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The use of local feeds for rabbits 

R. CARABANO 
M.J. FRAGA 
DPTO.  PRODUCCION  ANIMAL,  UNIVERSIDAD  POLITÉCNICA, 
28040 MADRID.  SPAIN 

- The of that they  can be on feeds that in species 
to low The of in which and 

mixed as  a  balanced  pelleted  diet show low cost So, the only way 
to the utilization of local  feeds is inclusion in pelleted diets. this has actual 
disadvantages since the chemical composition of is, in most cases, highly the  data on value 

and to  the evaluation method used in The substitution method seems to  be  the most 
to  obtain valuable estimations on the value of that  the substitution levels used 

to  the levels of inclusion in diets. the of the can affect digestive 
to  the incidence, such as time. So, the level should with 

the type of in  the diet, the use of indigestible the “ballast” effect of 
in than  that of the 77 data obtained studies, equation to 

indigestible of complete  diets was calculated. totally 
diets. to utilization in it seems to  be to the value and  the actual  amino 
acid content in each especially acids. Also cottonseed and meals can be used as  the 
only taking into account that lysine is the main limiting amino acid two meals. Few studies have been 
made  about  the effect of of on and So it should be 

to go deep  into this subject to the slight effect on 

Words: value, 

- “L’utilisation  d’aliments locaux  pour l’élevage du lapin”. Les spécificités de la production cunicole  permettent l’utilisation 
d’aliments qui  chez d’autres espèces donneraient  lieu à une  faible productivité. Les résultats de différents essais oil l’on a utilisé des 
sous-produits de récoltes, des  fourrages,  des  sous-produits  industriels  et  des  concentrés de protéines sous forme  de granulés, sans qu’il 
existe une  composition équilibrée, montrent des résultats de croissance assez faibles, OIL bien  une augmentation du coilt de la nzain- 
d’oeuvre. conséquent, la seule façon rationnelle d’augmenter l’utilisation des ressources locales en alimentation  animale est de les 
incorporer dans les granulés du commerce.  Cependant, cette pratique présente en  fait des  inconvénients car la composition chimique 
des  aliments fibreux  pour bétail est dans la plupart des cas très variable, et les données concernant leur valeur nutritive sont très 
réduites et  varient  selon la méthode d’évaluation utilisée lors de cette détermination. La méthode de renzplacenzent semble être la plus 
exacte afin d’obtenir  des  estimations utiles concernant la valeuv nutritive des  sous-produits, à condition  que les niveaux de 
rem.placenzerzt utilisés soient semblables ‘aux  niveaux  pratiques d’incorporation dans les préparés  commerciaux. De  plus, la fibre 
contenue dans les différents  sous-produits peut affecter les paramètres digestifs liés 2 l’incidence de la diarrhée. tels que le temps de 
rétention. conséquent le niveau  de  fibre  recommandé  pourrait varier selon le type de  fibre prédonzinant dans le régime ; la notion 
de fibre indigestible étant plus apte ri exprimer l’effet de lest de la fibre  chez les lapins que la teneur en cet élément. A partir de 77 
données obtenues  lors de différentes études, a été mise au  point  une équation de régression visant à prédire la teneur en  fibre 
indigestible de plusieurs régimes complets. Certaines légumineuses peuvent remplacer complètenzent les graines de soja dans les 
régimes pour lapins.  Cependant,  afin d’améliorer leur utilisation dans la pratique, il semble nécessaire de déterminer l’énergie qu’elles 
apportent  et la teneur en acides aminés  pour c?mque variété, spécialement pour les acides aminés  soufrés. On peut également utiliser 
les graines de tournesol, de  coton et de colza  comme  uniques sources de protéines. en tenant compte  du  fait  que la lysine est le 
principal acide aminé limitant pour les deux prenziers régimes. n’y a que  peu d’études sur l’effet des  facteurs  antinutritionnels de ces 
sources de  protéines sur le taux de croissance et de mortalité chez les lapins. serait donc intéressant d’approfondir ce point  afin de 
confirmer le léger effet  qui a été trouvé  en ce qui concerne ces paramètres. 

Lapins, aliments non conventionnels, valeur nutritionnelle,  sources de  fibre, sources de protéines,  facteurs 
antinlltritiorzllels. 
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Introduction 

The digestive  system of 
can be on 
species to low 
because of high 

is 
achieving 

utilization of 

of the unconventional  local  feeds of the 
classified as: 

(Table l ) ,  iii) 
iv) oil seed meals. Some 

of these  feeds, as 
high 

1)  and  in usually to 
implies a high of 

contamination  and  a  waste of high 
live weight gains 

Table 1. By-products  of  different vegetables (Boucqué 
and  Fiems,  1988) 

Cabbages 

Leeks 

Estimated 
(%) yield (t ha.,) 

stalks -t leaves 5 8  17 
stalks 
leaves 

15 40,O 

10 4,O leaves 
10 30.0 stalks 
12 5 8  leaves 
10 25,O stalk + leaves 
11 10,o 
15 30,O 

9,o 25 
leaves 30,O 15 

* 
and 

*** and 

Fig. 1. fed with  greens  as 
only feed compared to those obtained with a 
control diet. 

those  obtained with 
in 

to high when only  a single 
was 1979) and low 
of was supplied  because of 
composition  (Joyce et al., 1971, et al., 1980, 

et al., 1984). 

Table 2. By-products  of  agro-industrial  origin  (from 
Boucqué and  Fiems,  1988) 

(100  kg) 

Apples 
Tomato 

Cottonseed 

Olives 
Wheat 

3 kg  skin 
1,5  kg  seeds 
170  kg  hulls 
8 kg  hulls 
44  kg  hulls 
45  kg  hulls 
33-40  kg  olive  pulp 
14 
12,6  kg  middlings 

1,l 

% 

16,4 
11,o 
14,4 
13,O 
11,o 
90;O 
90,O 
89,s 
91,3 
87,s 
90,O 
90,O 
90,O 
90,O 
90,O 

One possible way of the use of local 
feeds while 
could be  to supply with 

hay 
added  to an ad libitum pelleted  diet, some 

in live weight gains, in  the 
conventional  pellet  intake is low (0-S%, Table 3). 

is with a low 
1981) with 

et al., 1981). 

given ad libitum, pellet  intake  can 
be by  40 to 55% (Table 4) 
in live weight gains to  the 
Taking  into  account the wide of 
composition,  a  minimal  amount of pellets (50 g/d) 
should be 
influence on (1984) 

on the  top of the  cage 
of pellet  intake (5.5 to  12%, 

depending on of the pelleted  feed);  they 
alfalfa 

significantly with age. 

have  a low in many cases a high 
content, i.e. high low in 

with a  pelleted 

- 142 - 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



system that also to 
the feeding costs is the uti ization of unpelleted diets 

and in the to supply the 
high Wastage 

of unpelleted  feed is high in dusty diets  and at 
ages and low when  meal is molassed (5-6% of molasses) 

mixed with (60% meal: 40% 

such as of ' i  mixing legume 

is on  the 
palatability of leaves, 
bean wines, 

leaves highly palatable: 90-100% of 
consumed when 100 g 

a 4-h leaves leaves 
showed and low palatability, 

et al., 1983 a). 

Table 3. Effect of dry forage  supply on feed intake  and live weight  gain 

Alfalfa 
hay 

hay 

Wheat 

Wheat 

Complement 

Oat 

(27,s % 

finely 

(27,s %o 

(11,7 % CF) 

(4,l %o CF) 

(8,3 %o 

(8,3 % 

(8,3 % 

in 
pellet intake 
as % of ad 
libitum intake 

69/31 
59/41 
61/39 

- 

9317 

84/16 

9515 

95,5/4,5 

9416 

* was at 115 gld 
+:* with to live weight gain of added in 
(1) Sánchez et al. (1981). 
(2) et al. (1984). 
(3) et al. (1986). 
(4) and (1981). 
(5) et al.  (1984). 

Live weight 
gain (g/d)** 

27,s 
32,l 
27,9 

36.0 (-1%) 

40,9 (-1-24 %) 

27,2 (+l4 Y o )  

21,o (+l0 %) 

31,O (-3) 

26,6 (+l8 %) 

29,9 

27,l 

28,7 

- 143 - 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



Table 4. in pellet intake  when  greens are supplemented ad libitum,  that  permits  maintaining live weight 
gains  similar to that of control  diet  (without  added  greens). 

intake as % of  Live  weight 
Wd) 

% 31.9 (15.2%) et al. (1985) 

Swedes  35.6 al. (1985) 
38.5 (+6.0%) 

Yellow 53-55 % 33.4  (-7.9 %) 
36.4 (0%) 

47 % 37.2 
Leucaena 40 ?‘o 27.1  (-6.8 %) 

40 ?‘o 27.7  (-9.4 

* of the of 
** non with 

Alternative  fibre  sources show diets. 
value, feed  intake  and 

live weight gain 
composition also affects the between 

pelleted  and  unpelleted diets; unpelleting highly 
diets in a live weight gain 
(32%, when a diet with a 54% of alfalfa hay was 

et al., 1983 b) weight 
loss (diets with a 60% of wheat et al., 
1980). the supply of 

cleaning and low cage densities to 
high 

On hand, pelleting the cost of 
the  feed a disadvantage achieving an 
effective use of local “in situ”. 

conclusion, if the objective is to 
significantly the utilization of unconventional  feeds, the 
only way  is inclusion in 

pelleted diets. 

To malte an efficient use of these  feeds it is 
to know some aspects 

value in on the following 

(1) data on value 

(2) of digestive 
(3) Effect on 
(4) of chemical composition between 

(5) Negative effect on pellet quality 
(6) Fat  oxidation 

The a 
the inclusion in  the  diet of a 

of animals. 
Alfalfa hay is the of used in 

which it can be included at high levels 
with no effects. the 
of alfalfa hay by the 
feeding costs. of the 

of although 
and to  the 

evaluation  method used the 
following section data on value and maximum 
inclusion levels of the main obtained  in the 

discussed. The ability of each 
to  meet will be 

BY-PRODUCTS WITH A HIGH FIBRE CONTENT 

Wheat  straw,  sunflower  and  oat  hulls,  grape  marc, 
olive pulp, bean straw  and tomato and  apple  residues 

included in this All  these 
high lignin and low 5). 

of this, to  the digestible 
content of is limited. 

should be mainly as cheap indigestible 
chemical composition (except 

is highly to  the 
used in each 
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Wheat  straw is a usual diets: in 
Spain it is included 33% of 

et al., 1987). a high 
of 5) of low digestibility 

= 15%,  de et al., 1989). thus,  its digestible 
content is also low (665 de 

et al., 1989). 

with sodium to the 
value of is effective (to a 

if using et al., 
1984, et al., 1984). Villamide (1989) has obtained 

value of treated straw of 1030 
Although values have  been 

500-800 
et al., 1984) and 

values (700-1300 
1978, et 

1984, et al., 1984, al.,  1988). 

which  is 
has a cost 

but its cost is and 
its  management The of Na 

to  5%) has no 
effect it 
pellet quality. since an value 

in the of 
digestibility, has a value as 
indigestible 

when a 20-30% of inclusion was 
balanced with an in to 
substitute alfalfa hay, no significant 
found in et al., 1979, 
Lindeman et al.,  z982, et al.,  1980, et 
al., 1984, et al., 1984). as shown 
in Table 6, et al. (1989) have a high 
digestibility of high ceca1 ammonia 

diets with a high content  in 

Table 5.  Chemical  composition of some (1) (% on dry  matter  basis) 

Alfalfa hay 
Wheat 
Oat hulls 

hulls 

seed  meal 
Olive  pulp (2) 
Olive  pulp (3) 

Tomato skin 
Tomato skin  and  seeds 

Wheat 

Lemon  pulp 

(4) 

Ash 

11.6 16.0  28.6 
9.8 

12.4  6.4  6.1 
10.1  17.8 5.2 
22.1  9.3 6.7 
37.2  25.0 3.9 
58.2 19.0 4.2 
33.9  9.5  8.3 
29.0 12.8 3.7 
36.6  12.2 11.2 
22.4 25.9 6.6 
51.0 11.8 3.8 
55.8 4.9 12.0 
33.1 2.1 4.5 
42.5 3.0 

13.4 5.8  12.6 
3.7 7.4  21.6 

4.5 4.9  8.5 

(1) Values  have been selected which 
on 

(2) 
(3) 
(4) contains 43.4 % of 
(5) and  de 1984 a. 
(6) de et al., 1989 
(7) al., 1988 

l 

46.1 

46.5 38.0 

- 64.7 

51.7 

58.9 71.9 

36.4 

- - 

- - 

- - 
- 

- 

- 30.7 
51.0 - 
69.2 

12.6 41.0 
23.7 21.5 

26.9 55.8 
- - 

- 

0.4 - 

0.6 - 

3.1 (5) 

(5) 

(5) 

23.5 

(8) 1.2 28.2 

(7) 2.4  31.6 

(61 0.7 

28.7  3.9 (9) 
- 23.9 
6.8 0.6 (7) 
8.9  7.9 

21.6 6.7 
(11) 

(12) 4.4  4.2 
(7) 5.9 12.7 
(11) 

- 1.1 

(10) 

1.2 

(15) 

(13) 1.1 1.5 
(14) 

0.4 

- 0.5 

(S) Cavani  et al., 1988 
(9) al., 1989 
(10) Let0 and  Giaccone, 1981 
(11) 1978 
(12) Vilamide  et al., 1989 
(13) de 1990 
(14) Let0  et al., 1984. 
(15) et al., 1983 
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A high cecal ammonia 
has in the 

of by et d. ,  
1985) but no significant 
that this On hand, 
technological aspects of 
limit the inclusion level of straw  at 10-15%. 

value of oat hulls, which have a lignin 
content 2 to 10% (Welch et al., 1983)  was 
estimated using the substitution  method by 
and 1984 b) as 683 kcal = 

data of (1978) 
a value can be obtained (1089  kcal 

to  that  found by et al. (1988) 
sunflower  hulls  (1075  kcal a highly 
lignified (Table 5). hand 

et al. (1982) did a the 
with diets in which hulls 

included at 10-15%. these feedstuffs 
pellet quality and final aspect of feed. these 
the maximum levels of inclusion  are  3-5%. 

is a lack of on  the value 
of olive oil industry  by-products. 

(1980 a> obtained a digestible 
content of 1000 kcal a diet  containing 
90% of molassed (8%) partially defatted olive pulp and 
10% of meal. 

Table 6. Effect of fibre  source on fattening  performance, 
digestibility  and  ammonia  concentration of 
cecal contents (Carabaño et al.,  1989) 

Soya-bean  meal 

Alfalfa  hay 

(% 

Fattening  performances 
Live  weight  gain (g/d) 

(g/d) 
(%O) 

(%) 
(%) 

Ammonia  concentration 
(mg ml) 

~ 

- 

14.5 
7.5 

50.0 
15.0 

- 

- 

15.7 
16.9 

35.15 
3.96 
9.5 

55.23 
18.90 

9.38 
- 

S 

24.5 
7.5 

15.0 

7.0 
43.0 

- 

14.1 
17.2 

8 0 0  NS 
3.55 NS 
.4.30 NS 

'1.08 < .O1 
8.85 < .O5 

4.98 < .O01 

*: 3 Yo 
in  both diets. 

et al. (1989) have 
substitution of alfalfa hay by olive defatted  pulp  at 30% 

At 20% they in kidney weight. 
Taking  into  account  that olive pulp  has a negative 
influence on final of feed  and on fat composition 
of olive pulp is not defatted  (Leto 
and  Giaccone, 1981), the lack of 
values, and  the of of the olive oil 

a maximum  inclusion level of 5-8% is 
recommended. 

Grape  marc contains a of 
skins and stalks, being usually 
oil An of stalks 
tends to the content of lignified The 

value of supplied as a single 
has by 
(1980 a) and using the substitution  method 

by (1984 
study a low digestible was (400 
kcal caused by the low digestibilities of 

which can be high 
(22%)" and lignin (34%)  contents  and to a high 

feed  intake. The value obtained by 
(1984 b) was included in a 

balanced  diet was (735  kcal in spite 
of the CF and  the of 

used in this study  (Table  5). 

Studies  in which the effect of inclusion 
levels of alfalfa hay was studied 

1980; Ayala, 1989) 
show that  the high tanin  content of 

digestibility of feedstuffs 
by binding to  the 

of the of the diet. This high tanin  content 
seems to  be also low value of cecal 

(2.60 mg of ml) 
by et al. (1990) in a diet with a 25% of 

indicating an effect on  the 
capacity of as 
level of ammonia would be insufficient to allow a 

in in 
the cecum. 

The diets in which was  used in 
high  levels to substitute and 

de Ayala, 1989) had a 
content than 

suggested  by Lebas (1984). because of this, no 
in live  weight  gain and feed 

up to 32% of inclusion in diet. 
hand, the content of lysine and 

methionine of to 
alfalfa  hay should be taken into account when a 
high  level of substitution is  used. diets with a 

content to 
and taking into account the high and  the 
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of when this is not  defatted, the 
level of  inclusion of grape  marc  should be limited to 10- 
15 yo. 

Grape seed meal, of 
has a 

and alfalfa hay (Table 5). Cavani et al. (1988) have 
studied,  in  fattening diets with 17% 
effect of 10  and 20% inclusion levels substituting a 

of alfalfa hay and  soybean meal. They have not 
in 

was when the was 
included at 20% level, suggesting that the  maximum 
level inclusion  should be near 10%. 

The use of the integral  grape seed meal (12.6% 
on et al., 1988) substituting a 

15% of alfalfa hay a slight of 
the live weight gain and of the  feed 
without a significant in  the  fat content of the 

in 20% of alfalfa was 
substituted by this An value of 2217 
kcaYkg by (1984) 

meal. 

The inclusion of tomato skin at levels of 4, 8 and 
12%, substituting a of oats  and alfalfa hay has 
not negative influence on diet digestibility coefficients 
of cell walls due  to its 
high (27.7% lignin content (Falca0 e Cunha  and 
Lebas. 1986). (1978) have 

the value of tomato skin (with a 
lignin content,  see  Table  5) is  45% that of the 

tomato  skin  and seeds, to its and 
contents 

(see Table 5). They also substituted 10% of oats by 
10% of tomato  skin  and seeds with slightly, but  no 

significant positive effects on live weight gain and  feed 

et al. (1980) obtained a live 
weight gains when apple marc was included at levels 

than  10%. spite of its high lignin 
content (12.7%, Table 5), et al. (1988) have 
obtained an value of of  2600 kcalkg 

which  is much than  the value by 
in 1984 (1822 kcaYkg 

the chemical 
composition value of some 

of (mainly 
of They that  these 
have a high ash 12.6 to 34.7% 

18.3 to 35% and a 
of lignin 3.3 to 13.1% 

When 8% of sweet pepper was used to 
substitute alfalfa hay Angelis, 1983 a) 
no 

the inclusion of eggplant 
and Angelis, 1983 b)  should be at 3.5% . 
The of vegetable marrow was used to  substitute 
10% of alfalfa hay and  wheat without 

in 1981). 

The of substituting alfalfa hay by 
in 7) has 

been  studied mainly by 
did not  obtain when 
red  clover (Trifolizm prntense L.), 
(Lotus corniculatus L. ) (Lolliunz  perenne 
L., lenta and vejo) hays substituted 30,  32, and 
14% of alfalfa hay, 
1988 a, b; 1983). On hand, the 
substitution of 35% of alfalfa hay with sulla hay 
(Heclysarzlm coronarium L.) slightly 

1989). 

Table 7. Chemical  composition  and  digestible  energy  content  of  several dry forages" on dry matter  basis) 

Ash 

- - 20.6  14.5 - Sulla 
(2) 2.730 4.380 - 27.1 15.7 

- 4.270 3.02  30.6 . 14.6 9.8 

- 

vejo 1 1 I 10.5 I 25.7 I 1.6 1 4.250 I 1.810 I (4) 

* on in which the effect on 
and 
and 

(3) 
1983. 
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Table S. Effect of  fibre  source on mean retention time  and  several digestive parameters  (Fraga et al. 1990) 

25 % 51.5 % 29 % 25 % 11 % 

composition (% 

time (h) 

parameters 
Stomach  content wt, % of 
Cecum content wt, % of 
Cecal (% 

mg ml 

21.6 
9.4 
2.2 

16.5" 

2.4 
5 . 5 b C  
14.9 
6.3b 

22.2 
9.6 
1.0 

17.9" 

3.2 
9.1" 
16Sb 
10.4" 

21.4 
11.0 
2.3 

17.8" 

3.8 

17.1b 
11.2" 

19.2 
10.0 
9.1 

9.3b 

2.9 
4.9 
11.6d 
2.e 

19.4 
10.8 
4.4 

21.3" < .o01 

3.3 NS 
6.5be .O01 
23.1" < .O01 
8.2b < .o01 

* the five diets, 60 % of CF  was  supplied by each  of the alfalfa hay 
pulp (Cipj,  beet pulp 

BY-PRODUCTS WITH MEDIUM FIBRE  CONTENT 

Wheat  bran is a feedstuff widely used diets. 
Thus,  in  Spain it is used in 79% of the diets 

et al., 1987). milling 
wheat is quite  palatable  and has a low density; this 
last quality and  because of 
this a maximum level of  inclusion in diets of 
25-30% is obtained  about its 
digestible 

3132  kcal dEkg 1986 ), 
to to 2680  and  2727  kcal 

obtained by et al. (1988) and Villamide et 
al. (1989), of is 
high lysine 

low. 

Citrus  pulp is a plentiful in the 
is obtained wet  (16% 

2) but is until a content of 88% is 
To facilitate this is  usually 

added to  the wet pulp. The high pectin (30% on 
and low  lignin (Table 5) contents of pulp 
the high digestibility of its 

pulp is a  quite  palatable feedstuff but its 
inclusion at high levels diets 

in feed  intake. This is to  the 
effect of pulp of passage and on weight 
contents of stomach  and cecum that, sometimes, can be 
the causes of high digestibility of pulp diets. 

(1980 b) estimated a 
digestible content of 3.800  kcaykg when 

pulp was as a single 
data  obtained by the substitution  method by 

and Villamide (1990) and  dependent of 
level of the basal diet (3130  and  2700  kcal 
the last value being obtained when pulp was 

included in  a high with a 
composition to  the ones). 

The levels of 
used in  fattening 
1980 b; Let0 et al., 1984; Ayala, 

1989) indicate  that the maximum level of 
lemon pulps (both  have chemical compositions 
and values, see  Table 5) that  should be 

diets is 10-15%. 

Beet pulp has to pulp 
although  its palatability is 

(Table 5).  The  intake of beet pulp  diets is also 
low as a  consequence of its effect on  the weight of the 
contents of stomach  and cecum. Thus, the 
value of beet pulp  when  it was single 

(3400 kcal 
1980 a), was than  when  it was 
using the  substitution  method by 

and Villamide (1990) (2957  and  2382  kcal 
this last to a  diet with a 
composition to  the ones). 

obtained (G. 
unpublished) diets in which was substituted 
by beet pulp indicated that  the value of beet pulp 
is  72% of that of 2250  kcaykg The 

value of beet pulp estimated when alfalfa hay was 
substituted by beet pulp in diets (15% CF, W. 

unpublished) was the inclusion of 
amounts of beet pulp seems to have a 
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effect on alfalfa digestibility in the 
same way as (Silva et al., 1989). 

the obtained  in in which 
fattening diets with levels of beet  pulp 
inclusion 1980; 
and  Johnston, 1980; Evans et al., 1983) a maximum level 
of inclusion of beet pulp of 15-20% is 

Carob bean is of the 
of its high it is 

palatable  and  its inclusion in diets 
the palatability of feed  (Cheeke, 1987). Thus,  in  Spain, 
it is included in 14% of diets et al., 
1987). The value of has not  been 
studied, but levels of 7-10% have been utilised without 
negative effects in diets (González  and 

1988). batches exposed to 
because of high index of 

contamination. 

we can conclude that  the 
of a feedstuff as a single is not 

value of 
because of the high influence of the 

time  in the segments 
of gut and  thus on digestibility coefficients. The 
substitution  method  seem to obtain 
valuable conditions. 
design of the diets, the following 
should be  taken into account (Villamide, 1989): 

a) The levels of substitution  should  not be high 
than 2530%) avoid in 

levels of times, etc,  and  should include 
the levels of inclusion in diets 
(estimated as the level in which of 

chemical is included). 

b) The basal diet  should be as as possible to 
a diet. content  should  not be than 
1518%  to avoid a deficit of in  the  diet with the 
highest inclusion level. The level of CF should be 

(12-14%) to chemical 
composition of the and  the 
defined levels of substitution. 

VALUE OF BY-PRODUCTS TO MEET  FIBRE 
REQUIREMENTS 

Little is known about how the of the 
can affect time 

incidence. Gidenne 
et al. (1986)  using as of the solid- 
phase of the digesta diets in 
which 45% of alfalfa hay was substituted by beet  pulp 

time 

of beet  pulp  and  wheat diets 1.8 and 3.6 h 
than  that of the alfalfa diet although these 

significant. The value 
obtained with the is taking 
into  account  that times 
associated to digestibility. 

Villamide et al. (1989) et al. (1988) 
have obtained high values of digestibility 
wheat (15.1% and 18.4% 

The values of digestibility of wheat 
by et al. (1986) also low 

and did not  depend on size (8.1 and 7.9% 
finely 

can influence digestibility in  the cecum. 

times of and  beet pulps diets 
0.7 and 1.4 h than  that of an alfalfa diet  in 

the  study of et al. (1990). the effect of 
of was the weights of 

some segments of gut 
(see Table S), with the of 

Candau et al. (1979) et al. (1987). 
studies of motility, of 
the weight of stomach and cecal contents has been 

of motility 
et al., 1978; et al., 1986) to 

difficulty of evacuation the physical 
of pulp that could be 

These facts can the high 
content of and  beet pulps obtained when 

these feedstuffs supplied as single 
1980  a, included in low- 

basal diets and Villamide, 1990). 

The values of cecal as soft feces 50,32 
and 32% in diets with alfalfa hay, pulp  and  beet 
pulp, et al., 1990). These low values 

to those  obtained by et al. (1988) 
in diets with 5% of CF level and could imply a 

of of alfalfa diets. 

The influence of substituting alfalfa hay by 
lignified of hulls) was 
also studied by et al. (1990) (see Table 8). 

no in the weight of the digestive 
contents,  but the time and  the cecal 
level of significantly in  the  diet 
with 
seem to have a high of passage the gut, and 

to  the diet could 
digestive effectively than  the 

of This effect can also explain the low 
value obtained when was supplied 

as a single 1980 a). 
this way, the high level of daily intake of olive pulp 

diet 1980 a) suggests that  the 
of olive pulp could have a digestion 

than  that of et al. (1989) 
did of passage with olive 
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in 
suggest  a low time 
utilization of hulls (with  a lignin content of 19.2% 

as to the weights of 
stomach and cecum the mean 

with to  the values  obtained  with 
the alfalfa  diet. 

of 
with the type of 

the diet. To avoid  this  inconvenience, 
1984; et al., 1986) have 

the 

of difficulties 
the lack of on 

digestibility of the high 
of 1984 b; 

1986; Villamide, 1989) and the 
wide of 

On 1985; 
Cheeke, 1987) 
chemical  ones (such size, bulk  density 

affect 
of pulps 

high 
digestibility of On the 

physical of lignified 
been studied. 

de Ayala  (unpublished 
of a 

complete  diet using analysis in 
which 
content of CF, of 
in A, and  C  to  indicate  the 
level of inclusion (%) in  diets of 
(A), of alfalfa  hay and of 

hulls hulls (C),  obtaining  the 
following equation: 

= -0.036 + 0.82 X CF(%) - 0.071 X A, 

n=77, 

This  equation shows 
included  in the of 14% CF 

11.3% to  the 
of Lebas (1984) and et al. 

(1986). to obtain 11.3% of diet  in 
which 30% of pulp is included, the CF level 
should be to 16.5%. no 

in  CF digestibilities of diets with 
alfalfa  hay  and  those of lignified so 
that  the analysis C. 

the use of 

ballast  effect of 
this way, 

hulls show with to 
alfalfa hay which cannot be explained only by 

On 
the low lignified high pectin  contents of beet 

show any  ballast  effect; on the 
be avoid an.. 

excessive of 
cecum. All in all, we can  conclude that no index is 

be 
done on' the of by- 

the ceca1 
of 

Alternative  protein  sources 

seeds of 
with a high 

in non- 
as the of 

acids. the oil 
of in  the 

the 
of the 

possibilities of 
will be 

LEGUME GRAINS 

Chemical composition 

Chemical composition of the main  legume is 
9. Legume 

by  high levels low 
levels. 

and  fat  (10%)  contents of lupine highest, 
is low (0.5%). 

Crude fibre 
mainly on of testa in  the  seed, which in 
faba  bean 13% to  17%.  This implies a  CF 

(1984) with five 
CF to lo%, the lowest  values (8% as 

to the 
highest to  the  autumn ones (10% 

of 
peas  (8.7%)  soybean  (9.2%) chickpeas  could  explain 

CF contents  (Table 9). 
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Starch is the main of faba  bean (30- 
45%)  and  peas (32% peas  and 48% 
smooth peas), and allows to  be by 
these legume in the diet. 

Table 9. Chemical  composition (% of legume 
grains  and soybean meal with respect to 
rabbit  requirements :i: 

Faba  bean 
(Vicia  faba) 

1.14 

0.83 
2.18 

sativum 

26.2 
49.5 
6.3 

7.19 
2.48 
0.90 
3.95 

1.45 

- 

Lupin 
(Lupinus 

~ 

40.1 

16.0 
9.9 

4.57 
2.17 
0.78 
3.61 

- 

- 

Chickpeas 
~ meal 1 Soyabea 

44 

21.2 

6.21 
3.12 
0.80 
2.89 

6.35  4.06 
3.15 

3.93  3.44 
I I 

* value (19841, (1984). Lebas (1988) 
and Cole et al. (1989). 

Crude protein content  in  faba  bean is on 
to  that of peas chickpeas but than  that 

of this value widely 
23 to 34%, Newton and 1983) depending 

mainly on the have 
(31.4%) than  autumn  ones (26.5%). 

is to  take  into account that 
can be obtained  when the same is 

1984). 

The amino  acids of the legume 
(Table 9) is by a low content of 
amino acids 60 to 80% of 

1984). is also low 
in  faba  bean  and chickpeas. is 
only low of these legume 
Although lysine content can be than  that of soya 
bean,  it is  always 

is a of in the amino acid 
contents of legume mainly due  to 
among of this could be 
explained by in  the analytical method used, 
especially amino acids So, 
Cole et al. (1989),  using the  same analytical method, 

of 9 
faba  bean (4.3-5.5 g/lOO g 

lysine, 1.9-2.4 g1100 g acids and 
1.8-2.1 g/lOO g addition, it should 
be noted  that  an of a 
is not to a 
amino acid. Thus, have a 
negative between lysine content 

in  faba  bean 1970; Cole et al ,  1989). Lebas 
(1988) has also that a high (26%) 

of chickpeas had content of lysine, 
amino acids, 

with a medium 

Antinutritive factors 

The content of 
in legume is the main to use 

diets. not 
toxic in could 

Tannins phenolic compounds which may be 
with 

molecules inhibiting many enzymatic systems and 
availability. Tannins mainly 

located  in the testa of 
depends on the being seed  and 

and  Jones, 1977). White 
have 

(see Table 10). the  seed may also 
be noted  that this 

method of also the of 
acids and lysine, which in 

the cotyledon 
et al., 1975). (1984) studied  the 

effect of tannin  content on with 
diets in which soybean  meal was by two faba 
bean one of them  tannin and 

with 5 g/kg of tannins 
induced live weight gain and  feed 

legume and contain  some 
substances which have 
trypsin  inhibitor activity. These the 

acids availability 
may a 

could acids 
the synthesis of enzymes 

accentuating the deficiency acids of 
legume Table 11 is the 

of legume and 
to Sánchez et al. (1984) 

could 
with soybean, mainly due  to  the diffuse of 
the gland in this species. evaluation of 

tissues 
soya 

live weight gains about 30% to the soybean 
diet. values 

than 25.6 diets with soya bean did 
not affect 
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Table 10. (% in seed of 
coloured  and  white  flowers  of  faba  beans 
(Griffiths  and Jones, 1977) 

I Testa I Cotyledon I I 

1 0.32-0.5 I 0.74-0.88 I 0.75-0.81 5.34-7.42 0.78-0.91 1.34-2.00 

Table U. Trypsin  inhibitor  activity  (unitslmg)  of 
legume grains  and  cereals“ 

Legumes 
faba  bean 0.5-6.2 
chickpeas  1.68-11.9 
soya bean 21.1-74.5 
field  bean  10.9-25.9 
peas 

lupine  0.16-0.29 

1.60 
wheat 0.14 

0.80 

et al.  (1989), 
Saini  (1989)  and  Savage  (1989). 

and chemical of lectins 
among  legume species. effect is the 

damage of the intestinal mucose that can 
of incidence. Lectin activity is 

by the level of agglutination of 
blood The susceptibility to lectins 

species. 
sheep, cows, and chickens do  not agglutinate in 

of but  both 
legumes cause agglutination_-of pigs 

lectins of toxic than 
those of et aL, 1975). 

Lectins of field seem also 
to have negative effects on 
Sánchez et al. (1983) a high of live 
weight gain (38.6  vs 10 gld) when  soybean  meal was 
totally by was 

Autoclaving up to 20 
gld incidence, but feed  intake 

low (72.8 vs  122.9  gld 
to diet with beans. 

Alkaloids ANFs especially 
of lupine. 

an accused 
in  the of Johnston  and 

Uzcategui (1988) obtained a (16 vs 
26.3 gld) with 
was totally by “chochos” (Lupinus 
nzutabilis). Toasting the “chochos” did 

with 
bath  and cooking the 

to  those of (1984),  using two 
of “sweet” lupines (with a low alkaloid 

content), did not find feed 
to diets with soybean meal. 

Energy  value 

value of legume has  been 
studied  in (1984) a 

value (about 2800 kcal 
peas  and lupines. 

assays and  the little effect of 
ANFs, it could be value of 
these legumes should be and to  the values 

pigs. Thus,  Lebas (1988) estimated an 
value chickpeas of 3100-3200  kcal 

This is an value between  wheat  and 
soybean meal, that,  in  the 
diets, chickpeas equivalent  to a of 55-60% 

and 40-45% soybean  meal  without changes 
digestibility. Colin and 

Lebas (1976), (1984), and et al. (1988) 
also 
a of and soya bean meal (65-70%130- 
35% and 50%/50%, in assays. 

specific studies  should be done  to 
this item. 

Practical utilization of legume  grains 

Since the 70s, have been 
studying the possibility ‘of legume inclusion in 

diets. (1984) levels of 
inclusion of lupines, peas 

was no influence of level of 
inclusion on feed 
when  soybean  meal was totally by 21% of 
lupines 30% of peas beans. 

inclusion levels of may 
et al. (1979) studied inclusion 

levels of 15, 30 and 45% in fattening 
diets. Up  to 30% of inclusion, 

At 45%, slightly No toxic 
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r 

effects so that  it is possible that amino 
acid  deficiency could have and 
Lebas (1984) found  that  methionine  supplementation 
was to high 
bean supplied 60% of a 
diet. Though, the et al., 1988) 
in a assay, did not find significant in 

of soybean  meal 
was totally by (37% of 
inclusion) in a diet. Also  in pigs, 

et al., 1976; 1977; 
1977; et al., 1984) have 

it is to supply 
maintain when 

the level of inclusion in  the  diet of is 
to  be up to 30 35%. 

legume like chickpeas field bean, 
which mainly used consumption, have 
been  studied  to include them in diets. Lebas 
(1988) inclusion of chickpeas up to 
20% soybean  meal  had no negative 
effects on should be noted 
that  in  some of chickpeas, could be a 
limiting amino acid. 

Sánchez et al. (1983) studied the effects of inclusion 
at 40% of and autoclaved diets 
substituting soybean  meal  and 

with 
autoclaved beans.  Johnston et al. (1989) also 

a low palatability when 
Andean field 

on a choice basis. 

palatability and possibilities of inclusion diets, 
because of high acid 
content (23% of 1.43% of lysine). 

OILSEED MEALS 

Sunflower is the second most oil in 
the being extensively in  the 

meal is by high 
32 to  39%)  and 16 to  28%) 

contents which (see  Table  12). The 
of oil in the meal is 

low and depending on  the 

hand,  the  amino acid of 
meal is balanced except lysine,  which has a 

level 13). On  the 
high content of amino 

acids, can make 
meal  an  adequate complement to legume 

et al. (1988) 

(38%) of faba  bean by meal 
and  feed (43.8  vs  40.7  g/d and 3.45  vs 
3.59 g/d, 

Table Chemical  composition and  nutritive  value of 
oil seed meals by several  authors (% 

Jet Neuf 

Cottonseed  meal 

Flaxseed  meal 

CP 

35.6 
33.4 
38.6 
39.0 
32.3 

- 

36.8 
42.8 
37.9 

36.7 
27.2 

37.4 

28.6 
- 

CF 

17.8 
27.6 
20.0 
16.5 
25.1 

12.6 
13.2 
13.9 

19.6 
23.2 

10.0 

31.5 
- 

energy (%) 
EE kcaUkg CF 
- 

2.2 
1.1 
1,s 
0.6 
1.2 

1.5 
1.7 
3.2 

2.8 
8.9 

1.7 

12.4 
- 

3100 
2391 
2749 . 
3438 
2462 

3148 
2992 
2786 

- 
- 

2952 

2033 

- 
81.8 
75.5 
84.0 
89.9 
72.9 

76.3 
71.3 
69.0 

- 
- 

72 

76.6 
- 

29.3 
4.6 

O 
l8.8' 
17.3" 

8.7 
11.2 
11.3 

- 
- 

4 

9.8 
- 

of (%) 
(1) and (1980 a) 
(2) (1984 b) 
(3) Fekete and (1986) 
(4) Villamide et al. (1990) 
(5) Nitt et al. (1982) 
(6 )  Lebas et al. (1988) 

Table Composition of amino  acid of oilseed meal 
protein with respect to rabbit  requirements 
(g1100 g CP) 

Sunflower Cotton 1 meal 1 mea1 I seed meall requirements 

Lysine 
+ cystine 

3.63 

3.39 4.42 3.85 
1.19 1.19 1.36 
3.02 4.18 3.64 
4.20 5.92 4.06 

3.15 
0.81 
3.44 

* value (1984), (1984) and 
(1 988) 

no specific studies  about  the maximum 
level of inclusion diets, but its 
low value could be  the'main cause to limit it. 
The digestible value of meal is highly 

2400 to 3400 kcal and 
depends mainly on its Villamide et 
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al. (1990) found an 
value of 

content: 

(kcal/kg = 4679 - 86 ; 

Although only five data the 
equation, this type of could be adapted  to 

value of meal  as in 
species. So, et al. (1986) 

pigs a equation: 

= 4690 - 79 (% CF  on ; 

way, digestibility seems to 
be negatively 

73 to 89% (see values 
feedstuffs with 

content,  like alfalfa (64% of 
1984 b) possibly due  to  the 

(mainly in the cotyledon) is not chemically bound to  the 
(mainly in  the hull’. This fact with the 

high level of indigestible of 
a of alfalfa inclusion in  the 

diet with the value of the diet 
et al., 1990). 

is extensively in  Canada, and 
Asia oil. The meal 

oil of is 
by a low a high 

a (see 
Table 12). balanced in 
essential  amino acids with 

13). of this, 
meal  has  been used to soya bean 
diets with (Colin and 
Lebas, 1976; et al.. 1980). it 
should be digestibility is 
than  that of soya bean  meal, 69 to 77 
(Table  12). The  CF content  and the of tannins 
in the hull (2-3%) of 
of these low values. Also, value (2786-3148 kcal 

of could be low  by this effect. 

The level of inclusion in non- 
is limited by the of 

glucosinolates in the cotyledon. Glucosinolates 
glycosides with aglycogens, which 

causing inhibition of the gland. 

specific studies  about glucosinolates 
effects on Colin (1977), 

did not 
find in Also, 

(1984 b) did not find in  the 
value of two with 
contents of glucosinolates. 

low in glucosinolates so that 
could be nontoxic 

(Cheeke, 1987). 

Colin and  Lebas (1976) et al. 
(1980) studied the effect of inclusion levels of 

soybean  meal. Levels of 
inclusion than 12-14% a slight 

of 
up to 18% the 

significative. 

Cottonseed meal is the 
of availability of this 
is low in except 

Egypt. 

Chemical composition depends on  the type of 
used oil the efficiency of 

dehulling is (up  to 
40%) when oil is 
when it is mechanically 

oil contents in 
meals ones  (see  Table 12). The  amino 
acid is unbalanced  in lysine, methionine,  and 

(see (1972) 
found  that the addition of lysine and  methionine to a 
diet with 

The potential toxicity gossypol seem 
to  be  the main cause of limiting cottonseed meal in 

diets. levels of 0.04% of gossypol 
should be 1981). Nitt et 
al. (1982) of soya bean 
meal by cottonseed  meal (0.04% gossypol) 

high to  the 

have been  published 
about  the utilization of oil seed  meal  like flaxseed 

diets. (1986) studied the 
value of flaxseed meal using the subtitution  method. 
They  found  that the value (2952 kcal 

digestibility 
meal, but 

oilseed meals meal. Cheeke (1987) also 
a possible deficiency in lysine should be 

flaxseed meal was used as the only 

Lebas et al. (1988) studied the of 
meal by hempseed meal (O, 10,20 and 30% 

of inclusion). no 
(36 gld, as but  feed was 
significantly in  diets with 20 30% of hempseed 
meal (3.46 vs 3.27). The value 

was 2033 kcal/kg 
to that of an alfalfa hay of good quality. 
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we can conclude that  faba  beans,  peas, 
chickpeas and  “sweet” of lupine  can totally 

diets. to 
legume utilization, it seems to  be 
to value and the 

actual  amino acid content  in  each especially 
acids, 

Also, 
be used as the only 
into  account  that lysine is the  main limiting amino acid 

two meals. hand, the 
high acids, 

oil seed meals an  adequate 
complement of legume to meet amino acid 

the diet. hand, CF content 
of oil seed meals seems to  be a good index .to 

value. 
to 

these 

Few studies have been  done  about  the effect of 
ANFs  on 
is gain insight about this subject to 

the slight effect 
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