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Abstract
The objective of the research was to evaluate the productive and health performance in fattening pigs, fed a non-con-

ventional diet. Twenty-four female and castrated male pigs were used, with average initial live weight of 23,96 kg and 11 
weeks of age, randomly distributed at a rate of 12 animals in two treatments: A) conventional diet, based on commercial 
concentrate feed; and B) creole diet, elaborated with soybean and mulberry meal as protein sources, and sorghum and 
cassava meal as protein sources. The pigs were weighed at the beginning of the evaluation and every 14 days. The feed 
intake (kg day-1), daily weight gain (kg day-1) and feed conversion (kg DM kg LW-1), as well as some hematological indi-
cators, were determined. There were no significant differences regarding live weight at 75 days of age (23,33 and 24,58 
kg) and at slaughter (96,91 and 96,64 kg). The mean daily gain was 0,667 and 0,654 kg day-1 for the control and the ex-
perimental treatment, respectively, with only a numerical difference of 13 g. The hematological indicators (hemoglobin 
and hematocrit) did not differ between treatments either. It is concluded that the use of a non-conventional concentrate 
feed elaborated from sorghum, cassava, soybean and mulberry meals did not affect pig production and allowed to save 2 
244,4 kg of corn and 237,4 kg of soybean, for which its use is recommended to feed fattening pigs.
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Introduction
Pig feeding based on food and agricultural residues 

has been practiced since long ago in an artisanal way, 
at small and medium scale, in many places of the world 
and in Cuba; nevertheless, there are no defined agrarian 
policies that stimulate the production of non-traditional 
feedstuffs and promote the use of harvest residues in 
animal feeding. In this sense, Savón (2014) indicated 
the importance that the utilization of meals from tropi-
cal forages in the feeding and production of monogas-
tric species could have for developing countries.

The search for low-cost protein sources for the 
elaboration of meals includes testing tree foliage, 
due to its high availability and nutritional value, 
which can facilitate its inclusion in pig diets, parti-
cularly as a nitrogen source. In this sense, the meal 
from mulberry (Morus alba) leaves, cut in short pe-
riods of 60 days, has produced very good results in 
digestibility experiments and in performance tests 
with pigs; however, little is known about the nutri-
tional value of this feedstuff when the forage is cut 
at longer intervals and the fresh stems are also in-
cluded in the drying process.

There is also experience in the use of the cas-
sava (Manihot esculenta Crantz) root as energy 

source, ensiled as well as in the form of meal (Lez-
cano et al., 2014).

In recent times, sorghum (Sorghum bicolor L. 
Moench) began to be used as substitute grain of corn 
in pig diets (Rodríguez et al., 2015). This cereal shows 
higher availability and similar nutritional value, as 
well as acceptable grain yields in areas where the cli-
mate is not very favorable; and represents a good ener-
gy and protein source for pigs (Moreira et al., 2014). 
The digestible energy content of the grain is compara-
ble to that of corn distillery byproducts (14,2-16,0 MJ 
DE/kg DM), for which it is recommended as an ener-
gy source for growing-fattening pigs, particularly in 
low-resource regions. With regards to the mineral and 
vitamin values, sorghum and corn can be considered 
equivalent (Brestenský et al., 2012).

Based on such antecedents, the objective of this 
research was to evaluate the impact of a non-con-
ventional diet formed by soybean (Glycine max), 
mulberry (M. alba), cassava (M. esculenta) and 
sorghum (S. bicolor) meals on the productive and 
health results of fattening pigs.

Materials and Methods
Location. The study was conducted between 

December and April, 2015, (109 days), in the pig 
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production area of the Pastures and Forages Re-
search Station Indio Hatuey (EEPFIH) –Matanzas, 
Cuba–, geographically located at 22º 48’ 7” North 
latitude and 81 º 2’ West longitude, at 19,01 masl.

Characteristics of the animals. A total of 
24 commercial cross female and castrated male 
pigs were used, in equal proportion, with 75 days of 
age at the beginning of the experiment and with an 
average live weight of 23,95 ± 0,88 kg.

Treatments and design. A completely ran-
domized design was used with two treatments, 
which had 12 animals each: treatment I (control), 
100 % commercial concentrate feed B; and treat-
ment II (creole or non-conventional diet), concen-
trate feed based on soybean, mulberry, cassava and 
sorghum meals.

Experimental procedure. The conventional 
concentrate feed was supplied by the Concentrate 
Feed Factory Rómulo Padrón, of Jaruco –Mayabe-
que, Cuba– and the soybean came from the National 
Flora and Fauna Enterprise, belonging to the Cuban 
Ministry of Agriculture. The mulberry, cassava and 
sorghum meals were elaborated at the station. The 
rations were formulated so that they were isoproteic 
and isoenergetic and that they fulfilled the recom-
mendations made by the National Research Council 
(1998); they were completed with minerals and vi-
tamins, according to the established requirements.

The mulberry used for elaborating the meal 
was not fertilized or irrigated; it was cut in the dry 
season, with an age of 75 days. The cassava root 
was from the ecological farm of the station, with an 
age of 180 days. This farm does not have irrigation 
and the cassava was fertilized with organic matter 
directly on the soil. The sorghum grain was obtained 
from the seed and grain farm of the station, it was 
harvested at 120 days and its management did not 
include irrigation or fertilization.

All the components of the diets were dried un-
der direct sunlight in a period between four and five 
days, on a cement floor, with turning up every 3 h. 
The mulberry, soybean and sorghum were ground 
so that the particle size was 1,5 mm, while cassava 
was ground to 3 mm.

The bromatological composition of the two 
concentrate feeds is shown in table 1, and the in-
clusion percentages of the creole diet components 
appear in table 2.

The animals were individually identified (tat-
too), which allowed separation in two groups, and 
were dewormed at the beginning of the experiment. 

They were confined in two pens with cement floors, 
respecting the vital space and the feeding trough 
front of each category, and they were supplied water 
at will. A restricted feeding system was applied, by 
fractioning the diet in two portions per day during 
the entire rearing time. The adaptation period of the 
pigs to the diet was 16 days.

Measurements
The pigs were weighed at the beginning and ev-

ery 14 days, until the end of the trial. Every day feed 
intake was calculated from the weighing of the sup-
ply and the reject. The following productive indica-
tors were quantified: initial live weight (kg), final 
live weight (kg), live weight increase (kg), intake 
(kg day-1) and mean daily gain (kg animal-1day-1).

The hematological measurements were made 
at the end of the evaluation, before slaughter, when 
the animals had an average of 96,77 kg LW and 109 
days in the experiment. For such purpose a repre-
sentative sample was taken of 50 % of the pigs from 
each treatment (three females and three males), and 
from the 4 mL of blood sample were extracted by 
puncture of the femoral artery, with 21 GX38 mm 
(0,8 × 38 mm) needles, after immobilizing the an-
imal. The samples were collected in VacutainerTM 
tubes with ethylenediaminetetraacetic acid (EDTA) 
and were stored at 4 ºC for their later analysis in 
the laboratory, which was made in a period not 
longer than five hours since they were obtained. 
The hematic profile consisted in the determination 
of the red line, which included hemoglobin by the 
cyanmethemoglobin method and the hematocrit by 
microcentrifugation. For the white cell line, total 
count of white blood cells was made, as well as dif-
ferential count of eosinophils, lymphocytes, mono-
cytes and neutrophils through blood smear.

Statistical analysis
The data were processed by using the SPSS 

program for Windows®, version 15.0. The effect 
of the treatments on each one of the analyzed vari-
ables was evaluated through the difference among 
means by the Student’s t-test for two means.

Results and Discussion
The performance of the productive indicators 

during the evaluation stage is shown in table 3.
No significant differences were found between 

treatments for any of the studied indicators. The 
daily gains are within the range reported by litera-
ture for the growth-fattening stage (Contino, 2008; 
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Ly and Pok, 2014), just like the feed conversion, which 
did not exceed 3,5 kg of concentrate feed and proved that 
the voluntary intake of the diets was similar, although the 
crude fiber content was higher in treatment II, which in-
cluded mulberry forage meal in 14 % of the ration.

In this regard, Ly et al. (2001) reported that the 
inclusion of mulberry meal in the diet of growing 

pigs does not affect the productive variables, 
probably due to the high digestibility of the neutral 
detergent fiber and nitrogen (79,6 and 83,6 %, 
respectively) in this plant.

Another interesting aspect was the inclusion of 
sorghum meal in almost 65 %, to substitute corn 
and wheat bran (which are the habitual energetic 

     Table 1. Bromatological composition (%)

DM (%) CP (%) CF (%) ME (MJ kg-1 
DM)    Ca (%) P (%) 

Commercial concentrate feed
90,00 16,00 1,40 3,06 1,01 1,99

Non-conventional diet
Sorghum meal 88,00 9,00 1,19 3,30 2,01 12,08

Soybean meal 90,00 45,00 1,44 2,90 1,08 6,86

Mulberry meal 90,00 19,00 7,44 2,40 2,29 12,51

Cassava meal 89,00 2.50 1,52 3,40 1,08 2,55

Phosphate 90,00
Common salt 90,00
Mineralized salts 90,00

           Table 2. Composition of the non-conventional diet.

Feedstuff % of inclusion DM (%) CP (%) ME (Kcal kg-1 DM)

Soybean meal 15,00 13,50 6,75 0,42

Mulberry meal 14,00 12,60 2,66 0,33

Sorghum meal 64,44 56,71 6,44 2,13

Cassava meal 5,71 5,10 0,10 0,19

Mineralized salt 0,15 0,14
Di-calcium phosphate 0,40 0,36
Common salt 0,30 0,27
  Total 100,00 88,68 15,95 3,07

                  Table 3. Productive indicators of fattening pigs, with the use of commercial and non-conventional  
                                concentrate feed.

Indicator Conventional 
concentrate feed

Non-conventional 
concentrate feed

SE (±)

Initial live weight (kg ) 23,33 24,58 0,26
Final live weight (kg) 96,91 96,64 0,06
MDG (g/animal/day) 0,669 0,656 0,01
Concentrate feed intake (kg 
animal-1 stage-1) 262,3 266,8 0,98

Conversion (kg of concentrate 
feed  kg-1 of live weight) 3,56 3,70 0,03
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grains of concentrate feeds in Cuba, according to 
Almaguel et al., 2010), without decreases occurring 
in the intake. In this regard, Etuk et al. (2012) stated 
that the grain of some sorghum cultivars has antinu-
tritional factors (mainly tannins) which reduce its 
acceptance by monogastric animals and decrease 
animal yield. Thus, Arias et al. (2009) reported a 
reduction of live weight in 8,3 % when they substi-
tuted wheat meal (main energy source) by sorghum 
silage, which did not occur in this study.

This is supported by the results of Fialho et al. 
(2004), who proved that between 33 and 100 % of corn 
can be replaced by sorghum low in tannins for piglets, 
without affecting intake, weight gain and conversion 
rate. These authors observed that the nitrogen retention 
was not different among the animals that received the 
different experimental diets, while the crude protein 
digestibility (85 % for the diet with 100 % of corn and 
85,8 % with 100 % of sorghum) was not affected by 
the cereal source, and neither was the digestible energy 
(3 821 vs. 3 793 kcal kg-1) or the metabolizable energy 
(3 619 vs. 3 670 kcal kg-1). Moreira et al. (2014) also 
showed that the partial substitution of corn by grain 
sorghum up to 50 % did not alter the indicators of 
animal performance. In that study, the sorghum used 
showed similar values of CF and CP, 1,76 and 9,80 %, 
respectively, to the ones reported in this research.

Regarding the health status of the animals, no 
statistical differences were detected in the hemato-
logical indicators between treatments, although a 
trend to the increase of hemoglobin and hematocrit 
was observed in the experimental group (creole con-
centrate feed) with regards to the control (table 4).

The hematocrit percentage in both treatments 
was close to the maximum values (32-50 %) reported 
in literature (Corredor-Barrios, 2012); while the 
hemoglobin concentration, considered one of the 
most important elements present in the blood and 
which indicates to a certain extent the nutritional 
level of the animals, had a similar performance 
to the one found by Contino (2007), and was also 
within the normal value range for this species. 
This indicates that during the fattening period the 
animals did not have hemodynamic alterations, 
caused by dehydration processes, intense exercise 
or stress, and no anemic cases appeared either. 
In general, the pigs did not show at any moment 
clinical signs to be considered sick.

Leukocytes had a relatively low concentra-
tion (the minimum range is 7 000) and this could 
be associated to the presence of flavonoids in the 
mulberry and cassava meals, which exert a phy-
tochemical action on the immunological system, 
improving the organism defenses (Cevallos et al., 
2007). The percentages of eosinophils and mono-
cytes were within the normal range for the species 
and the growth stage, just like the lymphocytes and 
segmented neutrophils, which constitute the first 
line of defense of the organism.

The total concentrate feed intake (table 3) was 3 
147,5 and 3 201,3 kg for treatments I and II, respec-
tively. Considering that in treatment II the sorghum 
meal was included in 64,44 % and the cassava meal 
in 5,8 %, this meant an intake of more than 2,2 t 
of these meals, which are produced with inputs 
imported in the country. If the soybean inclusion 

          Table 4. Studied hematological indicators

                       Treatment
Indicator Conventional Non-conventional SE (±)

Significance

Hemoglobin g dL-1 12,98 13,73 0,43
p = 0,2858

Hematocrit (%) 43,25 45,75 1,44
p = 0,2858

Monocytes (%) 8,02 7,01 2,53
p = 0,7919

Lymphocytes (%) 27,75 25,00 2,51
p = 0,4811

Eosinophils (%) 11,25 11,75 1,30
p = 0,7990

Segmented (%) 53,25 55,00 1,59
p = 0,4801

Leukocytes (mm3) 10 001 10 026 0,73
p = 0,8220
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percentage, which was only 15 % (representing an 
intake of 480,2 kg), is added to this, the saving of 
corn, wheat bran and soybean (all imported and 
with prices of 155,91; 190,24 and 350,25 USD t-1, 
respectively) achieved in this treatment can be in-
ferred. A commercial concentrate feed B, used in 
the national pig fattening system, includes 42,2 % 
of corn; 22,8 % of soybean and 30,0 % of wheat 
bran (Almaguel et al., 2010), for which with the 
concentrate feed based on the meals referred in this 
study 2 244,4 kg of the energy components (98,7 
%) and 237,4 kg of soybean (33,1 %), were saved, 
which in exchangeable currency means 470,6 USD.

The use of pig feeding variants constitutes one 
of the higher priority needs, due to the high costs 
and instability of the raw material for the elabora-
tion of concentrate feeds (Herrera, 2012).

In this sense, the elaboration of a creole con-
centrate feed based on meals from local feedstuffs 
propitiated large savings of commercial concen-
trate feed, mainly of its two main elements, corn 
and soybean, which are commonly imported grains 
and show high prices in the international market 
(Indexmundi, 2016).

It is concluded that the utilization of a creole 
concentrate feed based on meals from local feed-
stuffs (cassava, sorghum, mulberry) and soybean 
is feasible, because the productive and health per-
formances of the animals were similar to those 
obtained with conventional concentrate feeds. In 
addition, the use of these feedstuffs propitiates sav-
ing imported feedstuffs and, thus, the use of foreign 
currency for their purchase.
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