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Introduction
Non-starch polysaccharides (NSPs), carbohydrates present in plant ingredients, are formed by cellulose and other 
heteropolymers of more complex sugars such as mannose, xylose, and arabinose, among others. They give important 
differences in solubility, water retention capacity, interaction with other food ingredients, and in the intestinal microbiota. 
In many cases, NSPs form a matrix that hinders the access of digestive enzymes to the protein and starch present in seeds of 
cereals and legumes. Therefore, the use of enzymatic complexes capable of partially degrading NSPs, has shown positive 
effects in the nutritive use of feeds with high amounts of plant ingredients. Additionally, exogenous carbohydrases can 
promote the development of a beneficial microbiota and consequently results in a better health status. The inclusion of 
these enzymes has been evaluated in feed for freshwater species such as tilapia, catfish, rainbow trout and carp, but not in 
marine fish. Consequently, the present study aimed to assess the effect of including a commercial mixture of carbohydrases 
in a feed containing high amounts of plant ingredients on growth, digestion, metabolism, and gut microbiota in the gilthead 
seabream (Sparus aurata).

Materials and methods
Gilthead seabream juveniles (mass 250 ± 4 g) were randomly distributed into four 250-L tanks (for each tank N = 24), 
with flow-through water system at 19.5 ± 1.0 °C, and a photoperiod of 11L/13D. In two tanks the fish was fed a standard 
plant-based diet for this species (C-diet; including 66% of vegetable meal and 17% of animal meal), and the other two 
tanks the same diet was supplemented with endo-beta-glucanase (E-diet) that hydrolyses (1,3)- or (1,4)-bonds in beta-D-
glucans. All tanks were fed a daily ration of 2.5 % body mass distributed in three meals. At the end of the experiment, after 
3 months, fish were sampled for growth determination, and biochemical and molecular analyses. Gut content was collected 
for microbiome analysis. The 16S-rDNA amplicon sequencing was done by Illumina. Relative expression of genes related 
to growth and digestion were quantified in the whole gastrointestinal tract. Potential differences were tested by one-way 
ANOVA (p < 0.05).

Results
No significant influence of the tested diets was obtained on the studied variables, except for length, plasma triacylglycerol, 
and igf expression (Table I). Weight and other analysed parameters were generally higher (except for the alkaline proteases 
expression) in the E-diet group, although these differences were not statistically significant
Gut microbiota was dominated by firmicutes, followed by proteobacteria and actinobacteria. No statistical differences 
were detected in the taxa composition between treatments (PERMANOVA analysis), but the amount of proteobacteria 
was higher in fish fed the E-diet. The presence of Photobacterium reached at significantly higher levels in fish with E-diet. 
However, this difference was mainly driven by the individuals from only one tank, probably due to a tank effect rather than 
a diet.

Discussion and conclusion
Inclusion of endo-beta-glucanase in the diet seems to induce some beneficial changes. However, they are not evident 
enough, but a longer experimental on-growing period could reveal significant biological e fects.
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