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Abstract

Total protein levels in fish are widely used in health and welfare studies, providing a simple and accessible measure.
However, the multifaceted role of blood proteins makes it sometimes challenging to link total protein content to
specific health issues, while specific protein fractions may offer more precise insights into fish biology and health,
particularly in farmed fish species where such data is often lacking. Data were gathered from two experiments
involving Dicentrarchus labrax and Sparus aurata, key species in European marine aquaculture. The aim was (1) to
assess how different globulin fractions contribute to total protein content in blood and (2) how these contributions
vary across different sampling times in healthy animals. In D. labrax, the betal globulin fraction emerged as the
major contributor (34.16%), followed by albumin and alpha2 globulins (18.24% and 16.41%, respectively). In
contrast, pre-albumins and alphal fractions had the least contribution (5.49% and 7.71%). S. aurata exhibited
albumin as the primary contributor (23.39%), followed by betal and alpha2 globulins (19.71% and 19.15%,
respectively), with gamma and alphal fractions contributing the least (5.34% and 8.63%). Notably, the study
revealed relatively stable contributions of globulin fractions to total proteins within both species, albeit with minor
variations over time, potentially linked to environmental and individual factors. Furthermore, larger fish displayed
higher total protein levels. This research underscores the need for further investigation into the diverse factors
influencing globulin contributions to total proteins, ultimately enhancing health and welfare monitoring for farmed
fish species.
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Introduction

Fish production from aquaculture has greatly expanded
during the last decades to face the world’s depletion of
natural wild resources and the increasing demand for fish
products [1]. Managing the health and welfare of farmed
fish is also rapidly gaining importance due to both ethics
and productivity reasons, making it a topic of great con-
cern for consumers, producers and regulatory authorities
[2, 3]. Most animal welfare definitions are typically linked
to biological functions and/or feelings [4], but the feeling
measures are often debated in fish due to the controver-
sial nature of the concept [5, 6]. Regarding the biological
functions-based definition, fish welfare is mainly linked
to the physiological status of the organism, including
hematological parameters (e.g., hemoglobin, hematocrit),
stress indicators (e.g., plasma cortisol, glucose, lactate), as
well as blood protein concentrations [7-9].

In this context, the total protein level is a commonly
and easily measured blood parameter in fish health
and welfare studies [10]. Circulating blood proteins are
involved in a wide range of biological functions, includ-
ing maintaining osmotic pressure, pH regulation, trans-
porting various metabolites and playing an important
role in fish humoral immunity [10, 11]. Levels of total
proteins may hence provide insights into the nutritional,
immune or health status of fishes [10, 12, 13]. Due to the
multifaceted roles of the different proteins contained
in blood, it can sometimes be challenging to correlate
changes in total protein concentration with fish physiol-
ogy and health. In contrast, the specific protein fractions
may provide accurate and valuable insights when assess-
ing fish health and welfare (e.g. [12, 13]). The major pro-
tein fractions in fishes include albumin, alpha globulins
(alphal and 2), beta globulins (betal and 2), and gamma
globulin. Briefly, albumins serve as transport proteins and
participate in regulating blood volume by maintaining
oncotic pressure in body fluids [11, 14]. They are often
considered the most abundant plasma protein in animals
[11, 15]. Then, the alpha and beta globulin fractions are
acute-phase proteins and their levels typically depend
on inflammation and illness status [12, 13]. Finally, the
gamma globulin fraction consists of circulating immu-
noglobulins and is primarily involved in fish humoral
immunity [16].

The quantification of the different protein fractions in
blood is overall achieved through serum protein elec-
trophoresis (SPE) and is extensively used for assessing
health in mammals, including humans [17]. The auto-
mated capillary electrophoresis (CE) provides the means
for considerably decreasing the labor component of SPE.
Automated data acquisition and analysis allow standard-
ization of interpretations as well as obvious economic
benefits [18]. Due to the well-conserved functions of the
blood proteins in vertebrates, protein electrophoresis has
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also been employed for health diagnostics in bird, reptile
and amphibian species [12, 17, 19, 20].

In farmed fish species, many studies have reported the
concentration of blood proteins as valuable indicators in
response to disease, various environmental and/or aqua-
culture conditions (e.g., Atlantic salmon (Salmo salar),
European sea bass (Dicentrarchus labrax), carp (Cyprinus
carpio), gilthead sea bream (Sparus aurata), Nile tilapia
(Oreochromis niloticus) or rainbow trout (Oncorhynchus
mykiss); [13, 21-25]). For instance, in S. salar, the albu-
min level decreased significantly following lice infection
[26]. In another example, in S. aurata, the concentration
of total plasma proteins measured in fish affected by win-
ter syndrome was greater than in healthy fish. This was
due to a specific increase in beta2 and gamma globulin
levels, while the alpha2 globulin concentration was lower
and albumin and alphal and beta2 globulins remained
unchanged [22]. It is also worth mentioning that the
albumin/globulin (A/G) ratio is often used as a reliable
indicator for diagnosing health problems, including in
fish (e.g., [27-29]). However, data on the specific different
protein fractions of fish are scarce in certain farmed fish
species (e.g., [13, 22, 23, 27]). This is of particular interest
because protein concentration in fish blood may signifi-
cantly vary both at intra- and interspecific levels (i.e. 0.74
to 7.5 g/dl; [10]) due to many factors (e.g., environment,
feeding, diet, health status). For instance, the albumins’
contribution can range from 10 to 50% of the total pro-
tein content [11, 15]. Hence, there is a need for data on
the concentration and the contribution of the different
blood protein fractions in different environmental condi-
tions for farmed fish species of interest to better diagnose
and interpret the variations due to health issues [30].

In this study, we collected data from two different
experiments performed on healthy individuals of D.
labrax and S. aurata, two of the most important species
for European marine aquaculture [1, 31]. We aimed at
evaluating (1) how the different globulin fractions con-
tribute to the total protein content in blood and (2) how
this contribution may vary over time, across three differ-
ent sampling times (T0, T1 and T2). In addition, size and
species effects were investigated and discussed as poten-
tial factors influencing the protein content in blood. This
study provides some basic information about the concen-
trations and contributions of the different protein frac-
tions to the total protein content of these two marine fish
farmed species. Ultimately, such information will allow
us to enhance the use of these markers for health assess-
ment in aquaculture.

Materials and methods

The experiments involving D. labrax and S. aurata were
carried out in accordance with EU recommendation
(Directive 2010/63/EU) and national legislations on the
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protection of animals used for scientific purposes, under
the specific authorization n°98/24,889 (Greece) and n°
488/2021-PR (Italy) for D. labrax and S. aurata, respec-
tively. The two experiments presented were conducted
in different locations, using different rearing systems and
environmental conditions (e.g., temperature, stocking
density). All details regarding the environmental condi-
tions and dates of sampling for the two experiments (TO,
T1 and T2) are presented in the following sections and
summarized in Fig. 1.

Fish rearing

Dicentrarchus labrax

The D. labrax individuals used originated from the
AVRAMAR inland hatchery (Chalkida, Greece) hatched
in October 2019. Fish were reared at the hatchery under
stable conditions (mean temperature=18.2 °C, salin-
ity=30 PSU and oxygen concentration>8 mg/L) until
they were transferred to sea cages at the AVRAMAR
farm located in Palairos (Greece) in August 2020 [32].
Before starting the experiment, fish were individu-
ally tagged with a unique radio frequency identification
(RFID) tag (Biomark, Idaho, USA).

The experimental setup at sea included three net
cages, each containing approximately 2200 fish (final
stocking density=9.5 kg/m?). Depending on sea tem-
perature and fish size, daily feeding times ranged from
two to four times and the fish were fed ad libitum using
a feed formulated for the specific trial (see all details
for the conventional diet in [32] and in Table S1). Dur-
ing the experimental period, the temperature was
20.4£3.9 °C ranging from a minimum of 152 °C to a
maximum of 28 °C while oxygen concentration averaged
7.210.7 mg/L. Temperatures and oxygen concentration
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at TO, T1 and T2 were 18.5 °C and 8 mg/L, 16 °C and
7.9 mg/L, and 22 °C and 6.9 mg/L respectively. Weekly
variations of temperatures and O, are available in Fig.
S1. The experiment in D. labrax lasted 358 days (~12
months).

Sparus aurata

The S. aurata individuals used were juveniles obtained
from the commercial farm REHOMARE (Gallipoli,
Italy) and transferred to Fondazione COISPA ETS’s
facilities (Bari, Italy) in June 2022. Fish were reared
under stable conditions in the facilities (temperature of
18.4£0.2 °C, salinity of 35 PSU and oxygen concentra-
tion of 6.4+0.6 mg/L) at a stocking density of ~ 20 kg/m>
and a photoperiod of 12 Light:12 Dark (light from 6 am
to 6 pm). The fish were reared in a flow-through system
with water replacement of ~25 L/min and fed commer-
cial feed (Skretting Marine 3 P, Italy) amounting to ~ 1%
of their body mass until the start of the experiment. The
acclimation period lasted two weeks. Before starting the
experiment (TO0), fish were individually tagged using fre-
quency identification (RFID) tags (DORSET ID, Trovan,
Netherlands).

The experimental setup included two fiberglass tanks,
each containing 70 fish (stocking density of 12 kg/m?).
Fish were fed six to seven days per week, amounting
to 1% of their body mass using a commercial fish feed,
Active 4.5, 4.5 mm (IRIDA SA, Greece; see Table S2 for
details regarding feed composition). The water tempera-
ture, water quality parameters and photoperiod specified
previously were identical and maintained rather constant
during the whole experiment duration. Temperatures and
oxygen concentration at TO, T1 and T2 were 18.6 °C and
5.6 mg/L, 18.1 °C and 7.6 mg/L, and 18 °C and 5.1 mg/L

July 2020 April 2021 July 2021
Tank - 18.5°C Net cage - 16°C Net cage - 22 °C
[0,] =8 mg/I [0,]=7.9 mg/I [0,] =6.9 mg/I
29.711424¢g 318.31+140.30g 379.54+148.56 g
n=10 (pool) n=18 n=20
Gilt-head sea bream TO T1 T2
(Sparus aurata) I } } -
July 2022 September 2022 November 2022
Tank —18.6°C Tank—18.1°C Tank - 18°C
[0,] =5.6 mg/I [0,]=7.6 mg/l [0,] =5.1 mg/I
230.821+t41.82¢ 295.75+t60.31¢g 348.81+80.54¢
n=11 n=16 n=16

Fig. 1 Timeline of the experimental protocol performed with details regarding fish from the two species (European sea bass, Dicentrarchus labrax, and
gilthead sea bream, Sparus aurata) and environmental conditions for each sampling time (T0, T1 and T2)
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respectively. Weekly variations of temperatures and O,
are available in Fig. S2. The experiment in S. aurata lasted
134 days (~ 4.5 months).

Experiment protocol and sampling

Fish from the two experiments were sampled at three dif-
ferent sampling times over the experiment (i.e., TO, T1
and T2). Fish from both species were gently caught from
the rearing tanks (or sea cages) and slightly anesthetized
with a hydroalcoholic clove oil solution (15 ppm, Erbo-
farmosan, Bari, Italy) for measuring the standard length
(cm) and weight (g). Specific growth rate (SGR) and feed
conversion ratio (FCR) were estimated between TO and
T2. The SGR was calculated using the following equa-
tion: SGR=100*(In(W,) - In(W,))/ T, where W is the
total weight of the fish (g) respectively at TO (W) and
at T2 (W,), and T is the number of feeding days. The
FCR was calculated as the ratio of the feed ingested (kg
of dry weight) per biomass of weight gained (kg). Zoo-
technical data are presented using cage and individual as
replicate for D. labrax and S. aurata experiments, respec-
tively. Mortalities were recorded daily. Further details
regarding fish features from both species and environ-
mental conditions at each sampling time are provided in
Fig. 1.

At each of the three sampling times, a subsample of
fish was randomly selected for blood samples. The sam-
pling sizes were n=10, n=18 and n=20 for D. labrax and
n=11, n=16 and n=16 for S. aurata at TO, T1 and T2,
respectively. At T1, each sample consisted of a pool of
six fish because the size of the fish was too low for sam-
pling enough blood. Zootechnical data for sampled fish
are presented using individual for both D. labrax and S.
aurata experiments expepted for TO in D.labrax where
pool is used as replicate. For sampling, fish were gently
caught from rearing tanks (or sea cages) and immersed
in an anesthetic solution (clove oil, 50 and 30 ppm
for D. labrax and S. aurata, respectively) for 2-3 min
before proceeding to blood sampling. Blood samples
were collected from the caudal vein using a heparinized
syringe, and then transferred in a tube with K3EDTA
(VACUMED, Torreglia, Italy). Subsequently, the blood
was centrifuged at 15,000 x g for 3 min to obtain plasma
samples, which were stored at —20 °C until further
analysis, as described below. At each sampling time of
the two experiments, sampled fish for blood were then
euthanized using an overdose of anaesthetics. Necropsy,
anatomo pathological observation of internal organs,
skin and gill scraping were performed to check fish for
potential parasites. No anatomo pathological lesions or
parasites were observed in all fish inspected, ensuring
that fish analysed in the study were healthy.
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Analysis of protein composition

Electrophoresis for measuring the protein fractions con-
tent in plasma (albumin, alphal, alpha2, betal, beta2 and
gamma) was carried out using Minicap Flex Piercing sys-
tem (Sebia, Bagno A Ripoli, Italy) according to the manu-
facturer’s instructions. The Minicap Flex Piercing is a
multitasking automated capillary electrophoresis instru-
ment, equipped with two capillaries that allow two elec-
trophoretic separations to be performed simultaneously,
without the need for manipulation.

Serum proteins were separated within silica capillar-
ies based on their electrophoretic mobility and electros-
motic flow under high voltage conditions and in alkaline
buffer. Proteins were detected directly during migration
by UV absorbance at 200 nm and quantified.

The Minicap system allows all electrophoresis
sequences to be performed automatically from the pri-
mary tube until the electrophoretic profile is obtained.
The instrument is equipped with a Phoresis (Sebia) soft-
ware program that allows the processing of results. Iden-
tification of the fractions was performed automatically
and the electrophoretic profiles were analysed on the fly.

Statistical analyses

Statistical analyses were carried out using the R software
version 4.0.4 [33] at the 95% level of significance. Data are
presented as mean+SD (standard deviation).

First, the contribution percentage of each globulin
to the total protein content, the concentration of total
proteins and the specific concentration of the different
globulins (pre-albumin, albumin, alphal, alpha2, betal,
beta2 and gamma) were evaluated using ANOVA with
the sampling time (T0, T1 and T2) as a factor in both
D. labrax and S. aurata. When significant, the ANOVA
was followed by Tukey’s honest significant difference
(HSD) post-hoc test to determine the specific differences
between sampling times.

Then, the effect of body mass on total protein content
was evaluated using linear regression, including the spe-
cies and the interaction between mass and species as
additional factors. Since a pool of fish was used for D.
labrax at TO, we used the average mass of the different
fish in the pool at this sampling time. Analyses compar-
ing species were performed using only the data of both
species at T1, ensuring that the fish had similar masses
for the comparison (318.31+140.30 and 295.75+60.31 g
for D. labrax and S. aurata, respectively; Wilcoxon-
Mann-Whitney, p>0.05). Additionally, at T1, the water
temperature and oxygen concentration between the
two experiments are closer to each other than at T2
(i.e., 16 °C and 18.1 °C vs. 22 °C and 18 °C for tempera-
ture; 7.9 mg/L and 7.6 mg/L vs. 6.9 mg/L and 5.1 mg/L
for oxygen concentration). Finally, Pearson’s correlation
tests were carried out to test the inter-correlations of the
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different globulins within each species using the whole
dataset.

Results

Zootechnical data

In the D. labrax experiment, the fish grew from 40.9+0
to 474.8%9.6 g, with a SGR of 0.69+0.01%/day and FCR
of 2.06+0.09. The mortality over the 358-day experi-
ment was 22.03+1.30%. For S. aurata, the fish grew from
219.7£50.0 to 359.7176.9 g, with a SGR of 0.46£0.20%/
day and a FCR of 2.28+2.1 The mortality over the 134-
day experiment was 3.57+£1.01% (Table S3). Overall, the
mass of fish sampled was representative of the population
at the different sapling times for both experiments (see
Table S3 for details).

Contribution and variation of the different globulin
fractions to the total protein content in the two species
Dicentrarchus labrax

In D. labrax, the percentage contribution of different
globulin fractions to the total protein content remained
generally consistent across the three sampling times
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for most globulins (albumin, betal, beta2 and gamma,
p>0.05; Fig. 2). However, there were variations over
time in the contribution percentage of pre-albumin,
alphal and alpha2globulins (p<0.05; Fig. 2). Specifi-
cally, the contribution of pre-albumin was higher at T1
compared to TO and T2 while the contribution of alphal
was higher at T2 than T1 and was higher at T1 than TO,
and alpha2 was higher at TO than T1 and T2 (p<0.05;
Fig. 2). Overall, the pre-albumin fraction contributed
for 549%3.53% (min-max=0.70-16.50%), the albumin
fraction for 18.24+6.94% (min-max=1.20-30.20%), the
alphal and alpha2 globulin fractions for 7.71+2.39%
(min-max=3.90-12.10%) and 16.41%2.06% (min-
max=12.40-21.20%), respectively, the betal and beta2
globulin fractions for 34.16+5.47% (min-max=24.10—
52.80%) and 8.71+2.70% (min-max=4.50-15.60%),
respectively, and finally the gamma fraction contributed
for 9.29+£2.07% (min-max=0.60—-12.70%). The highest
coefficients of variation (CV) were observed for the pre-
albumin (64.37%) and albumin fractions (38.08%), while
the lowest CV were observed for alpha2 (12.59%) and
betal globulin fractions (16.02%) in D. labrax.

Dicentrarchus labrax - TO

Dicentrarchus labrax - T1

Dicentrarchus labrax - T2

100 100

ar

a

75 25

yay

Ay

25| |75 25

b [] Pre-atbumin
I:I Albumin
50 = 2 . Alpha1
Sparus aurata - TO Sparus aurata - T1 Sparus aurata - T2 . Alpha2
100 100 il . Beta1
I:I Beta2
1 |:| Gamma

50 50

Protein contribution (%)

Fig. 2 Contribution of the different globulins (pre-albumin in green; albumin in light blue; alphal in blue; alpha2 in dark blue; betal in red; beta2 in
orange; gamma in yellow) to the total protein content (%) in European sea bass (Dicentrarchus labrax) and gilthead sea bream (Sparus aurata) at the three
sampling times (TO, T1 and T2). Sample sizes are n=10,n=18 and n=20for D. labraxand n=11,n=16 and n=16for S. aurata at T0, T1 and T2, respectively.
Different letters indicate significant differences within species in the specific fractions between the three sampling times (ANOVA followed by Tukey HSD,

p<0.05)
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In D. labrax, the sampling time significantly affected
the plasma concentration of total protein and the spe-
cific concentrations of pre-albumin, albumin, alphal,
alpha2, betal and gamma globulins (p<0.05; Fig. 3a).
In more details, the total protein concentration was
higher at T1 compared to both T2 and TO, and higher
at T2 than TO. Additionally, the concentrations of pre-
albumin, alpha2 and betal globulins were higher at T1

(a) Dicentrarchus labrax
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compared to both TO and T2. Finally, the concentra-
tions of both albumin and gamma globulins were higher
at both T1 and T2 compared to TO (p<0.05), but there
was no difference between T1 and T2 (p>0.05; Fig. 3a).
Finally, the concentration of albumin was lower at TO
compared to both T1 and T2, while alphal concentration
increased continuously from TO0 to T2 (p<0.05; Fig. 3a).
Overall, the plasma concentration of total proteins in D.

d 1
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1
~~ 404 1 T2
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s 1
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O 304 -I- 1
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=
c |
[0}
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8 I
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a b¢ 5.2 0
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oA I
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Total proteins Pre-albumin Albumin Alpha1 Alpha2 Beta1 Beta2 Gamma
(b) Sparus aurata
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1
ab| , []o
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Fig. 3 Protein content (g/L, mean +SD) measured in (a) European Sea bass (Dicentrarchus labrax) and (b) and gilthead sea bream (Sparus aurata) at the
three sampling times (TO, white; T1, orange and T2, red). Sample sizes are n=10, n=18 and n=20 for D. labraxand n=11,n=16 and n=16 for S. aurata at
T0, T1 and T2, respectively. Different letters indicate significant differences within species between the sampling times (ANOVA followed by Tukey HSD,

p<0.05)
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labrax was 41.75%8.34 g/L (min-max=25.00-58.00 g/L;
CV=19.98%), in which the specific concentrations were
2.42+1.85 g/L (min-max=0.19-9.08 g/L; CV=76.75%)
for pre-albumin, 7.57+321 g/L (min-max=0.37—
15.10 g/L; CV=42.36%) for albumin, 3.25+1.14 g/L
(1.16-6.12 g/L; CV=35.24%) and 6.82+1.15 g/L (min-
max=4.59-10.03 g/L; CV=16.88%) for alphal and
alpha2 globulins, respectively, 14.27+3.26 g/L (min-
max=8.59-22.39 g/L; CV=22.82%) and 3.65+1.33 g/L
(min-max=1.74-6.75 g/L; CV=36.35%) for betal and
beta2 globulins, respectively, and 3.90+1.13 g/L (min-
max=0.26-6.32 g/L; CV=28.95%) for gamma globulins
(Fig. 3a).

Sparus aurata

Similar to D. labrax, the percentage contribution of dif-
ferent globulin fractions to the total protein content in
S. aurata was consistent across the three sampling times
for most globulins (pre-albumins, albumin, apha2, betal
and gamma, p>0.05; Fig. 2). However, there were varia-
tions over time in the contribution of alphal and beta2
globulin fractions (p<0.05; Fig. 2). Alphal contribu-
tion was lower at T2 compared to both T1 and TO while
beta2 contribution was lower at TO compared to both
T1 and T2 (p<0.05; Fig. 2). Overall, the pre-albumin
fraction contributed for 12.66+3.46% (min-max=>5.00-
18.60%), the albumin fraction for 23.39+4.47 £ % (min-
max=12.50-33.00%), the alphal and alpha2 globulin
fractions for 8.63+1.67% (min-max=5.70-12.40%) and
19.15+3.40% (min-max=14.40-28.20%), respectively,
the betal and beta2 globulin fractions for 19.71+3.58%
(min-max=11.00-27.50%) and 11.13%2.16% (min-
max=5.30-14.30%), respectively, and finally the gamma
globulin fraction contributed for 5.34+1.50% (min-
max=2.40-9.90%) to the total protein content. The high-
est CV were observed for the pre-albumin (27.30%) and
gamma globulin fractions (28.13%) while the lowest CV
were observed for alpha2 (17.73%) and betal globulin
fractions (18.17%) in S. aurata.

In addition, sampling time had a significant effect on
the plasma concentration of total protein, as well as the
specific concentrations of albumin, alphal, beta2 and
gamma globulins (p<0.05; Fig. 3b). In more details, the
total protein plasma concentration was higher at T2 than
TO while there was no significant difference between
T1 and either TO or T2 (p<0.05). A similar pattern was
observed for both albumin and gamma globulin con-
centrations in S. awurata, with higher concentrations
at T2 compared to TO, with no significant difference
between T1 and either TO or T2 (p<0.05). Moreover, the
alphal concentration was lower at T2 compared to T1,
but there was no significant difference between TO and
either T1 or T2 (p<0.05). Finally, the beta2 concentra-
tion of S. aurata was higher at both T1 and T2 compared
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Table 1 Summary of the linear regression between blood total
protein content, mass and the two species investigated (n=48
for D. Labrax and n=43 for S. Aurata)

Estimate Std.error Tvalue p-value

(Intercept) 3586149 167739 21379  <0.001 (***)
Mass 0.02076  0.00497 4176 <0.001 (***)
Species:S. aurata -18.31321 4.16332 -4.399 <0.001 (***)
Mass: Species:S. aurata  0.04183 0.01330 3.145 0.00227 (**)
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Fig. 4 Linear regression between the total blood protein content (g/L)
and mass (g) in European sea bass (Dicentrarchus labrax, n=48, gold) and
gilthead sea bream (Sparus aurata, n=43, dark blue)

to TO (p<0.05; Fig. 3b). Overall, the total protein plasma
concentration in S. aurata was 36.26+6.71 g/L (min-
max=24.00-51.00 g/L; CV=18.50%), in which the
specific concentrations were 4.63+1.56 g/L (min-
max=1.60-8.20 g/L; CV=33.78%) for pre-albumin,
8.57+2.65 g/L (min-max=3.90-15.60 g/L; CV=30.95%)
for albumin, 3.05£0.46 g/L (2.00-4.00 g/L; CV=15.17%)
and 6.87t143 g/L (min-max=4.70-10.20 g/L;
CV=20.73%) for alphal and alpha2 globulins, respec-
tively, 7.16+1.86 g/L (min-max=3.90-11.60 g/L;
CV=26.02%) and 4.04+1.08 g/L (min-max=1.60—
6.10 g/L; CV=26.78%) for betal and beta2 globulins,
respectively, 1.93£0.61 g/L (min-max=0.80-3.30 g/L;
CV=31.85%) for gamma globulin (Fig. 3b).

Size and species effects on the total protein content and
specific globulins

Size effect

The plasma concentration of total proteins increased
with the body mass of the fish regardless of the species
investigated (t=4.176, p<0.001; Table 1; Fig. 4). However,
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the relationship between total blood protein concentra-
tion and body mass was significantly different between
species (t=-4.399, p<0.001) and there was also a signifi-
cant interaction effect between body mass and species
(t=3.145, p<0.01; Table 1).

Species effect

There were numerous inter-correlations between differ-
ent globulin concentrations within each species (p<0.05),
but only few inter-correlations were present in both spe-
cies (Fig. 5). Specifically, correlations were observed
between the plasma concentrations of pre-albumin and
alpha2, albumin and gamma, alphal and alpha2, alphal
and betal, alpha2 and beta2, betal and beta2, betal and
gamma, and beta2 and gamma in both D. labrax and S.
aurata (Fig. 5).

Overall, the profile of different globulin fractions was
significantly different between the two species investi-
gated (p<0.05 for all proteins; Fig. 6). Specifically, pre-
albumin, albumin, alphal, alpha2 and beta2 fractions
contributed more to the total protein content in S. aurata
compared to D. labrax, whereas betal and gamma frac-
tions contributed less in S. awurata (Fig. 6a). When
assessing the levels of total blood proteins and specific
proteins, there were significant differences between the
two species at T1 (Fig. 6b). Specifically, total protein con-
tent measured in plasma was higher in D. labrax than in
S. aurata. Additionally, the levels of betal and gamma
globulins were higher in D. labrax, whereas the level of
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pre-albumin was higher in S. aurata (p<0.05; Fig. 6b).
However, there were no significant differences in the
levels of albumin, alphal, alpha2 and beta2 globulins
between the two species (p>0.05; Fig. 6b).

Discussion

The levels of blood proteins are of great interest in assess-
ing fish health because they provide valuable insights
into how fish are coping with environmental variations
and diseases [22, 26, 34]. However, information about
the contribution of the different protein fractions to the
total protein content and how it varies depending on the
environment and individual features in farmed fish spe-
cies of interest, such as D. labrax and S. aurata, is overall
scarce (e.g. [22, 27, 30, 34]). Such knowledge may benefit
the assessment of fish health in aquaculture. In this study,
we provide data on how the different globulin fractions
contribute to the total protein content and we discuss
how this contribution may vary in these two species, as
detailed below.

Zootechnical data

At the end of the trial in the D. labrax experiment (358
days), the average weight of fish was 475 g with a SGR of
0.69%/day, supporting relative good performance under
the given environmental conditions in sea cages [32, 35].
Regarding mortality, we observed an overall mortality
rate of 22%, consistent with the expected mortality rate of
20% throughout the full grow-out stage for D. labrax [32,

Dicentrarchus labrax

Sparus aurata

Pre-albumin

Albumin

Alphal

Alpha2

Betal

Beta2

Gamma

Pre-albumin

Albumin

Alphal

Alpha2

Betal

Beta2
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Fig. 5 Correlation matrix of the different globulins (pre-albumin; albumin; alpha1; alpha2; betal; beta2; gamma) in European sea bass (Dicentrarchus
labrax, n=48) and gilthead sea bream (Sparus aurata, n=43). The coefficients of the significant correlations between different globulins are reported in

the figure for each species (Pearson’s correlation test, p <0.05)
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36]. In the S. aurata experiment (134 days), the fish also
exhibited growth consistent with species expectations
under comparable experimental rearing conditions (i.e.,
temperature, salinity, fish size) [37], achieving an average
weight of 360 g and a SGR of 0.49%/day. Mortality in S.
aurata was only 3.6%, which aligns with rearing in con-
stant and controlled indoor facilities [37]. Overall, the
zootechnical data from both experiments support good
fish performance and conditions, as also confirmed by
the lack of anatomo pathological lesions or parasites in
the fish sampled.

Contribution of globulin fractions to total protein content
and variation of protein concentration in the two species
The concentration of total proteins measured in the
plasma of both species fell within the range usually

observed in fishes [11], including the studied species
[22, 25, 27, 34, 38-41]. Overall, the results of the study
show that the contributions of the different globulin frac-
tions to total proteins remain relatively stable within the
two species, although some variations can be observed
over time. Moreover, the contribution of the different
globulins differed significantly between the two species
investigated.

In more detail, in D. labrax, the percentage contribu-
tion of globulins to total protein content was consis-
tent for the majority of globulins (albumin, betal, beta2
and gamma) across the three sampling times. However,
variations over time were observed in the contribution
proportions of pre-albumins, alphal and alpha2 globu-
lins. In S. aurata, a similar trend of low variation over
time was observed, but the protein fractions exhibiting
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variability over time differed. While the percentage con-
tribution of different globulins to total protein content
was overall consistent across the three sampling times
for most globulins (pre-albumin, albumin, alpha2, betal
and gamma), there was some variation over time in the
contribution of the alphal and beta2 globulin fractions to
total protein content. The observed variations in globulin
fractions over time may be partly attributed to environ-
mental changes, such as stocking density or water quality
(e.g., temperature) [42—48]. Serum proteins are involved
in a wide range of physiological functions and changes
in fish protein fractions have been previously utilized as
indicators of environmental stress response [42]. In this
study, D. labrax individuals experienced a range of tem-
peratures, from 16 °C (T1) to 22 °C (T2), across the three
sampling times. Water temperature fluctuations have
been previously associated with changes in serum albu-
min and globulin levels in several species ([34] and refer-
ences therein; but see the lack of albumin concentration
changes in [22]). In this study, changes in D. labrax glob-
ulin fractions and albumin concentrations were observed
in congruence with temperature differences between
sampling times. It is, however, worth mentioning that
the levels of different blood proteins are not only influ-
enced by the water temperature at the time of sampling
but may also be influenced by temperature fluctuations in
the preceding days. Although variations in temperature
were negligible in the S. aurata experiment due to spe-
cific rearing conditions, it could be more likely the case
in the D. labrax experiment where temperature fluctu-
ated more in the days preceding sampling (see Fig S1 and
Fig S2 for details). In all cases, the observed changes in
contribution and concentration cannot be solely attrib-
uted to the temperature recorded on the day of sampling,
as other environmental parameters may also play a role.
Given that alpha and beta globulins are involved in vari-
ous functions, such as lipid and cortisol transport, coag-
ulation and immune response [34], their changes may
reflect stress experienced due to environmental varia-
tions. While the plasma concentration of some globulins
was found to vary across different sampling occasions in
both species, D. labrax displayed more variation than S.
aurata. This can be partly attributed to the fact that envi-
ronmental conditions (i.e., temperature, stocking density)
and fish features (e.g., size, gonad maturation) underwent
greater changes in the D. labrax experiment. Although
this discrepancy can be partly attributed to the differ-
ent rearing systems used, it should also be noted that D.
labrax were monitored over a longer period (from 30 to
380 g) compared to S. aurata (from 220 to 352 g) [11, 15,
34, 38, 48-50]. The observed variation in S. aurata may
be partly attributed to changes in stocking density due to
fish growth across sampling times, despite the stocking
density being considered low for this species [42, 51]. It
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is also worth mentioning that the feed changed from TO
to T1 and T2, but both feeds used were commercial ones
adapted to the nutritional needs of the species, suggest-
ing that this should not significantly impact the levels and
contribution of globulin fractions (overall stable over the
experiment duration, see Fig. 3B). Further specific stud-
ies will be needed to disentangle the various environmen-
tal effects on the different globulin contributions to total
protein levels in these two species.

In D. labrax, we showed that the fraction of betal
globulins contributed the most to the total protein con-
tent (34.16%), followed by albumins and alpha2 globu-
lins (18.24 and 16.41% respectively), and this pattern
was consistent across the three sampling times. Both the
pre-albumin and alphal fractions contributed the least
to the total protein content in D. labrax (5.49 and 7.71%,
respectively). In contrast, in S. aurata, the albumin frac-
tion contributed the most to the total protein content
(23.39%), followed by betal and alpha2 globulins (19.71
and 19.15%, respectively). The gamma and alphal frac-
tions contributed the least to the total protein content
in S. aurata (5.34 and 8.63%, respectively). Interestingly,
the three most contributing globulins are the same in
both species studied, while only alphal was among the
less contributing fractions in both species. High CVs
were observed for the contribution of the pre-albumin
fraction (64.37% and 27.30% for D. labrax and S. aurata,
respectively), suggesting that the contribution of the pre-
albumin fraction may vary significantly in healthy indi-
viduals of these species. Albumin is typically the most
-or one of the most- contributing protein fraction to the
total protein concentration due to its roles in transport-
ing functions, as well as in blood volume regulation [11,
15]. Albumins have been reported to be affected by vari-
ous factors in fishes (e.g., species features, season, stage
of gonad maturity, temperature) [11, 15, 49], resulting in
potentially, significant differences at the individual level.
A prominent contribution of albumins is sometimes
observed in both D. labrax and S. aurata, where albumin
is consistently present in blood proteins at high percent-
ages (e.g., [25, 27, 34, 50]). The high contribution of the
albumin fraction can be a relevant indicator of health
alteration in these species, particularly when fish are
exposed to environmental variations, variable nutritional
status or stressful conditions (e.g. [22, 34, 39, 52]). In
contrast to the consistently high CV for the pre-albumin
fraction in both species, low CVs were observed for the
alpha2 and betal globulin fractions (alpha2: 12.59% and
17.73%; betal: 16.02% and 18.17% for D. labrax and S.
aurata respectively), suggesting that these globulins are
more consistent contributors in healthy individuals. As
previously mentioned, there are only a few studies that
have measured all specific globulin fractions (i.e. alphal
and 2 and betal and 2) for S. aurata and D. labrax, and
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results could differ from what we observed here [27, 34,
50]. For instance, [27] showed that in D. labrax, while
both the albumin and alpha2 fractions were identified as
major contributors to the total protein content, the con-
tribution of beta globulins was low and gamma globu-
lin was high, which was generally similar to the findings
for albumin and alpha2 fractions, unlike what we found
in this study. Similarly to our study, for S. aurata, [22]
showed that alpha2 and betal globulin fractions had an
overall similar contribution to the total protein content.
Overall, since all fish in this study were healthy, we pro-
vide useful baseline information for future health assess-
ment studies and highlight the need for species-specific
investigations.

Finally, some correlations were observed between
plasma concentrations of pre-albumin with alpha2, albu-
min with gamma, alphal with alpha2 and betal, alpha2
with beta2, betal with beta2 and gamma, and beta2 with
gamma in both species. These findings suggest strong
inter-correlations between these protein concentra-
tions in fishes, but further validation in additional spe-
cies is necessary. Overall, in both species, albumins and
globulins, especially within the alpha and beta fractions,
exhibited significant inter-correlations. Likewise, strong
inter-correlations were observed among globulins from
the alpha, beta and gamma fractions. This was expected
due to the similar biological functions of the correlated
globulins, supporting the usefulness of analysing albu-
mins, globulins and A/G ratio for fish health assessment
[11, 14-16]. It is worth mentioning that, as observed in
the present study and elsewhere [22, 32, 34], variations
may occur within the alpha or beta fractions without
affecting the other fraction (e.g., effect on alpha2 but not
on alphal). This underscores the importance of investi-
gating all fractions to gain more specific insights into
health effects.

Size effect

In addition to environmental drivers, serum biochemical
values can also be influenced by fish individual features,
such as growth, sex, age and sexual maturation (e.g., [53—
57]). Here, we only investigated the effect of mass.

The relationship between total protein content and
body mass is species-specific. In this study, the overall
increase in plasma total protein concentration over the
three sampling times suggested that the total serum pro-
tein content was affected by fish body mass, regardless
of the species investigated, in agreement with previous
studies (e.g., [25, 58]). Correlations between weigh of S.
aurata and D. labrax and total serum protein were pre-
viously demonstrated [59]. However, Fazio et al. showed
a positive relationship for D. labrax, in agreement with
this study, but a negative relationship for S. aurata, con-
trary to our findings here [59]. This negative relationship
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was explained by mobilization of tissue protein during
growth, where amino acids would be used to synthesize
new plasma proteins [59]. Further studies are necessary
to explain these correlation differences. It is worth noting
that the relationship between total serum protein content
and weight is more pronounced in sea bream, possibly
due to the relatively stable environmental conditions [11],
as mentioned previously. When examining aquaculture
species, it was found that total serum protein content is
correlated with the number of white blood cells [10], a
factor known to be associated with body mass [10, 60].
Additionally, the concentration of total protein in blood
is known to be related to the specific growth rate in fishes
[10], contributing to observed relationships between total
serum protein concentration and body mass.

Perspectives

Different environmental factors (e.g., temperature, sea-
son, salinity, stocking density) varied across different
sampling times, as did individual features (life stage,
age, body mass) in the two experiments. This complex-
ity makes it challenging to disentangle the specific effects
of environmental and intrinsic features. Nevertheless, the
results of this study are important because they provide
valuable data on the variation in concentrations and con-
tributions of different fractions of total protein content
in healthy individuals of two commercially important
fish species, for which limited information is available.
Specific control of environmental variations over time
(e.g., focusing solely on water temperature variation)
would be necessary to investigate the specific effects of
environmental parameters and/or individual features
for these two species. Additionally, in future studies, it
would be valuable to compare the composition of globu-
lin fractions in physiologically healthy fish with those in
non-healthy fish, i.e. carriers of different diseases and/or
fish experiencing stressful conditions. This will allow to
specifically link variations in globulin concentration with
specific diseases and use different globulins as relevant
markers of disease in the context of health and welfare
monitoring in aquaculture environments.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512917-024-04182-w.

[ Supplementary Material 1 J

Acknowledgements

The authors are grateful to the AVRAMAR teams from both Chalkida and
Palairos and the COISPA team for rearing D. labrax and S. aurata, respectively,
and for their valuable help during sampling and running the experiments.

Author contributions
Conceptualization: S.A. and PC; methodology: S.A, AM, AD, AS.and PC;
Investigation, data curation, and formal analysis: S.A, EF, LT, M.B, AM, M.B,


https://doi.org/10.1186/s12917-024-04182-w
https://doi.org/10.1186/s12917-024-04182-w

Alfonso et al. BMC Veterinary Research (2024) 20:322

AD., LP,EP, AS.and PC,; writing—original draft preparation: S.A,; writing—
review and editing: S.A, EF, LT, AM, AD, G.L.and PC, visualization: S.A;
project administration: S.A, AM, LP.and G.L,; funding acquisition: AM,, G.L.
and PC,; All authors have read and agreed to the submitted version of the
manuscript.

Funding
The study has received funding from the European Union’s Horizon 2020
research and innovation program under grant agreement No 817737.

Data availability
The data that support the findings of this study are available from the
corresponding author upon request.

Declarations

Ethics approval and consent to participate

The experiments involving D. labrax and S. aurata were carried out in
accordance with EU recommendation (Directive 2010/63/EU) and national
legislations on the protection of animals used for scientific purposes, and
under the specific authorization n°98/24889 (Greece) approved by the
Departmental Animal Care Committee and n°® 488/2021-PR (Italy) approved
by the Italian Health Ministry for D. labrax and S. aurata, respectively. Informed
consent was obtained from farm fish owners and statements regarding this
can be made available upon request from the corresponding author.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 February 2024 / Accepted: 8 July 2024
Published online: 18 July 2024

References

1. FAO.The State of World Fisheries and Aquaculture 2022. Towards Blue Trans-
formation. Rome. 2022.

2. European Food Safety Authority. General approach to fish welfare and to the
concept of sentience in fish - scientific opinion of the Panel on Animal Health
and Welfare. EFSA J. 2009;June:1-27.

3. Ashley PJ. Fish welfare: current issues in aguaculture. Appl Anim Behav Sci.
2007;104:199-235.

4. Huntingford FA, Adams C, Braithwaite VA, Kadri S, Pottinger TG, Sandge P, et
al. Current issues in fish welfare. J Fish Biol. 2006;44:332-72.

5. Arlinghaus R, Cooke SJ, Schwab A, Cowx IG. Fish welfare: a challenge to the
feelings-based approach, with implications for recreational fishing. Fish Fish.
2007;8:57-71.

6. Huntingford F, Adams C, Braithwaite Va, Kadri S, Pottinger TG, Sandoe P, et
al. The implications of a feelings-based approach to fish welfare: a reply to
Arlinghaus et al. Fish Fish. 2007,8:277-80.

7. Schreck CB, Tort L. The concept of stress in fish. Fish physiology. Elsevier; 2016.

pp. 1-34.

8. Raposo de Magalhdes CSF, Cerqueira MAC, Schrama D, Moreira MJV, Boona-
nuntanasarn S, Rodrigues PML. A Proteomics and other Omics approach
in the context of farmed fish welfare and biomarker discovery. Rev Aquac.
2020;12:122-44.

9. Huntingford FA, Kadry S. Welfare and fish. In: Branson EJ, editor. Fish Welfare.
2008.

10.  Esmaeili M. Blood performance: a new formula for fish growth and health.
Biology (Basel). 2021;10:1-17.

11. Mc Donald DG, Milligan CL. Chemical properties of the blood. In: Hour WS,

Randall DJ, Farrell A,Fish Physiology. V. XII. Part B, Academic P. New York; 1992.

pp. 55-135.

12. Osborne AG, Jacobson ER, Bresette MJ, Singewald DA, Scarpino RA, Bolten
AB. Reference intervals and relationships between health status, carapace
length, body mass, and water temperature and concentrations of plasma
total protein and protein electrophoretogram fractions in Atlantic logger-
head sea turtles and green turtles. J Am Vet Med Assoc. 2010,237:561-7.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.
34.

35.

36.

37.

38.

Page 12 of 13

Christiansen EF, Cray C, Lewbart GA, Harms CA. Plasma protein electro-
phoresis and acute phase proteins in Koi carp (Cyprinus carpio) following
exploratory coeliotomy. J Exot Pet Med. 2015;24:76-83.

Kovyrshina TB, Rudneva II. Comparative study of serum albumin levels in
Round Goby. Int J Adv Res. 2012;2:203-8.

Andreeva AM. Structure of fish serum albumins. J Evol Biochem Physiol.
2010;46:135-44.

Snieszko SF. Immunization of fishes: a review. J Wildl Dis. 1970;6:24-30.

Cray C. Protein electrophoresis of non-traditional species: a review. Vet Clin
Pathol. 2021,50:478-94.

Tarig A, ljaz A, Fatima A, Qurat-UI-Ain, Ansari U. Diagnostic accuracy of auto-
mated capillary electrophoresis. Pakistan J Pathol. 2016;27:90-4.

Cray C, Tatum LM. Applications of protein electrophoresis in avian diagnos-
tics. J Avian Med Surg. 1998;12:4-10.

Zaias J, Cray C. Protein electrophoresis: a Tool for the Reptilian and Amphibian
Practitioner. J Herpetol Med Surg. 2002;12:30-2.

Sandnes K, Lie, Waagbg R. Normal ranges of some blood chemistry param-
eters in adult farmed Atlantic salmon, Salmo salar. J Fish Biol. 1988;32:129-36.
Gallardo MA, Sala-Rabanal M, Ibarz A, Padrés F, Blasco J, Fernandez-Borras J,
et al. Functional alterations associated with winter syndrome in gilthead sea
bream (Sparus aurata). Aquaculture. 2003;223:15-27.

Manera M, Britti D. Assessment of serum protein fractions in rainbow

trout using automated electrophoresis and densitometry. Vet Clin Pathol.
2008;37:452-6.

Sherif AH, Mahfouz ME. Immune status of Oreochromis niloticus experi-
mentally infected with Aeromonas hydrophila following feeding with 1, 3
(3-glucan and levamisole immunostimulants. Aquaculture. 2019;509:40-6.
Abdel-Tawwab M, Khalil RH, Metwally AA, Shakweer MS, Khallaf MA, Abdel-
Latif HMR. Effects of black soldier fly (Hermetia illucens L.) larvae meal on
growth performance, organs-somatic indices, body composition, and
hemato-biochemical variables of European sea bass, Dicentrarchus labrax.
Aquaculture. 2020;522(February):735136.

Grimnes A, Jakobsen PJ. The physiological effects of salmon lice infection on
post-smolt of Atlantic salmon. J Fish Biol. 1996;48:1179-94.

Bagni M, Archetti L, Amadori M, Marino G. Effect of long-term oral administra-
tion of an immunostimulant diet on innate immunity in sea bass (Dicentrar-
chus labrax). J Vet Med Ser B. 2000;47:745-51.

Javed M, Usmani N. Stress response of biomolecules (carbohydrate, protein
and lipid profiles) in fish Channa punctatus inhabiting river polluted by
Thermal Power Plant effluent. Saudi J Biol Sci. 2015;22:237-42.

Prabu DL, Sahu NP, Pal AK, Dasgupta S, Narendra A. Immunomodulation

and interferon gamma gene expression in sutchi cat fish, Pangasianodon
hypophthalmus: Effect of dietary fucoidan rich seaweed extract (FRSE) on pre
and post challenge period. Aquac Res. 2016;47:199-218.
Campos-Sanchez JC, Guardiola FA, Esteban MA. Serum proteinogram of gilt-
head seabream (Sparus aurata) and European sea bass (Dicentrarchus labrax)
as a new useful approach for detecting loss of haemostasis. Fish Shellfish
Immunol. 2024;151:109699.

Vandeputte M, Gagnaire P-A, Allal F. The European sea bass: a key marine fish
model in the wild and in aquaculture. Anim Genet. 2019;:1-12.

Alfonso S, Mente E, Fiocchi E, Manfrin A, Dimitroglou A, Papaharisis L, et

al. Growth performance, gut microbiota composition, health and welfare

of European sea bass (Dicentrarchus labrax) fed an environmentally and
economically sustainable low marine protein diet in sea cages. Sci Rep.
2023;13:21269.

R Development Core Team. R Software. 2021.

Sala-Rabanal M, Sdnchez J, Ibarz A, Fernandez-Borras J, Blasco J, Gallardo

MA. Effects of low temperatures and fasting on hematology and plasma
composition of gilthead sea bream (Sparus aurata). Fish Physiol Biochem.
2003;29:105-15.

Oikonomou S, Kazlari Z, Papapetrou M, Papanna K, Papaharisis L, Manousaki
T, et al. Genome Wide Association (GWAS) analysis and genomic heritabil-

ity for parasite resistance and growth in European seabass. Aquac Rep.
2022;24:101178.

Compassion in. World farming. European seabass (Dicentrarchus labrax)
statistics summary. 2021.

Carbonara P, Alfonso S, Zupa W, Manfrin A, Fiocchi E, Pretto T, et al. Behavioral
and physiological responses to stocking density in sea bream (Sparus aurata):
do coping styles matter? Physiol Behav. 2019,212:112698.

El-Sayed YS, Khalil RH. Toxicity, biochemical effects and residue of aflatoxin B1
in marine water-reared sea bass (Dicentrarchus labrax L). Food Chem Toxicol.
2009;47:1606-9.



Alfonso et al. BMC Veterinary Research

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

(2024) 20:322

Filiciotto F, Cecchini S, Buscaino G, Maccarrone V, Piccione G, Fazio F. Impact
of aquatic acoustic noise on oxidative status and some immune parameters
in gilthead sea bream Sparus aurata (Linnaeus, 1758) juveniles. Aquac Res.
2017;48:1895-903.

Sallam AE, El-feky MMM, Ahmed MS, Mansourh ATM. Potential use of whey
protein as a partial substitute of fishmeal on growth performance, non-
specific immunity and gut histological status of juvenile European seabass,
Dicentrarchus labrax. Aquac Res. 2021,53:1527-41.

Contessi B, Volpatti D, Gusmani L, Galeotti M. Evaluation of immunological
parameters in farmed gilthead sea bream, Sparus aurata L., before and during
outbreaks of winter syndrome. J Fish Dis. 2006;29:683-90.

Fazio F, Faggio C, Piccione G, Bonfiglio R, Marino F. Effect of rearing density on
the blood and tissues of mullet (Mugil cephalus L). Mar Freshw Behav Physiol.
2014;47:389-99.

Adineh H, Naderi M, Khademi Hamidi M, Harsij M. Biofloc technology
improves growth, innate immune responses, oxidative status, and resistance
to acute stress in common carp (Cyprinus carpio) under high stocking den-
sity. Elsevier Ltd; 2019.

Fazio F, Marafioti S, Torre A, Sanfilippo M, Panzera M, Faggio C. Haematologi-
cal and serum protein profiles of Mugil cephalus: Effect of two different
habitats. Ichthyol Res. 2013;60:36-42.

Galgani F, Leaute JP, Moguedet P, Souplet A, Verin Y, Carpentier A, et al. Litter
on the sea floor along European coasts. Mar Pollut Bull. 2000;40:516-27.
Zhang YL, Shang ZH, Wang GY, You K, Mi D. High concentrations of envi-
ronmental ammonia induced changes in large-scale loach (Paramisgurnus
dabryanus) immunity. Ecol Evol. 2021;11:8614-22.

Coeurdacier JL, Dutto G, Gasset E, Blancheton JP. Is total serum protein a
good indicator for welfare in reared sea bass (Dicentrarchus labrax)? Aquat
Living Resour. 2011,24:121-7.

Meisner HM, Hickman CP. Effect of temperature and photoperiod on

the serum proteins of the rainbow trout, Salmo Gairdneri. Can J Zool.
1962,40:127-30.

Morris B. The proteins and lipids of the plasma of some species of Australian
fresh and salt water fish. J Cell Comp Physiol. 1959;54:221-30.

Goda AAS, Srour TM, Omar E, Mansour AT, Baromh MZ, Mohamed SA, et al.
Appraisal of a high protein distiller's dried grain (DDG) in diets for European
sea bass, Dicentrarchus labrax fingerlings on growth performance, haemato-
logical status and related gut histology. Aquac Nutr. 2019,25:808-16.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 13 of 13

Hoseini SM, Taheri Mirghaed A, Ghelichpour M. Effects of dietary tryptophan
levels and fish stocking density on immunological and antioxidant responses
and bactericidal activity against Aeromonas hydrophila in rainbow trout
(Oncorhynchus mykiss). Aquac Res. 2020;51:1455-63.

Roque A, Yildiz HY, Carazo I, Duncan N. Physiological stress responses of sea
bass (Dicentrarchus labrax) to hydrogen peroxide (H202) exposure. Aquacul-
ture. 2010;304:104-7.

Nabi N, Ahmed I, Wani GB. Hematological and serum biochemical reference
intervals of rainbow trout, Oncorhynchus mykiss cultured in himalayan aqua-
culture: morphology, morphometrics and quantification of peripheral blood
cells. Saudi J Biol Sci. 2022;29:2942-57.

Jan K, Ahmed I. The influence of sex and season on some hematologi-

cal and biochemical parameters of snow trout Schizothorax labiatus in

the Indian Himalayan Region. Fish Sci. 2020. https://doi.org/10.1007/
$12562-020-01469-3.

Subbotkin MF, Subbotkina TA. Variability of some blood serum B-globulins in
life cycle of sturgeons (Acipenseridae). J Evol Biochem Physiol. 2008;44:462-9.
Siddiqui N. Seasonal, size and comparative study of plasma proteins of four
airbreathing freshwater fishes. Proc Indian Acad Sci - Sect B. 1977;85:384-90.
Hrubec TC, Smith SA, Robertson JL. Age-related changes in Hematology and
plasma Chemistry values of Hybrid Striped Bass (Morone chrysopsxMorone
saxatilis). Vet Clin Pathol. 2001;30:8-15.

Owolabi OD. Haematological and serum biochemical profile of the upside-
down catfish, Synodontis Membranacea Geoffroy Saint Hilaire from Jebba
Lake, Nigeria. Comp Clin Path. 2011,20:163-72.

Fazio F, Saoca C, Casella S, Fortino G, Piccione G. Relationship between blood
parameters and biometric indices of Sparus aurata and dicentrarcus labrax
cultured in onshore tanks. Mar Freshw Behav Physiol. 2015;48:289-96.
Targher G, Seidell JC, Tonoli M, Muggeo M, De Sandre G, Cigolini M. The white
blood cell count: its relationship to plasma insulin and other cardiovascular
risk factors in healthy male individuals. J Intern Med. 1996,239:435-41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s12562-020-01469-3
https://doi.org/10.1007/s12562-020-01469-3

	﻿Comparative analysis of blood protein fractions in two mediterranean farmed fish: ﻿Dicentrarchus labrax﻿ and ﻿Sparus aurata﻿
	﻿Abstract
	﻿Introduction
	﻿﻿Materials and methods﻿
	﻿Fish rearing
	﻿Dicentrarchus labrax
	﻿Sparus aurata


	﻿Experiment protocol and sampling
	﻿Analysis of protein composition
	﻿Statistical analyses
	﻿Results
	﻿Zootechnical data
	﻿Contribution and variation of the different globulin fractions to the total protein content in the two species



