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Introduction

The presence of non-starch polysaccharides (NSP) in most plant feedstuffs (PF) has been associated with adverse effects 
on carnivorous fish nutrient digestibility and, ultimately, on growth and health. The lack of enzymatic machinery and well-
developed microbiota in the digestive tract of carnivorous fish for processing NSP are possible causes for such effects. 
A promising nutritional strategy to improve nutrient digestibility of plant-based diets is the use of exogenous enzymes 
(e.g. carbohydrases, proteases) as feed additives. Solid-state fermentation (SSF) is an eco-friendly and cost-effective 
biotechnology process that allows converting inexpensive agro-industrial by-products into added-value products such as 
carbohydrases. As a low-cost and lignocellulosic by-product of the brewing industry, brewery spent grain (BSG) is an 
attractive substrate for microbial enzyme production by SSF. The present study was designed to assess the potential of a 
carbohydrase enzyme extract obtained by SSF to release total amino acids (AA) and monosaccharides (pentoses) from 
plant-based diets in an in vitro gastrointestinal model with enzyme extracts of European sea bass (Dicentrarchus labrax). 

Material and methods

Three isoproteic (48% crude protein) and isolipidic (16% crude lipids) diets were formulated with 15% fishery products 
(fish meal and fish protein concentrate), 5% hemoglobin, and 61% plant feedstuffs (wheat gluten, soybean, wheat, rice 
bran, sunflowe , rapeseed). In all diets fish oil was the main lipid source. Diets were similar in starch (10%), hemicellulose 
(2.4%), cellulose (1.6-%) and lignin (2.3%) contents. The diets were unsupplemented (control) or supplemented with an 
enzyme extract obtained by SSF at 0.1 or 0.4%. The enzyme extract was obtained from SSF of BSG using Aspergillus 
ibericus MUM 03.49 as the inducer for enzyme production. The enzyme extract was a combination of cellulase (1343U g-1 
crude extract) and xylanase (15885U g-1 crude extract). 
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The in vitro methodology involved two-step hydrolysis designed to simulate stomach and intestinal digestion of European 
sea bass, as described in Morales and Moyano (2010).  Briefl , the digestion was simulated using the following conditions: 
samples of each diet (between 20 and 80 mg mL-1) were incubated in triplicate in a 10 mL closed reactor at 25ºC simulating 
gastric and intestinal digestions. The gastric digestion was done at pH of 5.0 with 9846 U mg-1 acid proteases and the 
intestinal digestion was done at pH of 8.5 with 507 U mg-1 alkaline proteases from sea bass stomach and intestine, 
respectively. A negative control assay including inactivated fish enzyme extracts was also carried out. The release of 
hydrolysis products, AA and pentoses, were monitored along the course of each digestion phase (at 0, 0.5, 1, 2h for gastric 
digestion; at 3, 4, 5, and 6h for intestinal digestion). Results are presented as total amount of product released during the 
different digestion phases.

Results and Discussion

After the pelleting process, 0.1 and 0.4 % BSG supplemented diets presented 1.76 and 5.76 U g-1 cellulase activities and 
5.11 and 8.80 U g-1 xylanase activities, respectively. The simulated gastric and intestinal digestion demonstrated that AA 
release remained unaffected by dietary treatments (Table I). In contrast, a significant increment of pentoses release in the 
presence of increased incorporation of extracts in the diets was observed throughout gastric and intestinal incubations. 
Independently of dietary treatment, AA and pentoses release were higher at intestinal than at gastric digestion.  In all dietary 
treatments, inactivation of fish enzyme extracts (W), promoted higher pentoses release than active fish enzyme extracts(A). 
Contrarily, inactivation of fish enzyme extracts did not affect AA release from experimental diets, except in the 0.1% BSG 
diet. 

In conclusion, dietary supplementation of plant-based diets with 0.1 or 0.4 % enzyme extracts obtained by SSF of BSG 
seems to contribute to enhancing monosaccharide availability. Results also suggest that fish enzyme extracts interact with 
carbohydrases extract reducing their ability to hydrolyze NSP. Thus, coating the enzyme extract should be considered to 
maximize their potential. Studies in vivo still need to be performed to confirm the results of the present in vitro results.
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