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Nutritional  effects  of  barley  application  in 
monogastric feeding 

J. BRUFAU 
M. FRANCESCH 
INSTITUT  DE RECERCA I TECNOLOGIA 
AGROALIMENTARIES 
CENTRE MAS BOVE 
DEPARTMENT ANIMAL  NUTRITION 
APARTADO 415, 43280 REUS,  SPAIN 

- The  utilization of 
of 

ß-glucanase  activity  is also of 
of the of been obtained  in  mash  and  pelleted 

also be  used  at  high  levels in laying  hen  diets.  ß-glucanase also show  positive  effects  in  laying  hens,  although 
of 

of 

- nutritionnels de l’utilisation de  l’orge pour l’alimentation  des  monogastriques”. On présente l’utilisation de 
l’orge pour l’alimentation  des  monogastriques,  en  particulier pour  les volailles et les  porcins. La relation  entre  certains  paramètres 
analytiques et la réponse  du point de  vue productif chez les volailles, est analysée.  L‘amélioration  de  l‘orge  avec  des  enzymes 
présentant  une  activité ß-glucanase est passée  en  revue. Les enzymes  améliorent l‘eficacité de l‘utilisation de  cet  aliment et le 
rendement  de la carcasse, et réduisent  l‘incidence  des  souillures  causées par les  fientes, en diminuant  l‘humidité  des  excréments 
et la consommation  d‘eau. Ces effets positifs ont été obtenus  avec  l’aliment hâché et granulé.  L’orge peut aussi  être utilisé en 
grandes proportions  en alimentation des  poules pondeuses. La J-glucanase a  aussi des effets positifs sur les  poules pondeuses, 
quoiqu’à u11 degré  moindre  que  chez les  poulets de  chair.  L’orge est une  céréale très adéquate pour  les  porcins.  Les résultats 
du  conditionnement et de la supplémentation  enzymatique, en vue  d‘améliorer la digestibilité de  l’orge pour  les  porcins, sont 
présentés. 

Introduction 

has been  used  in  the feeding of 
adult and all of which have an 

application is limited in especially 
in ages. 

The situation of the and the 
conditions in 

will make the application 
of in utilization is 
low. has to compete 
(called substitute in the Economic 

as an has been studied  and 
feeding in it is an 

such as Scandinavian Canada and some 

States in U.S.A. The initial studies 
in the 

et al., 1957; Jensen et al., since 1975, 
of 

inclusion of in diets has since 
the 1980’s, and especially since the of 
Spain in the E.E.C. this the of Animal 

of is in the application of 
feeding 

Barley in poultry  feeding 

in laying hens but not in 
because this has a 
thanks to Scandinavian and Canadian this 
situation we can use 
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the between some analytical of 

and 
example, in and 

(1990) have found  an in values 
between 2 and 6 The the 

in of one single Along  this 
line, that some have 

of ß-glucan content, 
viscosity of value, 
independently of climatic (Table 1) et 
al., 1989b). would be to study the 

between in 
and quality. the use of in 

thanks to 
enzymatic  supplementation 1989) and a 

knowledge of the between the 
and enzymes. The of the effect has 

been by Chesson (1987). 
which  allow  the  use of 
pelleting and 

Barley in broiler diets 

The  utilization of in diets 
et al., 1984),  although  the 

economic in some cases (Table 2). 
the possibility of adding vegetable fats allows 

the inclusion of above 20% in diets. An 
was conducted with  whole soybean 

(24%) and of com by (74%) (Table 
3), without changing efficiency. The 
also show  that enzyme supplementation food 

allows, in the use of 
in diets. This to et 
a2. (1983) of data 

show a to pelleting 
in in com diets (Table 4). 

cell walls and 
availability. possible negative effects 
of pelleting on enzyme application, due to the limited 

Table 1. of some  barleys.  Crop  1987,  1988  @ran- 
cesch et al., 1989b)l. 

Alpha 

87 

88 

87 

88 

87 

88 

87 

88 

87 

88 

64.3 
k3.7 

61.2 
410.0 

66.8 
21.4 

56.6 
3.13.1 

67.8 
k1.6 

60.8 
41 1.2 

61.9 
k6.9 

60.9 
k8.1 

64.4 
k5.5 

61.7 
k6.9 

12.4 
-1-1.1 

10.2 
k2.1 

13.5 
k0.7 

12.9 
k1.0 

14.0 
k1.0 

14.5 
k1.6 

11.3 
k2.5 

10.8 
k2.5 

13.4 
23.1 

12.1 
1 

C.F. 

4.50 
k0.5 

5.02 
51.3 

4.81 
21.1 

5.34 
k1.6 

4.19 
k0.4 

4.83 
k0.9 

5.54 
8 

7.05 
22.9 

5.18 
20.3 

5.15 
k0.5 

Vis. 

4.48 
50.6 

5.02 
k3 .6 

4.08 
50.8 

5.14 
k2.6 

8.20 
11.3 

9.38 
k1.8 

4.76 
51.2 

6.09 
1 3  .O 

4.23 
11.3 

4.87 
21.8 

ß-glu. 

3.01 
+l .27 

2.24 
k0.59 

2.12 
k0.93 

2.77 
k0.43 

2.98 
33.21 

3.83 
kO.08 

3.39 
10.82 

3.63 
21.02 

2.39 
k0.92 

2.73 
33.02 

3.254 
k40 

3.141 
k226 

3.228 
k24 

3.039 
2559 

3.162 
k5 8 

3.068 
+l31 

3.131 
+l55 

3.005 
k126 

3.165 
k2 1 

3.057 
k80 

(km); = (% C.F. = (% = Viscosity of ß-glu. = whole 
ß-glucan (% = in of 
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Table 2. Utilization of barley  in  broiler  diets  (Campbell et al., 1984). 

42 days l To 
live weight I 

Weight cost2 % ' Feed intake 
(g) (g) 

+ wheat 

86  1.96  40.6 1.99 3738 1891 + enzyme 
90 2.08 43.2 2.05 3530  1718 

100 1.71 39.1  1.75 3484 1996 

= Food 
+ wheat 

Table 3. Utilization of of Animal  Nutrition, 
unpublished). 

Composition of the diets 

T-l1 T-3 + Enzyme T-3 T-2 

(%) 16 16  39  60 
(%) 

24 24 12 - soybean (%) 
44  44 23 - 

Weight (g) 
gain  (g) 
feed intake (g) 

Food 
% Abdominal fat 

1840  b 
39.1 ac 

85  a 
2.195  a 

2.4 b 

between  0-47  days2 

1878  a  1798  c 
39.7 a  38.0  b 

2.184  a  2.194  a 
2.7 a 2.3 b 

T = 
by the  same pc0.05 level 

Table 4. Effect of pelleting process  on  Apparent 

barley  diets,  with  or  without  enzyme 
addition  (Francesch et al., 1989b). 

% 

55.7 

45.0 

Enzyme 
(kcal/kg> 

- 

3.372 + 
3.168 - 
3.303 - 
3.313 

- 3.230 
+ 3.238 

1832  b 
38.8 bc 

83 b 
2.138  b 

2.9  a 

of enzymes 
is enough evidence which shows that the effect of 

pelleting in diets with added fat (3%) does not 
exceed 80 O C  (Campbell et al., 1984). These 

et al. (unpublished). The enzyme 
has not been  modified because it did  not  exceed 

the limits of the enzymes (Table 5). 

Effects  of  enzymatic  supplementation in 
broiler  nutrition 

oats and diets the viscosity of the 
digestive content and the value of these 
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Table 5. Productivity of broilers fed with pelleted 
diets  with  high  barley  levels  with  commer- 
cial  enzymes  mixtures. 

Table 7. Effect of enzyme addition  on Apparent 
Energy barley 

'Barbarrosa' of high 

% 

30140 

30140 

60 

33 

0-49 

0-40 

0-42 

0-35 

Znzyme  Weight 
(g) 

- 2381 
+ 

1475 + 

1869 + 

1902 + 

2371 
- 1839 

- 1836 

- 1470 

T 
2.118 
2.040 

2.030 
1.960 

2.168 
2.025 

1.790 
1.730 

l 

- 

The of the action of 
of 

The viscosity of the of 

the viscosity of 

The efficacy of enzyme with  ß-glucanasic  activity  is 
of 

by of the 
in the cell wall is not  enough to explain 

the (White et al., 1983). The 
the viscosity of the 

Sta. Colomal 

4.68 Viscosity  (cSt) 

67.5 * 

ß-glucans (%) 3.30 

(k~al/kg)~ 
without  enzyme 

3.315  (110) with  enzyme 
3 .O22  (100) without  enzyme 

3.430  (109) with  enzyme 
. 3.150  (100) 

(k~al/kg)~ 

63.0 

13.08 

4.80 

3.074  (100) 
3.336  (109) 

2.972  (100) 
3.210  (108) 

et al. (1989)  enzymatic 
efficacy is in with  high viscosity  (Table 

with  this  view, since the 
same viscosities  have  shown a 

enzyme supplementation  (Table 7). 
the level of 

to the type of ß-glucan and stage of the 
et al., 1982; 

Aman, 1986; et al., 1989) (Table  8). 

Table 6. Productivity  of  broilers fed with  barley  with  high  or  low  viscosity,  with  or  without  enzyme  addition 
(Campbell et al., 1989). 

viscosity' 

Low 
(1.9 - 2.2) 

(3.8 - 4.4) 

Yugoslavian 

% 

58 

58 

58 

58 

Enzyme T 
Weight 

(g) 

449 b2 
506 a 

435 b 
525 a 

347 a 
542 b 

339 c 
519 a 

21 days l 

Food 

1.56 b 
1.58 b 

1.63 b 
1.50 b 

1.79 a 
1.53 b 

1.84 c 
1.55 b 

= 
by the  same at ~ ~ 0 . 0 5  level 
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Table  8.  Effect of 
et al., 1982). 

type 
Enzyme 19  days 

lenght 
Weight (g)  (cm) 

- 381 
478 + 

1.25  2.03 

1.16  1.90 535 + 
1.26 2.17  419 - 
1.10  1.86 

28.0 

7.1 

% 
of faeces 
19  days 

19.0 
22.7 

20.7 
23.3 

= 
= 

Table  9.  Effect  of  enzyme  application  in  diets  with  high  barley  content  on  water  consumption  and  dry  matter 
of faeces,  and  percentage of  sticky  droppings. 

(%l (cW 

45 3.4 67.8 

45  8.4 58.1 

30 

67.4 30 

53.9 

Enzyme  Age' 
(day 

- 

28 - 

28 
+ 
+ 
- 16 
+ 
- 

28 - 

28 
+ 

+ 

faeces consum. 
(g) (%l 

239 

233 
22.0  213 
23.1 

22.8  218 
23 .O 

156  25.5 
137  29.5 

170  28.4 
148 30.2 
170  27.5 
139 31.1 

Age3 
sticky  (days) 

% 

9 - 58 
39 

et 50 16 

(unpublished) 26 

of Animal 

11 al. (1989a) 

7 - 1S4 

(unpublished) 1.0 
1.1 

of Animal  1.2 

at this  age 

1 to 3. 1 means  lowest  and 3 highest 

of these an Aman (1986) also a intestine in 
in efficiency of feed utilization  (Edney et fed 

al., 1989). addition, the incidence of sticky 
the days of life, humidity in faeces, 

consumption et al., 

The objective of a mechanical of is 
to  obtain a of content and 

Spain, 
and 1987; et 1989a) 9>. with high content and this me of would _ _  

We have that  enzyme application be thus-successful. 

the of abdominal fat, because of The in a with 
Skin (Table 10) content.  At the same time, it 

and (Table 11) also segami et content, so that is negative effect of 
al. (1989) found a viscosity ß-ghcans and utilization of the  diets. 
viscosity of the diets and a 
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Table 10. Effect  of  enzyme  application  on  abdominal  fat  content  and  leg  pigmentation  of  broilers. 

- 

inclusion 
Enzyme % 

+ 
- 

+ 
Albacete - 

+ 

- 
+ 

% abdominal 
fat 

Leg 
pigmentation' 

(unpublished) 

* 

Table 11. Efficacy  of  enzyme  application  on  carcass supplementation in (Table A 
yield  in  broilers (0-40 - effect was to 
of  Animal  Nutrition,  unpub1ished)l. enzymes (Newman  and  Newman, 

I I I I I I 
(%) 

(9%) 1 i::: 1 i;:: 1 i::; [ [ Barley in laying  hen  feeding 
(%) 

Addition of 1 g ß-glucanasekg of feed the inclusion of fat in amounts to 
No egg high levels of 

(Table could be by without T = T-l = 15-20 % T-2 = 30-40 % 

on to Coon et al. 
The use of in laying hen diets has no effects 2.000 2.076 1.971 2.011 Food 

5.4 5.9 5.3 5.7 

Table 12. Effect  of  enzyme  addition  in  diets  with  low  fiber  fraction  of  barley,  whole  barley  and  hull-less  barley 
content. 

type 

Whole A4 

Low A4 

Whole 

Low 

% 

45 

C.F.l (%) Vis.2 (cst) Enzyme Weight (g) 

C.F. = 
Vis. = Viscosity 

= Food 
- 

Newman  and  Newman (1987) 

- - 
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the level of the diet. The quality of the 
added fat and the adjustement of the level of linoleic 
acid, which is a to egg size, 
has to be (Table 14 and  15). 

Enzyme  application  in  laying  hen  diets  is  less 
efficient than in (Al and 

(1988) enzyme 
supplementation in the initial 
and the final of we 

classification at the beginning of laying (Fig. 1). This 
in the initial may be  due to an 

incomplete development of the gut in this 
effect is to that found in Gohl et al. 
(1978)  and (1987) found that inclusion of a high 

level the humidity of faeces and the 
of eggs. Enzyme application could  avoid 

this The egg quality by 
is also in diets  (Table  16). 

Barley in swine  feeding 

is a basic swine feeding in the 
finishing and has a 

value than with less 
of as and  wheat. in in swine 
feeding, is the best because it 

of demands. 

equations to 
the content of 1984; 

et al., 1980). these equations of 
value by 3%: 

= 4072 - 110 * % C.F. = 0.88 = 0.49) 
(Fig.  2). 

swine, the 
to (1985) the of 

mill must be 2 mm and has the effect on 
digestibility. Whole is less digestible 
and less efficient (Table 17). 

of diets with a high level 
to 

to (1985) some 
in the digestive coefficients of in diets  with 65% 

depending on  the pelleting. These coefficients 
pelleting (Table 18). 

swine feeding, the mechanic of the 
of a with 

content (Table 19) The of 
content 1988). 

the the of attack of 
1973; et al., 

the daily gain by 
12%  and  the feedlgain by  7%. Also, it 

Table 13. Substitution  of  corn  by  barley  in  diets  for 
laying  hens  (Coon et al., 1987). 

of com substituted by 
~ 

O 100  50  17 

Com (%) 
(%) 

Additional fat (%) 

66 
O 

0.5 

53 
10 
2.5 

30 O 

5.4 30 I 
% Lay 

2.61 2.36 Food 
117  106 Feed intake (g) 
84  84 

Egg weight (g) 54.6 54.9 54.6 

Table 14. 
laying  hens  (Brufau et al., 1985). 

Animal fat I (18:2 9%) I (18:2  30%) 

% Fat 
70 65 % 
1 6 

% Lay 86 83 

35.6 43.2 % eggs > 60 g 
57.3  58.2 Egg weight (g) 
2.45 2.30 

Table 15. Utilization  of  barley  and  whole  extruded 

Animal  Nutrition,  unpublished). 

Composition of diets (% 

Com 

soybean 
Fat 

22 to 64 weeks 

eggs 
Feed intake (g) 
Food 
Egg weight (9) 
Gain (g) 

Egg quality 

units (46 weeks) 
% (18:O) 
% (18:l) 
% (18:2) 
% (20:4) 

T 
T- 1 

38 
27 

O 
3 

4757 
104a 
2.219 
58.4 
253 

77.3 
11.5 
31.0 
11.0 
2.7 

T-2 

25 
40 

6 
3 

4581 
103ab 
2.270 
58.2 
203 

78.9 
12.3 
34.6 
14.2 
2.7 

T-3 

7 
57 
14 
3 

4556 
lOlb 
2.196 
58.0 
198 

81.6 
13.7 
31.3 
16.3 
3.1 

T-4 

18 
48 
19 
- 

4728 
103ab 
2.214 
58.3 
170 

79.7 
15.0 
27.1 
20.1 
3.4 
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EGGS 

100% 

7 5 %  

50% 

25% 

0% 

Control 1 Control 2 

T-l T-2 T-3  T-l T-2 T-3 T- l  T-2 T-3 

g - g 

Fig. 1. Effect of on 55 g. T-l = O ppm.  enzyme; T-2 = 100 ppm. 
enzyme; T-3 = 200 - 

Table 16. of units'. 

1 

(%) 64 
- 

Fat (%) 
Units 78.7 81.6 80.8 

2 et al., 

65 65 65 68 70 70 
Animal fat 6 - - 1 
Vegetal fat (%o) 6 - - 

Units 86.7a 

et al., 

wheat 43 

Units 87 .7~  

- 
- 

(%) - 

by the  same do not at p<0.05 level 
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1985). 

4.1 mm 
1.4 mm 2.5 mm 2.1 mm 

(%) 

79.2 78.2 79.8 80.5 
80.3 79.8 

590 640 665 660 

80.9 78.0 

3.14 3.17 3.19 3.40 

3.3 mm 

80.9 
79.6 

660 
3.10 

* = = 

consumption  and the efficiency of the consumed. 
The the con- 
tent and  would homogenize the obtained a 

of The could be to those 
of et al. Also it 
could yield et al., 1988). 

Enzyme  application  in  swine  feeding  has  been 
studied to et  al. 
(1986, 1988,  1989) enzyme application of diets in 
swine the ileal digestibility of both 

(Table 20). 

to et al. (1988b,  1989) 
digestibility did not obtain a 

3800 

4230 

3600 

3400 

3200 

E. 3000 i 
2800 i \ 

= 4072 - 110 CC % 

O 2 4 6 8 10 12 14  16 

(% 

Fig. 2. of on value 
of and Leuillet, 1986). 

Whole 

63.6 
63.8 

510 
3.98 

positive feed 

of feed in piglets  with  applica- ' 

tion of ß-glucanases  and  amylases.  This is caused, 
mainly, by a of feed consumption. This may 
be caused  by availability of which  would 

appetite (Table  21). 

we have applied ß-glucanases 1 
g/kg  to a diet to the low of the 
same We a negative 
between enzyme application and  the  low 
(Table 22). to et al. (1988) a 
effect is when  enzymes used  with  cooked 

efficiency of enzyme application in 
swine  is  not as as this  is 
because  ß-glucans  have  less  negative  effects. The 
negative with enzymatic application may be 
caused by knowledge of the dose. is 
possible that at low doses enzymes the  viscosity 
of the  gut contents. 

Table  18.  Effects  of  differing  pelleting  processes  on  a 
diet  for  swine  containing 65% barley  and 
20% 

r----- 
Coefficients (%) 

content (kcalkg) I 76.8 
76.5 

2.960 

Cold 
pelletmg 

79.8 
79.9 

3.170 

Steam 
pelleting 

77.6 
77.9 

3.100 
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Table  19.  Productivity  of  weaning  pigs (10 to 23 kg  live  weight)  fed low fiber  fraction  barley of 
- 

(%) 
(%) 

Wheat (%) 

(kcalkg) 

1 2 

T- 1 

50 

12 

3045 

470 
985 

2999 
2.097 
6.38 

- 

T-2 T- 1 

- 

14 12 
- 50 
50 

3 167  3017 

534 516 
1018 1005 
3244  3032 
1.912  1.945 
6.03 5.87 

T-2 

- 
50 
15 

3 100 

580 
1048 
3248 
1.805 
5.60 

T = = 096 (4072 - 110 %); = = 
= = 

Table 20. Effect  of  enzyme  addition  in  barley  diets on ileal  and  fecal  apparent  digestibility of  main  dietary 
components  (Graham et al., 1989)l.- 

(%) 

63.9 enzyme suppl. 
+ 

61.9 Enzyme suppl. 
63.3 
60.3 

Fecal (%) 

77.8 

80.8 enzyme suppl. 
+ 

78.9 Enzyme suppl. 
78.7 

Enzyme  added = 5 of feed 

Conclusion 

90.3 
94.9 
92.7 

95.8 

98.3 
99.7 
99.0 

99.7 

57.0 
55.3 
58.1 

61.3 

71.8 
69.4 
72.8 

72.6 

43.1 
40.9 
46.4 

49.0 

66.2 
62.6 
67.2 

68.1 

ß-glucan 

95.6 
95.8 
97.2 

96.9 

100 
100 
100 

100 

of 
utilization is not as but using a  new me- 

substantially, especially the use of new 
Also, because of application of enzyme with ß-glucanasic 
activity. 

chanical we can obtain a  low of 
value. These aspects and 

application of enzymes could allow the utilization of  this 
in pigs in stages of 
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Table 21. Effect of enzyme  addition  to diets for 

Final  live  weight (kg) 
(g) 

Feed  intake2 (kg) 
(total/animal) 

T 

t T- 1 

- 
- 

14.4 
21  1 

13.8a 

1.30 

T-2 

+ 
- 

15.1 
234 
12.7ab 

1.13 

T-3 

- 

13.2 
191 

10.2c 

1 .O9 

T-5 

+ 
+ 

13.7 
203 
11.3bc 

1.15 

= a-amylase + ß-glucanase + = amy- 
lolytic + celulolytic = 
Gain; = 

by the  same 
p<0.05  level. 

References 

in diets laying  hens.  Swedish 
J. 

Sci. 361388-1389. 

J. (1989):  Aspects of egg  yolk  pigmentation. la 
di di 

J. Capacidad  de 

of 
Association. 

J., and  GONZALEZ, (1985): 
Efectos  de  la  sustitución total de cebada en dietas  de 

Science  Association. 

1984:26-27. 

in 

diets. 

and in 

The  effect  of  ß-glucanase  supplementation on 
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