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Introduction 

Data on growth performance, haematology and biochemistry indicate that a very high 
replacement of FM and FO is feasible in juveniles of gilthead sea bream when the 
theoretical requirements of essential nutrients are met by the diet (Benedito-Palos et al., 
2016). However, extreme diet formulations might require (less than 10% of marine 
feedstuffs) a short adaptive period to avoid initial and transient detrimental effects on 
growth performance. Apparently, butyrate supplementation did not alter this time course, 
although it was able to restore the normal circulating concentration of haemoglobin and 
cholesterol levels. Other butyrate-mediated effects included the increase of plasma levels 
choline and IGF-I over the course of the summer growth spurt. At the same time, 
butyrate supplementation was able to reverse the increased expression of inflammatory 
cytokines and muscle markers of cellular morphogenesis and protein breakdown in fish 
fed the extreme FM/FO diet. However, the long-term consequences of feeding very low 
FM and FO diets in a hermaphroditic fish such as gilthead sea bream remains mostly 
unexplored. Thus, we analysed herein the effects of ARRAINA fish feed formulations 
on growth performance (through all life cycle) and steroid sexual production in three 
year-old fish fed from early life stages with low FM/FO diets with/without butyrate 
supplementation.  

 
Materials and methods 

Four plant protein-based diets were formulated and delivered by BioMar. FM was added 
at 25% in the control diet (D1) and at 5% in the other three diets (D2-D4). Added oil was 
either FO (D1 control diet) or a blend of vegetable oils (VO) (rapeseed oil: palm oil, 
1/1), replacing the 58% (D2) and the 84% (D3-D4 diets) of FO. A commercial sodium 
butyrate preparation (NOREL, 70-BP) was added to the D4 diet at 0.4%. The nutritional 
composition of diets D2-4, including amino acids, phosphorus, phospholipids and 
cholesterol, was balanced to the control diet. EPA (20:5n-3) plus DHA (22:6n-3) content 
on dry matter basis was 2.9% (D1), 1.4% (D2) and 0.6-0.7% (D3, D4).      

Fish of Atlantic origin (Farine Marine de Douhet, France) with an initial body weight of 
15-16 g were fed for more than 30 months (May 2013-January 2016) with experimental 
diets in triplicate tanks of 2500 l. Fish were fed to visual satiety 1-2 times per day, 3-7 
times per week following changes in season and fish size. Feed intake was registered 
daily and all fish were collectively weighed at regular intervals (1-2 months) through all 
the experimental period. In a monthly basis from September 2015 to January 2016, 10-
12 fish per dietary treatment were randomly sampled for blood and tissue collection in 
overnight fasted fish anaesthetised with MS-222. Blood was taken from caudal vessels, 
and plasma samples were stored at -80ºC until analysis of vitellogenin by Western blot 
and sexual steroids (17β-estradiol, testosterone and 11-ketotestosterone) by ELISA. Fish 
were killed by cervical dislocation and representative portions of liver and gonads were 
taken for histological analyses. A second tissue portion was frozen with liquid nitrogen, 
and stored at -80ºC until posterior RNA extraction and transcriptional analyses.  



 
 
 

Results 

All fish in the trial grew fast through all the experimental period with overall SGRs of 
1.4%, 0.7% and 0.51% for fish harvest at 300 g, 1 Kg and 1.5-1.7 Kg, respectively. Fish 
also grew efficiently with an overall FE that decreased progressively from 1 in 300 g fish 
to 0.8-0.7 in 1-1.7 Kg fish. No signs of histopathological damage were found in any 
experimental group through all the life cycle despite of some transient increases of 
hepatosomatic indices in fish fed the lowest FM/FO diet (D3). At the last stage, a clear 
sexual dimorphism was found for body weight and hepatosomatic index when all 
sampled fish were considered as a whole regardless of nutritional background. A clear 
sexual dimorphism was also found for sexual steroids with a peak of estradiol in the 
females sampled in October-December, whereas the peak of 11-ketosterone was delayed 
in males to December. Plasma levels of testosterone were similar in both sexes. The two 
first components of principal component analysis (PCA) explained more than 90% of 
total variance of plasma levels of sexual steroids. The displacement along X-axis clearly 
separated males and females, whereas the movement along Y-axis was related to 
sampling time. Multivariate analysis also evidenced an androgenic effect in the steroid 
plasma profile of fish fed low fish FM/FO diets, which was especially evident for the 
extreme diet formulation (D3). However, this effect was apparently reversed by butyrate 
supplementation and the female/male ratio of D4 fish did not differ from that of control 
fish, whereas the proportion of females in D2+D3 fish was higher (P< 0.06) than in 
control fish (64% vs 50%). 

 

Discussion and conclusions 

Data on growth performance were in 
the upper range for gilthead sea bream, 
which highly supports the use of 
ARRAINA diet formulations by the 
industry. However, PCA analysis 
suggests the alteration of the biological 
reproductive clock of fish fed low 
FM/FO diets. Gilthead sea bream is a 
protandric hermaphroditic fish where 
most individuals reverse to the female 
sex at the age of two years through 
development and maturation of the 
ovarian portion of the gonad and 
regression of the testicular area. 
However, in contrast to fish exhibiting a true sequential hermaphroditism (complete 
replacement of the gonad of one sex by the other), the two types of gonads are adjoined 
and form an ovotestis in gilthead sea bream, where the female sex change and male sex 
reversal in three year-old fish was a highly-regulated process dependent not only of 
individual determinism, but also of environmental, social and nutritional conditions. The 
ultimate mechanisms require further studies, because our results indicate that vegetable 
diets (D2, D3) exerted an androgenic rather than estrogenic effect, which was apparently 
reversed by butyrate supplementation.  
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