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Introduction
Feeding efficiency requires an adequate nutrient composition and an efficient digestive process. Feed formulation has been 
the target of many studies; however, the actual digestive capacity of farmed fish, with pre- and post-prandial responses, is 
largely unknown. Besides, few studies have focused on designing optimized feeding schedules. Therefore, the aim of the 
present work was to evaluate the effect of two daily feeding frequencies on growth and daily fluctuations of parameters 
related to the circadian and digestive physiology in gilthead seabream (Sparus aurata) juveniles.

Materials and methods
Juveniles of S. aurata were randomly distributed into two groups in duplicate (each group N = 96, initial body mass 22.7 
± 0.6 g), in 500-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) three meals at 08:30, 13:30, and 18:30 h, and P2) five meals at 08:30, 10:00, 13:30, 16:00, and 18:30 h. The 
experiment was carried out in a period of almost five months (139 days), over which the Specific Growth Rate (SGR), and 
Feed Efficiency (FE) were analyzed regularly. At the end of the experimental period, fish were sampled (eight individuals, 
four per tank) every 4 hours during a 24 h cycle. Expression of clock genes (bmal1, clock, per3, cry1) and genes related to 
appetite control and food intake (leptin, lep; ghrelin receptor, ghsr1b; glucocorticoid receptor, nr3c1) were quantified in the 
liver (ΔΔCT method). Trypsin and chymotrypsin activity were analyzed in the proximal intestine (BAPNA and GAPNA as 
substrates, respectively). Besides t-test and ANOVAs, data were subjected to a cosinor analysis (EL TEMPS®) to test for 
circadian rhythms (p < 0.05).

Results
Final body mass, SGR, and FE were 123.7 ± 1.8 g, 1.22, and 1.23 in fish with three (P1) and 124.6 ± 2.1 g, 0.76, and 0.78 
in fish with five daily meals (P2), respectively. No significant differences were obtained neither for final body weight nor 
for any other studied parameter between protocols. However, most of the variables demonstrated significant fluctuations
along the daily cycle and in some cases, their patterns depended on the experimental protocol (Figs. 1 to 3).

Higher trypsin activity during light period in P2, coincides with the food ingestion and could lead to a more efficient
alkaline protein digestion in this group (Fig. 1). Daily changes of the lep and ghsr1b are in accordance with their putative 
anorexigenic and orexigenic function, respectively. Circadian pattern of lep and nr3c1, with their peak at the transition of 
light-dark period, can imply their possible role in entrainment of peripheral oscillators through modification of clock genes 
expression (Fig. 3). Finally, due to the daily changes of the studied parameters, when estimating the fish digestive capacity 
or comparing the response to different diets or feeding protocols, decisions that are based on a single sampling time are 
incomplete and could lead to misleading conclusions.
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