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Abstract

The aim of this study was to evaluate the inclusion of three seaweeds Gracilaria bursa-pastoris (GP), Ulva rigida (UR) and
Gracilaria cornea (GC) as dietary ingredients on the performance, nutrient utilisation and body composition of European sea bass
juveniles. Six experimental diets were formulated to replace 5% (GP-5, UR-5, and GC-5 Diets) and 10% (GP-10, UR-10 and GC-
10 Diets) fish protein hydrolysate (CPSP) by each of the three seaweeds. A control diet was used, without inclusion of any
seaweed. Diets were fed to duplicate groups of 25 European sea bass (Dicentrarchus labrax) juveniles (IBW=4.7 g) for 10 weeks.
Growth performance was only significantly reduced (Pb0.05) in fish fed the GC-10 diet, whereas the feed conversion ratio
increased significantly in those fish. The apparent digestibility coefficients of dry matter and lipid were significantly lower in fish
fed diet GC-10 relative to those fed the control diet. Carcass composition was similar among treatments, although fish fed GC-10
exhibited significantly higher ash content.

The results obtained in this study suggest that the inclusion of G. bursa-pastoris (GP) and U. rigida (UR), up to 10%, can be
considered as very interesting ingredients in diets for sea bass juveniles, as no negative consequences on growth performance,
nutrient utilization or body composition were observed. On the other hand, the inclusion of G. cornea (GC) should be limited to 5%
of the diet.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The long-term sustainability of aquaculture may be
threatened by its present over-dependence on fish meal
and fish oil (FAO, 2002). Moreover, fish feeding repre-
sents over 50% of operating costs in intensive aquacul-
ture, with protein being the most expensive dietary



Table 1
Chemical composition of the dried seaweeds: Gracilaria bursa-
pastoris (GP), Ulva rigida (UR) and Gracilaria cornea (GC)

GP UR GC

Moisture (%) 8.3 11.9 10.0
Crude protein (% DM) 30.2 29.5 11.0
Crude lipid (% DM) 0.9 1.4 0.7
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source (Lovell, 2002). Therefore an intensive effort
during these last decades has been made in order to
evaluate the potential of alternative protein sources in
aquafeeds (Alexis, 1997). Although several studies
were conducted to evaluate the replacement of fish
meal by plant ingredients in diets of European sea
bass (Dias, 1999; Gouveia and Davies, 1998, 2000;
Da Silva and Oliva-Teles, 1998; Kaushik et al., 2004),
data about the potential use of seaweeds in fish diets is
scarce (Appler, 1985; Nakagawa et al., 1987; Hashim
and Mat Saat, 1992; El-Sayed, 1994, 1999; Davies et
al., 1997; Wahbeh, 1997).

At present, seaweeds with elevated protein content
and production rates are receiving increasingly attention
as novel feeds with potential nutritional benefits
(Buschmann et al., 2001; Rupérez and Saura-Calixto,
2001) and as possible ingredient in fish diets (Appler,
1985; El-Sayed, 1994; Davies et al., 1997; Wahbeh,
1997). Production of seaweeds has been increasing in
the last decades but cultivation on a commercial scale
remains restricted to a few species (Buschmann et al.,
2001; Nagler et al., 2003). Still, nitrogen-enriched con-
ditions like the effluents of fish farms, where seaweeds
are used as biofilters, can increase their protein content
(Lahaye et al., 1995; Pinchetti et al., 1998). Apart of
their potential nutritional value as protein substitutes,
algae may also give an important contribute in fish diets
as lipid sources (Nakagawa et al., 1987), and binding
(Hashim and Mat Saat, 1992) or colouring agents (Som-
mer et al., 1992; Gouveia et al., 2003).

The aim of the present study was to evaluate the use
of three marine seaweeds, Gracilaria bursa-pastoris
(GP), Ulva rigida (UR) and Gracilaria cornea var. red
(GC), cultivated in effluents of fish farms, as dietary
ingredients in partial substitution of fish protein hydro-
lysate (CPSP), on growth performance, nutrient utilisa-
tion and body composition of European sea bass
(Dicentrarchus labrax) juveniles.

2. Material and methods

2.1. Experimental animals and trial conditions

The feeding trial was conducted at the Fish Culture
Experimental Unit of University of Trás-os-Montes e
Alto Douro (UTAD), Vila Real, Portugal. Juveniles of
European sea bass (D. labrax) were obtained at a com-
mercial fish farm. After arrival at the experimental unit
they were conditioned in two seawater tanks (1000-L
capacity each) and acclimated to the local conditions for
a period of 8 days. During this adaptation period, fish
were fed a commercial diet supplied by Sorgal.
Fourteen homogeneous groups of 25 fish (initial
mean body weight of 4.7 g) were then randomly dis-
tributed among 14 fiberglass tanks (55-L water capaci-
ty), in a recirculation water system. Each tank was
supplied with filtered, heated (21±1 °C) saltwater
(34‰), at a flow rate of 2 L min−1. The most important
physical and chemical parameters (temperature, dis-
solved O2, salinity, pH and nitrogenous compounds)
were monitored during the entire trial and maintained
at levels described as optimum for the species. Fish
were exposed to an artificial photoperiod of 12-h light.

2.2. Feed and feeding

Six experimental diets were formulated to substitute
5% and 10% of fish protein hydrolysate (CPSP) by one
of three seaweeds: G. bursa-pastoris (GP-5 and GP-10),
U. rigida (UR-5 and UR-10) and G. cornea (GC-5 and
GC-10). The proximate composition of the seaweeds is
presented in Table 1. A control diet was used, without
inclusion of any seaweed. The seaweeds used in this
study are species currently found in the Portuguese
coast and produced as a by-product of a fish farm
effluent. They were sun-dried and grounded before
being added to the dietary mixture at the expense of
fish protein hydrolysate (CPSP). Feed ingredients and
diet composition are summarized in Table 2.

All ingredients were grounded, mixed (in a horizon-
tal helix ribbon mixer) and dry pelleted through a
2.4-mm die at 50 °C (CPM, C-300 model). Diets were
subsequently stored at 5 °C. Every experimental diet
was randomly assigned to two different tanks. Fish were
fed twice daily until visual satiety for 10 weeks. Fish
weight and fish consumption were registered every
3 weeks. A pooled sample of twelve fish from the
initial group and six fish per tank at the end of the
trial were sacrificed and frozen for subsequent car-
cass analysis.

2.3. Digestibility trial

The apparent digestibility (ADC) of the dietary com-
ponents was measured after incorporation of 1 % of
chromic oxide in each diet and using a specially



Table 2
Ingredients and chemical composition of the experimental diets

Diet

Control GP-5 GP-10 UR-5 UR-10 GC-5 GC-10

Ingredients (g kg−1)
Fish meal (LT94) 610 600 590 600 590 600 590
CPSP a 100 50 – 50 – 50 –
Aquatex b 200 200 200 200 200 200 200
Gracilaria

bursa-pastoris
– 50 100 – – – –

Ulva rigida – – – 50 100 – –
Gracilaria cornea – – – – – 50 100
Cod liver oil 30 40 50 40 50 40 50
Vitamin and mineral premix c 40 40 40 40 40 40 40
Binder d 20 20 20 20 20 20 20
Chromic oxide (%) e 1 1 1 1 1 1 1

Chemical composition
Moisture (%) 9.1 8.8 9.1 9.1 9.3 9.0 8.7
Crude protein (% DM) 60.8 57.8 55.5 55.7 54.2 56.9 52.2
Crude lipid (% DM) 13.6 13.4 12.8 13.3 13.1 13.5 13.1
Ash (% DM) 12.0 12.7 13.2 13.3 14.6 15.3 18.7
a Soluble fish protein hydrolysate (72 CP; Sopropêche, France).
b Extruded dehulled pea seed meal (23 CP; Sotexpro, France).
c Per kg of mixture: vitamin A, 180 mg; vitamin D3, 3 mg; vitamin E, 2.500 mg; vitamin K, 300 mg; vitamin B12, 1 mg; vitamin B3, 1.000 mg;

vitamin B5, 1.250 mg; folic acid, 75 mg; biotin, 15 mg; vitamin C, 2.500 mg; betaine, 25.000 mg; inositol, 15.000 mg; Co, 20 mg; Cu, 150 mg; Fe,
2.000 mg; F, 50 mg; I, 30 mg; Mg, 25.000 mg; Mn, 1.000 mg; Se, 15 mg; Zn 1.500 mg.
d Lignino sulphate.
e Incorporated only in diets for the digestibility trial.
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constructed digestibility system according to the Guelph
System protocol (Cho et al., 1982). Seven homogenous
groups of 25 sea bass (mean body weight of 14 g) were
stocked in each 55-L tank and adapted to the new con-
ditions for 15 days. The experimental fish were sub-
jected to a 12-h light/12-h dark photoperiod regime
provided by artificial illumination, and water tempera-
ture was maintained at 21±1 °C.

The diets were randomly assigned by the tanks, being
the experiment divided into three periods of 12 days, for
replication of results (n=3). Each replicate was carried
out in a different tank to reduce any tank effect. Before
changing diets, the fish were fasted for 24 h and
weighed. The amount of feed fed was then adjusted to
meet the fixed feeding level adopted for the study. The
first 2 days of each period were used for acclimation to
the feed and no faeces were collected. This time period
was deemed sufficient for the fish to achieve complete
evacuation of previous meals.

Fish were fed 2% body weight once daily at
10.00 a.m. and the estimated amount of feed was
carefully given to minimize uneaten feed. Approxi-
mately 30 min after sea bass consumed their meal
any uneaten food and faeces were removed from the
system. Before the fish were fed each morning, the
faeces were collected and centrifuged at 3000×g for
10 min and stored for further analysis. The apparent
digestibility coefficients (ADC) were calculated accord-
ing to Maynard and Loosli (1969).

2.4. Analytical methods

Frozen whole body pooled samples and faeces
were freeze-dried before analysis. Feed, whole body
and faeces samples were analysed for dry matter
(DM, 24 h at 100±1 °C), ash (15 h at 600 °C),
crude protein (N×6.25, Kjeldahl method) and fat
content (petroleum ether 40–60 °C extraction in a
Soxlet apparatus); chromium oxide of diets and fae-
ces was measured after acidic digestion according to
Furukawa and Tsukahara (1966).

2.5. Statistical analysis

Statistical analyses followed methods outlined by
Zar (1996). Data were tested for homogeneity of vari-
ance using Bartlett's test, and then submitted to a one-
way ANOVAwith the Statistics 6.0 for Windows pack-
age. When F values showed significance, individual
means were compared using Tukey's honest significant



Table 3
Growth performance and feed utilization in European sea bass juveniles fed the experimental diets for 10 weeks

Diet

Control GP-5 GP-10 UR-5 UR-10 GC-5 GC-10

Initial body weight (g) 4.68±0.03a 4.67±0.04a 4.65±0.01a 4.66±0.03a 4.65±0.01a 4.66±0.00a 4.67±0.04a

Final body weight (g) 14.10±0.17a 14.25±1.14a 15.43±0.95a 13.09±0.06a,b 12.76±0.98a,b 13.08±0.32a,b 10.38±0.76b

Daily weight gain (% IBW) 2.93±0.08a 2.98±0.32a 3.37±0.28a 2.63±0.01a,b 2.54±0.32a,b 2.63±0.10a,b 1.78±0.27b

DGI 1.13±0.02a 1.14±0.09a 1.24±0.08a 1.04±0.000a 1.01±0.09a,b 1.04±0.03a 0.77±0.09b

FCR 1.51±0.002a 1.56±0.14a 1.48±0.17a 1.69±0.05a,b 1.80±0.23a,b 1.74±0.04a,b 2.31±0.37b

PER 1.09±0.002a 1.11±0.10a 1.22±1.14a 1.06±0.03a 1.03±0.13a 1.01±0.03a 0.84±0.11a

VFI 2.34±0.03a 2.44±0.08a 2.45±0.18a 2.48±0.08a 2.58±0.16a 2.55±0.01a 2.67±0.10a

Values are the mean±S.D. of duplicate groups. In the same line, values with different superscripts are significantly different (Pb0.05).
IBW–initial body weight.
DGI–daily growth index: 100×(Final body weight1/3− Initial body weight1/3) / time in days.
FCR–feed conversion ratio=dry feed intake /weight gain.
PER–protein efficiency ratio=wet weight gain / crude protein intake.
VFI–voluntary feed intake=100×dry feed intake /mean body weight / time in days.

88 L.M.P. Valente et al. / Aquaculture 252 (2006) 85–91
difference (HSD). Significant differences were consid-
ered when Pb0.05.

3. Results

3.1. Growth performance and feed utilization

Data on growth performance and feed utilization of
sea bass fed the experimental diets are reported in Table
3. Final weight and growth rate were significantly re-
duced (Pb0.05) only in fish fed the GC-10 diet. These
fish also showed the lowest (Pb0.05) daily weight gain
(% initial body weight), whereas feed conversion ratio
displayed significantly higher (Pb0.05) values than
those fed the control diet. The inclusion of seaweeds
in the diets had no significant effect on PER or volun-
tary feed intake (PN0.05).

3.2. Digestibility

Apparent digestibility coefficients (ADC) for sea
bass are presented in Table 4. The ADCs of dry matter
and fat were significantly lower (Pb0.05) only in fish
fed the GC-10 diet. The inclusion of other seaweeds (G.
bursa-pastoris and U. rigida), either at 5% or 10%
inclusion level did not affect ADC values. On the
Table 4
Apparent digestibility coefficients (ADC) of the three experimental diets in

Diet

Control GP-5 GP-10

Dry matter (%) 68.07±0.02a,b 67.03±0.30a,b 69.99±0.81a

Protein (%) 93.38±0.14a 93.50±0.02a 94.03±0.04a

Lipid (%) 99.27±0.63a 98.66±1.75a 99.77±0.11a

Values are the mean±S.D. of triplicate groups. In the same line, valu
other hand, the ADCs of protein were not affected by
any of the seaweeds.

3.3. Body composition and nutrient retention

At the end of the 10-week trial, body composition of
European sea bass (Table 5) did not show any significant
variation between treatments, except for fish fed GC-10
that exhibited significantly higher (PN0.05) ash content
than those fed the control diet. Dry matter, protein and
lipid retention did not vary with seaweeds inclusion.

4. Discussion

The potential use of macro algae in fish feeds
depends on costs involved in their production, harvest-
ing and processing prior to their inclusion in fish diets.
In this experiment, relatively low costs were incurred in
seaweeds production, as they can be considered as by-
products of this industry, once they were used as bio-
filters in effluents of fish farms before being incorpo-
rated in fish diets.

The present results evidenced that the increasing
incorporation of both G. bursa-pastoris (GP) and U.
rigida (UR), from 5% to 10%, did not affect growth
performance or feed efficiency of European sea bass.
European sea bass

UR-5 UR-10 GC-5 GC-10

69.05±1.80a 66.60±2.28a,b 67.29±0.13a,b 64.19±0.99b

92.42±0.34a 91.03±0.53a 90.70±1.68a 87.10±4.26a

98.12±0.02a 98.83±0.62a 98.78±0.78a 92.81±1.73b

es with different superscripts are significantly different (Pb0.05).



Table 5
Whole body composition and nutrient retention in European sea bass juveniles fed the three experimental diets for 10 weeks

Diet

Control GP-5 GP-10 UR-5 UR-10 GC-5 GC-10

Final body composition*
Dry matter (%) 30.71±1.05a 30.45±0.06a 30.49±0.73a 31.54±0.95a 31.45±0.07a 32.03±0.63a 29.57±1.56a

Protein (% DM) 51.15±0.18a 50.34±4.31a 54.38±0.58a 53.28±1.51a 53.39±0.40a 51.01±0.18a 53.55±3.87a

Lipid (% DM) 30.67±0.47a 27.00±8.96a 32.06±1.65a 32.39±2.28a 30.67±1.73a 33.56±1.41a 27.22±2.20a

Ash (% DM) 12.78±0.31a 13.72±0.55a,b 13.94±1.18a,b 13.61±0.39a,b 14.37±0.24a,b 13.67±0.31a,b 15.78±1.41b

Retention (% of intake)
Dry matter 19.26±1.04a 18.44±1.60a 19.61±2.91a 17.94±1.38a 16.84±2.13a 17.81±0.09a 11.77±2.83a

Protein 15.34±0.80a 15.13±3.49a 18.89±2.55a 16.57±0.55a 16.08±2.30a 15.05±0.19a 11.40±1.24a

Lipid 46.64±3.26a 38.33±21.87a 53.57±11.09a 48.46±8.27a 42.87±8.49a 49.52±3.15a 25.69±9.68a

Values are the mean±S.D. of duplicate groups. In the same line, values with different superscripts are significantly different (Pb0.05).
DM–dry matter.
Nutrient retention=nutrient gain /nutrient intake, %.
*Initial body composition (%) was: dry matter, 28.92; protein, 56.41; lipid, 26.10; ash, 17.56.
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Daily weight gain and growth rate have even showed
the highest value for fish fed GP-10. Previous works
with snakehead (Channa striatus) fry showed that the
incorporation of 5% Ulva spp. resulted in increased
growth rate, feed efficiency and feed consumption, but
the same level of Gracilaria spp. had no significant
effect on those parameters (Hashim and Mat Saat,
1992). Moreover, Mustafa et al. (1995) found that the
inclusion of three different seaweeds (Ascophyllum
nodosum, Porphyra yezeoensis and Ulva pertusa) at a
level of 5% increased body weight, feed utilization and
muscle protein deposition in red sea bream fingerlings
(Pagrus major). Nonetheless, Appler (1985) reported
similar growth performances and protein utilization ef-
ficiencies inOreocromis niloticus and Tilapia zilliiwhen
fed diets containing 5% of a freshwater algae Hydro-
dictyon reticulatum, but reduced growth performances
with increasing dietary inclusion levels. Similarly,
Davies et al. (1997) demonstrated that the use of the
macroalgae Porphyra purpurea at high inclusion levels
(16% and 33%), as an ingredient for mullet (Chelon
labrosus) diets suppresses growth performance and
feed utilization efficiency. Contradictory results were
obtained by El-Sayed (1994), who evaluated the use of
a microalga meal, Spirulina, as protein source for silver
sea bream (Rhabdosargus sarba) fingerlings at inclusion
levels up to 100% and concluded it could successfully
replace up to 75% of the fish meal protein without any
adverse effects on growth performance and feed utiliza-
tion efficiency. These results suggested that the response
of fish to algae seems to be species-specific and indicate
a general beneficial effect of low level supplementation
of seaweeds in fish diets. The relative low nutritive value
of seaweeds could explain their deleterious effect on
overall growth performance at high inclusion levels,
and could also explain the lowest performance of fish
fed the GC-10 diet. Wahbeh (1997) analysed the nutri-
tional quality of several algae and detected some amino
acids deficiencies (Ulva lactuta, for example, lacked
cysteine) and high ratios of n-6 to n-3 PUFAs. The
author suggested that a mixture of several algae species
could provide fish with an adequate supply of all essen-
tial amino acids and fatty acids composition that would
result in increased growth performances.

In this study, European sea bass showed similar vol-
untary feed intake, independently of the seaweed tested or
its inclusion level. The inclusion of vegetable protein in
diets for fish has been associated with reduced feed intake
and decreased growth performance (Davies et al., 1997;
Dias, 1999). However, Hashim and Mat Saat (1992) have
observed and enhanced feeding activity and greater feed
consumption of snakehead fed 5% Ulva spp. meal diet,
compared to other seaweeds, indicating the possible pres-
ence of a food attractant for this fish. The seaweeds used
in our study did not seem to affect the palatability of the
diet for a carnivorous fish like sea bass.

The utilization of a diet depends on the degree of
digestion. A preliminary digestibility study with G.
cornea has showed very promising results, revealing
high digestibility levels for both dry matter (N60%)
and protein (N90%) (unpublished data). In the present
study, the overall digestibility of the diets was generally
high and not affected by the inclusion of GP and UR up
to 10% and GC at 5%. Apparent digestibility coeffi-
cients (ADCs) for protein and fat did not vary signifi-
cantly among those treatments and were in agreement to
ADCs for carnivore species (NRC, 1993). Appler
(1985) reported decreasing ADCs of protein with in-
creasing inclusion levels of H. reticulatum in O. niloti-
cus and T. zillii. Nonetheless, at 5% and 10% inclusion
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levels, ADCs of protein were similar to those obtained
in the present study (ADC about 90%). The lower
digestibility obtained for fish fed GC-10 could be at-
tributable in part to the possible presence of algal ma-
terial in this species. The partial replacement of fish
meal by GP and UR up to 10%, and by GC at 5% did
not affect the whole-body composition of sea bass,
whereas fish fed GC-10 exhibited higher ash content.
Moreover, both protein utilization and retention ratios
were reduced in fish fed GC-10 which was reflected in
significantly lower growth rates.

Our findings clearly show that macro algae such as
G. bursa-pastoris, U. rigida and G. cornea have great
potential as alternative ingredients in diets for European
sea bass juveniles at dietary inclusion levels up to 10%
for G. bursa-pastoris and U. rigida and up to 5%
inclusion level for G. cornea with no adverse effects
on growth performance and feed utilization efficiency.
A more comprehensive research in future works is,
however, needed to evaluate the efficacy of such pro-
ducts in longer term feeding trials and to determine the
optimum dietary inclusion levels of these seaweeds in
fish diets, without compromising the growth perfor-
mance and final product quality. It would also be inter-
esting to access the seaweed cost per kg, in comparison
to fish meal, to assess whether low inclusion levels
could be cost effective at a commercial scale.
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