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1.3 g sample 

Incubation 2: Pancreatin 
 pH= 6.8  18 h 40ºC 

Ankom (25 µm bags) 

Residue not digested: 
 DM, N, (NSP, Starch, AA, P) 
 Fermentability 

Incubation 1: Pepsin 
    pH= 2.0   6 h  40ºC 

1.3 g sample 

Incubation 2: Pancreatin 
 pH= 6.8  4 h 41ºC 

Ankom (25 µm bags) 

Residue not digested: 
 DM, N, (NSP, Starch, AA, P) 
 Fermentability 

Incubation 1: Pepsin 
    pH= 2.0   2 h  41ºC Adapted from: 

Yegani et al. (2013) 
AFST 183:40 

Adapted from: 
Boisen & Fernández 
(1995) 
AFST 51:29 
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COMBINATIONS TESTED IN VITRO 
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BGN XYL a-GAL b-MAN PROT PHY
endo-1,3(4)-
β-glucanase

endo-1,4-    
β-xylanase

α-
galactosidase

endo-1,4-          
β-mannanase

Serine 
protease 6-phytase

(BGN/kg) (IFP/kg) (U/kg) (U/kg) (PROT/kg) (FTU/kg)
Barley 3595 15000/75000
Wheat 4521 2965 15000/75000
Wheat pollard 3595/4521 2965 15000/75000
DDGS (wheat) 4521 2965 15000/75000 1000
DDGS (maize) 4521 2965 15000/75000 1000
Peas 100/10000 15000/75000
Soyabean meal 100/10000 15000/75000
Rapeseed meal 100/10000 300 15000/75000
Sunflower meal 100/10000 300 15000/75000
Feed mix 4521 2965 100 300 15000 1000

Doses in red tested with pig model only

• 53 (pig model) and 40 (poultry model) ingredient-enzyme combinations tested 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• 4 feed-phytochemical plant extract combinations tested (both models) 
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Control 
BGN 
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Extrusion 
Ext+BGN 
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 † 
 †   †P<0.1;      *P<0.05; 

 **P<0.01; ***P<0.001 
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WHEAT DDGS 
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MAIZE DDGS 
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Gas Production Study  

QIAamp DNA 
Stool Mini Kit 

Ion Torrent 
318™ Chip 

QIIME 
Bioinformatics 

Basal bicarbonate 
buffered medium (100mL) 

(24h pre-reduction under 
anaerobic conditions) 

Pig or Poultry 
ileal contents (200 µL) 

Undigested residue from 
in vitro digestion (1g) 
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P:Firmicutes C:Bacilli O:Bacillales 
   • F:Other G:Other 
   • F:Bacillaceae G:Bacillus 
   • F:Paenibacillaceae G:Aneurinibacillus 
   • F:Paenibacillaceae G:Brevibacillus 
   • F:Paenibacillaceae G:Paenibacillus 
   • F:Planococcaceae G:Other 

P:Firmicutes C:Bacilli O:Lactobacillales 
   • F:Enterococcaceae G:Other 
   • F:Enterococcaceae G:Enterococcus 
   • F:Lactobacillaceae G:Lactobacillus 

P:Firmicutes C:Clostridia O:Clostridiales 
   • F:Clostridiaceae G:Clostridium 
   • F:Lachnospiraceae G:Other 
   • F:Lachnospiraceae G: 
   • F:Lachnospiraceae G:Roseburia 

P:Proteobacteria C:Gammaproteobacteria 
O:Enterobacteriales 

   • F:Enterobacteriaceae G:Other 
   • F:Enterobacteriaceae G:Escherichia 
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P:Bacteroidetes C:Bacteroidia O:Bacteroidales 

   • F:Bacteroidaceae G:Bacteroides 

P:Firmicutes C:Bacilli O:Lactobacillales  

   • F:Other G:Other 

   • F:Enterococcaceae G:Other 

   • F:Enterococcaceae G:Enterococcus 
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Conclusions 
Carbohydrasses: 
• good potential to improve digestibility in cereals (barley, wheat 

and wDDGS; also extruded barley and wheat) 
• less efficient for wheat pollard and maize DDGS 
Protease: 
• good potential to improve digestibility in poultry but not pigs 
α-Galactosidase: 
• good potential to improve digestibility in peas (only for pigs) 

and SBM 
β-Mannanase: 
• not efficient to improve digestibility of RSM and SFM 
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Conclusions 
Fermentability (gas production) : 
• much larger with the poultry model (incomplete starch 

digestion?), and in starch rich ingredients (barley, wheat and 
peas) 

• extrusion reduces fermentability 
• limited impact of enzyme addition 
Diversity: 
• largest for extruded cereals and smallest for mDDGS 
Similarity and OTU’s profiles: 
• ingredient and protease effects 
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Thank you for your attention 

Lallemand Technical Meeting, 26th May 2016 

david.torrallardona@irta.cat  
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