1]c 34.65 25.48 19.81 20.04 20.10 20.39
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Arginine 6.13 3.07 3.65 3.66 3.68 3.67
Histidine 2.64 1.09 1.50 1.48 1.46 1.44
Isoleucine 3.51 1.69 2.00 2.01 2.01 2.00
Leucine 5.62 2.42 3.33 3.29 3.24 3.18
Lysine 4.40 1.07 3.02 2.86 2.70 2.53
Methionine 1.61 0.59 1.23 1.18 1.14 1.09
Phenylalanine 4.89 2.32 2.33 2.37 2.41 2.44
Threonine 3.57 1.45 2.11 2.08 2.05 2.00
Valine 3.83 1.92 2.32 2.32 2.32 2.30

N
on

es
se

nt
ia

la
m

in
o

ac
id

s Alanine 4.42 1.58 2.90 2.81 2.72 2.61
Asparagine 6.27 3.19 4.09 4.08 4.06 4.02
Cystine 1.00 1.17 0.85 0.90 0.95 0.99
Glutamine 8.92 6.95 6.14 6.26 6.39 6.48
Glycine 5.32 2.55 3.23 3.22 3.21 3.18
Proline 7.00 3.30 4.14 4.11 4.07 4.01
Serine 2.96 1.73 1.91 1.92 1.93 1.92
Tyrosine 3.57 0.97 1.72 1.67 1.63 1.57

EAA/NEAA 0.92 0.73 0.86 0.85 0.84 0.83

P

a Nitrogen Free Extract (NFE)% = 100 – CP% – CL% – Ash% – CF%; Crude Protein (CP)% = (titration volume for the sample
[mL]) – (titration volume for the blank [mL] × 0.875) / sample weight [g]; Crude Lipid (CL) % = 100 × (weight of beaker and fat
residue [g] – weight of beaker [g]) / initial sample weight [g]; Crude Fibre% = (residue [g]) – (ash [g]); bGE; gross energy that was
calculated using the following: 23.9 kJ · g–1 protein, 39.8 kJ · g–1 lipids and 17.6 kJ · g–1 carbohydrates; SFM = sunflower meal.



Waters, Milford, MA, USA) consisting of two pumps
(Model 515; Waters), an auto sampler (Model 717;
Waters), a fluorescence detector (Model 474; Waters) and
a temperature control module. Amino butyric acid was
added as an internal standard pattern before hydrolysation.
The amino acids were derivatised with 6-aminoquinolyl-
-N-hydroxysuccinimidyl carbamate (AQC). Methionine
and cysteine were determined separately as methionine
sulphone and cysteic acid after oxidation with performic
acid. Amino acids were separated with a C-18 reverse-
phase column (Waters Acc. Tag; 150 mm x 3.9 mm) and
were then transformed into methionine and cysteine.

The growth data and nutritive parameters were treated
using multifactor analysis of variance (ANOVA) intro-
ducing the initial live weight as a covariate (Snedecor and
Cochran 1971). The Newman–Keuls test was used to
assess specific differences among diets at a significance
level of P < 0.05 (Statgraphics, Statistical Graphics
System, Version Plus 5.1, Herndon, VA, USA).

All experiments were carried out according to the
rules or protocols of the Animal Welfare Commission at
the Polytechnic University of Valencia.

RESULTS
Experimental diets (Table 2) had well balanced levels

of CP and CL. However, as a consequence of SFM inclu-
sion in the diets, the CF increased from 0.5% through
7.4%. The amino acid profiles of the experimental diets,
irrespective of SFM inclusion, were similar. The relations
between essential amino acids (EAA) and nonessential

amino acids (NEAA) were also similar among the exper-
imental diets (0.89, 0.88, 0.93, and 0.89 for 0%, 11.7%,
23.5%, and 34.8% SFM, respectively).

Fish survival was 88% (P < 0.05) during the experi-
mental period, and survival did not differ among groups.

During the experimental period, fish growth was
homogeneous and was unaffected by SFM inclusion
although this growth was not good enough due to the
gradual reduction of temperature in the course of the trial.

The final weight (Fw) fluctuated from 253 to 266 g,
and the SGR values were similar in all treatments from
0.65% per day to 0.69% per day even though the thermal
coefficient of growth (TCG) levels were almost equal in
all diets (1.10 to 1.16) without statistical differences.
Considering feed efficiency, only the feed intake ratio
(FIR) was affected by SFM inclusion with fish fed 34.8%
SFM having the lowest value (1.52 g · 100 g–1 fish / day).
The other parameters did not have statistical differences
among treatments (P < 0.05) (Table 3).

In the biometric parameters, the only statistical differ-
ence was found in hepatosomatic index (HIS) with fish
fed the diet containing 34.8% SFM having the lowest
value (0.98). In mesenteric fat index (MFI), however, an
inverse correlation was observed with SFM inclusion
whereas CF and viscerosomatic index (VSI) were not
affected by the treatments (Table 3).

In Table 4, the CP content was the only value affected
by SFM with fish fed the diet containing 11.7% SFM hav-
ing the lowest value (17.78) with a statistical difference.
The fish fed diet with 11.7% SFM had a higher moisture
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Table 3
Growth performance, feed efficiency, and biometric parameters of sharpsnout seabream, Diplodus puntazzo,

fed experimental diets (0% SFM through 34.8% SFM) for 162 days

Parameter
Diet

0 SFM [n = 4] 11.7 SFM [n = 4] 23.5 SFM [n = 4] 34.8 SFM [n = 4]
Iw [g] 106 ± 0.90 105 ± 0.90 105 ± 0.90 106 ± 0.90
Fw [g] 266 ± 9.70 253 ± 9.77 265 ± 9.49 262 ± 9.52
SGR1 0.69 ± 0.03 0.65 ± 0.03 0.69 ± 0.03 0.68 ± 0.03
WG [%] 150 ± 8.91 142 ± 8.91 152 ± 8.91 147 ± 8.91
FI2 1.74a ± 0.04 1.67ab ± 0.04 1.65ab ± 0.04 1.52b ± 0.04
FCR3 (× 10–3) 3.04 ± 0.19 2.85 ± 0.19 2.63 ± 0.19 2.56 ± 0.19
PER4 0.78 ± 0.03 0.83 ± 0.03 0.91 ± 0.03 0.96 ± 0.04
TCG5 1.15 ± 0.05 1.1 ± 0.05 1.16 ± 0.05 1.13 ± 0.05
CF6 1.93 ± 0.05 1.95 ± 0.05 1.91 ± 0.05 1.95 ± 0.05
HSI7 1.24a ± 0.47 1.30a ± 0.50 1.08ab ± 0.47 0.98b ± 0.47
VSI8 5.3 ± 0.26 5.62 ± 0.28 5.69 ± 0.26 5.38 ± 0.26
MFI9 1.53 ± 0.12 1.43 ± 0.12 1.18 ± 0.12 1.15 ± 0.12

D

Each value is the mean ± SEM of data from quadruplicate groups; The data in the same row with different superscripts differ at
P < 0.05; Data on CF, his, and MFI indices were calculated from 16 fish. Initial weight in each phase was considered as co-variables
for the final weight (Fw) and SGR; 1 Specific growth rate (% / day): SGR = 100 × ln (final weight / initial weight) / day; 2 Feed intake
ratio (g / 100 g fish / day): FI = 100 × feed consumption / average biomass × day; 3 Feed conversion ratio: FCR = feed offered / bio-
mass gained; 4 Protein efficiency ratio: PER = biomass gained / protein offered; 5 Thermal coefficient of growth: TCG = 1000 ×
[ Fw⅓ – Iw⅓] / (Tº – minimum Tº to feed × day); 6 Condition factor: CF = 100 × (body weight / total length3); 7 Hepatosomatic index:
HSI = 100 × (liver weight / body weight); 8 Viscerosomatic index: VSI = 100 × (visceral weight / fish weight); 9 Mesenteric fat index:
MFI = 100 × (mesenteric fat weight /body weight]; All weights are in g, length in cm; Iw = initial weight; Fw= final weight; SFM
= sunflower meal.



level and a lower CL content when compared to other
experimental groups. Furthermore, the ash content was
slightly diminished when the SFM inclusion was
increased (P < 0.05).

Comparing the EAA composition in whole fish bod-
ies, the only statistical difference was found in the leucine
content. Similar to CP contents, the fish fed diet with
11.7% SFM had the lowest leucine level (1.26 g · 100 g–1

ww) when compared to fish subjected to the other treat-
ments. The other EEAs were present in the same quantity
in whole fish bodies, except for lysine. Lysine levels were
slightly reduced when the SFM inclusion was increased
while there was an increase in EAA when compared to the
initial fish body values (Table 4).

In corporal retention—crude protein efficiency (CPE)
and gross energy efficiency (GEE), there were no statistical
differences among treatments. In both retention parameters,
however, there was a slight increment as vegetal meal
increased. In EEA retention, there were no statistical differ-
ences among treatments although an increment in arginine,
threonine, and phenylalanine contents was observed as the
SFM inclusion increased. In contrast, the lysine content
diminished while the SFM inclusion increased. However, a
fluctuation in valine, methionine, isoleucine, and leucine
was observed among treatments while histidine levels were
similar in all treatments (Table 4).
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Table 4
Proximate composition, essential-amino-acid composition, and retention of sharpsnout seabream, Diplodus

puntazzo, carcasses at the end of experiment

Diet
Initial 0 SFM 11.7 SFM 23.5 SFM 34.8 SFM

Moisture [%] 65.00 63.61 ± 0.47 64.54 ± 0.47 64.21 ± 0.47 64.58 ± 0.47
Crude protein [%ww] 17.44 18.41b ± 0.14 17.78a ± 0.14 18.16ab ± 0.14 18.15ab ± 0.14
Crude lipid [%ww] 13.06 13.77 ± 0.52 13.13 ± 0.52 13.67 ± 0.52 12.61 ± 0.52
Ash [%ww] 4.28 4.22 ± 0.15 4.10 ± 0.15 3.89 ± 0.15 3.98 ± 0.15
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Histidine 0.45 0.56 ± 0.02 0.49 ± 0.02 0.53 ± 0.02 0.52 ± 0.02
Arginine 1.49 1.78 ± 0.05 1.68 ± 0.05 1.69 ± 0.05 1.76 ± 0.05
Threonine 0.76 0.93 ± 0.03 0.90 ± 0.03 0.91 ± 0.03 0.93 ± 0.03
Valine 0.83 0.86 ± 0.01 0.82 ± 0.01 0.84 ± 0.01 0.83 ± 0.01
Methionine 0.40 0.47 ± 0.01 0.46 ± 0.01 0.47 ± 0.01 0.48 ± 0.01
Lysine 1.45 1.45 ± 0.04 1.41 ± 0.04 1.39 ± 0.04 1.41 ± 0.04
Isoleucine 0.73 0.70 ± 0.01 0.68 ± 0.01 0.70 ± 0.01 0.70 ± 0.01
Leucine 1.26 1.33b ± 0.01 1.26a ± 0.01 1.30ab ± 0.01 1.31ab ± 0.01
Phenylalanine 0.70 0.82 ± 0.03 0.76 ± 0.03 0.84 ± 0.03 0.83 ± 0.03

EAA/NEAA 0.87 0.90 0.89 0.92 0.92

Retention
values

CPE1 [%] 13.60 ± 1.12 13.41 ± 1.12 14.88 ± 1.12 15.40 ± 1.12
GEE2 [%] 14.50 ± 1.38 14.26 ± 1.38 16.11 ± 1.38 15.71 ± 1.38
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Histidine 10.76 ± 1.53 10.71 ± 1.87 9.93 ± 1.87 10.35 ± 1.53
Arginine 11.60 ± 1.59 12.23 ± 1.59 12.33 ± 2.76 13.92 ± 1.59
Threonine 9.44 ± 1.33 11.87 ± 1.53 10.22 ± 1.53 11.90 ± 1.33
Valine 5.42 ± 1.07 7.66 ± 1.07 4.18 ± 1.07 6.24 ± 1.07
Methionine 7.68 ± 1.58 9.97 ± 1.12 7.09 ± 1.29 10.41 ± 1.12
Lysine 9.12 ± 2.72 8.85 ± 1.36 5.81 ± 1.92 6.94 ± 1.57
Isoleucine 4.18 ± 1.30 6.57 ± 1.06 4.42 ± 1.83 6.52 ± 1.30
Leucine 5.75 ± 1.16 8.14 ± 1.16 5.16 ± 1.16 7.79 ± 1.16
Phenylalanine 8.78 ± 1.48 8.55 ± 1.71 9.61 ± 1.71 10.56 ± 1.48

Values are the means ± SEM (n = 4); The means followed by the same superscript do not differ (P < 0.05; Newman–Keuls); EAA
= essential amino acids; NEAA = non essential amino acids; CPE = crude protein efficiency; GEE = gross energy efficiency;
1 Crude protein efficiency: CPE (%) = (fish protein gain [g]) × 100 / (protein intake [g]); 2 Gross energy efficiency: GEE (%) =
(fish energy gain [kJ]) × 100 / (energy intake [kJ]); SFM = sunflower meal.



DISCUSSION
The amino acid profile of all experimental diets was

well balanced, which was similar to the profile reported
by Aas et al. (2006) who included up to 36% bacterial
protein meal in Salmo salar. They reported good final fish
growth at the end of experimental period, attributing these
results to well balanced amino acids in the experimental
diets. In addition, Mai et al. (2006) indicated that lysine is
the most limiting amino acid in ingredients used for pro-
duction of commercial fish feeds, especially when fish
meal is replaced by plant protein sources. In their study,
the lysine ranged from 3.72 to 2.95 g · kg–1. Nevertheless,
sharpsnout seabream growth rates were not as good when
compared with other fattening experiments where better
growth values were obtained in a shorter period of time in
this species (Orban et al. 2000, Hernández et al. 2007).
One possible reason for the lower growth in our study
may be explained by the temperature regime because the
heat pump was broken for the final two months of the
study and the temperature dropped from 27.4 to 18.1ºC.

In sharpsnout seabream, the growth parameters were
not affected by SFM inclusion even with the high level of
CF present in the experimental diets, especially in the
diets with 23.5% and 34.8% SFM inclusion. It was possi-
ble that the omnivorous habits of the sharpsnout seabream
enabled this species to accept a diet with up to 7% CF
content without affecting their final growth. Similar
results were presented by Gill et al. (2006) who substitut-
ed fish meal with 33% dehulled SFM in Salmo salar
although these authors only reported 3.65% CF in the
maximal inclusion. Mena Sellés and García García (2002)
reported that one of the preferred foods of D. puntazzo,
especially in autumn and winter, was algae. According to
Lahaye (1991), algae have high fibre contents
(32.7%–74.6% DM). Moreover, the sharpsnout seabream
gut is longer than the gut found in other species from the
same genera, such as D. sargus and D. vulgaris, which
may be the reason why this fish was not affected by the
high fibre content in the experimental diets. Furthermore,
Tramati et al. (2005) found an enzymatic pattern that is
well suited to protein digestion but also has a high poten-
tial for digesting vegetal polysaccharides, which is in
agreement with its omnivorous habits.

On the other hand, Sánchez Lozano et al. (2007)
assayed a maximal SFM inclusion of 36% in Sparus aura-
ta and were only able to replace fish meal with 12% as
a maximal inclusion without affecting fish growth. At the
same time, Olvera-Novoa et al. (2002) were only able to
obtain a 20% SFM inclusion without statistical differ-
ences in Tilapia rendalli, whereas Furuya et al. (2000)
recommended 14% as a maximal replacement for juvenile
Nile tilapia. Regarding feed efficiency parameters,
Sánchez Lozano et al. (2007) showed an increment in FI
whereas Olvera Novoa et al. (2002) reported a reduction
in FI as the SFM substitution increased. Gill et al. (2006)
reported similar results to our study with regard to PER.

Another important fact to consider is the solitary behav-
iour of sharpsnout seabream in nature, especially in mature

animals (Harmelin-Vivien et al. 1995, Macpherson 1998).
Monoculture conditions give rise to competition for food
and space with increasing aggressiveness and a reduction
in biomass (Karakatsouli et al. 2006). This competition for
food and space was observed throughout this trial, which
may have been an additional cause of the low growth rates
achieved at the end of the experimental period.

On the other hand, an optimal amino acid profile in
experimental diets may have not allowed homogeneous
growth, feed conversion ratio (FCR) and PER with
a reduction of FIR. Furuya et al. (2000) suggested that
better fish growth and efficiency was related to a well bal-
anced amino acid profile. In addition, Gill et al. (2006) did
not report statistical differences in FI, but they did report
an increase in FI as the SFM inclusion increased.

In biometric parameters, the reduction in HIS and MFI
may have been partially caused by the CF in experimental
diets. In addition, D. puntazzo starts its reproduction activ-
ity between October and December (Hernández 2006,
Papadaki et al. 2008), and these fish may use their reserves
(fat and glycogen), energy and nutrients for gonad devel-
opment instead of retaining their reserves in visceral fat or
liver, which may also affect fish growth in later months.

In body composition, only fish fed diet with11.7%
SFM inclusion obtained the lowest value in CP indicating
that the vegetal meal did not affect body composition,
which was similar to the results of Gill et al. (2006) and
Sánchez Lozano et al. (2007) results. However, Olvera-
Novoa et al. (2002) obtained statistical differences not
only in CP but also in CL, ash and humidity as a conse-
quence of SFM inclusion leading to a reduction of CP and
an increase in CL and ash content.

Leucine was the only EAA that presented a statistical
difference, with the lowest value presented in 11.7% SFM
inclusion. According to Choo et al. (1991), the excess
EAA increased feed efficiency but depressed FI, growth
and protein deposition of rainbow trout. In general, SFM
inclusion did not alter EAAs in carcasses, especially
lysine that is known to affect fish growth and health (Mai
et al. 2006), allowing a uniform fish growth among treat-
ments. Similar results were reported by Helland and
Grisdale-Helland (2006). However, Olvera-Novoa et al.
(2002) and Gómez-Requeni et al. (2004) attributed
growth reduction to the amino acid deficiency.

The EAA retention found in our study was low in
comparison with rates reported by Helland et al. (2006)
and Aas et al. (2006). This difference may be due to the
high FI in relation to low final fish growth achieved at the
end of the experiment. Moreover, there was a fluctuation
in amino acid retention in different treatments, which may
have been a response by inner fish metabolism to equili-
brate EAA content in their bodies according to their
needs. According to Li et al. (2009), amino acids have
important and versatile roles in fish nutrition and metabo-
lism. The functions of amino acids include the following:
appetite stimulation (alanine, glutamate, proline, and ser-
ine); growth and development regulation (arginine, gluta-
mine, and leucine); and dietary supplementation of amino
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acids (lysine, methionine, threonine, and tryptophan) to
compensate for their deficiencies in plant feedstuffs. In
the case of SFM, the EAA retention rates were not affect-
ed even with the highest inclusion (34.8%).

CONCLUSION
The maximal SFM inclusion (34.8%) did not alter

growth parameters, nutritive parameters or amino acid
profiles in sharpsnout seabream, even in diets with the
highest CF content (23.5% and 34.8% SFM). It was pos-
sible that the natural feeding habits of sharpsnout
seabream enable the fish to accept a diet with a CF level
over 7% without affecting the final weight. The low
growth found in all treatments may have been attributed
to several factors that should be further investigated.
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