Effects of Feed Quality on Growth and Feed Utilization
of Gilthead Seabream (Sparus aurata, L.) at Low Temperatures
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Abstract

The gilthead seabream (Sparus aurata) is cultured throughout the Mediterranean;
the sea temperature most significantly determines the duration of farming. Sea
temperatures reduce gilthead seabream’s need for feed and fish growth is not
expected in these conditions. It is hypothesized that improving feed formulation
could improve growth during the winter months. For the research, two groups
were formed, and fed for a month with two types of fish feed of different nutritional
composition at an average temperature of 13.9 + 0.90 °C. The fish from cage A (21.53
+ 1.53 cm; 173.77 + 38.24 g) were fed fish feed containing protein and lipid 100%
from marine origin (H1). The fish from cage B (22.17 £ 1.43 cm; 181.08 + 43.05 g) were
fed with commercial feed for gilthead seabream, whose proteins and lipids were
partially replaced by plant raw materials (H2). The temperature was measured daily
and samples were taken at the beginning and end of the experiment for biometrics,
which included the fish’s total length, total weight, and condition factor. This study
showed that fish fed with a modified formula achieved higher growth parameters
than fish fed with commercial feed. The data obtained indicate that gilthead
seabream can grow at low temperatures and there is a need for further research to
ensure the correct selection of raw materials for the testing and production of feed
for the period of low sea temperatures.

Sazetak

Podlanica (Sparus aurata) se uzgaja diljem Sredozemlja, u uzgoju temperatura mora
odreduje duljinu uzgoja. Na temperaturama mora ispod 15 °C podlanica smanjuje
svoju potrebu za hranom i u uzgoju na tim temperaturama ne ocekuje se rast ribe.
Pretpostavka je da bi poboljsanje formulacije hrane moglo poboljsati rast tijekom
zimskih mjeseci. Za potrebe istraZivanja formirane su dvije skupine koje su hranjene
mjesec dana dvjema vrstama riblje hrane razli¢itog nutritivnog sastava na prosjecnoj
temperaturi od 13,9 + 0,90 °C. Riba u kavezu A (21,53 + 1,53 cm, 173,77 + 38,24 g)
hranjena je hranom za ribe s proteinima i lipidima koji su u potpunosti potjecali iz
morskih sirovina (H1). Riba u kavezu B (22,17 + 1,43 cm, 181,08 + 43,05 g) hranjena je
komercijalnom hranom za podlanicu u kojoj su proteini i lipidi djelomi¢no zamijenjeni
sirovinama biljnog podrijetla (H2). Temperatura se mjerila svakodnevno, a uzorci za
biometriju uzimali su se na pocetku i na kraju pokusa te ukljucivali ukupnu duljinu,
ukupnu masu i faktor kondicije ribe. Rezultati ovog istrazivanja pokazali su da su
ribe hranjene modificiranom recepturom postigle vece parametre rasta u odnosu na
ribe hranjene komercijalnom hranom. Dobiveni podaci ukazuju na potrebu daljnjih
istraZivanja kako bi se osiguralo pravilno testiranje i odabir sirovina za proizvodnju
riblje hrane za razdoblje niskih temperatura mora.
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1. INTRODUCTION / Uvod

Fish farming in the Mediterranean is highly dominated by
gilthead seabream (Sparus aurata) and European sea bass
(Dicentrarchus labrax) production. The gilthead seabream
production was 282 thousand tonnes in 2020 [1]. The sea
temperature most significantly determines the duration of
cultivation, which usually takes between 18 and 24 months to
reach 400 g from 3 g with FCR from 1.5 to 2 kg per kilogram of
growth [2].

The feed for farmed fish is a complete diet with a high
proportion of proteins and lipids, of animal or plant origin, which
ensures production success. Fishmeal is an optimal source of
protein for fish, and currently, about 75% of fishmeal is used in
the production of fish feed worldwide [3, 4]. Considering the
limited resources and high price of fishmeal, it is expected that
fishmeal will be replaced by proteins from alternative protein
sources [5, 6]. Numerous studies have been conducted to
explore the effect of replacing raw materials in fish feed. Some
amounts of fishmeal can be replaced with alternative protein
sources, but individual species needs should be considered [7].
Research on gilthead seabream indicates good possibilities for
replacing raw materials that ensure good growth and health [8,
9,10, 11, 12, 13]. However, little research has been conducted
to determine whether alternative protein and lipid sources
can promote fish growth and health at low temperatures. The
existing ones support the possibility of substitution if additives
have been added to such food to improve appetite, health,
and growth. Such feeds generally provide the same results as
feeds with 15-30% fishmeal and are considered commercial
feeds [14, 15]. The choice of feed affects the farming’s financial
results, but it is also necessary to observe the impact of feed
on the environment. The effect on the environment increases
with lower utilization of feed, which can be caused by the fish’s
inability to digest certain raw materials and the inability to
digest at certain temperatures [16]. Feed utilization efficiency
is usually determined with a calculation of feed conversion
ratio (FCR), protein efficiency ratio (PER), and energy efficiency
ratio (EER). These data are well known for salmon, while data for
gilthead seabream are few and mostly data for cultivation at
high temperatures [17, 18, 19].

Temperature affects fish metabolism and feed intake
decreases outside the species optimal temperature range [20].
Climatically, the Mediterranean is predominantly a warm sea
with atemperature range along the coast of 13-29°C[21].The
cultivated individuals are exposed to seasonal temperature
fluctuations during the cultivation period. The optimum sea
temperature for the cultivation of sea bream is 24 - 26 °C.
Wild gilthead seabream can tolerate temperatures from 11
°C in the winter to 23 °C in the summer [22]. In unfavorable
condition, fish migrate to more favorable areas. The main
disadvantage in farming gilthead seabream in floating cages
is the inability to migrate to a more favourable thermal
area, i.e., the inability to migrate to depth when surface
temperatures begin to decrease [23]. At temperatures below
15 °C, the fish’s feeding requirements drop considerably, and
at temperatures below 13 °C fish completely stop eating
[24, 25, 26, 14]. Due to reduced appetite and metabolism,
fish growth below 15 °C is minimal [24, 27]. At temperatures
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below 14 °C, a health condition known as “Winter Disease”
occurs. Current data suggest the disease is caused an
immunological suppression and metabolic disorder at low
temperatures [28, 29, 27, 30, 31]. During the disease, reduced
feeding or periodic starvation is often recorded. As a result
of reduced feeding, the fish use energy reserves and lose
weight [32, 27, 33]. The functional feeds for the winter period
and feeding protocols help reduce the disease’s incidence
[27, 34, 35]. In addition, during spawning, which lasts from
October to March, the gilthead seabream needs energy and
nutrients for the growth and development of the gonads and
produces an egg biomass greater than its body weight [36].
When temperatures increase at the beginning of the spring,
the feed intake of the gilthead seabream is still weak and it
takes time to return to normal intake [15]. Moreover, the fish
attempts to regain the lost weight and begins compensatory
growth, which is most often associated with an increased
appetite, i.e., hyperphagia. The fish cannot successfully
compensate for the lost length and growth and therefore
needs more time to reach market size which causes an
increase in production cost [37].

The Adriatic Sea is shallow and the temperature in winter
can be significantly lower than in the rest of the Mediterranean
[38]. Farmed gilthead seabream in cage farming is faced
with lower sea temperatures, which significantly affects
the growth of the farmed fish, and thus the financial result
of the production. There is interest in feeds with adapted
formulations for low temperatures to prevent the negative
effects of low temperatures on farmed fish. Such feed would
ensure growth in conditions where the fish do not grow or
where this growth is insignificant, thus reducing the duration
of cultivation and improving production efficiency. This paper
aims to determine the growth of fish fed a diet of marine
ingredients under conditions of low sea temperature to set
more objective performance targets for diets with alternative
protein sources.

2. MATERIALS AND METHODS / Materijali i metode
The experiment was carried out in March/April 2023, on a farm
in the Middle Eastern Adriatic Sea 44°01'23.6"N 15°13'09.5" E
(Figure 1). The fish originated from the same batch and were
randomly distributed in two floating cages measuring 9 x 5 x 5
meters (volume 225 m?3). A total of 1.000 individuals of gilthead
seabreams were distributed in two cages. The fish in cage A
(21.53 £ 1.53 cm, 173.77 + 38.24 g) were fed a diet containing
100 % crude lipids from fish oil and fishmeal; 100% crude
protein from a fishmeal; 100% carbohydrates were wheat starch
(H1). The fish in cage B (22.17 + 1.43 cm, 181.0 £ 43.05 g) were
fed with commercial feed for gilthead seabream with reduced
raw materials of marine origin, protein (fish meals 15%) and
lipid (fish oil 3%) (H2).

The proximal composition of the diets was determined
in triplicate following standard AOAC procedures [39]. The
proximate composition of diets is shown in Table 1. The
fish were fed once a day by hand to apparent satiation.
The experiment lasted for one month. Amounts of feed,
mortality, temperature, and oxygen were monitored and
measured daily.
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Figure 1 Study area
Slika 1. Podrucje u kojem je obavljeno istrazivanje

Table 1 Proximal composition of experimental feed (H1);
commercial feed for gilthead seabream (H2).
Tablica 1. Sastav pokusne hrane (H1) i komercijalne hrane (H2)

Proximal composition (% of diet) H1 H2

Crude protein (%) 52.0 42,0
Crude lipid (%) 21.0 17.0
Moisture (%) 7.0 7.0
Crude fiber (%) 0.7 3.3
NFE* (%) 7.9 23

Ashes (%) 1.4 7.2

Gross energy (MJ/kg)**** 22.0 20.7
DE** (MJ/kg) 20.0 16.0
DE*** (MJ/kg) 19.3 16.4
DP/DE** (g/MJ) 243 22.5

*NFE - nitrogen free extract

**DE-included proteins, lipids, and starch, datafrom food manufacturers
***DE - included proteins, lipids,and CHO, data from food manufacturers
****The diet’s gross energy (GE) was calculated using 23.9 kJ/g proteins,
39.8 kl/g lipids, and 17.6 kJ/g carbohydrates [40]

At the end of the experiment, 50 fish from each group were
sampled. The fish were anesthetized with benzocaine 30-40 mg/L
(Aquacen benzocaine 200 mg/ml, Cenavisa, S.L.). The total weight
and total length were measured for all sampled individuals. The
total length of the fish (L) was measured to the nearest 0.1 cm, and
the total weight of the fish (W) was measured to the nearest 0.1 g.

Data of L and W were used to calculate Fulton’s condition
factor (K):

w
K= =* 100
eed
Feed conversion ration (FCR) = A
weight gain (g)
In ( final W )
e _ initial W
Specific growthrate (SGR) = duration of the experiment (days) * 100
apparent daily feed intake (%)
Daily feeding ratio (DFR) = Y/, 100

average biomass of fish per group

where apparent daily feed intake is the total amount of food
divided by the number of days

1 1
o final weight3 — initial weight3
Thermal growth coef ficient (TGC) = (° ST

) * 100

where T is the seawater temperature in °C.

weight gain (kg)

Protein ef ficiency ratio (PER) =

amount of protein consumed (kg)

weight gain (k
Energy ef ficiency ratio (EER) = gy (kg)

amount of gross energy consumed (M])

The growth prediction was made using the model
according to [41].

Statistical analysis was conducted by TIBCO Statistica
14.0.0.15. computer software. The total length, total weight, and
condition factor between experimental groups were compared
using Student’s t-test for independent samples (p<0.05).

3. RESULTS / Rezultati

3.1. Temperature / Temperatura

The sea temperature range during the experiment was between
12.6 °C and 15.9 °C. The average temperature was 13.9 + 0.90 °C.
No mortalities were reported.

Table 2 shows the growth parameters at the beginning and the
end of the experiment. The testing carried out showed that at the
beginning of the experiment, fish from cage B were significantly
longer and had a significantly lower condition factor than fish from
cage A. At the end of the experiment testing the mean values of
length, weight, and condition factor among the cages at the end of
the experiment determined that fish from cage A had a significantly
higher condition factor than fish from cage B.

Table 2 Growth and feeding efficiency parameters of gilthead
seabream in cage A and cage B
Tablica 2. Parametri rasta i uc¢inkovitosti hranidbe kod podlanice u
kavezu A i kavezu B

Cage A Cage B
Initial W (g) 173.77 +38.24 181.08 + 43.05
Final W (g) 197.03 £42.16 185.81 +40.33
Initial L (mm) 21.53+£1.53 2217 £1.43"
Final L (mm) 22.64 +1.31 2248+ 1.36
Initial K 1.71+0.12 1.63+0.18
Final K 1.67 £0.16" 1.61+0.15
DFR 0.63 0.64
FCR 1.52 747
SGR 0.42 0.09
TGC 0.57 0.12
PER 1.26 0.32
EER 0.03 0.006

* indicate the statistically significant differences between cages (P < .05)
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In addition to the comparison of differences in total length,
total weight, and condition factors between cages, differences
within individual cages were also examined. Testing the
differences in mean values of total length, total weight, and
condition factor of gilthead seabream at the beginning and
the end of the experiment for fish within individual cages
is shown in Table 3. At the end of the experiment, the fish in
cage A were significantly longer, significantly heavier, and
with an insignificantly lower condition factor compared to the
beginning of the experiment. The fish from cage B at the end
of the experiment were insignificantly longer, insignificantly
heavier, and had insignificantly lower condition factors at the
end of the experiment.

Table 3 Result of t-test for total length (L), total weight (W), and
fitness factor (K) of gilthead seabream at the beginning and
end of the experiment within an individual cage
Tablica 3. Rezultat t-testa za ukupnu duljinu (L), ukupnu masu
(W) i faktor kondicije (K) podlanice na pocetku i na kraju pokusa
unutar pojedinacnog kaveza.

Cage t df p
L -4.33 116 0.000032
A w -3.19 116 0.0018
K 1.39 116 0.17
L -1.44 144 0.15
B W -1.02 144 0.31
K 0.39 144 0.69

A model developed for fish fed commercial diets (Figure 2)
predicted the growth of fish fed H1 and H2 diets. The initial
weight in the model is the final weight in the experiment,
and the temperatures used for the model are the average sea
temperature for the location of the experiment. Fish fed with
diet H1 reached consumption weight (400 g) earlier than fish
fed with diet H2.
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Figure 2 Growth predictions for fish feed with feed H1 and H2
after the experiment based on a model adapted to estimate
growth on commercial gilthead seabream feed. The vertical

lines intersect the growth lines at 400 g
Slika 2. Predvidanja rasta hrane za ribe s hranom H1 i H2 nakon pokusa
na temelju modela prilagodenog za procjenu rasta komercijalne hrane
za podlanicu. Okomite linije sijeku linije rasta na 400 g

4. DISCUSSION / Rasprava
The duration of the growing cycle usually depends on the
temperature of the marine environment [2, 42]. The experiment

was conducted in a period when the sea temperatures were
stably low, the average was 13.9 °C with the lowest temperature
of 12.6 °C. According to the previous knowledge about growth,
based on which the models for predicting growth are made, the
growth of the sea bream is not expected at these temperatures.
Reduced growth is accompanied by increased FCR [43, 44].

The average FCR in our study for fish from cage A was 1.52.
For fish from cage B, it was significantly higher and was 7.47,
while the DFR was almost the same. Food quality can be further
validated through the protein efficiency ratio and energy
efficiency ratio. Fish fed H1 achieved 1.26 kg of body weight per
1 kg of protein and 0,03 kg/ MJ GE, while fish fed H2 achieved
0.32 kg of body weight per 1 kg of protein and 0,006 kg/MJ GE.
The obtained results show a lower utilization of feed in cage B
compared to cage A and explain the high FCR in cage B. A trial
on protein utilization in gilthead seabream (75 g) feed with five
isonitrogenous (46% protein) diets with increasing lipid levels
(16-24%) was performed at 27 °C where PER was 1.44 - 1.58 g
of body weight per 1 g of protein [19]. Our results are similar
to [18] where fingerlings (1.5 g) were fed with 50% protein
and a 10% lipid diet reared at 23. 5 °C, protein efficiency ratio
was 1.22 g of body weight per 1 g of protein. But we must
emphasize that in their experiment the fish were younger and
that the temperature was optimal, which underlines the good
performance of the H1 food.

A previous report [30] examined the influence of two
types of food on the growth and health of fish during low
temperatures. A commercially formulated feed with 15% protein
of marine origin also caused fish to have a higher FCR (3.9-5.2)
than a diet with 45% protein from marine origin (2.0-2.8). In the
current experiment, fish fed H1 (100% proteins of marine origin)
had an even lower FCR than those from [45] which were fed
diets with 45% proteins of marine origin. The increased FCR on
our commercial feed compared to theirs which had the same
proportion of protein from marine sources is probably due to
the different cultivation methods during the experiment, tanks
compared to floating cages. Our results are similar to those in
trials carried out in cages [45] where the FCR of commercial feed
(20MJ GE) was 11.02 in an experiment that lasted 56 days at a
temperature of 12 - 17 °C. In our study, TGC was higher in fish
fed with diet H1. The obtained results indicate that the fish from
cage A achieved considerable growth, while the fish from cage
B stagnated in growth, which is in line with previous production
results at low temperatures [27]. The comparison of SGR growth
rate among cages leads to the same conclusions as the previous
comparison using the TGC coefficient.

Due to the statistically significant differences in total length
and condition factor between fish from cages A and B at the
beginning of the experiment, an additional analysis of the
increase in total length, total weight, and change in condition
factor was performed for each cage. In fish from cage A, the
difference in initial and final total length and total weight was
significant. The condition factor dropped, but the difference is
not significant. In contrast, in cage B there were no statistically
significant changes in total length, total weight, and condition
factor. Comparative analysis of growth and FCR results indicates
the impact of using feed with different compositions. The
experimental (H1) feed was designed to provide energy and
proteinin surplus as determined in previous research on gilthead
seabream [46, 47]. Fish fed with this feed had significant growth
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at low temperatures while the fish on H2 grew insignificantly.
Growth predictions were obtained based on a model adapted
to estimate growth on commercial bream feeds [41]. However,
the commercial feed has resulted in standard production
results, comparable to the data obtained from growth models
for predicting the growth of gilthead seabream in production.
The model was used to predict fish growth after the experiment,
in production feed with commercial feed. The fish from cage
A would reach a final weight of 400 g 15 days before the fish
from cage B. A shorter production cycle would have a favorable
financial effect, especially considering that the amount of food
consumed in one winter month would be small compared to
two weeks of summer temperatures.

Feed for cage A had proteins and fats exclusively of fish
origin. Since there are significant differences in the raw material
and chemical composition between H1 and H2, it is not
possible to determine with precision which factor influenced
the significant differences in the performance of both groups.
These results indicate the possibility of improving the growth
of gilthead seabream in the cold months through changes in
the feed formulation. We can assume that in the winter period,
the choice of raw materials and formulations is the limiting
factor for fish growth, which specifically refers to protein
digestibility and fat quality. Formulations of feed to support
growth during the winter months should consider alternative
protein sources to achieve maximum growth. The feed must
be produced with low-cost and sustainable raw materials to
achieve better financial results, without jeopardizing the fish’s
maximum growth. To achieve this, in experiments formulations
of control feed must ensure maximum growth and health to
evaluate better the results of future inclusions of alternative
protein sources in fish formulations as previously proposed. We
must also emphasize that feeding strategies that include more
digestible raw materials such as fishmeal during the winter
months do not necessarily mean that the share of fishmeal in
the diet for the entire production cycle has increased.

5. CONCLUSION / Zaklju¢ak

Our research was conducted from the beginning of March to the
beginning of April when the fish did not make significant progress
in growth due to the colder sea temperature. Nevertheless, an
increase was recorded in cage A which can be attributed to the
feed with a higher quality nutrient composition than commercial
feed. The fish growth recorded in cage B shows the standard
growth of the gilthead seabream during this period.

An important difference in the composition of the feed is
based on the proportion of fish raw materials. The protein and
fat sources of the experimental feed are fish oil and fishmeal
compared to commercial feed, which contains significant
amounts of raw materials of terrestrial origin. The choice of feed
raw materials could be a limiting factor for the growth of the fish
in the colder season. Better protein and energy efficiency of feed
H1 indicates that if the feed quality is increased following the
nutritional and digestibility requirements of the sea bream, the
growth rate can be increased even during low sea temperatures.

Future studies should last longer with the same or a
similar improved feed formulation to determine whether the
increase in growth due to the improved feed formulation is
economically justified.

There is a need to set standards for control feed that would
give us an insight into the real growth potential and additionally
encourage the better development of formulations.
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