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Abstract
The aim of this study was to investigate the effects of feeding frequency on post-prandial pattern of circulating glucose,
insulin and IGF-I (insulin-like growth factor-I) in European sea bass (D. labrax). Fish (average body weight 72.1 ± 2 g) were
randomly allocated in 12 tanks, reared in a closed thermo regulated recirculating system and fed a commercial diet at a fixed
ration (1.5% body weight) for 7 weeks. Six fish groups were fed the ration in one meal a day (08:30 am), while six fish groups
were offered the same ration in two daily meals (08:30 am and 04:30 pm) according to a complete random design. Plasma
insulin mean level was affected by the splitting up of the ration (14.4 vs 15.2 ng/ml, P<0.05, one meal and two meals/day,
respectively) and showed a bimodal profile depending on the meal administration. The level of circulating glucose was
slightly affected by feeding pattern with an increase of glycaemia after each meal. The daily pattern of plasma IGF-I did not
appear related to meal administration. Results show that post prandial plasma glucose, insulin and IGF-I are differently
affected by the meal administration pattern in sea bass due to their physiological role in maintaining the internal homeostasis.
Keywords: Feeding response, hormonal regulation, meal, growth, glycaemia.

Introduction
In teleost fish feeding triggers a response in the
nervous and endocrine systems which modulate the
distribution of nutrients and energy. Among the
hormones, insulin and insulin-like growth factor-I
(IGF-I) play a central role in metabolism and growth.
Insulin is a pancreatic hormone while systemic IGF-I
is synthesized by the liver and circulates in plasma
bound to its binding proteins. Insulin and IGF-I are
structurally related and their effects on metabolism
and growth are mediated, at cellular level, by specific
tirosine kinase receptors (Mommsen, 1998).
The response of insulin to food intake has been
studied in cultured teleost species such as European
sea bass (Perez et al., 1988), browntrout (Navarro et
al., 1993) and striped bass (Papatryphon et al., 2001)
and during food deprivation (Navarro and Gutiérrez,
1995). Differently to mammals under physiological
conditions, where insulin is the primary hormone
responsible for blood glucose homeostasis during the
post prandial state, insulin production in carnivorous
fish is only slightly affected by dietary glucose being
in a more potent way in response to a dietary
aminoacid intake, mostly arginine and lysine

(Plisetskaya et al., 1991; Mommsen et al., 2001;
Andoh, 2007) likely due to their low ability to utilize
dietary carbohydrates.
IGF-I and its binding proteinsare produced as a
consequence of the bound of growth hormone to its
hepatic receptorand are part of the somatotropic axis
which regulates body growth; thehormonal status of
this axis seems to be nutritionally regulated in teleost
fish (Pérez-Sanchez et al., 1995; Gomez-Requeni et
al., 2004). Inthe European sea bass, the effects of
dietary carbohydrate on plasma insulin and IGF-I has
been examined six hours after feeding (Enes et al,
2010). The response of these circulating hormones to
a glucose load in this species indicates that both
insulin and IGF-I may contribute to glucose
homeostasis (Enes et al., 2011), nevertheless, the
postpandrial profile of these plasma peptides has not
been analyzed in detail. Circulating IGF-I levels show
species-specific differences and are affected by
exogenous growth hormone (GH), stress conditions
and seasonal changes (Pérez-Sanchez et al., 1994;
Silverstein et al., 2000; Beckmann et al., 2004; Dyer
et al., 2004; Vega-Rubin de Celis et al., 2004). Also,
fasting diminishes the circulating IGF-I pattern due in
part to a developed liver resistance to plasma GH
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(Pérez-Sanchez et al., 1994; Pierce et al., 2005; Small
and Peterson, 2005).
Differently from the above mentioned studies, in
which single hormones and/or seasonal variations in
their circulating levels were investigated, daily
changes in plasma insulin and IGF-I concentration
have been poorly studied in teleost fish in response to
changes in feeding pattern. The effect of fasting and
re-feeding has been recently investigated in coho
salmon (Shimizu et al., 2009) and Mozambique
tilapia (Fox et al., 2009), showing significant postprandial increase in circulating levels of insulin, IGF-I
and glucose.
The aim of the present trial was to investigate
theeffects of feeding frequency on the post prandial
pattern of plasma glucose, insulin and IGF-Iin reared
European sea bass (E. sea bass) one of the most
important fishes in Mediterranean marine aquaculture.

Materials and Methods
Fish, Diet and Experimental Conditions
Juveniles of E. sea bass were obtained from a
commercial fish farm (Panittica Pugliese, Torrecanne,
Br, Italy) and transported to the facilities of the
Department of Food Science (University of Udine,
Italy). Sea bass (average body weight, 72.1±2 g),
were reared in 0.3 m3 circular tanks in a thermo
regulated recirculating water system. Water
temperature was set at 23.7±0.5°C, salinity was 23
psu and a 12D/L photoperiod was maintained during
the experimental period. Fish were randomly
distributed among 12 homogeneous groups (23
fish/tank). After 3 weeks acclimation to the rearing
conditions, fish were fed according to the
experimental condition for 47 days. Six fish groups
were fed a commercial diet (Ecolife, Biomar, Italia;
crude protein of 48%, crude lipid of 18%, starch
12.9%) at a fixed daily ration of 1.5% biomass in two
daily meals (08:30 am and 04:30 pm) (M2), which
represent the usual feeding frequency, and six fish
groups were offered the same ration in one daily meal
(8.30 am) (M1) according to a complete random
design. The fixed ration has been chosen to obtain
fish at the same nutritional status. Fish were groupweighed at the beginning and at the end of the trial
under moderate anaesthesia with an alcoholic solution
of clove oil (5%).
Metabolite and Hormone Assays
Blood samples were withdrawn from the caudal
vein, after moderate anaesthesia from 5 fish per
group. The time of sampling was 0, 0.5, 1.0, 2.0, 4.0,
6.0, 8.0, 8.5, 9.0, 10.0, 12.0, 14.0 and 24.0 hours after
the morning meal. Different group/tank has been used
at each sampling time to minimize the stress of the
animals. The blood sample was collected in

heparinised tube, centrifuged at 2000 g for 15 min at
4°C and plasma was frozen at -20°C until analysis.
Total plasma IGF-I was determined on samples
previously extracted according to Shimizu et al.
(2000) by a microtitre solid phase radioimmunoassay
(RIA) validated for sea bass. Immunoplate (96-well
Optiplate, Perkin Elmer Life Science) was coated
with 100 l/well of polyclonal anti rabbit serum
raised in goat, diluted 1:1.000 in acetate buffer
(sodium acetate 0.15 M, pH 9) and incubated
overnight at 4°C. The second day the plate was
washed twice and incubated with 200 l/well of anti
barramundi IGF-I polyclonal antiserum (GroPep,
Adelaide, Australia), diluted 1:20.000, overnight at
4°C. The third day plate was washed twice with 200
l/well of washing buffer. Series of standards of
recombinant barramundi IGF-I (bIGF-I) obtained in
E. coli (GroPep, Adelaide, Australia), ranging from
10 ng/ml to 0.156 ng/ml, and of extracted samples
were diluted with10 mM PBS (pH 7.4) containing
0.02% protamine sulphate, 0.05% tween 20and 0.02%
sodium azide (IGF-I buffer) to a final volume of 100
l and added to the wells. The tracer was recombinant
bIGF-I prepared according to Salacinski et al. (1981).
50 pg/10l/well of 125I-bIGF-I (Specific activity =
176.1 Ci/g) diluted in the IGF-I buffer were added
to each well. Plate was incubated overnight at 4°C.
The next day plate was washed twice with 200 l/well
of washing buffer and radioactivity counted by the
Top Count-counter (Packard, Connecticut, USA).
The intra- and inter-assay CV% was 7.6 and 12.7
respectively. The sensitivity of the assay, defined as
the dose of hormone at 90% binding, was 0.1 ng/ml.
The rabbit polyclonal anti-barramundi serum showed
cross-reactivity with sea bass extracted plasma
samples with a displacement curve parallel to the
barramundi standard (Figure 1). Regression curve for
parallelism was y = 0.8921x + 5.5413 (R2 = 0.996)
and for recovery was y = 0.7141x + 14.339 (R2 =
0.922).
Plasma insulin levels were measured by RIA
using bonito insulin as standard and rabbit anti-bonito
insulin as antiserum, according to Gutierrez et al.
(1984). Insulin was not measured in all samples due
to insufficient plasma. Plasma glucose was analysed
by an enzymatic commercial kit according to the
indication of the manufacturer (PKL, Genova, Italy).
Statistics
Plasma data were analysed by two-way ANOVA
considering number of daily meals (M1, M2) and
hours after the first meal as main factors. As a
significant interaction was observed between number
of daily meals and hours after the meal, data are
presented per each main factor. If appropriate,
Duncan’s test was applied to the data means (P<0.05).
Data processing was performed using the SPSS/PC
Statistical package (SPSS Inc release 17.0).
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Figure 1. Binding inhibition curves of recombinant barramundi IGF-I (■)and ( ) acid-ethanol extracted plasma sample
serial dilution (▲). Values are means of duplicate determinations.

Results
European sea bass juveniles fed a commercial
diet for 47 daysat the same ration (1.5% body weight)
supplied in one meal (complete ration/meal, M1) or
two meals (half ration/meal, M2) per day exihibited a
final average body weight of 101.9±2.2 in M1 and
105.5±2.5 in M2 (P>0.05) respectively andthe
survival observed for each group was 100%.
Feeding fish the complete ration in one meal/day
or divided in two meals/daysignificantly affected the
mean value of plasma insulin in M1 and M2 (14.4 vs
15.3 ng/ml, P<0.05) but did not affect the mean
values of plasma glucose and IGF-I over a 24 hr
period. The daily patterns of plasma glucose, insulin
and IGF-I are reported in Figure 2.
Plasma levels of glucose in M1 and M2
significantly increased in response to feed intake
within 1 hour after the first meal and remained
essentially similar during the sampling time. A
significant effect of feeding one or two meals/dayon
circulating glucose could be observed 4 hours after
the second meal, when the level in M2 reached its
highest value (7.1-9.7 mmol/L, for M1 and M2
respectively, P<0.05) (Table 1).
As stated in Table 2, circulating insulin
increased2 hours and 1 hr after feeding respectively in
M1 and in M2, and in fish fed twice a day always
remained higher than in fish fed once a day. Plasma
insulin levels significantly decreased 2 hours (M1)
and 4 hours (M2) after the first peak value. In
addition, one hour after the second meal plasma
insulin of M2 group showed a significant peak value,
while at the same sampling time M1 fish exhibited the
lowest value (12.6 ng/ml). Significant differences
between M1 and M2 groups could be observed 6
(13.5 vs14.8 ng/ml, P<0.05) and 9 hours (12.6 vs16.3,
P<0.05) after the first meal, the latter value was also
triggered by the second meal intake (Table 2).
Considering IGF-I in M1 significantly higher
levels were found 1 hour after the meal with no

differences at later sampling points except 8, 14 and
24 hours after the meal (Table 3). In M2, IGF-I
concentrations were similar until 8 hours after the first
meal when a significant drop was observed with the
lowest value 30 minutes after the second meal, and
subsequently recovered. The effect of meal size on
circulating IGF-I levels between M1 and M2 fish
groups was significantly different at 6 (78.5 vs 66.2
ng/ml, P<0.05), 8.5 (70.3 vs 46.4 ng/ml, P<0.05), 10
(81.4 vs 62.6 ng/ml, P<0.05) and 14 (49.6.5 vs 65.9
ng/ml, P<0.05) hours after the morning meal.

Discussion
Feeding the same ration in one or two meals/day
over 47 days did not affect the final body weight of
sea bass suggesting that the two patters of fed
administration were equally well accepted by fish.
Although in mammals, increasing the feeding
frequency may improve bioenergetic efficiency
(Towhidi et al., 2010), it was not the objective of the
present study to analyze the effects on conversion and
growth rates since longer experimental trials should
be designed for that purpose.
The pattern of post prandial glycemia observed
in the present trial is similar to that found in sea bass
fed commercial diets (Gutierrez et al., 1984) and
more recently by Enes et al. (2010), with a moderate
peak in plasma glucose concentration between one
and two hours after the meal mainly as a response to
carbohydrate intake. These results are also in
agreement with those of Gouveia and Davies (2004)
who demostrated the ability of sea bass to digest
carbohydrates and assimilate glucose from dietary
corn starch/yellow destrin (2:1, 21.23% dry matter).
Feeding the whole ration or half a ration in one meal
seems to trigger, in a similar way, the increase of
glucose concentrationsbeginning 30 minutes after the
meal, and the amount of dietary carbohydrates in both
cases maintains similar values of glycemia, apart from
at the sampling time 12 when in M2 group the effect
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Figure 2. Pattern of circulating glucose (a), insulin (b), and IGF-I (c) in sea bass fed one (M1) or two meals (M2) per day.
In abscissa hours after first meal are expressed while arrows indicate the meal time (8.30 am and 4.30 pm). ■ and solid line
represents M1 and ▲and dashed line represents M2. Values are mean ± SD. An asterisk indicates significant (P<0.05)
differences within time between M1 and M2 groups.

of the second meal is showed and higher levels of
glycemia are reached. These results suggest that
glycemia in E. seabass is not strictly related to the
carbohydrates content of a single meal, but it should
be related to the amount of carbohydrates in the diet
(Enes et al., 2010) and to the hormonal control of
glucosehomeostasis.
In vertebrates, plasma insulin level is affected by
two major components such as circadian rhythm and
food intake. The former phenomenon has been well
described in mammals (la Fleur, 1999; Froy, 2007). In
fish, a circadian rhythm has been observed in the
plasma insulin of sea bass fed a natural diet (Gutierrez
et al., 1984) while the effects of feeding on plasma

insulin profile have been studied in trout by Navarro
et al. (1993), whereinsulin concentration increased 1
hr after the meal to promote uptake of glucose into
liver and skeletal muscle and started to decrease 8-11
hours post feeding. In the present trial, the differences
in plasma insulin profile could be due to dietary
carbohydrate assimilation and to the effect of
nutrients other than glucose. In carnivorous fish the
insulinotropic action of carbohydrates is less
important than that of amino acids, in particular
arginine and lysine, and insulin plays its most
important role related to growth and amino acid
metabolism (Mommsen and Pliseskaya, 1991;
Mommsen et al., 2001). Thus, in E. seabass fed once
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Table 1. Effect of sampling time and number of meals per day on plasma glucose in European sea bass
Hours from
first meal
0
0.5
1
2
4
6
8
8.5
9
10
12
14
24

Glucose (mmol/L)
M1
5.2±1.0c
6.7±1.3bc
7.6 ±1.3ab
8.6 ±1.2ab
7.8 ±1.1ab
7.9 ±1.2ab
8.5 ±2.2ab
7.9 ±1.1ab
9.3 ±3.4a
8.0 ±1.8ab
7.1 ±1.1abc
6.7±2.0bc
7.7±1.3ab

M2
5.2±1.4c
7.5±2.1ab
8.4±1.6 ab
8.2±1.3ab
8.3±1.5ab
6.6±1.6bc
9.2±2.5ab
7.4±1.7a
8.3±1.7ab
9.5±1.4a
9.7±1.3a
8.2±1.1ab
7.4±0.1ab

M1= one meal/day, M2 = two meals/day (n=5)
Values are presented as mean ± SD
a,b,c
Mean values in the same column with different superscript letters are significantly different within a group (P<0.05).

Table 2. Effect of sampling time and number of meals per day on plasma insulin in European sea bass
Hours from
first meal
0
0.5
1
2
4
6
8
8.5
9
10
12
14
24

Insulin (ng/ml)
M1
14.9±0.5 b
15.1±1.0 b
15.2±1.7 b
16.0±0.5 a
14.7±1.0bc
13.5±0.8cd
13.6±0.6cd
14.1±0.9bc
12.6±0.3 d

M2
15.2±0.6bcd
15.3±0.5bcd
16.4±0.9 a
16.4±0.8 a
15.7±0.9abc
14.8±0.5cde
14.4±0.7ef
14.5±0.5ef
16.3±1.1ab
15.8±0.9abc
14.8±0.4cde
14.1±0.6 f
14.7±0.8def

M1= one meal/day,
M2 = two meals/day (n = 5)
Values are presented as mean ±SD.
a,b,c,e,f
Mean values in the same column with different superscript letters are significantly different within a group (P<0.05).

Table 3. Effect of sampling time and number of meals per day on plasma IGF-I in European sea bass.
Hours from
first meal
0
0.5
1
2
4
6
8
8.5
9
10
12
14
24

IGF-I (ng/ml)
M1
62.1±8.9de
68.3±11.1bcd
79.5±10.0ab
71.8±5.5abcd
69.1±11.0abcd
78.5±7.1abc
54.9±13.1f
70.3±6.3abcd
66.5±9.5cde
81.4±5.5a
69.7±5.7abcd
49.6±6.6f
45.3±4.8f

M2
66.9±5.8abc
78.1±4.1a
72.7±14.3ab
65.5±5.8abcd
72.1±7.9ab
66.2±9.5abc
56.9±2.7de
46.4±14.4e
54.9±11.7cde
62.6±4.9bcd
61.5±10.8 bcd
65.9±5.1 abcd
53.4±4.2de

M1= one meal/day,
M2 = two meals/day (n = 5)
Values are presented as mean ±SD.
a,b,c,e,f
Mean values in the same column with different superscript letters are significantly different within a group (P<0.05).
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or twice/day for 47 days, plasma insulin relative
increases are similar and not directly proportional to
the amount of the ingested food, but increasing
always shortly after feeding, reflecting the
physiological pattern of this pancreatic hormone
(Mommsen and Pliseskaya, 1991). In mammalian
species increasing fed frequency decrease the insulin
elevations changes quickly after feeding, but the
average daily value is higher with higher feeding
frequency (Mineo et al., 1990; Vicari et al., 2008). In
a similar way, the average value of insulin was higher
in M2 in sea bass, and it appears that the double
stimulation of food can maintain higher levels during
the day, but in this case maintaining the same
magnitude of increases after a meal. Whether this
pattern of fed administration could help the uptake of
nutrients by the insulin dependent tissues deserves
further investigation.
The validation of a microtitre solid phase RIA
for E. sea bass IGF-I is presented in this study. The
antiserum has already been shown to be highly
specific for different fish species IGF-I (Dyer et al.,
2004). Moreover, the amino acid sequence of E. sea
bass IGF-I [GenBank accession number: AAV91771]
is 92–94% identical to that of barramundi (Kinhult,
1996, cited by Moriyama et al., 2000; Vega-Rubin de
Celis et al., 2004) confirming the high cross-reactivity
between E. sea bass IGF-I and barramundi antiserum.
Compared with other RIAs (Dyer et al., 2004), the
assay showed great sensitivity to and specificity for E.
sea bass IGF-I.
As in mammals, in teleost fish the circulating
levels of IGF-I are regulated by the nutritional status
depending on food ingestion and diet composition
(Duan and Hirano, 1992; Niu et al., 1993; GomezRequeni et al., 2004). Long-term feeding (4-7
months) and different feeding levels, have
significantly increased circulating IGF-I levels
coupled with higher weight gainin coho salmon
(Beckmann et al., 2004). In sea bream a biphasic
pattern of plasma IGF-I was observed relating to the
season (the lowest level in March and the highest in
July) with a significant parallelism between plasma
IGF-I levels and specific growth rate. Moreover,
increasing ration level from 0 to 2.7 g/100 g body
weight/day resulted in an increase of circulating IGF-I
in sea bream over a 7 weeks period (Pérez-Sánchez et
al., 1994).
To our knowledge this is the first time that a
daily post prandial pattern of plasma IGF-I in E. sea
bass has been evaluated. In the present triala window
of 24 hours has been explored to describe the effects
of feedingthe same ration in one or two meals on
plasma IGF-I levels. The daily pattern of circulating
IGF-I seems to be only partially affected by thesize of
the meal. Other factors not directly related tothe
single meal could be considered such asan intrinsic
rhythm of the somatotropic axis, already described in
other teleost species (Ebbesson et al., 2008; Sing et
al., 2009), since a biphasic increase along the day was

observed in both experimental groups.
Our data are consistent with Enes et al. (2010)
thatreported a significant increase in plasma IGF-I
concentration at 6 hoursin comparison to 24 hours
after the morning meal in sea bass. Moreover, plasma
insulin and IGF-I in salmon are reported to increase
after a meal, but while insulin pattern is associated
with short term response to food intake, the IGF-I
patternseems to dependon long-term nutritional status
(Shimizu et al., 2009). Mean plasma IGF-I levels of
juvenile catfish have been assessed by Small (2005)
on fish sampled every 2 hours over a 24 hours cycle.
He obtained significantly higher IGF-I level at 0.5 hr
after the meal without differences at later sampling
point.
The fluctuations of the plasma IGF-I values that
we obtained in sea bass suggest that the choice of the
sampling time is determinant to describe the post
prandial fish response. In any case, it would be
interesting to understand if the fluctuations of plasma
IGF-I on a daily basis could be recognized as a trigger
by the fish.
In conclusion, our data on the post prandial
endocrine response in European sea bass describe the
different role of insulin and IGF-I in the regulation of
glucose homeostasis. Moreover, it seems that
European sea bass is able to adapt to different meal
regimes without adverse effect on fish growth and
with different minimal effects on plasma glucose,
insulin and IGF-I.
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