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Introduction
Digestion consists of a group of complex processes, involving physical, chemical, and biochemical transformations of the 
ingested food. All of them are interdependent and finely tuned by a number of molecular, hormonal, and nervous signals, 
many of which are driven by the circadian system. This system is composed of several interconnected oscillators, for which 
light-dark and feeding-fasting cycles are the most powerful synchronizers. An increased knowledge of Food Anticipatory 
Activity (FAA), an out of Food-entrainable oscillators (FEO), may help to optimize the utilization of nutrients by a given 
species adapting feeding protocols to these internal rhythms. The present work aimed to evaluate the rhythmicity of some 
of the gastrointestinal tract (GIT) factors that are related to digestive efficiency in gilthead seabream (Sparus aurata) 
juveniles as well as to determine how these factors are affected by different feeding protocols.

Materials and methods
Juveniles of Sparus aurata were randomly distributed into four groups with three replicates (for each group N = 124, body 
mass 17.91 ± 0.2 g), in 250-L tanks, with flow-through water system at 19.5 ± 1.0 °C, and a photoperiod of 11L/13D. All 
groups were fed a daily ration of 2.5 % body mass, with the same experimental diet but different daily feeding protocols 
(P) during the daylight: P1) one meal at 08:30 h (local time); P2) three meals at 08:30, 13:30, and 18:30 h; P3) five meals
at 08:30, 10:00, 13:30, 16:00, and 18:30 h; and P4) continuous feeding from 8:30 to 18:30. After two-weeks, fish were
sampled (six individuals, two per tank) every 4 hours during a 24 h cycle. Relative expression of genes related to appetite
regulation (ghrelin, ghrl), nutrient transport (Peptide transporter 1, slc15a1), and circadian rhythms (period circadian
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protein homolog 3, per3; circadian locomotor output cycles protein kaput, clock) were quantified in the whole GIT tissue 
using the ΔΔC T method. Pepsin and trypsin activity, as key proteolytic enzymes, were assessed using hemoglobin (pH 2.0) 
and BAPNA (pH 8.5) in the stomach and intestine, respectively. Besides two- and one-way ANOVAs, data were subjected 
to a cosinor analysis (EL TEMPS®) to test for circadian rhythms (p < 0.05).

Results
Significant influence of feeding protocol and/or sampling time was obtained in all the studied parameters. P2 and P1 had the 
lowest, while P4 and P3 had the highest slc15a1 and per3 expression levels. Nevertheless, P3 and P4 showed the lowest, 
while P2 and P1 showed the highest pepsin activity. In all protocols, expression of clock and per3 had significant daily 
rhythms with almost opposite patterns. Except for slc15a1, other studied factors did not exhibit daily rhythms in all the 
feeding protocols (Fig. 1).

Discussion and conclusion
Rhythmicity of GIT expression of clock genes under all the tested daily feeding protocols, without major phase shift, 
indicated a strong light synchronization rather than food entrainment. It is speculated that entrainment of endogenous 
clocks by feeding-fasting cycles is mediated by hormones, metabolites, and other sensor molecules, through alterations in 
the family of period genes. Interestingly, in our study, per3 was the only circadian gene that was significantly influenced
by the feeding protocol. The strong correlation between per3 and slc15a1 expression and, to a lesser extent, between clock 
and ghrl expression in this work, supported the previously reported role of clock genes in daily organization of biological 
functions such as nutrient transport and appetite control, or could underline a putative interactive role of these parameters 
in entrainment of FEOs (Isorna et al., 2017). Activity of proteolytic enzymes, especially trypsin, showed rhythmic daily 
patterns that were mostly synchronized by food availability in GIT in most of the experimental protocols. Overall, higher 
incidence of daily rhythmic patterns in the studied parameters and a higher expression of slc15a1, as a marker of protein 
absorption function, may suggest a better digestive efficiency in P3 and P4. On the other hand, highest enzymatic activity 
in P2 might be a strategy to compensate the absence of daily rhythmicity in some of the studied parameters.
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