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ABSTRACT

Accepted: June 23, 2023

Small ruminant production is currently booming due to its ease
of management and contribution to strengthening the food
security of rural communities. In this experiment, it was evaluated
the effect of feeding with Cenchrus purpureus silages in a mixture
with Zithonia diversifolia on the carcass yield and bromatological
quality of lambs, with an average weight of 23 kg, fed with silages
(treatments): T1 C. purpureus in 100 % and T2 C. purpureus/T.
diversifolia in proportion of 67/33 %, respectively. The silages were
supplied for 61 days, with an energy supplement of rice flour (277
g/animal), mineralized salt, and water ad libitum. Carcass yield and
food consumption were evaluated. The data was analyzed in a totally
randomized design with five repetitions; an ANOVA was made and
for the comparison of means, the Fisher LSD test was used. The
average daily consumption of dry matter was better for T2 showing
statistical differences (p <0.0001), the characteristics of the carcass
in this treatment were also better; significant differences were found
in the nutritional value of the meat, showing better values in T2,
for protein, humidity and for the colorimetric variables, because
T1, exhibited darker meat, coinciding with the highest pH values
(6.15). It is concluded that the C. purpureus silage diet in mixcure
with T diversifolia, contributes to the improvement of the quality
of the carcass.

Keywords: Animal production; Bromatology; Camuro; Small
ruminants; Quality carcass.
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RESUMEN

La produccién de pequefios rumiantes es conocido por su facilidad
de manejo y contribucién al fortalecimiento de la seguridad
alimentaria de comunidades rurales; sin embargo, debido a la baja
calidad nutricional de las pasturas del trépico seco, esta industria
experimenta problemdticas relacionadas con el producto final,
lo que repercute en la productividad y el rendimiento. En este
experimento, se evalud el efecto de la alimentacién con ensilajes
de Cenchrus purpureus, en mezcla con Tithonia diversifolia, en
el rendimiento en canal y calidad bromatoldgica de la carne de
corderos, con peso promedio de 23 kg, alimentados con ensilajes
(tratamientos): T1 C. purpureus, en 100 % y T2 C. purpureus/I’
diversifolia, en proporcién de 67/33 %, respectivamente. Los
ensilajes, se suministraron durante 61 dias, con un complemento
energético de harina de arroz (277 g/animal), sal mineralizada y
agua a voluntad. Se evalué rendimiento en canal y consumo de
alimento. Los datos, se analizaron en un disefio totalmente al azar,
con cinco repeticiones; se hizo un ANDEVA y para la comparacién
de medias, se empled la prueba de LSD Fisher. Se evalu6 el consumo
promedio diario de MS, los valores para rendimiento en canal y las
caracteristicas de la canal, ademds del valor nutricional de la carne.
Se concluye que la dieta de ensilaje C. purpureus en mezcla con 70
diversifolia, contribuye al mejoramiento de la calidad de la canal.

Palabras clave: Bromatologfa; Calidad canal; Camuro; Pequefios
rumiantes; Produccién animal.
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INTRODUCTION

The introduction of small ruminants in livestock production has
been increasing in various areas of Colombia, because these animals,
especially those of the pelibuey breed, because their rusticity has an
advantage of superior adaptation to other breeds (Aguilar-Martinez
et al. 2017), to live in dry and tropical climates, besides being an
important source of food resources for rural communities, being
for this reason necessary to specify that the quality of the sheep
meat is also valued by factors such as tenderness, taste, the juiciness,
the degree of fatness and general appearance (Campo et al. 2008).
Also, the chemical composition of the meat has special relevance in
the quality of the food product, being an important component in
the human diet; therefore, it is important to study and know the
quality characteristics of the meat of this species, and in this way
to argue its zootechnical potential and thus plan its management
and nutrition with interesting food sources from the productive
point of view, which when implemented, they can be potential to
contribute positively in a production.

It is necessary to note that methane emissions at the enteric level in
livestock production systems in tropical regions can be important
because the production of forage in dry tropical conditions is
affected by climatic seasonality due to the scarcity of food and
therefore the availability of nutrients for animal production
decreases considerably (Ulukan, 2011), as low levels of digestible
protein and high fiber content. Phenomena that encourage the
search for food alternatives within the farm’s resources, integrating
different tree and shrub species with high nutritional potential, to
reduce food costs and improve animal response and zootechnical
indexes, such as the production of meat and/or milk.

Therefore, the incorporation of vegetable woody protein species such
as 1. diversifolia has become an animal feeding strategy. Mahecha
& Rosales (2005) reported high contents of total nitrogen, a high
proportion of nitrogen of an amino acid nature, a high content of
phosphorus, a rapid degradability and ruminal fermentation, a low
proportion of Nitrogen linked to insoluble dietary fiber, as well as
a low fiber content and secondary metabolism compounds; there
is also evidence that this plant can accumulate between 15-33 %
of crude protein (CP) of nitrogen in its leaves, as some legumes,
has high levels of phosphorus, large root volume, ability to extract
nutrients from the soil, a wide range of adaptation, tolerance to
acid and infertile soils, is very rustic and can withstand pruning
at ground level and burning (CIPAV, 2004). In addition to the
above, this species has a rapid growth and low demand for inputs
for planting (Rios, 2002). Vargas Veldzquez et al. (2022) reported
important consumptions of diets supplied to sheep, which were
mixed with 7. diversifolia in pre-blossoming when this species has
higher protein contents, which also demonstrates the palatability
of the same and the possibility of using this species in the feeding
of small ruminants.

Additionally, it has been demonstrated that 7. diversifolia, thanks
to its composition of secondary metabolites, is a forage specie with
the potential to reduce methane production and the population

of ruminal protozoa (Galindo er @l 2014). The inclusion of a
non-legume species such as 7 diversifolia, an improvement in the
quality of the traditional diet based on grasses is observed, since this
species has been characterized as potential in the supply of protein,
in addition to having a high degradability at the ruminal level, in
addition to its low fiber content. This makes it possible to ensure
that the inclusion of 7. diversifolia contributes to the sustainability
of the productive systems by decreasing methane emissions.

For these reasons, the objective of this work was to determine the
carcass yield of sheep pelibuey breeds fed with silages of Cenchrus
purpureus mixed with Tithonia diversifolia.

MATERIALS AND METHODS

Location. The study was conducted at the Mario Gonzdlez Aranda
experimental farm of the Universidad Nacional de Colombia,
located in Palmira, Valle del Cauca; with an average annual
precipitation of 1,000 mm, an average temperature of 24 °C and
an altitude above sea level of 1,000 m located between 3°30°29” N
and 76°18'45” W (Holguin ez al. 2018), zone classified as tropical
dry forest (Holdridge, 1987). The experiment took place in a corral
with an area of 3.70 x 8.30 meters, divided into two areas, allocating
approximately 4 meters for each treatment, the corrals were built
on plastic floor and wood, each of which had built-in feeders with
corrugated PVC split in half and devices for the administration of
salt and water.

Animals and treatments: Ten experimental animals were used,
whole male sheep, known as camuro or furry sheep, with an average
weight of 22.6 + 2.2 kg. The experiment was developed for eight
weeks, with a previous acclimatization period of fifteen days for the
animals.

The weighing of the animals was done at the beginning, at 30 days
and at the end of the experiment, the weight data were taken at 7:00
am. The first weighing was performed after 5 days of habituation
to the silage diet and 10 days to the different treatments, as shown
in table 1.

A Crane Scale electronic scale was used to measure weights. To
determine the weight gain, the final weight difference minus the
initial weight was estimated and divided by the number of days of
the experimental period. The animals were randomly distributed
in two treatments: T1: Cenchrus purpureus silage and rice flour
supplement as energy base. T2: Cenchrus purpureus silage (67
%) in a mixture with Tithonia diversifolia (33 %) and rice flour
supplement as an energy base. The food was administered twice
daily (7 and 16 hours) in feeders installed inside each of the corrals;
the consumption of food was estimated in each supply, in each
of which, before the administration of the diet, the surplus of the
feeders was weighed. The supply of dry matter (DM) was adjusted
according to the stage of growth of the animals, estimating an
average DM consumption of 3.5 % based on the Basic manual of
nutrition and feeding of sheep by Castellaro ez a/. (2015). The rice
flour was supplied as an energy source in equal proportion for both
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treatments (277 g/animal). The composition of this source was 91
% DM; 11.3 % of PC; 27.4 % of (NDF) and 14.3 % of (ADF).
Water and salt were supplied ad libitum.

Silage elaboration: The forage of C. purpureus and 1. diversifolia
was harvested at 60 and 90 days correspondingly, in addition, they
were pre-dried to lower the moisture content. Then, the particle
was reduced to 2 cm. In a mill with three blades, 7.5 HP, 1400 rpm,
and 4.5 Amperes Gaitdn’s brand. Once the forage was chopped
separately, the LAB T735 inoculum was mixed and sprayed in
layers at a concentration of 30 x 107 cfu/ml. Thus, 3.3 Ton of C.

purpureusand 3.1 t of the mixture 7. diversifolia | C. purpureus (TD/
CP) were prepared with a proportion of 33 and 67 % respectively,
as this is the most adequate nutritionally and environmentally as
demonstrated by Holguin ez a/. (2018). The filling and compaction
of the bags of the silages were done with a compactor machine
INVENTO brand with a yield of 0.4 Ton/hour. A double bag of
7-gauge black polyethylene was used, which were stored on wooden
pallets for 90 days. The silages were inoculated with Lactobacillus
paracasei (T735). The bacterial strains used as silage additives were
produced in the Clinical Laboratory of the Universidad del Tolima.

Table 1. Weight of the furry sheep before the experimental period for the evaluation of diets of Cenchrus purpureus only (T1) and in a

mixture with Zithonia diversifolia (T2).

Treatment Weight on arrival Final Wright acclimatization | Start weight of the experiment
T1 23.0+2.03a 23.0+2.0a 233+tl.4a
T2 22.0 + 2.40a 23.0+24a 23.6+19a
Total 22.6+22a 23.0+2.0a 235+1.5a

Values with the same letter have no significant statistical difference (p> 0.05). Mean + standard deviation.

Table 2 shows the bromatological composition of the silage which
was carried out in the Animal Ecophysiology laboratory of the
Universidad del Tolima and in the forage laboratory of CIAT,
where neutral detergent fiber (NDF), acid detergent fiber (ADF)
was determined, according to the method described by Van Soest

& Wine (1967), crude protein (CP) according to the method of
Kjeldahl (Nielsen, 1994) and dry matter (DM) and ash employing
the fixed mineral residue method described by the AOAC (1990) in
a stove (Presitiontm) at 63 °C for 72 h. Digestibility of in vitro dry
matter (DIVDM) was determined by AOAC procedures 984.13.

Table 2. Bromatological analysis of diets supplied to experimental furry sheep animals within the trial.

T2

T Cench /
Variable Units Cenchrus purpureus ij 7’%{510 WPW eujr
(100 %) Tithonia diversifolia

(67 % / 33 %)

DM % 152+0.31 a 17.79+0.55 b

CP % 6.52+0.48 a 7.45+0.2a

NDF % 69.5+0.19b 56.41 +0.07 a

ADF % 51.02 £ 0.00 a 49.92+0.18 a

Ash % 16.4+091b 13.79 £ 0.38 a

DM: dry matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber. Values with different letters have significant

statistical differences (p <0.05). Mean = standard deviation.

The benefit of the animals and carcass yield. This activity was
carried out in the slaughter plant of the Mario Gonzélez Aranda
experimental farm of the Universidad Nacional de Colombia,
located in Palmira, Valle del Cauca. The weight of the animals was
registered after an 8-hour fast, necessary for the benefit, which was
developed in an artisanal way, through desensitization with the
separation of the occipito-alantoid joint, subsequently, the animals
were slaughtered, bled, skinned, eviscerated, separated the head at
the level of the occipito-atloid joint, the limbs were removed, which
are cut at the level of the carpo-metacarpal and tarso-metatarsal
joints, keeping the tail. Just after the slaughter, the weight of the
hot carcass (HC) was recorded.

Bioethics concept was not required because the animals were not
intervened with invasive practices; the animals were sacrificed at
the recommended age, in the slaughterhouse of the Universidad
Nacional de Colombia (Palmira), following the technical and
animal welfare protocols.

The chest depth (CD) was determined: by measuring with a tape
measure on the medial side of the inner side, from the inner edge of
the spinal column at the level of the 5th or 6th dorsal vertebra to the
external or lower edge of the sternal cartilage; Carcass length (CL):
measured from the anterior edge of the ischiopubic symphysis to
the cranial edge of the first rib at its midpoing leg length (LL):
measured from the anterior edge of the pubic symphysis to the
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inner side of the tarsal-metatarsal joint; the perimeter of the leg
(LP): with a tape measure is measured at the height of the line of
the maximum perimeter of the leg. The cold carcass weight (CCW),
after cooling the carcass, was recorded for 24 h at 4 °C.

Bromatology and meat quality: The chemical analyses of the meat
were carried out in measured in cuts of the Longissimus dorsi muscle,
taken after cooling the carcass for 24 hours at 4 °C. The Laboratory
of extension services in chemical analysis LASEREX, attached
to the Departamento de Quimica of the Facultad de Ciencias of
the Universidad del Tolima, was responsible for developing the
bromatological and quality analyzes of these samples.

Meat Color: The color characteristics of the samples, were measured
in the Post-harvest Laboratory of the Universidad del Tolima, with
the portable colorimeter CR-400 (Konika Minolta). For each
sample refrigerated for 36 hours, measurements were made at 10
different points on the sample surface and then averaged. The data
are presented as three-dimensional coordinates in the CIELab
colorimetric system, such as L *, a *, and b *corresponding to the

range of black, green, red, and yellow-blue, white, respectively
(Ledn et al. 2006).

Statistical Analysis: The data were analyzed through an ANOVA
with a completely randomized design, with two treatments (T'1:
100% Cenchrus purpureus silage and T2: Cenchrus purpureus silage
mixed with Tithonia diversifolia at 33 and 67%, respectively). Five
repetitions per treatment. The following statistical model was used:

Yij=p+Ti+Eij
Where: Y = response variable to be evaluated in treatment i,

repetition j; Ti = effect of the treatment i; Eij = experimental error.

500
450

400

Dry mater (g)
&
<

For the comparison of means of the variable weight gain, the Tukey
test was used, and the Fisher LDS test was used for the performance
variables and characteristics of the carcass and meat. The level of
pre-established significance was 5%. For the analysis of the data,
the statistical package Infostat (version 2018) was used.

RESULTS AND DISCUSSION

Dry matter consumption. Total consumption in the experimental
period was higher in T2, which means a daily average of DM
consumed by animals fed Cenchrus purpureus (T'1) grass silage of
323.0 £ 65.3 gand 410.2 + 65.3 for those fed with C. purpureus/T.
diversifolia silage (T2), with statistical differences among them (P
<0.0001) (Holguin et al. 2018). This corresponds to a real DM
consumption for the T1 and T2 treatments of 3.6 and 3.5 %,
respectively, of the live weight; it is likely that a higher concentration
of NDF in the T1 diet has depressed the intake; thus, DM
consumption was lower than the standards reported in different
studies, as the Castellaro ez 4. (2015), who reported values of 4 %.

Weight Gain. Figure 1 shows the data of weight gain (W1I), there
are values of 3.86 + 1.39 kg/animal for T2 and a weight loss for
T1, this is consistent with the daily weight gain (DWG) in the
four weeks evaluated, resulting in 63.3 + 22.82 g per day in
the diet that included 7. diversifolia (Holguin et al. 2018). This
response was superior to those reported with diets supplemented
with other woody protein sources such as Leucaena leucocephala,
Guazuma ulmifolia, Gliricidia sepium, and Senna spectabillis with
values ranging between 12 and 53 g/animal/day (Medina &
Sénchez, 2006), although inferior to those presented in studies
supplemented with other protein sources, with gains between 85
and 116 g/animal/day (Clavero et al. 1995; Espinoza et al. 2001).

35

Live weigth (kg)
s & 8 & 8

o

o

Inicial weigth

Final weight

BTl wT2
Figure 1. Food consumption and weight gain of fed lambs with silage Cenchrus purpureus (T1) and Cenchrus purpureus mixed with
Tithonia diversifolia (T2) (Holguin et al. 2018). a) Dry matter consumption; b) weight gain.
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The values of weight gain in the evaluated period, accumulated by
treatment, denote an increase between the initial weight and the
final weight of 3.52 + 1.39 kg/animal for the T2 treatment and
a weight loss for the T1 (Holguin et al. 2018). The same positive
response to daily weight gain (DWG) was obtained in the 61 days
evaluated for T2 (0.05 + 0.02 g). These values were very similar to
those reported by Medina & Sénchez (2006), with values between
0.044 and 0.051 kg/animal/day, with diets supplemented with
Leucaena and multi-nutritional blocks, respectively.

Carcass yield and characteristics. In table 3 it is possible to see the
quantitative values of the variables to determine the characteristics
of the carcass, where statistical differences between treatments
are observed for the weight of the hot carcass, weight of the cold
carcass, length of the carcass, and perimeter of the leg; breast depth
and carcass yield did not show statistical differences.

These data characterize the quality of the carcass, this concept is
defined as the set of quantitative and qualitative characteristics,

Table 3. Characteristics of the furry sheep carcass fed with silages of Cenchrus purpureus mixed with Tithonia diversifolia.

T2
T1
.. Cenchrus purpureus|
Carcass characteristics Cenchrus purpureus g
(100 %) Tithonia diversifolia
(67 % / 33 %)
Weight of the hot carcass (HC) Kg 6.8 +0.44 a 9.4+ 0.44b
Weight of the cold carcass (CC) Kg 6.6+0.41a 9.35+0.44b
Canal lengch (CL) 60£0.77 a 67.3£0.96 b
cm
Leg lengeh (LL) 31+ 1.28a 314+ 1.05a
cm
Perimeter of the leg (LP) cm 25+0.74a 29.8+1.24b
Chest depeh (CD) 264076 27640734
cm
Carcass yield % 36+3.6a 36.7+0.58 a

Values with different letters (a, b) have significant statistical differences (p <0.05). Mean * standard deviation.

whose relative importance gives the carcass a maximum acceptance
and a higher price compared to consumers or market demand.
Thus, the morphological characteristics of the experimental
animals, belonging to each group, show similarities to the values
obtained by Garcia Macfas ez al. (1998) as the variables of length of
the carcass (52.64 + 1.59 cm) and chest depth (24.54 + 0.79 cm).

Concerning the variables of the weight of the hot carcass and weight
of the cold carcass, the average values found in this study are close,
although slightly lower than the results found by Garcia Macias
et al. (1998) 10.46 + 0.71 and 10.46 + 0.8 respectively; by Frias
et al. (2011) 13.5 + 0.47 and 12.94 + 0.45; Campo ez al. (2008)
report higher values for the carcass yield 50.3 + 0.57, the foregoing
is possibly explained because the experimental animals of this study
did not reach higher weights during the project phase.

Bromatology and quality of meat. In table 4 it is possible to
see the results of the chemical analysis of meat samples from the
Longissimus dorsi muscle of the animals of the experimental groups
of this study.

Campo et al. (2008) reported values of humidity percentage of
76.4 + 0.43 %; which are like those found in this study for the
group fed the silo of mixed 7ithonia diversifolia, the values reported

in this study for the control group were slightly higher than those
found by these researchers; there is statistical significance for this
variable between the two experimental groups.

In this work, higher values were found for the percentage of ether
extract for T1, however, slightly higher than those of T2, to those
reported in Aragonese, Churra, and Spanish merino sheep 12 +
2.62 %, 13.08 + 3.40 %, and 12.68 + 2.58 % respectively (Campo
et al. 2008), statistical significance was found for this variable
between the two study groups. It must be considered that the fat
content of sheep meat is very variable, finding values ranging from
3 to 30 % (Varela Moreiras ¢t al. 2009), a situation that depends
on factors such as age, animal sex, feeding, and area of the carcass
where the meat sample is taken.

Additionally, it is known that sheep meat has between 20-25 %
protein, being a molecule of high biological value for human
consumption, since almost 40 % of its amino acids are essential
(Valero Gaspar et al. 2018), a condition that decreases with the
age of the animal (Varela Moreiras e a/. 2009). In this experiment,
significant differences were found between the two groups studied,
observing values like those found by Garcia Macias ez al. (1998) in
the Longissimus dorsi muscle of castrated lambs.
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Table 4. Bromatology of the meat of furry sheep fed with silages of Cenchrus purpureus mixed with Tithonia diversifolia.

T Cmc/ﬂru:rl:oimurew/
Variable Cencb(rlv,g(f 32?)0 wrens Tithonia diversifolia
(67 % 1 33 %)
Moisture % 81.76 +0.19b 76.44 £0.19a
Dry matter % 18.24+0.19a 23.56+0.19b
Ash % 4.44+0.08b 3.54+0.08a
Crude Protein % 1498 £0.19a 18.84 £ 0.19b
Ether extract % 152+0.39b 6.1+0.39a
Crude Fibre % 1.58 +0.08 b 1.12+0.08 a
Calcium % 0.33+0.01b 0.15+0.0l a
Magnesium % 0.13+0.00 b 0.11£0.00 a
Sodium mg/Kg 754.78 + 13.62 a 744.64 £ 13.62 a
Potassium % 0.76+0.01a 0.93+0.01b
Iron mg/Kg 284.24+0.63 b 166.94 + 0.63 a
Copper mg/Kg 4.42£0.08b 3.64+0.08a
Zinc mg/Kg 81.1+0.31b 62.1£0.31a
Phosphorus % 0.61£0.00 b 0.43 £ 0.00 a
Sulfur % 0.03+0.01a 0.04 +0.01a
Boron mg/Kg <0.04 <0.04
Manganese mg/Kg <0.3 <0.3

Values with different letters have significant statistical differences (p <0.05). Mean + standard deviation.

On the other hand, significant differences were found between
the groups studied for ash percentage values, which are lower than
those reported by Rahman ef 4/ (2012) in goat meat, who also
state that the age of the animal to which the slaughter is made
has important effects on the physicochemical characteristics of the
meat and in particular on the ash content. It is important to note
that, when it comes to the nutritional quality of meat, it is not
common to consider the mineral composition of meat, however,
this is an aspect that is important in human nutrition and its need
for nutrients.

The meat of sheep is an excellent natural source of iron and zinc of
high bioavailability, being the indispensable iron for the formation
of red globules and the zinc important for the good operation of
the immunological system (Galdn ez al. 2013). Sheep meat also
provides potassium and phosphorus. Being one of the meats with
the lowest sodium content with 970 mg/1Kg (NRC, 20006).

Color of the meat. The meat is composed of fractions of fat and
muscle, the concentration of myoglobin and its structure influence
the amount of reflected light, which is translated into the color
of the meat (Cafieque & Sanudo, 2005). The color of the meat
changes in response both to the amount of myoglobin it contains
and to the chemical changes in the myoglobin itself (Larrain et al.
2008), thus, the greater the amount of myoglobin in the meat,
the darker the observed color. Older animals contain more muscle
myoglobin and, therefore, have darker flesh than young animals.
The muscular pH directly affects the color of the meat; at a high
pH, the muscle has a closed structure and, therefore, it seems dark
and the meat tends to be hard (Sebsibe, 2008).

The color of the raw meat is perceived as a visual characteristic,
being one of the main factors that determine the productive value
for the commercialization of this product, since the consumer
relates the color with the sensory qualities of the meat; likewise,
the color of the fat is an important aspect for the consumer, it is
influenced by the chemical composition of the fatty acids that make
up the subcutaneous and intramuscular fatty deposits (O’Sullivan
et al. 2003), since the meat can also be discolored before reaching
the point of sale if too much drying occurs, for its marketing it is
preferred that the carcasses have at least some fat (subcutaneous
fat) evenly distributed over the carcass since this aid to maintain
the quality and attractive appearance by preventing the meat from
drying out (Sebsibe, 2008).

L*= Lightness

a*= Red/green coordinates (+a indicates red, -a indicates green)
b* = Yellow/blue coordinates (+b indicates yellow, -b indicates blue)
AL* = Difference between light and dark (+= brighter, -= darker)
Aa* = Difference between red and green (+ = more red, -= more green)
Ab* = Difference between yellow and blue (+ = more yellow, -= more blue)

AE* = Total color difference
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As with the chemical characteristics of the meat, factors such as the
species, the age of the animal, the breed, sex, and type of feeding,
determine intrinsically the pigment content of the meat of the
animal, the pH, and color of the meat, affecting the final value of
the same, also conditions before and after the benefit of the animal,
such as stress, temperature, humidity, storage time and marketing
conditions among others (Cafieque & Safiudo, 2005).

The meat from the experimental groups exhibits statistical
significance for the colorimetry variable; it is observed that the
control group T1, exhibits darker meat (Table 5), coinciding
with the highest pH values observed in table 6; less red and more
yellow, compared to T2. Regarding the color difference, statistical
significances are also found between both groups, it is corroborated

that the T1 exhibits values of lower luminosity (Table 5), less red
and more yellow. It is known that the chromatic coordinates a * and
b * of the meat decrease during the storage period, translated into
the dependence between these two colors coordinates, which shows
that the loss of redness and the increase of the darkening of the
product are the results of the formation of metamyoglobin, which
finally causes the reduction of the value of b * (Esmer ez a/. 2011;
Rosenvold & Wiklund, 2011).

In table 6 the differences found related to the pH of the meat
measured 36 hours after slaughter are shown. Bianchi et al. (2006)
indicated the relationship of pH with the degree of stress that the
animal suffers before and during slaughter. The results in this work
show a pH of 5.49 for T2, which is within the optimum ranges

Table 5. Colorimetry of the meat of furry sheep fed with silages of Cenchrus purpureus mixed with Tithonia diversifolia.

T2
T Cenchrus purpureus/
Color of the meat Cenchrus purpureus ICITILS PIIpUTes
(100 %) Tithonia diversifolia
(67 %/ 33 %)
L 40.56 + 0.77 b 35.04+0.77 a
a 14.49 + 0.17 a 153+0.17b
b 429+0.12b 3.49+0.12a
Delta L -54.04+0.77 b -48.52 +0.77 a
Delta a + 14.98 +0.17 a 15.78 +0.17 b
Delta b + 1.71 £0.12b 091 £0.12a
Delta E 50.83 +0.75a 56.32+0.75b

Values with different letters have significant statistical differences (p <0.05). Mean + standard deviation.

Table 6. pH measurement of furry sheep meat fed with silages of Cenchrus purpureus mixed with Tithonia diversifolia.

T1
Cenchrus purpureus (100 %)

T2
Cenchrus purpureus|

Tithonia diversifolia (67 % | 33 %)

pH 6.15+0.1a

549 +0.1b

Values with different letter have significant statistical difference (p <0.05). Mean + standard deviation.

since it indicates adequate physicochemical characteristics, a good
commercial life, and the presence of this pH value being an inhibitor
of the growth of microorganisms. Values very similar to those found
in this study for T2 were expressed by Rodrigues et al. (2008) in
lambs Santa Ines breed fed in the final stage with citrus pulp,
similarly, Zhang et al. (2005) reported similar pH data. Opposed
to the evidence in T'1, where pH values of 6.15 are observed, which
are related to conditions of stress or physical exertion on the part
of the animal, in this case, DFD meats are produced (dark, firm
and hard) characterized by have a high capacity for water retention

and favoring bacterial proliferation, the technological properties of
which are altered; this can be explained due to the stress to which
the animals of the control group were subjected when fed a fibrous
diet and nutritionally poorer.

According to the results obtained, it is concluded that sheep
pelibuey breed are animals with very good meat production
which have optimal carcass for commercialization. Additionally,
the characteristics of meat quality and carcass yield are within the
normal ranges for lean meat.
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The supplementation of sheep with silages in a mixture with
Tithonia diversifolia improves weight gain, which is reflected in
the improvement of the characteristics of the carcass, increasing
the zootechnical response of animal production. On the other
hand, it was observed that in sheep-fed silage mixed with Tithonia
diversifolia, the physicochemical characteristics of the meat are
improved. It is suggested to carry out more studies that contribute
to the understanding and analysis of alternative plant species for the
nutrition of ruminants.

The shortage of food in regions of dry tropics due to the climatic
seasonality, generates great preoccupation by the low supply of
forage of good quality for the feeding of the livestock productions,
more specifically of ruminants, bringing like consequence a
diminution of the productive parameters.

In areas of dry tropics, during strong periods of drought, the
inclusion of concentrated foods is considered a food alternative,
however, most of the raw materials for its production are imported,
which increases the final cost of the product. Th er efore it is
necessary to look for strategies to overcome the situation described
above, so it is recommended to deepen the knowledge of the
plant species Tithonia diversifolia as a sustainable alternative for its
nutritional supplementation, because thanks to its agronomic and
chemical characteristics, this species has shown that in addition to
being accepted by different animal species, it contributes to the
improvement and increase of the zootechnical response of ruminant
animals.
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