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Abstract
Objective: To evaluate different inclusion levels of Morus alba, Linn. in the feeding of Pelibuey sheep, fattening 
category, in Guantánamo province, Cuba.
Materials and Methods: The unit was characterized through interviews to managers and workers and direct 
observation. The chemical composition of M. alba foliage was analyzed and its inclusion was evaluated. Thirty-two 
castrated sheep in good health were selected. Four groups were formed. Three groups were fed M. alba forage at 15, 
20 and 25 % after grazing. The fourth group was not given forage (control). A randomized design was applied, with 
eight replicas. The data were analyzed by ANOVA and economic analysis was performed. 
Results: M. alba foliage had a crude protein content of 22,4 %. The treatment with 25 % inclusion had the highest 
values for final weight (11,4 kg) and average daily gain (127,4 g). In the economic analysis, the 25 % treatment reported 
gain at slaughter of $129,8 kg/animal in national currency.
Conclusions: With the inclusion of M. alba as a supplement after grazing in fattening sheep, higher values of mean 
daily gain and weight gain at slaughter were obtained. The economic assessment indicated that the inclusion of this 
forage as supplementation is feasible to achieve higher profits, which were between 117,6 and 129,8 $/kg in national 
currency.
Keywords: weight gain, grazing, feeding supplements

Introduction
In Cuba, mainly in the Guantánamo province, 

animal husbandry does not meet the nutritional re-
quirements of a growing population; in addition, 
the economic situation of the country makes it nec-
essary to increase the production of animal food-
stuffs (Herrera-Toscano, 2018). 

Sheep production on the island is character-
ized by low and unstable productive yields, which 
lead to low levels of sales and consumption of this 
product at national scale (Herrera-Toscano and Car-
menate-Figueredo, 2018).

Sheep play a very important role in the diets 
of the most vulnerable population, as a substantial 
part of the protein supply (Ganzábal et al., 2016). 
This animal species belongs to the group of small 
ruminants of economic interest. Its main function 
is to transform forages and grains into animal prod-
ucts (Avendaño-Rodríguez and Navarro-Ortiz, 
2020).

In different rearing systems, protein forage banks 
are necessary, due to the contribution of protein, fat, 

minerals and fiber for maintenance and production 
(Fonseca-López, 2019). Therefore, it is necessary to 
apply and develop the program of forage plants of 
high nutritional quality. Among them, Morus alba, 
Linn. is compared to cereals and can substitute con-
centrate feeds in sheep production processes. This 
forage plant shows high production of edible bio-
mass and is considered an interesting alternative in 
ruminant feeding to supplement low-quality forage 
diets (Martín et al., 2014).

M. alba has a high protein and energy content; 
moreover, it is used in several regions of the world 
(Mejía-Castillo, 2019). It is of good palatability and 
small ruminants avidly consume the fresh leaves and 
fresh stems, even if they have not been previously 
exposed to this forage. If the forage is offered to 
them whole, they may tear the bark off the branches 
(Manterola, 2014). The objective of this research was 
to evaluate different levels of inclusion of M. alba in 
the diet of Pelibuey sheep, fattening category, in the 
Guantánamo province, Cuba.
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Materials and Methods
Location. The research was developed in the 

dry season, from January to April, 2020, in the Base 
Enterprise Unit (UEB for its initials in Spanish), lo-
cated between the coordinates 20.31911,-76.3629, 
with territorial extension of 70,73 km, belonging to 
El Salvador municipality, Guantánamo province. 

Characterization of the sheep production sys-
tem. The sheep production system of the UEB was 
characterized based on a survey carried out in this 
unit through interviews with its managers, workers 
and laborers. Tours were carried out in the permi-
tted areas and direct observations were made to 
determine the total area of the unit, climate, soil, 
existing pastures and fodder, as well as the cons-
tructive state of the facility, live fences, body con-
dition of the animals and health status, among other 
indicators.

Experimental design and treatments. A rando-
mized experimental design was applied, with four 
treatments and eight replicas in a semi-intensive 
rearing system. The established treatments are des-
cribed in table 1.

Experimental procedure. The M. alba forage came 
from a forage bank (3 ha) established in the entity, with 
a planting frame of 1,2 × 0,4 m and a density of 20 833 
plants/ha on a carbonate soil, without irrigation or fertil-
ization. The first cutting was done at one year of age and 
bromatological analysis was carried out to determine the 
nutrient content. 

For the evaluation of the different levels of inclusion 
of M. alba forage, 32 castrated Pelibuey sheep were select-
ed, in good health and previously dewormed. They were 
five months old and had an average live weight of 20,5 
kg. Four treatments were formed, with eight animals each.

The feedstuff was supplied at a rate of 0,30 kg M. 
alba/animal/day for 15 %; 0,40 kg/animal/day for 20 % 

and 0,51 kg/animal/day for 25 %. Water was supplied ad 
libitum.

The sheep grazed eight hours a day, in a Bothri-
ochloa pertusa (L) A. Camus (Indian bluegrass) pasture. 
Upon returning to the pen, in the afternoon, they were 
supplemented with M. alba.

Chemical composition. M. alba leaves were collect-
ed and 1,5 kg of fresh material was sent to the chem-
istry-physics laboratory of the Mountain Development 
Center (CDM for its initials in Spanish), where dry mat-
ter (DM) was determined in an oven at 50 ºC for 48 h, 
to obtain stable weight of the sample. Subsequently, the 
material was ground to determine crude protein (CP), 
calcium (Ca) and phosphorus (P), according to official 
method 967. 22 (AOAC, 2019).

Productive indicators. During the experimental 
period, live weight (LW), mean daily gain (MDG) and 
final weight were evaluated. The LW of the animals was 
recorded every 15 days to determine the mean daily 
gain (MDG, g/animal/day). For this purpose, the initial 
weight (kg) and final weight (kg) of the treatments were 
taken into account.

Economic assessment. The economic assess-
ment of the inclusion of M. alba as supplementa-
tion for fattening sheep was carried out. The basic 
premise considered was the weight gain with the 
inclusion of this forage as supplementation for 
grazing sheep. The production cost of M. alba was 
calculated according to the values obtained with 
the inclusion of the different percentages and the 
weight of sheep in the market (Herrera, 2010).

Statistical analysis of the data. The data were 
statistically analyzed from a simple-classification 
ANOVA. Means were compared using Tukey’s mul-
tiple range test for p < 0,05; when these variables 
met the normality and homogeneity of variance 
test. The statistical package Statgraphic Plus®, ver-
sion 5.1, was applied.

                                       Table 1. Description of treatments.

Group Treatment

1 Grazing + inclusion of 15 % of M. alba forage

2 Grazing + inclusion of 20 % of M. alba forage

3 Grazing + inclusion del 25 % of M. alba forage

4 100 % grazing (control)

                                   Table 2. Chemical composition of M. alba foliage, %.

Feedstuff DM CP Ca P 
M. alba 22,8 22,4 1,8 0,24

                                        Source: Physical-chemical laboratory of the Limonar Mountain Development  
                                        Center, El Salvador, Guantánamo.
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Results and Discussion
M. alba, used at the different inclusion levels, 

showed excellent nutritional quality (table 2), with 
high CP content (22,4 %), close to the value re-
ported by Martín et al. (2014) and Alpízar-Naranjo 
(2014).

The protein content in this research was higher 
than that achieved by Martín et al. (2014), when de-
termining the chemical composition of leaves and 
stems (20, 27 %). Gómez-Gurrola et al. (2017) and 
Espinosa-Reyes et al. (2019) state that the CP con-
tent is between 20 and 25 % and DM digestibility is 
higher than 80 %. 

Zapatier-Santillan et al. (2021) state that the de-
crease in protein with harvest age could be related 
to the reduction in the synthesis of protein com-
pounds and the increase in the synthesis of struc-
tural carbohydrates (cellulose and hemicellulose), 
although other factors, such as water availability 
and soil nitrogen, could influence this performance. 

Table 3 shows the initial and final weight, as 
well as MDG of the animals with the different M. 
alba inclusions. The highest values for final weight 
were reached in treatments II and III, without sig-
nificant differences between them, but differing 
from treatment I and the control.

The treatment with 25 % of M. alba fed to the 
animals achieved the highest values of weight gain 
and MDG. In both cases, they statistically outper-
formed the other variants. All treatments, when M. 
alba was included, showed higher values than the 
control for both indicators. In turn, when M. alba 
was included at 20 and 25 %, MDG was higher than 
100 g/animal/day, considered very good for sheep.

Similar performance was obtained by Pacheco 
et al. (2002), who observed increasing LW gains in 
hair sheep, supplemented with progressive levels of 
M. alba, which varied from 0 to 100 %, and in all 
cases exceeded the control, with significant differ-
ences after 50 % inclusion.

Alpízar (2014), when evaluating the effect of 
supplementation with M. alba (M-1 %, M-0,75 % 
and M-0,50 %) and concentrate feed, on the MDG 
of confined Pelibuey sheep, found no statistical dif-
ferences between the highest concentrations and 
the control.

Ganzábal (2016) and Martín-Martín et al. (2017) 
stated that increasing levels of M. alba forage in the 
ration (up to 1,5 %) produced an increase in the intake 
of the accompanying grass [Megathyrsus maximus 
(Jacq.) B.K. Simon & S.W.L. Jacobs]. In terms of 
conversion and weight gain, the best efficiency was 
obtained with the inclusion of the tree at 2,5 %. 
However, it was considered that 1,5 % optimized the 
role of the grass in the diet and nutrient absorption. 

In semi-intensive systems, it is important to 
supplement with forage plants of high nutritional 
value to increase meat production, in addition to 
weaning the lambs at approximately four months of 
age and transferring them to the area for fattening, 
with the purpose of slaughtering the males at one 
year of age or earlier, with good weight and carcass 
quality.

It is economically viable to include M. alba as 
supplementation during the experimental stage, with 
a value ($ kg) of 0,18 in national currency (MN), 
according to international prices, although M. alba 
shows an additional cost in foreign currency of 0,37 
USD/ kg (Alpízar, 2014). The production costs of the 
different levels of M. alba inclusion in kilograms of-
fered during the experiment depended, fundamental-
ly, on the use of labor force, agronomic components, 
cut and carry (Herrera, 2010). MDG and final weight 
were evaluated with regards to the control group and 
the price of sheep in the Cuban market (table 4). 

M. alba had a cost in MN of 23,7 ($ kg) during 
the three months of the experiment. Table 5 shows 
the weight gain at slaughter and carcass weight, in 
correspondence with the price of sheep in the na-
tional market. The experimental groups showed 

     Table 3. Effect of different levels of M. alba inclusion on final weight and MDG.
Treatment Initial weight, kg Final weight, kg Weight gain, kg MDG, g
Control 20,5 24,5c 4,1d 45,6d

I-15 % M. alba 20,5 28,4b 8,5c 94,4c

II-20 % M. alba 20,5 31,5a 11,0b 122,3b

III-25 % M. alba 20,5 31,9a 11,4a 127,4a

SE ± 0,272 0,011 0,125
    a, b, c and d: unequal letters in the same column differ significantly according to Tukey’s test at p ≤0,05.
    MDG: mean daily gain
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significant differences in treatments II and III com-
pared with the control.

The treatments where M. alba was included as sup-
plementation showed higher costs in MN with regards to 
the control (pasture). However, the inclusion of M. alba 
at 15, 20 and 25 % represented an economic gain of 117,6, 
128,2 and 129,8 $/kg in MN for each sheep, respectively.
Conclusions

With the inclusion of M. alba as a supplement after 
grazing in fattening sheep, higher values of mean dai-
ly gain and weight gain at slaughter were obtained. The 
economic assessment indicated that the inclusion of this 
forage as supplementation is feasible to achieve higher 
profits, which were between 117,6 and 129,8 $/kg in MN.
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