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ABSTRACT - The objectives of this study were to evaluate the digestibility of the nutrients of simplified and semi-
simplified diets, with and without inclusion of exogenous enzymes and to determine the nutritional value of the fibrous sources.
The tested feedstuffs were: alfalfa hay, hay from the upper third of the cassava foliage and cassava leaf meal, using a completely
randomized design with 11 diets and 8 repetitions. The treatments were constituted of 1 reference diet, 2 simplified diets and
8 semi-simplified diets (4 enzymatic inclusion). The enzymes used were carbohydrases (alpha-galactosidase, galactomanose,
xylanase and beta glucanase) and phytase. It was observed that the digestibility of the nutrients of the diets was influenced
by the type of feed studied. Semi-simplified diets presented coefficients inferior to the reference diet and superior to the
simplified diets. Exogenous enzymes promoted improvements in the digestibility of the dry matter (DM), organic matter,
crude protein and gross energy. It was also observed that great part of the crude protein of the cassava leaf meal complexed,
which depreciated the digestibility of diets with high inclusion of this ingredient. The nutritional value of  fibrous sources was
1822.7 kcal digestible energy - DE/kgDM and 122,6 g digestible protein - DP/kg DM, for the hay from the upper third of the
cassava foliage; 2232.5 kcalDE/kgDM and 155.4 gDP/kgDM for alfalfa hay and 1888.9 kcalDE/kgDM and 73.6 gDP/kgDM
for the cassava leaf meal. With the exception of diets with elevated inclusion of cassava leaf meal, the semi-simplified diets
presented satisfactory coefficients of digestibility improved by the enzymatic inclusion.
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Introduction

The study of the digestive efficiency of feedstuffs
begins with the quantification of nutritional principles,
followed by the determination of digestibility and animal
performance coefficients (Santos et al., 2004). As quoted by
Cheek et al. (1986) and Gidenne (2000) the rabbit has a low
utilization of the fiber fraction due to the rapid passage of
feed through the gastrointestinal tract. Through the
caecotrophic activity, the digestibility of nutrients, especially
protein, is incremented (Carabaño et al., 1988; Carabaño &
Piquer, 1998; Machado et al., 2007; Faria et al., 2008).

Simplified and semi-simplified diets are a new technology
which associates economy, provided by the high inclusion
of a fibrous ingredient (Machado et al., 2007). Alfalfa is a
fiber source generally used in rabbit diets. In Brazil, alfalfa
hay is extremely expensive. The aerial part of the cassava
is a potential substitute for alfalfa hay. As observed by
Flores (1998) the aerial part of the cassava presents high

levels of phytic acid, which complexes phosphorus to the
plants and reduces the digestibility of the nutritional
principles (Bedford, 2000; Nagashiro, 2007). Besides this
antinutritional factor, cassava presents high levels of fiber
carbohydrates, which can increase the passage rate and
protect the cellular function from enzymatic attack.

Exogenous enzymes increase digestibility, especially
through the reduction of the antinutritional potential of
the phytic acid and the fiber carbohydrates, leading to
higher usage of the nutritional principles (Bedford, 2000;
Dari, 2004; Nagashiro, 2007).

Considering studies with rabbits, the comprehension
of the use of additives and their relation with digestive
efficiency is still in course. The objective of this study was
to evaluate the apparent digestibility of the simplified and
semi-simplified diets, with and without the inclusion of
carbohydrases (alpha-galactosidase, galactomanose,
xylanase and beta-glucanase) and phytase, and the
nutritional values of the fiber sources for growing rabbits.
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Material and Methods

The experiment was conducted in the Laboratory of
Animal Metabolism, located at the Department of Animal
Science of the Veterinary School of UFMG from  the 15th to
the 25th of December 2009. The mean temperature, during
the four days of collection was 23, 6 ºC. Metabolic cages
with dimensions 0.30 × 0.60 m, with feces collection tray
(which allows urine separation),  semi-automatic feeders
and water supply were used.

 The feedstuffs evaluated were alfalfa hay (Medicago
sativa); hay from the upper third of the cassava foliage
(Manihot sculenta, Crantz), Gravetinho variety, harvested
at 12 months; and the cassava leaf meal, Jacaré variety,
harvested at 4 months, obtained from the processing of
the aerial part dried and ground in a tea processing machine;
the finest granulometry was used as described by Ferreira
et al. (2011) (Table 1).

 The basal diet was formulated to meet the requirements
proposed by De Blas & Mateos (1998), which are: digestible
energy, 2,500 kcal/kg; crude protein, 145.0 to 162.0 g/kg;
digestible protein, 102.0 to 113.0 g/kg; calcium, 6.0 g/kg;
total P, 4.0 g/kg; lysine, 7.5 g/kg; methionine + cystine,
5.4 g/kg; threonine, 6.4 g/kg; tryptophan, 1.5 g/kg; arginine,
8.1 g/kg; and acid detergent fiber, 160.0 to 185.0 g/kg
(Table 2).  An exact adjustment for calcium and acid detergent
fiber could not be met, because the  fiber sources are rich
in these nutritional aspects.

As for protein, the balance is prioritized in the form of
digestive protein, since the forage sources are rich in
protein by moderate digestibility. During formulation, all
diets had levels of lysine, methionine + cystine, threonine,
tryptophan and arginine balanced in the form of total amino
acids. Oil was added to increase the energy density of the
diet, and because of the positive contribution to the
digestibility of other nutrients (Fernandez-Carmona et al.,
1998; Bertechini, 2006); dried molasses were used to improve
the quality and palatability of the pellet, and bentonite to
improve its quality. At least 50 g/kg of source of starch and
small amounts of soybean meal were added to the semi-
simplified diets, to improve the digestive process. When it
was not possible to adjust the content of digestible energy,
a minimum of 2200 kcal/kg of dry matter was sought, as
proposed by De Blas et al. (2002) and Ferreira & Pereira
(2003), with a minimum adjustment of intake as a function
of energy density, in agreement with the chemiostatic
regulatory mechanism, in which the increased concentration
of some substances at certain points, act in the satiety
center by inhibiting the feed intake.

The treatments consisted of 11 diets, as follows:
reference diet; simplified diet based on cassava leaf meal
and alfalfa hay; semi-simplified diet based on hay from the
upper third of the cassava foliage; semi-simplified diet
based on alfalfa hay; semi-simplified diet based on cassava
leaf meal; semi-simplified diet based of the mix composed of
cassava leaf meal and alfalfa hay; semi-simplified diet based

Alfalfa hay Cassava leaf meal Hay from the upper third of cassava foliage

Composition
Dry matter (g/kg NM) 891.5 936.1 906.5
Crude protein (g/kg NM) 171.5 195.4 179.6
Neutral detergent fiber (g/kg NM) 368.2 383.8 584.5
Acid detergent fiber (g/kg NM) 236.5 260.8 374.0
Hemicelluloses (g/kg NM) 131.7 123.0 210.5
Acid detergent lignin (g/kg NM) 80.1 106.0 117.6
Acid detergent insoluble nitrogen (g/kg acid detergent fiber) 9.8 23.6 20.4
Lignified protein (g/kg CP)1 84.8 197.0 167.6
Gross energy (kcal/kg NM) 4010 4569 4190

Composition obtained in the literature2

Calcium (g/kg NM) 16.0 17.8 16.0
Total phosphorus (g/kg NM) 2.7 3.1 2.6
Lysine (g/kg NM) 11.3 12.3 11.3
Methionine + cystine (g/kg NM) 6.1 8.0 7.3
Threonine (g/kg NM) 10.1 9.2 8.4
Tryptophan (g/kg NM) 2.7 3.5 3.2
Arginine (g/kg NM) 10.8 11.5 10.6
Digestible energy (kcal/kg NM)3 2165 2396 1547
Digestible protein (g/kg NM) 115.74 102.45 94.15

NM - natural matter; CP - crude protein; DE - digestible energy; GE - gross energy.
1 Lignified protein: crude protein fraction of  residues contained in acid detergent fiber.
2 Values obtained from Eggun (1970), Flores (1998), Villamide et al. (1998) and Ferreira et al. (2007).
3 DE (kcal/kg DM) = GE (kcal/kg DM) × (84.77 × 1.16% ADF on a dry matter basis))/100 (De Blas & Mateos, 1998).
4 Coefficient of digestibility according to Machado et al. (2007).
5 Coefficient of digestibility according to Ferreira et al. (2007).

Table 1 - Chemical composition of the fiber ingredients used in the experimental diets
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on the mix composed of hay from the upper third of the
cassava foliage and alfalfa hay; simplified diet based on
cassava leaf meal and alfalfa hay + carbohydrases and
phytase enzymes; semi-simplified diet based on hay from
the upper third of the cassava foliage + carbohydrases and
phytase enzymes; semi-simplified diet based on cassava
leaf meal + carbohydrases and phytase enzymes; semi-
simplified diet based on the mix composed of cassava leaf
meal and alfalfa hay + carbohydrases and phytase enzymes
(Table 2).

In the simplified diet based on cassava leaf meal and
alfalfa hay with enzymes and semi-simplified diets based on
hay from the upper third of the cassava foliage with enzymes,
cassava leaf meal with enzymes and mix composed of
cassava leaf meal and alfalfa hay with enzymes, phytase
(GenoPhos®),was added  at the ratio of 50 g/t (500 ftu/kg)
and the enzyme complex (Endo Beta Power®) was added in
the proportion of 200 g/t, consisting of carbohydrases with
alpha-galactosidase (35 u/g), galactomananase (110 u/g),
beta-glucanase (1,100 u/g) and xylanase (1,500 u/g) activities.
On the assay, the pelleted feed was offered ad libitum.

For each treatment, 51-day-old white New Zealand
rabbits were used. The approbation by the animal ethics
committee (CETEA/UFMG) is registered under number
171/08. The methodology used was based on the European
reference method for determination of in vivo digestibility
for rabbits, proposed by the European Group of Animal
Nutrition (Perez et al., 1995). The adaptation time was seven
days, although all rabbits were already receiving the
experimental diet from weaning, which was performed at 35
days of age. Intake and excreta of nutritional principles were
determined on four consecutive days. On the first day of the
collection period, before 9 am, the cages were cleaned,
eliminating stool that could be attached to the base of the
wire cage. Caecotrophy was not prevented at any time of the
experiment.

The samples were collected and put in plastic bags,
hermetically sealed and frozen at -18 °C, for further laboratory
analysis.

For the stool preparation, feces were pre-dried in forced-
ventilation oven circulating air at 55 °C, for 72 hours. The
samples were ground to 1 mm, and after dry matter, organic
matter, crude protein and crude energy evaluations were
analized according to the methods described by Silva &
Queiroz (2002) and Sindirações (2005). Gross energy was
determined using calorimeter bomb (Parr adiabatic
calorimeter). The analyses of neutral detergent fiber, acid
detergent fiber, acid detergent lignin, acid detergent
insoluble nitrogen, calcium and phosphorus were done in

the ingredients and the experimental diets were performed
according to the references cited in Van Soest et al. (1991).

The analyses were performed at the Laboratory of
Animal Nutrition of the Department of Animal Science of
EV-UFMG. For the diet calculation, data from the pre-
analysis of fiber mater and data from Villamide et al. (1998),
Maertens et al. (2002) and Rostagno et al. (2005) were
utilized.

The coefficient of apparent digestibility (DCa) of the
dry matter, organic matter, crude protein and gross energy
of the diets were calculated using the following equation:

The methodology for determination of digestible energy
and protein digestibility of fibrous ingredients followed the
direct method, after determination of the digestibility of
semi-simplified diets based on hay from the upper third of
the cassava foliage, alfalfa hay and cassava leaf meal. In this
methodology, the nutritional value of the feed tested (with
high inclusion) is obtained by the difference between total
nutrient content in the diet tested and the nutrient content
in the feed pre-determined in the literature. The methodology
employed by Fernandez-Carmona et al. (1998) was also
used, in which 100% of digestibility was adopted for lysine;
the digestible energy of 4.901 kcal/kg of natural matter and
858.0 g/kg of natural matter for digestible protein (Rostagno
et al., 2005) were considered. The values of digestible
energy considered for soybean oil, dried molasses, corn
and soybean meal were 8,517; 2,780; 3,134; and 3,182 kcal/kg
of natural matter (Villamide et al., 1998), respectively. The
digestible protein values considered for corn and soybean
meal were 46.9 and 355.9 g/kg of natural matter, obtained
after chemical analysis and considering the digestibility
reported by Villamide et al. (1998). The digestible protein of
the molasses was not considered. Therefore:

Digestible energy (DE) (kcal/kg) of the diet = DE of the
feed tested * (%) + DE of soybean oil * (%) + DE of corn *
(%) + DE of soybean meal * (%) + DE of dry molasses * (%)
+ DE of lysine * (%).

Digestive protein (DP) (%) of the diet = DP of the feed
tested * (%) + DP of corn * (%) + DP of soybean meal * (%)
+ DP of lysine * (%).

The animals were distributed in a completely randomized
design with 11 treatments and 8 replications, and the
experimental unit consisted of a cage with one rabbit. The
apparent digestibility values of different nutritional
principles were submitted to analysis of variance, using the
resources of the computer software SISVAR (Sistema de
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Análise de Variância, version 4.3) and means were compared
by the Scott-Knott test, at 5% probability. The treatments
without enzymes and with the addition of exogenous enzymes
were compared by the Scott-Knott test.

The statistic model used for the analyses of the
variables was:

Yij = μ + Ri +eij
in which: Yij = digestibility coeficient of the nutrients
(gross energy, crude protein, dry matter and organic matter)
and feed intake; μ = overall mean; Ri = effect of the
experimental diet i; eij= random error associated to each Yij
observed.

Results and Discussion

The digestibility of nutritional principles was influenced
(P<0.05) by the diet studied (Table 3). The reference diet had
the highest digestibility coefficients for all nutritional
principles evaluated, especially due to the low content of
acid detergent fiber, thus presenting a lower rate of passage,
which aids digestion and absorption, with longer retention
in the gastrointestinal tract. The simplified diets based on
cassava leaf meal and alfalfa hay diets, cassava leaf meal
and alfalfa hay with enzymes and semi-simplified diets
based on cassava leaf meal, mix composed of cassava leaf
meal and alfalfa hay, cassava leaf meal with enzymes and mix
composed of cassava leaf meal and alfalfa hay with enzymes,
containing cassava leaf meal, showed low protein
digestibility. In the process of dehydration, the material was
subjected to temperatures above 100 °C. There was
complexation of amino acids and carbohydrates, a
phenomenon called the Maillard reaction. The semi-simplified
diet based on cassava leaf meal with and without enzymes

that contained high levels of inclusion of this ingredient had
caramel aroma typical of the occurrence of this reaction.

Besides this, high concentration of protein was analyzed
from the residue of acid detergent fiber (lignified protein) of
these diets (Table 2). Quiñonez et al. (2007) noted the drop
in the nutritional value of the carbohydrates when the
cassava leaves were dried at 183 °C.

Rabbits are animals that, for their caecotrophic activity,
increase the digestibility of protein, presenting higher
values of digestibility when compared with other animals.
Evaluating the digestibility of gross energy one can observe
that the simplified diet based on cassava leaf meal and
alfalfa hay and semi-simplified diet based on cassava leaf
meal presented the worst results, followed by semi-simplified
diets based on the mix composed of cassava leaf meal and
alfalfa hay, cassava leaf meal, with and without enzymes
and simplified diet based on cassava leaf meal and alfalfa
hay with enzymes. Unlike what occurs with crude protein,
rabbits have difficulty using gross energy of the diets with
high levels of fiber, which is solved by a higher intake.
Considering the dry matter intake, the simplified diet based
on cassava leaf meal and alfalfa hay with enzymes and semi-
simplified diets based on cassava leaf meal, with and without
enzymes presented (P<0.05) inferior results, suggesting
that diets with high concentration of cassava leaf meal are
also little palatable, leading to lower intake (Table 3).
Throughout the experiment one could see that the animals
did not accept well the diets with high levels of inclusion of
this ingredient, especially the semi-simplified diets based
on cassava leaf meal, with and without enzymes.

Another reason for low intake and digestibility of some
diets was pointed out by Scapinello et al. (1999), who
noticed that hay from the upper third of the cassava foliage

Digestibility coefficient Average

Diet Crude protein Gross energy Dry matter Organic matter
consumption

(kg/kg) (kg/kg) (kg/kg) (kg/kg)
(g/day)

Reference 0.7834a 0.6638a 0.6557a 0.6725a 99.93a

Simplified
Cassava leaf meal + alfalfa meal 0.5801e 0.5086d 0.5391d 0.5413d 91.38a
Cassava leaf meal + alfalfa meal with enzymes 0.6126d 0.5454c 0.5735c 0.5851b 84.65b

Semi-simplified
Foliage cassava hay 0.6810c 0.5345c 0.5423d 0.5428d 94.73a
Alfalfa hay 0.7223b 0.5667b 0.5694c 0.5669c 99.78a
Cassava leaf meal 0.4548f 0.4884d 0.5307d 0.5275d 78.15b
Cassava leaf meal + alfalfa hay 0.6279d 0.5403c 0.5729c 0.5698c 98.50a
Foliage cassava hay + alfalfa hay 0.7289b 0.5689b 0.5752c 0.5682c 94.38a
Foliage cassava hay + enzymes 0.7108b 0.5582b 0.5640c 0.5643c 92.30a
Cassava leaf meal + enzymes 0.5690e 0.5480c 0.5937b 0.5904b 76.05b
Cassava leaf meal + alfalfa hay + enzymes 0.6363d 0.5685b 0.5941b 0.5930b 91.70a
Variation coefficient (%) 4.20 4.58 4.00 4.05 14.03
Means followed by different letters differ by the Scott-Knott test at 5.0% probability.

Table 3 - Apparent digestibility coefficients and average consumption of the experimental diets
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has free and condensed tannins, and these substances also
affect nutrient digestibility. These substances can form
stable structures with protein, holding them at the digestive
tract, reducing their digestibility, and inhibiting digestive
enzymes (Ferreira, 1994; McDougall et al., 1996).

Machado et al. (2007) evaluated simplified diets for
rabbits and found, for the simplified diet based on alfalfa
hay, 0.5238, 0.5299, 0.6730 and 0.5432 for the coefficient of
digestibility of dry matter, organic matter, crude protein,
and gross energy, respectively, and these values were
intermediate to those found in this experiment. In the study
previously mentioned, from the simplified diet based on
alfalfa hay, the authors found values of 0.3304, 0.3332,
0.4958 and 0.3167 for the digestibility of dry matter, organic
matter, crude protein, and gross energy, which were inferior
to all the values  observed in this experiment.

The values found in the present study are in consonance
with the values observed by Ferreira et al. (2007), who found
digestibility coefficients in the order of 0.537; 0.504; 0.681
and 0.537 kg/kg for dry matter, organic matter, crude
protein and gross energy respectively, for the simplified
diet based on alfalfa hay and values of 0.476; 0.464; 0.520;
and 0.490 for the respective nutritional principles of the
simplified diet based on hay from the upper third of the
cassava foliage.

Fernandez-Carmona et al. (1998), evaluated simplified
diets based on alfalfa hay, and found values  of  digestibility
coefficients for dry matter, organic matter and crude protein
in the order of  0.530; 0.545 and 0.645 kg/kg, respectively, for
a diet of 960 g of alfalfa hay per kg of natural matter. For a
similar diet with inclusion of 89.0 g of oil per kg of natural
matter, values of 0.540; 0.550 and 0.660 kg/kg  were found
for digestibility of the respective nutritional principles.
These values are close to the ones obtained in this
experiment for the semi-simplified diet based on alfalfa hay.
Faria et al (2008) observed coefficients of 0.500, 0.733 and
0.506 kg/kg for dry matter, crude protein and gross energy
for simplified diet based on alfalfa hay and 0.296, 0.469 and
0.245 kg/kg for the respective nutritional principles of the
simplified diet based on hay from the upper third of the
cassava foliage. The author reinforced the hypothesis of

low digestibility of the last diet, due to the presence of
tannins, as proposed by Scapinello et al. (1999).

On can perceive that, overall, the simplified diets used
in the essays mentioned presented lower values of
digestibility coefficients, when compared with semi-
simplified diets, with the same fiber sources, used in this
experiment, reinforcing the idea of improving the digestive
process when adding minimum levels of starch and protein
of acknowledged nutritional quality. This fact can be
explained by the higher digestibility of starch and protein
sources, besides the improvement of the whole digestive
process, especially in the caecal level, as indicated by
Machado et al. (2007).

As to the effect of endogenous enzymes (carbohydrases
and phytase) from the comparison between diets without
enzymes and with enzymes, only between semi-simplified
based on the mix of cassava leaf meal and alfalfa hay and
semi-simplified based on the mix of cassava leaf meal and
alfalfa hay with enzymes were no improvements in the
digestibility observed. The other enzyme inclusions
promoted better results in the digestibility of the nutrition
principles. In the general comparison between treatments
without enzymes and their respective treatments with
enzymes, it can be verified that the inclusion promoted
better nutrient digestibility (Table 4). It is clear that the
exogenous enzymes made the digestibility of all nutritional
principles better.

The observed results are in agreement with Gutierrez
et al. (2000), who reported improvement (P<0.05) in the
digestibility of crude protein when the phytase enzyme was
added in diets for rabbits. In that study, the authors observed
improvement of 7%, close to the 8% observed here in the
overall comparison. Falcão & Cunha et al. (2008) noted
improvements in the digestibility of the cell wall when the
galactosydase enzyme was added to the diets. Thus, the
ability of the enzymes to improve the use of the nutritional
principles in diets for rabbits became clear.

The reference diet and the semi-simplified diets based
on mix of hay from the upper third of the cassava foliage and
alfalfa hay, cassava leaf meal whit enzymes and mix of
cassava leaf meal and alfalfa hay with enzymes presented

Diet Digestibility coefficients

CP (kg/kg) GE (kg/kg) DM (kg/kg) OM (kg/kg)

Diet without enzymes 0.5871b 0.5184b 0.5469b 0.5460b
Diets with enzymes 0.6341a 0.5548a 0.5805a 0.5826a
Variation coefficient (%) 12.28 5.73 4.96 4.91
CP - crude protein; GE - gross energy; DM - dry matter; OM - organic matter.
Means followed by different letters, in same colum, differ by the Scott-Knott test at 5.0% probability.

Table 4 - Apparent digestibility coefficient of diets with high inclusion of fiber in relation to the presence or absence of exogenous enzymes
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a level of digestible energy close to the one proposed by
De Blas & Mateos (1998), which is 2500 kcal/kg of natural
matter (Table 5). However, all the other diets showed
levels greater than 2.200 kcal/kg dry matter, in which the
animal regulates its intake as a function of energy density
(Ferreira & Pereira, 2003; De Blas et al., 2002).

It can be noted that the semi-simplified diet based on
cassava leaf meal and simplified diet based on cassava leaf
meal and alfalfa hay had lower levels of digestible protein
than recommended by De Blas & Mateos (1998), which is
102 to 113 g/kg of natural matter and the other diets showed
slightly higher levels. Ferreira & Pereira (2003) found that
the ratio between digestible energy and digestible protein,
per kg, should be between 22 and 25 kcal. Thus the semi-
simplified diets based on hay from the upper third of the
cassava foliage, alfalfa hay, mix composed of cassava leaf
meal and alfalfa hay, cassava leaf meal with enzymes, mix
composed of hay from the upper third of the cassava foliage
and alfalfa hay and simplified diet based on cassava leaf
meal and alfalfa hay with enzymes presented relations
below the proposal, which suggests a lack of energy in
relation to the protein. The opposite is observed in the semi-
simplified diet based on cassava leaf meal, which suggests
a lack of protein in relation to energy.

All diets used in this experiment had higher energy
content than those used by Machado et al. (2007) who
obtained unsatisfactory results with simplified diets.
Fernandez-Carmona et al. (1998) found values   of 2143.5
and 2418.7 kcal/kg of natural matter for the diets with
960.0 and 881.0 g of alfalfa hay per kg of natural matter,
respectively, and the first value was inferior to all the diets
used in this experiment. Gidenne (2000) proposes energy
levels of 2250 to 2350 kcal DE/kg of natural matter until
45 days and 2350 to 2450 from the 46 day until slaughter.
Most diets dealt with in this study met these requirements.

Diet Digestible energy Digestible protein Digestible energy/digestible
(kcal/kg) (g/kg) protein ratio

Reference 2619 118.7 22.06

Simplified
Cassava leaf meal + alfalfa meal 2233 99.4 22.46
Cassava leaf meal + alfalfa meal + enzymes 2393 113.7 21.05

Semi-simplified
Cassava foliage hay 2328 118.6 19.63
Alfalfa hay 2388 118.5 20.15
Cassava leaf meal 2210 80.8 27.35
Cassava leaf meal + alfalfa hay 2320 122.8 18.89
Cassava foliage hay + alfalfa hay 2462 127.3 19.34
Cassava foliage hay + enzimes 2441 128.7 18.97
Cassava leaf meal + enzimes 2497 113.1 22.08
Cassava leaf meal + alfalfa hay + enzymes 2501 119.1 21.00

Table 5 - Nutritional levels of digestible energy and digestive protein and energy/protein ratio of the experimental diets

The same author proposes digestible protein requirement
superior to 115.0 per kg of natural matter until 45 days and
110.0 – 115, from the 46 day until slaughter. Thus, except for
the diets simplified based on cassava leaf meal and alfalfa
hay and semi-simplified based on cassava leaf meal, all the
others met the requirements of digestible energy. Still, by
the recommendation of Gidenne (2000) for the quantity of
fiber offered to the animals, it can be seen that the reference
diet contains acid detergent fiber, lignin and acid detergent
lignin/cellulose ratio inferior to the one proposed (Table 2),
although balanced according to the recommendations of
De Blas & Matheus (1998). Another recommendation is
made as to the level of acid detergent lignin, which can be
of 50 to 70 g/kg of natural matter, range in which the diets
used in this study are not comprised (Table 2). Simplified
diets provide excess of fiber components, which hampers
the balance of some feed fractions. Gidenne (2000) also
mentions that the level of hemicelluloses must be higher
than 129 g/kg of natural matter for rabbits until 45 days and
100 g/kg of natural matter from 46 days till slaughter. Thus,
some of the diets used here did not have this amount of
hemicelluloses.

In relation to the nutritional value of the fiber sources,
the hay from the upper third of the cassava foliage presented
1822.7 kcal of digestible energy and 122.6 g of digestible
protein per kg of dry matter; the alfalfa hay presented
2232.5 kcal of digestible energy and 155.4 g of digestible
protein per kg of dry matter and cassava leaf meal presented
1888.9 kcal of digestible energy and 73.6 g of digestible
protein per kg of dry matter. The cassava leaf meal presented
low level of digestible protein, due to the elevation of the
temperature during the processing in the adapted tea machine
(Ferreira et al., 2011). This situation fosters the union of the
amino acids and reduced carbohydrates, turning them into
an insoluble complex, which is called “the Maillard reaction”.
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Scapinello et al. (1999) evaluated the nutritional value
of hay from the upper third of the cassava foliage, harvested
at 15 months of age, and found values  of 1901.8 kcal/kg dry
matter and 89.2 g of digestible protein per kg of dry matter;
the energy value was close to that observed in this study.

Conclusions

Overall, semi-simplified diets promoted intermediate
digestibility coefficients between traditional diets and
simplified diets. Diets with high inclusion of cassava leaf meal,
above 40%, presented lower digestibility values for the
nutritional principles when compared with traditional ones.
The exogenous enzymes (phytase and carbohydrases)
provided significative improvements in the digestibility of the
nutritional principles of the simplified and semi-simplified
diets.
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