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ABSTRACT

Thirty male rabbits (Cuban Brown) were studied for 35 days to determine their production indicators. The animal
diet included spent mushroom substrate (SMS). The animals were distributed in a completely randomized design
with three treatments and five replications. Two treatments were analyzed: control (balanced diet including maize,
soy, sugar cane meal, and mulberry leaf meal), and substitution of the mulberry leaves for milled SMS (20 and 10%
inclusion). The final live weights (1.54, 1.50, and 1.52 kg), mean daily gains (17.41, 15.98, and 16.70 g/rabbit/day),
feed consumption (70.04, 76.94, and 74.50 g/rabbit/day), and feed conversion (4.36, 4.81, and 4.46, respectively)
showed no differences (P > 0.05) among the treatments. The substitution of mulberry leaves for SMS did not affect
the productive behavior of the animals. These results suggest the inclusion of up to 20% SMS in the diet of fattening

rabbits.
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INTRODUCTION

Rabbit production is one important alternative
for human nutrition, due to low investment costs
per production area, the possibility of using
cheaper, locally based foods (Mora Valverde,
2012), high prolificness, low generational inter-
val, and high meat yields (Martinez, Santos,
Ramirez and Sarmiento, 2010; Palma and
Hurtado, 2010). Additionally, it can improve the
living standards of highly depressed rural areas
both socially and economically, where it can be
used as a source of self-consumption and income
(Nieves, 2009).

However, in Cuba, the nutrition of monogastric
animals is essentially based on imported raw ma-
terials, thus increasing the costs of production
(Adedeji et al., 2013). Moreover, Montafio,
Quifonez, Iglesias and Sagaré (2016), said that
the livestock model in tropical countries is, in
many cases unsustainable, mainly because of poor
use of local resources, and not due to high de-
pendence on imports.

Therefore, it is important to do and promote re-
search oriented to new alternative sources based
on low inputs and lower costs, which may ensure

quality diets in the quantities required (Safwat,
Sarmiento-Franco, Santos-Ricalde, and Nieves,
2014).

Leyva (2012) and Medugu et al. (2012) recom-
mended the use of mulberry (Morus alba) as a po-
tential alternative source of protein for rabbits. It
can adapt well to the agroecology and has a high
capacity to produce biomass with elevated nutri-
tional values (Martin, 2004). Another alternative
source is sugar cane (Saccharum officinarum),
with important levels of cellulose and hemicellu-
lose for rabbits. Both are necessary to maintain
the gastrointestinal transit speed, as well as gen-
eral animal health (Savon, 2002; Nicodemus et
al., 2004). Furthermore, Dihigo et al. (2008), in a
plant characterization study, reported the energy
contents of mulberry (14.55 MJ/kg DM; 40.51%
NDF; 26.89 ADF), and sugar cane (16.60 MJ/kg
DM energy; 59.60% NDF and 34.60 % ADF),
and La O et al. (2015) reported the use of sugar
cane as a source of energy for rabbits.

Biotechnology is another tool that can contrib-
ute to these alternatives, with solid state fermenta-
tion (SSF), widely used in bulky material recy-
cling through simple technologies to increase
protein contents, by improving the amino acid
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balance and the digestibility of the raw materials
used (Luna Fontalvo, Cordoba Lopez, Gil Pertuz
and Romero Borja, 2013).

One of the most feasible technologies for bio-
conversion of lignocellulosic residues is Pleurotus
mushroom production, through SSF. This tech-
nology is used to convert agricultural by-products
into food for humans (mushrooms), and animals
(spent substrate) (Chang, 2007).

The Center for Industrial Biotechnology Studies
(CEBI) has implemented the technology to gener-
ate Pletorus mushroom on coffee pulp, which in
addition to mushrooms, it can also produce large
amounts of spent substrate (SMS). According to
Philippoussis and Diamantopoulou (2011),
Bermudez Savon, Garcia, and Serrano (2013), the
substrate is made of detoxified coffee pulp by
fermentation. It has adequate protein contents and
increased digestibility, so it can be used as a com-
plement in animal diets.

The aim of this research was to evaluate the ef-
fect of diets with 10 and 20% spent mushroom
substrate (SMS) on the productive indicators of
rabbits in the growth-fattening stage.

MATERIALS AND METHODS

The experiments were made at Conejera del
Caney, Santiago de Cuba. The SMS from the pro-
duction plant at the Experimental Agroforestry
Station, Tercer Frente, Santiago de Cuba, was
used. It was produced on February 2015 with 65%
biological efficiency (percent ratio of fresh har-
vested mushrooms and the dry weight of the spent
substrate). Details of the chemical composition of
SMS (Table 1).

Thirty animals (53 day-old male Cuban Brown)
were distributed in a completely randomized de-
sign with three treatments and five replications.
The rabbits were lodged in galvanized wire cages
measuring 76 x 76 x 45 cm (length, width, and
height, respectively). They were placed serially,
1.5 m high from the soil, and 2 m below the roof.
The diets were made according to the require-
ments for the species (Riveron et al., 2005), and
adaptation lasted 7 days.

The raw materials were crushed in a hammer
mill with a 3 mm sieve. Treatments: control diet
(balanced diet including maize, soy, sugar cane,
and mulberry); and inclusion diet (10 and 20%
SMS meal) (Table 2). The experimental period
lasted 35 days. The food was administered twice a

day (8:00 am and 5:00 pm). Water was supplied
ad libitum in clay water and food troughs.

The initial and final weights were determined
separately (60 and 95 days), always at the same
time, before the first meal of the day. Food con-
sumption was measured daily by the difference
between the amounts offered and rejected. The in-
itial and final live weights, and the experimental
days were taken into consideration to determine
the mean daily gain (MDG). Food conversion was
calculated using the ratio between food consump-
tion and weight increase. A 10 kg (£5 g) pan bal-
ance was used to determine weight.

The chemical composition of SMS (Table 1)
was determined according to the method de-
scribed by AOAC (1995) for dry matter, organic
matter, crude protein, crude fiber, ashes, phospho-
rous, and potassium.

The diet energy balance (Table 2) was made us-
ing the method described by Riveron et al.
(2005), multiplying the inclusion percent of the
raw material in the diet by the tabulated energy
value, then dividing the result by 100%.

The data were processed through IBM SPSS,
version 23. The mean and standard deviations
were estimated for all the variables analyzed. Ad-
ditionally, simple ANOVA was made to compare
the response of the treatments studied. Mean
comparison tests were made a posteriori, using
the Tukey’s test. In all the cases, normality was
determined according to Kolmogorov-Smirnov
and Levene’s variance homogeneity. The signifi-
cance criterion was a = 0.05.

RESULTS AND DISCUSSION

The nutritional value of a food is directly related
to its chemical composition because the nutrients
in the dry matter (DM) are in charge of deciding
greater or lesser animal production, adequate bio-
logical performance, or health (Santana, 2000).

The dry matter contents of SMS (Table 1) guar-
antee long storage periods, and lower risk of con-
tamination by fungi (L6pez et al., 2014). The pro-
tein, fiber, and energy levels were suitable for
rabbit consumption.

Although it is a fact that agroindustrial products
are a source of biomass for animal nutrition
through processes like SSF, which improve nutri-
tional values and digestibility (Ajila et al., 2012),
the occurrence of toxicity must be considered, re-
gardless of the presence of secondary metabolites.
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Their presence is not the only condition (or neces-
sary in certain cases), to affect animal health
(Garcia, Medina, Soca and Montejo, 2005).

The inclusion of alternative foods in practical
diets is limited due to insufficient information
available about their digestive use (Nieves,
Araque, and Teran, 2006). They are utilized to re-
duce the costs of feedstuffs, taking advantage of
the quality of the supplement (Mora-Valverde,
2010); hence, the inclusion of SMS was limited to
20%.

No deaths or signs of food rejection were ob-
served in the animals. Table 3 shows the produc-
tive indicators of rabbits that received two inclu-
sion levels of SMS during the growth-fattening
stage.

No significant differences were observed (P >
0.05) in the productive indicators of the treat-
ments; therefore, this diet could be a nutritional
alternative for breeders who cannot afford com-
mercial feedstuffs, which also increase costs.

The final weights of animals corresponded to
reports made by Gonzalez (2007) for this stage,
the weight at sacrifice was also similar to the one
established for the species.

Lopez et al. (2014) published higher levels for
this indicator using alternative foods (mulberry
meal) at different proportions in commercial
feeds, with the best results for the 30% inclusion
of 2.37 kg. Nieves, Araque, and Teran (2006) also
reported 2.70 kg of live weight on the 90" day.

Lara, Itz4, Sanginés, and Magafia (2012) found
an average final weight of 1.68 kg, using diets
with 30% mulberry meal. Furthermore, Marin
(2013) reported final live weight values of 1.86,
1.94, and 1.77 kg in the 15, 25, and 35% inclusion
treatments.

The mean daily gain was around 16 g/rabbit/day
(Table 3), which according to Garcia (2005), can
be achieved in Cuba with milled feedstuffs or
feedstuffs plus foliage. La O (2007) and Leyva
(2010) achieved daily gain rates of 17 g/rabbit
(typical of fattening animals), using alternative
and sustainable feeding systems for tropical re-
gions (Silva, Teran and Gonzalez, 2002). Terrero
(2005) reported 16.56 and 15.03 g of daily gains,
by substituting the commercial feeds for
Leucaena leucocephala forage. Meanwhile,
Nieves et al. (2009) reported 26 g of MDG in
rabbits fed tropical foliage diets.
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The results of this study (Table 3) are encourag-
ing for tropical regions. According to Peérez
(1990), Marai, Habeeb, and Gad (2002), the high
temperatures and ensuing heat stress have nega-
tive effects on the animal mean daily gain.
Lukefahr and Cheeke (1991) considered these
gains as satisfactory for tropical or arid climates,
using alternative feeding systems, which resulted
in varying daily weight gains of rabbits raised in
highlands between 10 and 20 g, whereas it is be-
tween 30 and 40 g for temperate regions.

In terms of food consumption, the results were
similar to the ones reported by Nieves, Silva,
Teran, and Gonzalez (2002), when they included
20 and 30% of Leucaena leucocephala foliage
meal for rabbits, with 71.39 and 74.36
g/rabbit/day, respectively. However, these authors
noted that for 10 and 40% inclusions of that plant,
consumption was 58.82 and 52.67 g/rabbit/day,
respectively.

Regarding the use of alternative sources of nu-
trition for rabbits, Caro et al. (2013) reported dai-
ly consumption values of 102, 95, and 92 g for the
0, 15, and 30% inclusions, respectively, using
Moringa oleifera, whereas Nieves, Cordero,
Terén, and Gonzélez (2004) evaluated the 30%
inclusion of mulberry meal in the diet, and found
no significant differences in consumption, com-
pared to the commercial feed.

The differences observed in the comparison
study may have been determined by multiple fac-
tors that affect animal response. Growth may be
influenced by the quality of the diet, environmen-
tal conditions, and genetic aspects. In addition to
it, fiber has physiological effects along the gastro-
intestinal tract of monogastric species, depending
on the physico-chemical properties of the soluble
and insoluble components (Caro and Dihigo,
2012). The insoluble flora (hemicelluloses, cellu-
lose, and lignin) can influence on the speed of in-
testinal transit, they are the substrate for microor-
ganisms; therefore, they regulate growth and the
digestive health of rabbits (Gidenne, Carabafio,
Garcia, and de Blas, 2010).

The most important physiological effects take
place on voluntary consumption, digestive secre-
tions, intestinal transit absorption, and lipid me-
tabolism (Savén, 2002). According to Gidenne
(2003), the inclusion of fiber increases food con-
sumption in order to keep digestible energy waste,
due to its low energy contents. However, in this
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research, no increases in food consumption were
observed because the levels of this component
were within the values required for the species
(Riverodn et al., 2005).

The values for food conversion (Table 3) cor-
roborated the results of Dihigo (2005) and
Carabafio et al. (2008) concerning the adaptability
of this species to different alternative resources,
and are comparable to reports of other studies
based on non-conventional food sources for rab-
bits in Cuba. For instance, Flores (2005) reported
conversion values (meat kg/consumed food kg) of
4.05; Caro Bustamante, Dihigo, and Ly (2013),
4.30; Leyva (2010) 4.81; La O (2007) 4.06 and
4.11 kg/kg. Meanwhile, Isert del Toro (2007)
achieved food conversion values of 3.46 kg/kg,
using mulberry in Cuban Brown rabbits.

CONCLUSIONS

The substitution of mulberry meal for spent
mushroom substrate SMS in the proportions stud-
ied did not affect the indicators of productive be-
havior.

These results suggest the inclusion of up to 20%
of SMS in the diet of fattening rabbits.
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Table 1. Chemical composition of spent mushroom substrate (SMS)

Components Average value
Dry matter (%) 85.38

Crude protein (%) 20.06

Crude fiber (%) 18.41

Organic matter 56.33

** Metabolizable energy (Mcal/kg DM) 2.29

Ashes (%) 9.74
Phosphorous (%) 0.09
Potassium (%) 2.82

** ME (Mcal/kg/DM) = 2.66-0.0199 (%FB), (Martin, 1982)

Table 2. Composition o diets with the inclusion of spent mushroom substrate (MRS)

Raw material® Diets
Control 10% 20%

Maize (%) 27.74 28.74 29.54
Soybean (%) 24.76 25.76 26.76
Sugar cane meal (%) 23.50 21.50 19.70
SMS % 10.00 20.00
Mulberry % 20.00 10.00
Calcium carbonate % 15 15 15
Dicalcium phosphate % 1.0 1.0 1.0
Vitamin pre-mix* % 1.0 1.0 1.0
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Salt % 0.5 0.5 0.5

Total 100 100 100
Nutrients Demands Contribution

Crude protein (%) 16-17 16.72 16.72 16.72
Crude fiber (%) 13-14 14.16 14.13 14.18
**Metabolizable energy (Mcal/kg 2.5 2.74 2.73 2.74
DM)

1: Each kg contains vitamin A 12 000 IU, vitamin D32000 1U, vitamin B24160 1U, niacin 16 700 1U, pantothenic acid
8200 1U, vitamin B63420 1U, folic acid 0.980 g vitamin B12 16 mg, vitamin K 1560 1U, vitamin E 16 pg, BHT 8.5 g, co-
balt 0.750 g, copper 3.5 g, iron 9.86 g, manganese 6.52 g, sodium 0.870 g, zinc 42.4 g, selenium 6.6 ug.

Table 3. Productive indicators of rabbits fed with two inclusion levels of SMS as a substitute for mul-
berry during the growth-fattening stage.

Variables Inclusion levels (mean +.DT)

Control 10% 20% F p
Initial weight 938.5 +23.45 940.5 + 18.62 944.5 + 30.59 0.153 0.859
(g/rabbit)
Final weight 1548.0 + 107.42 1500.0 + 93.77 1529.0+88.43  0.623 0.544
(g/rabbit)
Daily gain (g/rabbit)  17.41+7.00 15.98 + 4.52 16.70 £ 9.85 0.046 0.955
Food conversion (kg- 4.36 £ 6.05 481+3.13 4.46 +3.17 0.040 0.961
kg)
Consumption 76.04 £ 11.75 76.94 + 13.01 74.50 + 12.46 0.339 0.713

(g/rabbit) day
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