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The application and use of enzymes in the feed

industry is widespread. Their use in feed for

monogastrics has predominantly been relat-

ed to the hydrolysis of the non-starch-polysaccha-

ride (NSP) fraction in cereals. The NSP cannot be

digested by the endogenous enzymes of monogas-

tric animals and may exert anti-nutritive effects.

These effects are linked to the polymeric nature of

the NSP and they can be effectively eliminated by

cleavage of the NSP into smaller fragments.

Arabinoxylans (AX) are the major components of

NSP in feed raw materials. Their structure varies

from simple, nearly linear xylan chains to complex

structures of xylan backbones to which several side-

chains are attached (arabinose, glucuronic acid,

acetyl groups, phenolic acids). These structural vari-

ations have a great impact on their functional prop-

erties, such as solubility, capability to interact with

other molecules, and on their susceptibility to

enzymatic breakdown.

AX can be subdivided into a water-extractable

fraction (WE-AX) and a water-unextractable fraction

(WU-AX) (Table 1). Both types contribute to the anti-

nutritional effect, water-extractable AX are respon-

sible for an increase in intestinal viscosity, whereas

water-unextractable AX are known to enclose

digestible nutrients, making them unavailable to

the animal (Figure 1). The overall anti-nutritive

effect of AX depends largely on the their level in the

diet as well as on the ratio WE-AX / WU-AX.

Effect of hydrolysing enzymes
The AX degradation by xylanase requires a binding

of the AX to the substrate-binding site of the

enzyme. Large variation exists in the structure of

both the enzyme binding sites and the arabinoxy-

lans. This explains the differences in efficacy

between different xylanase sources and the necessi-
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Figure 2 - Solubilisation of WU-AX in
squeegee starch by xylanase (Courtin and
Delcour, 2001)
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Figure 1 - Hydrolysing effect of endoxylanase on water-
extractable and water-unextractable arabinoxylans. 
(B-X bacterial xylanase; F-X fungal xylanase)
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ty to re-evaluate enzyme preparations when raw

material profile changes.

The complexity of AX could suggest the necessity

of a broad range of enzyme activities such as endo-

1,4-β-xylanases, β-xylosidases, and α-arabinofura-

nosidases to convert AX to its constituent sugars.

However, all of these activities are not required to

optimise an animal feed, as a simple reduction in

molecular size of the AX through the use of an

endoxylanase, is sufficient to alleviate the detri-

mental effects of the AX. Furthermore, the break-

down of AX into pentose sugars is considered as a

negative effect, because it increases the moisture

content of the faeces.

Considering the two types of AX in cereals, WU-AX

and WE-AX, the hydrolysing effect of xylanase is

visualized in Figure 1. Water-unextractable AX are

degraded into smaller fragments, which can be

water-soluble (solubilised AX: S-AX), or not water-

soluble (non-solubilised AX: NS-AX). 

Water-extractable AX and S-AX are fragmented to

lower molecular weights. Xylanases of different

sources have different substrate specificities. In the

feed industry, NSP enzymes have been selected for

many years for their activity on WE-AX, while every

activity on WU-AX was thought to have a negative

impact on zootechnical performances.

Courtin and Delcour 2001 investigated the selec-

tive activity of a bacterial endoxylanase (B-X, source:

Bacillus subtilis) and a fungal endoxylanase (F-X,

source: Aspergillus aculeatus) on respectively WE-

AX and WU-AX. They concluded that both types of

endoxylanases hydrolysed WE-AX to a similar extent

but exhibited a largely different effect on WU-AX. At

low endoxylanase concentrations the bacterial

enzyme solubilised 30 times more WU-AX than the

fungal derived type (Figure 2).

To quantify the increase in viscosity due to the

formation of S-AX in complete wheat suspensions, a

research project was started at the CTL in Gent,

Belgium. Rosier (2001) concluded that bacterial

endoxylanase never led to an increase in viscosity

and in most studies even resulted in a lower viscos-

ity profile compared to commercial fungal endoxy-

lanases (Figure 3). This can be explained by the fact

that the fragment size of the S-AX is too small to

have an impact on wheat suspension viscosity.

Furthermore, the S-AX themselves are quickly

degraded into even smaller fragments (Figure 1).

Water unextractable part underestimated
To estimate the relevance of this difference in

enzyme functionality for feed applications, the in

vivo effect of commercial xylanase preparations was

compared, using feed rations with variable WE-AX

and WU-AX levels, resulting from varying ratios of

WE-AX WU-AX NSPtotal

Wheat 1.8 6.3 11.4

Wheat bran 1.1 20.8 35.3

Barley 0.8 7.1 16.7

Corn 0.1 5.1 8.1

Rice bran 0.2 8.3 21.8

Figure WE-AX WU-AX

Wheat 4 0.98 3.66

Wheat – corn 5 0.57 3.42

Corn – wheat bran 6 0.16 4.51

Corn 7 0.06 2.91

NSP Non Starch Polysaccharides

AX Arabinoxylans

WE-AX Water-extractable arabinoxylans

WU-AX Water-unextractable arabinoxylans

S-AX Solubilised arabinoxylans

NS-AX Non-solubilised arabinoxylans

B-X bacterial endoxylanase

F-X fungal endoxylanase

Table 1 - Arabinoxylan and total NSP 
content of some frequently used raw 
materials (Adapted from Choct, 1997)

Table 2 - WE-AX & WU-AX level of the
rations in the animal trials

Table 3 – Abbreviations

Figure 3 - Viscosity profile of a wheat sus-
pension, in presence of commercial endoxy-
lanase preparations (Rosier, 2001)
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wheat and corn (Figures 4 – 7). The bacterial xylanase

significantly improved zootechnical performances for

all diet compositions. The benefits of bacterial xylanase

in corn diets are unique, because corn diets weren’t

responding to NSP hydrolysing enzymes before

(Summers 2001). When comparing different commer-

cial xylanase sources, the bacterial type results in the

best zootechnical performance. The differences com-

pared to fungal xylanases are more obvious when the

importance of the WU-AX part increases. Although WU-

AX (5.1 % in corn, 6.3 % in wheat) have mainly been

regarded as components without a real anti-nutritive

effect, they can act as a physical barrier for digestive

enzymes, such as amylase and protease (Choct, 2001).

Therefore, hydrolysis of WU-AX will improve the access

of digestive enzymes to their substrates and finally

increases the metabolisable energy content of the diet.

Conclusion
Besides the anti-nutritive effect of the water-extractable

fraction of arabinoxylans, which is counteracted by

most commercial xylanase preparations, the water-

unextractable fraction also plays an important role in

the general digestion of the feed. Xylanase sources addi-

tionally acting on this component will create the oppor-

tunity to increase the ME content of a broader range of

raw materials and can therefore be used in animals that

aren’t susceptible to increased intestinal viscosity, such

as pigs and turkeys. ■

A list of references can be obtained from the 

Feed Tech desk.

Figure 5 - Broiler trial on a wheat-corn based diet *  
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* Institute of animal husbandry, Poland, July 2001. 
Feed: 30 % corn, 30 % wheat, 19.2 % CP, 8.0 % CF
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beans, 10.0 % wheat bran, Lys 1.14 %, ME 2870 kcal/kg
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* University of Natal, South Africa, December 2002. 
Feed: 57.0 % corn, 23.5 % soy bean meal, 15.3 %
soy beans, Lys 1.14 %, ME 2870 kcal/kg

Figure 4 - Broiler trial on a wheat based diet *
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* Zootechnical Centre, Catholic University of Leuven, Belgium, October 2000. 
Feed: 54 % wheat, 18 % soy beans, 7.4 % soy bean meal, 5 % corn, CP 21%, 
Lys 1.27 % ME 3200 kcal/kg

Figure 7 - Broiler trial on a corn based diet *Figure 6 - Broiler trial on a corn –wheat bran based diet *
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