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Effects  of  supplementary  enzymes 
in  barley  diets 

A. CHESSON 
ROWETT RESEARCH INSTITUTE 
BUCKSBURN, ABERDEEN AB2  9SB,  U.K. 

- The  addition of 
of this technology on 

of ß-glucanase  addition  declines  with  the  age of of 

of 
is of 

of of 
to of amylolytic  enzymes to augment  a  capacity  to  digest 

no effect in but by enzyme  addition 
to of of 
addition of of 
shown  is  small  and  inconsistent  and  does not 
is  likely  to  change as on 

- d'enzymes  pour  les régimes à base d'orge''. L'addition deß-glucanase  aux régimes à base d'orge 
destinés aux volailles est largement  considérée  comme  avantageuse et les producteurs  des pays où l'orge et l'avoine  sont les 
principales  productions utilisent d'ores et déjà cette technique à l'échelle  pratique.  bien  que  certains  suggèrent  que  l'avantage 
d'ajouter de laß-glucanase diminue  avec l'âge du poulet.  la valeur  nutritionnelle  de l'orge est toujours  augmentée par ce  traitement 
en  ce  qui  concerne  l'alimentation  de poulets de chair, et tous les problèmes  de  souillures par les fientes sont  ainsi  supprimés. 

général les performances  des poulets alimentés à base  de  régimes d'orge supplémenté  avec  des  enzymes  sont  équivalentes à 
celles  des  régimes à base  de blé. Le mécanisme  responsable  de  l'augmentation  de  production  observée n'est  pas complètement 
compris  mais est probablement lié à la libération  de  nutriments  retenus à l'intérieur  de la cellule  intacte  de  l'endosperme. 
L'application  des  enzymes à l'avoine et au seigle, qui  présentent à peu  près  les mêmes  problèmes  que l'orge, lorsqu'ils  sont utilisés 
pour l'alimentation  des volailles, semble  également  avoir un bien-fondé pratique.  L'addition  d'enzymes amylolytiques pour 
augmenter la capacité à digérer l'amidon n'a  pas d'effet sur les volailles  mais peut être  avantageuse pour  les  jeunes cochons  sevrés 
très tôt. Cependant les avantages  conférés par l'addition d'enzymes  aux régimes pour cochonnets  après le sevrage  semblent 
indèpendants  de la source d'amidon céréalier et l'orge  n'est pas  plus avantageux  que les autres. L'addition  d'enzymes de 
dégradation  de la paroi végétale aux régimes à base  de  céréales pour  les  porcins à l'engraissement  ne  semble  présenter qu'un 
intèrêt  marginal. La réponse  observée est faible et divergente et ne  semble pas  plus  forte pour  les céréales qui, comme l'orge, 
ont  une  haute  teneur en  fibre. Cette  situation pourrait changer  ave  l'apparition  sur  le  marché  de  meilleurs  produits  enzymatiques. 

Introduction 

although  widely  used as a component of pig 
and is as  being to 

wheat maize  as an in diets. 
Two in militate against the feeding of 

to because it has a high 
content which is to be undigested  by all 

species of is classed as a low 
(Table 1). alone does not 

the of in diets 
is its association with the condition known as "sticky 

leached 
the component of some 

may in the of 
which of the 
on 

in the 
of in laying 

kept on sticky tend to 
to the mesh  and to the eggs  as  they 

away value. 

The addition of enzymes able to the 
value of diets and  to alleviate 
the sticky of the 
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Table  1.  Feed  characteristics  of  cereal  grains  fed  to 
pigs  and  poultry  (Givens  and 1990; 
Allen,  1981). 

Wheat 

Oats 

116.9 
123.7 
118.5 

200.9 
309.8 
357.1 

content 

16.1 15.1 
15.5 

- 14.4 
16.0 

14.5 13.5 
14.8 12.4 
- 12.8 

= cell wall 

= 
= metabolizable by of 

= 

content 

applications of enzyme technology to 
the feed Since it is also the application which 
has to be the most consistently successful, it is 

cited by those 
of the  concept of 

Enzyme  addition to barley-based  poultry 
diets 

in the value of fed to 
chickens by enzyme  supplementation using a 
amylolytic was by Jensen et  al. 
(1957). This and made the 
same time using fungal enzyme 
et al.,  

significantly and 
feed efficiency and the incidence of 
sticky of the obtained, 

supplementation did not seem to to the 
content of the but did  depend on the date 
of and conditions et  al., 1959; 
Willingham et  al., 1960). was 
compounded when attempts to amplify the to 
enzyme  supplementation by the use of highly 

amylase failed to any 
at all (Willingham et al., 1959; et al., 1961). 
The was finally by et  al. 

'(1961)  and et al. (1962)  who able to 
that the changes in value due,  in 
at least, to a activity in the 

not to amylase  as  initially 
believed. This activity was identified as a ß- 
glucanase and its as the mixed-linked glucan 
which the of the cell 
wall and Stone, 1986; 1987; Table 2). 

Effect of ß-glucanase addition 

The  fact 
value of fed to is beyond doubt 

although is limited evidence of an age effect which 
suggests that ß-glucanase addition is of value only in 

and 
and studies made since the 
1960's have that enzyme addition to 
based diets the metabolisable 
content and food intake and when 
fed to chicks. a 
of of 
Table 3. extensive of made 
to the of to supplementation of 

in  the of 
Chesson (1987)  and (1989). 

the wealth of data the 
in the in which enzyme 

addition achieves its effect the 
simplest explanation is that ß-glucans which the 
bulk of the walls act to access 
to found in the The common, but 
not that the digestibility values 

by  enzyme addition this 
1981; Classen et  al., 1985; 

and 1986a; and  Aman,  1986; 
Newman  and  Newman, 1987; et al., 1989a). What 

this is a of 
by intact walls  which have escaped 

Table 2. Polysaccharide  composition  of  endosperm 
and  aleurone  cell  walls of barley  and  wheat. 
Values  are  calculated  from  the  monosaccha- 
ride  data of Fincher  and  Stone  (1986)  and 
expressed  as  a  percentage of total  carbohy- 
drate. 

Cellulose 
20 
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Table 3. by poultry  to  enzyme  supplementation of barley-  and  oat-based  diets. 

application (g/kg feed) 

Barley-based diets 

ß-Glucanase 0.05-0.5 g (ex 
Aspergillus  niger, Finizyme, 
ß-Glucanase  0.5-2.0 g 

Cellulase 0.5 g (ex bpex lacteus, 

Cellulase  0.1 g (ex Trichodernza 
viride, 

ß-Glucanase 0.5 g 

ß-Glucanase 0.5 g 

ß-Glucanase 0.5 g 

ß-Glucanase  0.8 g 

ß-Glucanase  0.2 g (ex Bacillus 
subtilis 

Cellulase  0.06 g (ex T. viride, 

Cellulase  0.12-0.5 g (Celluclast, Novo  A/S) 
Cellulase  0.12-0.5 g (Cellulase Tu, 

Oat-based diets 

ß-Glucanase  0.5-2.0 g 

Cellulase  0.5 g (ex lacteus, 

Cellulase  0.1 g (ex T. viride, 

ß-Glucanase 0.5 g 

ß-Glucanase  0.23-2.3 g (ex B. subtilis, 
Co.) 

ß-Glucanase  0.08-0.7 g 

Age of 

(dl 

8-25 

8-25 

8-25 

8-25 

1-19 

1-21 

4-25 

20-80 weeks 

1-28 

7-21 

7-2 1 
7-12 

8-25 

8-25 

8-25 

1-21 

0-42 

1-22 

supplementation (%) 

LWG2 

1.6-10.5 

6-16.6 

4.0 

7.5 

29-27.6 

2.1-4.7 

3.4-11.3 

O 

3.6 
1-12 weeks, 

2-41 

53.0 
62.3 

18.9-24.3 

7.9 
9.2 

2.0-4.5 

68-70 

-4.0 

LWG, in liveweight gain to 
FCE, in to 

FCE3 

0-4.5 

3.8-9.1 

2.1 

2.1 

14-18 

0.6-1.8 

6.7-10.1 

4.7 
no change 

2.7-20.3 

19.1 
28.8 

8.0-10.7 

2.2 
2.7 

1.3-7.2 

24-26 

2.0 

1986a 

198613 

1987 

Newman  and  Newman,  1987 

1988 

Stevens et al., 1988 

et al., 1989b 

et al., 1989c 

1986a 

1986b 

1987 

Campbell et al., 1987 

et a1.,1987 

effects on food  intake and of 
is slowed  by the gels by the gut  mucosa  (White et al., 

the wall. The 1983;  Campbell et al., 
viscosity  of digesta caused  by  the obta ined vitro of ten  c losely  those  ant i -  
gels in the  gut  lumen  also is claimed to have  negative can be 
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by enzyme addition et al., 1989b, 
1990). all attempting to 

of a  soluble  glucan 

leading to of the wall is 
futile. depend on the action of a single 

enzyme,  both  can  be  achieved  with  limited  bond 
cleavage and both effects to the 

Only the in the incidence of 
sticky can be unambiguously to the 

of ß-glucan  gels. 

Enzyme addition to other cereal-based 
diets for poultry 

of 

might also benefit by enzyme 

cell walls also contain high levels of mixed- 
linked glucan which, like ß-glucan, is 

soluble 1985, 1987; 
1987; Table 4) and which can, when into 

diets, give to the might 
be expected addition of ß-glucanase to 
the of oats fed to chickens 

1986a; Campbell et al., 1987; Table 3) 
although exceptions have been noted et al., 
1987). 

is now  widely accepted that the 
of is a consequence of the leaching out of 
soluble pentosan (Table 4), which in a to 

glucan. the viscosity of digesta and 
impedes the of with 

the incidence 
of sticky of and 

Table 4. Total  and  water-soluble  mixed-linked  glucan 
and  pentosan  content of some  cereal  grains 

Aman and  Graham, 1987; 
Pettersson  and  Aman,  1989). 

% Dry 

6.6 1.2 0.7  0.7 Wheat 

7.7 0.4 3.3 2.3 Oat 
5.7 0.2 4.4  2.7 

Total Total 

8.5 2.6 1.9  0.7 

quality and Aman, 1988, 1989). 
these suggest that viscosity was  not the 

causing the in live-weight 
gain (15-27%)  and food efficiency (5-10%) 

While both soluble and insoluble pentosan was 
attacked by the added enzyme, was a net 
in the amount of soluble pentosan much of 
the feeding by the of additional 
pentosan cell wall Aman  and his co- 

concluded that cell wall than 
viscosity was the effect leading to 
the benefits by enzyme addition to 

They that this 
suggestion 

Aman,  1986)  that a effect when 
ß-glucanase was  added to diets. 

Addition of single or multiple enzyme 
activities 

walls of unique in 
being composed of a single 
a mixed-linked glucan of 
(Table 2). Single enzymes (ß-glucanases) able to attack 
the 1,4 1,3 linkages found in 
glucans can the of the 

situ causing substantial of the 
cell wall. The of  walls the cell types 
found the those found in 

which possess mixed-linked 
glucan content with ß- 
glucanase alone. in this et al., 
1989) has shown that enzyme containing 
cellulolytic and xylanolytic activities to 
maximise the of cells of 

(Table 5). cell wall leading 
to the of not available to the 

is the mode of action of added enzymes, then 
it would seem advantageous to 
activity as of a cell enzyme 

This would maximum of the 
in The 

of activities would also 
of the content of 
to capable of being and 

making a to the it 
should be that per se is not 
now seen the addition of enzymes 
to pig and diets. One this is the 

that not all available 
plant cell walls have the same metabolic 

that of some may be positively 
(Longstaff et al., 1988). 
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l 

Table 5. 
cells by commercial  B-glucanase  and 
“cellulase”  preparations. 

Glucanase2 

“Cellulase” 

time 
cn) (mg washed cell 

6 

22.4 24 
20.2 6 
16.7  24 
14.4 

1 of to 
the same activity 

cehlolytic activity. 

Enzyme  addition  to  barley-based pig 
diets 

that the soluble glucan thought to 
to the of fed 
based  diets  might  also when fed to 
pigs has not justified. Although ß-glucanase 
addition to hullness known to have a 

digestibility in 20 kg pigs, this was not in 
values daily  weight gain food 
efficiency et al., 1988). glucanase 

digestibility of at the ileum in 
80 kg pigs but did  not affect digestibility 

et al., 1989). 

leached cell 

these effects evidently small and, when 
enzyme addition, no significant 

benefit The this 
between pigs and is the capacity 

found in the pig. Addition of 
enzymes active against (e.g. ß-glucanase) to poulhy 
diets will in a 

while  in the pig the net extent of 
of 

is changed.  Any in digestibility 
to 

example, is a net gain to the will be 
as an in T%. A in 
digestibility at the ileum of the pig, 
as detected by et al. (1989), a much 

net gain in since escaping the 
a 

in the  hindgut. Enzyme addition shifts the 
site of the hindgut to the and the 

benefit gained metabolic 
of glucose than  as the 

VFA equivalent 

The which lead to the selection of 
the in pig diets 

least cost The option of 
enzyme  supplementation is not included in the 
least cost because of lack of 
and because the to enzyme  addition  is 
thought  to  be small and independent of the  type of 

view. 
leading to enzyme addition  to pig diets has 

tended to focus on two distinctly in 
The supplementing the  young  animals 

own amylolytic (and capacity the 

independent of the of the 
The second, addition of cell to 
diets pigs to and 

of cell wall might be 
thought to such a 
high only be the case 
if of additional 

made the to any 
benefit  achieved.  This has yet to 

Augmenting  the  digestive  capacity of 
the  young  pig 

studies on the effect of diet, weaning 
and age on development some 

view that  augmenting  the  young  pigs  own 
amylolytic and, possibly, capacity could be 
beneficial the of weaning onto 

diets be checked 
and the animal may succumb to disease (Lindemann et 
al., 1986;  Owsley et al., 1986). following 
weaning  the  output of 

back to the level detectable at 
of enzymes also to be checked but the 
effect  is  not so 

which suggests that  supplementation  would  only 
be  of  benefit a of, 
14-21 days. 

have been attempts designed 
specifically to exploit this niche enzyme 
addition and  most data is in the of 

A scientific 
data does tend to the view that addition of 
amylase  and to diets of 
weaned  animals (3-7 weeks, 4-16 kg liveweight) does 

liveweight gain  and feed 
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and 1986; Ogle, 1988), an 
effect not shown when enzymes added to the 
diets of pigs (Casteels and 1976; 
et al., 1988). is also some evidence that enzyme 

of a feed the 
incidence of in piglets and Ogle, 1988). 

data tends to be unequivocal and to 
show  substantial  benefits of supplementation  with 
enzyme containing amylolytic and 
activities. the tendency in such to use 

weaned pigs (21 days), whose size 
and capacity would be much to piglets 
weaned between 7 and 21 days may act to magnify 
the obtained and Ogle, 1988; 
1990). Weaning at this young age is 

to advice which suggests weaning at 
of age to allow development of 

the piglets immune system. Attempts to augment existing 
enzyme activities of animals of this age may be less 
advantageous. 

Polysaccharidase  addition  to cereal-based 
diets for older pigs 

of cell wall 
activities, usually collectively and 

to as “cellulase” enzyme to diets 
pigs. A steady of 

indicate in intake and 
food efficiency following enzyme addition. 

many of in of 
to allow an 

evaluation of the obtained. This is since 
made in and the U.S.A. with 

enzyme have not 
the same definitive At although enzyme 
addition to be beneficial, the 
shown is small and inconsistent and does not to 

with a high content. 

Technically the of plant cell walls 
which consist of a complex and 
insoluble and the simultaneous 
action of 
difficult ideal conditions. This is 
compounded has to the 

conditions found in the digestive 
within a time span imposed  by the host. enzyme 

although not wholly suited 
to this task and it is not that have been 
less than initially anticipated. While 

possibilities the design and of enzyme 
suited to cell wall 

these will not be available in the the 
meantime, limitations imposed on the efficacy of 
enzyme can only be by 
This is likely to be a viable only when heat 

is available at no cost to the (applicable in 
the case of some of the 
and and  when is not 
a limiting Compensation 
can be by holding times, but adequate 
levels of an absolute to 

Wet (pipe) feeding systems used in some 
pig animals could, even at 

ambient suitable conditions 
enzyme This option seems to have been little 

Enzyme  supplemented  barley  as a feed 
ingredient 

As et al. (1989a) pointed out, 
an excellent 
The content is than maize and the amino- 

amongst feed to the 
density of diets by inclusion of in 
this should not pose a since the chicken 

will compensate by manipulating food intake. now 
accepted that the of on 

enzyme supplemented diets can match those 
fed wheat-based diets and that enzyme supplemented 

diets can be cost effective than  maize- 
soyabean. in the 

advantage of 
supplementation to the use of in 
diets and  Aman, 1989). seems no 

why enzyme supplemented should not 
in least cost solutions and challenge the 

monopoly held by wheat and  maize. 
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