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Abstract

Leucaena leucocephala, for the tropical region, constitutes a protein tree, which is used as the main alternative to solve
the lack of food during the dry period is a challenge for researchers. The influence of chemical composition and
secondary metabolites on Leucaena leucocephala digestibility was evaluated. A randomized block design with six
replications was used. The statistical procedure. Multiple linear equations between in vitro and in situ digestibility, as
dependent variable, and the age, NDF, ADF, ADL, Ca, Si, NDF/N, ADF/N, TT, CT and saponins, as independents variables,
were established. An increase in cell wall content, its component, and a variable performance of minerals were
obtained. The linear equations between digestibility’s with the age, NDF, ADF and Si (R*>> 0,78) and the secondary
metabolites TT, CT and saponins (R>> 0,79) showed high fitting. The regrowth age, cell wall components, polyphenol
compounds, saponins contents affected the digestibility and these aspects must be taken into consideration to use this

plant in animal nutrition.
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Introduction

In tropical region, that do not produce grains and cereals,
searching for strategies to feed the animals with local
resources is one of the main key of the livestock scenario.
The amounts and high prices of the energy and protein
balanced feeds, their efficient and competitive utilization
indicate future efforts to use local and alternative
resources (Peiretti et al, 2010), in order that the animal
could expressed their genetic potential (Zamora et al,
2009).

Leguminous trees, creeping legumes and shrub play
an important role in animal nutrition due to their high
protein content and nutritive value (Garcia, 2004).

Several species of well-adapted legumes, non-legumes
fodders and shrub mean a high potential supplement with
many benefits on ruminant nutrition not only significant
from the nutritional point of view, but also from the
factor that promotes the ruminal fermentation of the
total diet. Considering their chemical composition and
secondary compounds content, mainly tannins (Carmona,
2007; Kumar et al, 2010).

*Corresponding author’s ORCID ID: 0000-0002-4136-4746
DOI: https://doi.org/10.14741/ijmcr/v.10.4.3

One of the most important trees in Cuba for livestock is
Leucaena leucocephala commonly called Leucaena,
forage acacia or white seethe, is a perennial legume, with
a wide potential for feeding ruminants and able to grow
with accompanying grasses in tropical and subtropical
conditions. It develops in well-drained soils, with pH from
neutral to high, below 1,400 meters of altitude and with
acceptable fertility (Rivera et al, 2017). When handled as
a shrub, this species is tolerant to drought, and is
recognized for its high forage value, due to its ability to
regrow, palatability and superior nutritional
characteristics, which include a high content of crude
protein and carbohydrates soluble, in addition to low
fiber content (Cuartas et al, 2015; Gaviria et al, 2015a).

On the other hand, in recent years it has been proven
that there is abundant evidence on the nutritional
advantages of L. leucocephala for feeding ruminants and
their contribution to generating. more productive and
sustainable systems in tropical conditions (Murgueitio et
al, 2015). Due to its high forage production and
nutritional quality, in systems that include this
Leguminous it is possible to use a higher animal load per
hectare and obtain weight gains and higher productions
of milk in ruminants, compared to those achieved in other
forage systems tropical (Mohammed et al, 2015). Hence
the importance for Cuban livestock and the tropics
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Therefore, the objective of this report was study the

influence of chemical composition and secondary
metabolites content on Leucaena leucocephala
digestibility.

Materials and Methods
Experimental area.

The study was carried out in the experimental and
production facilities at the University of Granma, eastern
Cuba. The area had been established two years ago and
the experimental period length was two years (2007-
2009). Four sampling periods were used, two from
November to April (dry season), and two from May to
October (rainy season).

The soil was classified as Calcic Haplustept (Soil Survey
Staff 2014), with 6.2 of pH and values of 2,4; 33,42 and 3
mg/100g of soil, and 3,6% of organic matter respectively.
The average rain in the rainy season was 812,6 mm;
mean, minimum and maximum temperatures was 26,73;
22,31 and 33,92 °C by this order, and mean, minimum
and maximum relative humidity was 80,78; 51,02 and
96,22%, respectively. During the dry period the values
were 270 mm, 24,05 °C; 18,29 °C, 31,58°C, 76,21%,
49,16% and 97,3% respectively.
and

Treatments,  statistical

procedure.

design experimental

Three ages (60, 120 and 180 days of regrowth) were
arranged under a randomized blocks design with six
replications.

At the beginning of each season, a homogenized cut
of all the plants at 1m above the ground level was carried
out. Later, at each regrowth age 10 plants were randomly
selected from each plot, discarding the lowest and
highest plants. Stalk and petioles with a diameter inferior
to 2 cm were chosen (considered, as a whole, the useful
biomass to be eaten by animals). All select materials were
mixed and a homogenous sample representative of useful
biomass per plot was obtained. This sample was dried at
65 ‘Cin a forced-air circulation oven for 72 hours, in order
to determine the dry matter content (DM). Once dried,
samples were grinding and stored in a dry cool place until
further analyses.

Chemical analysis was carried out for DM, P and Ca
according to AOAC (2016) and NDF, ADF, lignin,
hemicelluloses, cellulose, cell content and Si according to
Goering and Van Soest (1967).

In vitro dry matter digestibility (IVDMD) was
determined by the ANKOM procedure, using a Daisy 11®
incubator (ANKOM Technology, Fairport, NY-USA), as
described Robinson et al. (1979). Rumen fluid was
obtained from four canulated sheep with lives weight of
53,8 + 4,08 kg, housed in individual pens, consuming
during the experiment alfalfa hay (Medicago sativa) and
Erica arboreal The ruminal liquid was obtained before the
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tomorrow's feed and filtered through four gauze layers
and diluted (1:4 v/v) with the medium reported by Menke
and Steingass (1988). Samples of the plants (250 + 10 mg)
were weighed and put into F57 Ankom bags with a pore
size of 25 pm, heat-sealed and then placed into an
incubation jar. In each digestion jar, they were incubated
at random of each one of those ages and a standard bag
without sample was used, with the purpose of generating
the correction factor for the possible input of particles or
loss of weight of the bags. Nine bags per treatment were
used. Samples were incubated at 39 'C at constant levels
of agitation and rotation. After 48 h of incubation, the jars
were emptied and the bags were rinsed with cold water
and dried in an oven at 105 °C.

In situ dry matter digestibility (ISDMD) was
determined according to the nylon bag technique
(Mehrez and Orskov et al, 1980). Samples were ground
using a 2 mm screen and 4 g of sample was put into the
nylon bags (12 x 10 cm; pore size of 40 um) which were
introduced in the rumen, before the morning feeding, and
incubated in duplicate in each sheep for 72 h. Upon
removal, bags were soaked in cold water for 15 minutes,
frozen at -30 2C for 24 h. The bags were unfreezing at 4
oC, washed with cold water to remove any microbial cells
adhering to the particles, oven dried at 60 2C for 48 h and
weighed to estimate DM disappearance.

Total Tannins (TT) were determined by the Folin-
Ciocalteu method (Makkar, 2003), total condensed
tannins (TCT) by nButanol/HCI/Fe3* (Porter et al, 1986)
and saponins by Obdoni and Ochuko (2001).

Statistical analysis

The normal distributions of data were analyzed by the
test of Kolmogorov-Smirnov (Massey, 1951) and variance
homogeneity according Bartlett (1937).

In each season, Pearson coefficient was determined
between in vitro (IVDMD) and in situ (ISDMD) dry matter
digestibility (dependents variables), and the age of
regrowth, CP, NDF, ADF, lignin, Calcium, Silica, Cell
content and fiber/nitrogen ratio (NDF/N and ADF/N), as
independents variables.

Multiple lineal equations were established between
the same dependent and independent variables plus TT,
TCT and saponins. To select the best fit equations R?
value, signification level of the equations and parameters,
standard error of the parameters and equation, residual
and concordance test between predicted and observer
values were considered according to Keviste et al, (2002);
Guerra et al, (2003); Torres and Ortiz (2005). Statistical
analysis was carried out according to SPSS (Version 22.0).

Results

The relationship between fiber/nitrogen ratio and
digestibility show that negative Pearson coefficients were
found in both seasons. The highest values were obtained
for ISDND and IVDMD the rainy and dry season,
respectively (table 2)
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Negative Pearson coefficients between IVDMD and age,
NDF, ADF, lignin, calcium and silica were obtained in both
seasons. Similar performance was reported for ISDMD,
but the coefficients between digestibility’s and CP and cell
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content were variables. On the other hand, the higher
negative coefficients were found in ISDMD during the
rainy season (table 3).

Table 1. Effect of fiber/nitrogen ratio on Leucaena leucocephala digestibility

Indicator Rainy season Dry season
NDF/N ADF/N NDF/N ADF/N
IVDMD -0,52™" -0,45™ -0,83™" -0,94™
ISDMD -0,98™" -0,99™" -0,42™ -0,50™"

All values of the coefficients were significant at **p<0.01 *** p<0.001

Table 2. Relation between the digestibility, chemical composition and age of Leucaena leucocephala

Rainy season

Indicators Age cpP NDF ADF Lignin Cell content Calcium Silica
IVDMD -0,55"" 0,36 -0,60"" -0,40 -0,55" 0,50" -0,14 -0,45"
ISDMD -0,97"" 0,98 -0,96™"" -0,97"" -0,92™" 0,52 -0,45™ -0,87""

Dry season

Indicators Age cP NDF ADF Lignin Cell content Calcium Silica
IVDMD -0,89"" 0,77* -0,53" -0,90"*" -0,75" 0,53" -0,24 -0,26
ISDMD -0,51"" 0,43" -0,20 -0,43 -0,21 0,20 -0,52"" -0,59""

All values of the coefficients were significant at **p<0.01 *** p<0.001

High coefficients (R? >0,95) were found in the effects of secondary metabolites (saponins, TT and CT) on Leucaena
digestibility (IVDMD and ISDMD) in the rainy season (table 3), But in the dry sea son noli TT and CT affected the
digestibility’s with lower R%(0.79-0.87) in comparison to the rainy season.

Table 3. Multiple lineal equations between digestibility and some secondary metabolites of Leucaena leucocephala.

Rainy season

Variables Find T CcT SAP R2 1- R? SE+
DIVMS 795,04 1,85 -5,50 -7,42 0,95 0,05 0,28
DISMS 120,3 0,49 -0,39 -1,06 0,99 0,01 0,217

Dry season

Variables Find T CcT R? 1- R2 SE+
DIVMS -11,97 -1,52 0,84 0,79 0,21 0,90
DISMS -270,3 3,01 -6,21 0,87 0,13 1,391

All values of R? were significant at (p<0,001)

Discussion

The cell wall components (NDF, ADF, Lignin) NDF/N,
ADF/N increased while CP, cell content IVDMD and
ISDMD decreased in both season due to the amount of
stem with the regrowth age (Verdecia et al, 2012). On the
other hand, this behavior may be related to the
phenological changes that happen as the plant get more
nature (Nogueira-Filho et al, 2000). On the other hand,
other authors confirm the use of this legume in the
production systems of ruminants and reported lower
values than those reported in this work for the FDN and
FDA (Mboko et al, 2017; Hernandez et al, 2018), which
means the ecological plasticity of this species in the
tropics, showing the importance of this work.

The nutrient content of Leucaena leucocephala are
similar to those reported for the majority of the tropical
trees (Verdecia et al, 2014; Verdecia et al, 2020).

However, the values obtained in this study were higher
than the reported by Garcia et al, (2009) in the Cauto
Valley of the Granma province. All this means the high
nutritional potential of Leucaena as  supplement for
ruminant diets.

The variations found in Ca and Si have been also
reported by many other authors (Garcia et al, 2008;
Padron et al, 2008; Garcia et al, 2009; Chavez et al, 2012;
Verdecia et al, 2013) who explain that this performance is
caused by the soil particularities, the rain variations and

temperatures, as the most important factors that
influence on plant nutrition.
In general, the digestibility rates were clearly

influenced by the age regrowth of the plant, its chemical
composition and also with the amount of secondary
metabolites (tables 1, 2, 3). Due to the contribution of the
cell wall, its digestibility can fluctuate from 100% in the
mesophyll cells to 0% in the xylem, and this can differ
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between legumes trees (Pedraza et al, 2003). Other
results reported values similar to those reported in this
research, these authors conducted various studies on
tropical legumes, highlighting the importance of these for
the feeding of ruminants in the tropics (Alatorre et al,
2018).

The percentages of IVDMD and ISDMD were
considered low, especially those obtained in situ.
Tarazona et al, (2012) reported that the NDF, ADL and Si
content con modify the attack of rumen microorganisms
to the plant cells of C. purpureus, and this has also been
observed in experiments with Lotus uliginosus, Tithonia
diversifolia, Erythrina variegata, Gliricidia sepium vy
Leucaena leucocephala (Quirama et al, 2001; Verdecia et
al, 2014). The tannins linked to the fibrous fraction, is
parameters that negatively influences on the enzymes
released by the microorganisms. On the other hand,
Ramirez et al, (2002) reported that saponins may also
provoke negative and significant effects on digestibility
due to their defaunating power reduce the number of
protozoa, cellulolytic bacteria and detergent effects have
been proved.

Other studies reported a high relation between the
total tannins and the condensed ones with the
digestibility of the dry matter of Leucaena, with
coefficients over 0.80 (Herrera et al, 2017), which
explains the high coefficients obtained in the linear
models established in this investigation.

The content of secondary compounds, like any other
chemical compound, can vary according to the stage of
growth of the plants, nutrition of them and
environmental conditions, including by the different
methods used for the determination of such compounds.
This could explain the low amounts of tannins and
phenols obtained in the current study, since the
evaluation of these components was carried out when
the plants were around two months old (Alatorre et al,
2018)

Conclusions

The results evidenced notable effects of the regrowth
age, cell wall components, polyphenol compound and
saponins on the digestibility of Leucaena. Therefore,
these aspects most be considered when this forage will
be used in animal feeding.

Reference

[1]. AOAC. (2016), Official methods of analysis of AOAC
International. 20 th ed., Rockville, MD: AOAC International.
http://www.directtextbook.com/isbn/9780935584875&gt.

[2]. Alatorre, A., Guerrero, J., Olvera, J., Aceves, E., Vaquera, H.
and Vargas, S. (2018), Productividad, caracteristicas
fisicoquimicas y digestibilidad in itro de leguminosas
forrajeras en el trépico seco de México. Revista Mexicana
de Ciencias Pecuarias, vol 9, No. 2, pp. 296-315.

[3]. Bartlett, M. (1937), Properties of sufficiency and statistical
tests. Proceedings of the Royal Society of London. Ser. A
Vol. 160, pp. 268-282. DOI: 10.1098/rspa.1937.0109.

Influence of chemical composition and secondary metabolites on the digestibility of Leucaena leucocephala.

[4]. Carmona, J.C. (2007), Efecto de la utilizacidn de arboreas y
arbustivas forrajeras sobre la dinamica digestiva en
bovinos. Revista Lasallista de Investigacion, Vol. 4, pp.40-
50. http://www.redalyc.org/pdf/695/69540107.pdf.

[5]. Chavez, L., Alvarez, A. and Ramirez, R. (2012), Apuntes
sobre reguladores del crecimiento vegetal que participan
en la respuesta de las plantas frente al estrés abidtico.
Cultivos Tropicales, Vol. 33, pp. 47-56.
http://scielo.sld.cu/pdf/ctr/v33n3/ctr07312.pdf.

[6]. Cuartas, C.A., Naranjo, J.F., Tarazona, A.M., Barahona-
Rosales, R., Rivera, J.E. and Arenas, F. (2015), Valor
nutritivo y cinética de fermentacién in vitro de mezclas
forrajeras utilizadas en sistemas silvopastoriles intensivos.
Zootecnia Trop, Vol. 33, No. 4, pp. 295-306.
http://www.scielo.org.ve/pdf/zt/v33n4/art02.pdf

[7]. Garcia, D.E., Wencomo, H.B., Gonzalez, M.E., Medina, M.G.
and Cova, L.J. (2008), Caracterizacion de diez cultivares
forrajeros de Leucaena leucocephala basada en la
composicion quimica y la degradabilidad ruminal. Rev. MVZ
(Cordoba), Vol. 13, pp. 1295-1303. http://
www.scielo.org.co/ pdf/mvz/v13n2/v13n2a4.pdf.

[8]. Garcia, D.E. (2004), Principales factores antinutricionales de
las leguminosas forrajeras y sus formas de cuantificacion.
Pastos y Forrajes, Vol. 27, pp. 101-111.
http://go.galegroup.com/ps/anonymous?id=GALE%7CA146
835083&sid=googleScholar&v=2.1&it=r&I
inkaccess=abs&issn=086403948& p=A0ONE&sw=w

[9]. Garcia, D.E., Medina, M.G., Moratinos, P., Cova, LJ,,
Torres, A., Santos, O. and, Perdomo, D. (2009),
Caracterizacion quimico-nutricional de forrajes

leguminosos y de otras familias botanicas empleando
andlisis descriptivoy multivariado. Avances en
Investigacion Agropecuaria, Vol. 13, pp. 25-39.
http://www.redalyc.org/pdf/837/83712256003.pdf

[10]. Gaviria, Xiomara., Naranjo, J.F. and Barahona-Rosales, R.
(2015), Cinética de fermentacién in vitro de Leucaena
Leucocephala y Megathyrsus maximus y sus mezclas, con o
sin suplementacién energética. Pastos y Forrajes, Vol.38,
No.1, pp. 55-63. http://scielo.sld.cu/  pdf/pyf/
v38n1/pyf06115.pdf

[11].Goering, M.K. and Van Soest, P.J. (1970), Forage Fiber
Analysis (apparatus, reagents, procedures and some
applications). Agricultural, USDA, Washington DC. USA.

[12].Guerra, C., Cabrera, A. and Fernandez, L. (2003), Criterios
para la seleccion de modelos estadisticos en la
investigacion cientifica. Rev. Cubana Cienc. Agric, Vol. 37,
pp. 3-10.  http://www.redalyc.org/  pdf/ 1930/
193018072001.pdf.

[13].Hernandez, J., Sanchez, P., Torres, N., Herrera, J., Rojas, A.,
Reyes, I. and Mendoza, M. (2018), Composicidn quimica y
degradaciones in vitro de vainas y hojas de leguminosas
arboreas del tropico seco de México. Revista Mexicana de
Ciencias Pecuarias, Vol. 9, No. 1, pp. 105-120.
http://www.scielo.org.mx/pdf/rmcp/von1/2448-6698-
rmcp-9-01-105.pdf.

[14]. Herrera, R., Verdecia, D., Ramirez, J.L., Garcia, M. and Cruz,

Ana. (2017), Metabolitos secundarios de Leucaena
leucocephala.  Su relaciéon con algunos elementos del
clima, diferentes expresiones de digestibilidad y

metabolitos primarios. Cuban Journal of Agricultural
Science, Vol. 51, No. 1, pp. 107-116.
www.cjascience.com/index.php/CIAS/article/view/690/741
[15].Keviste, A., Alvarez, J.G., Rojo, A. and Ruiz, A.D. (2002),
Funciones de crecimiento de aplicacién en el ambito

315]Int. J. of Multidisciplinary and Current research, Vol.10 (July/Aug 2022)


http://www.directtextbook.com/isbn/9780935584875&gt
http://www.redalyc.org/pdf/695/69540107.pdf
http://scielo.sld.cu/pdf/ctr/v33n3/ctr07312.pdf
http://www.scielo.org.ve/pdf/zt/v33n4/art02.pdf
http://go.galegroup.com/ps/anonymous
http://www.redalyc.org/pdf/837/83712256003.pdf
http://scielo.sld.cu/%20pdf/pyf/%20v38n1/pyf06115.pdf
http://scielo.sld.cu/%20pdf/pyf/%20v38n1/pyf06115.pdf
http://www.redalyc.org/%20pdf/%201930/%20193018072001.pdf.
http://www.redalyc.org/%20pdf/%201930/%20193018072001.pdf.
http://www.scielo.org.mx/pdf/rmcp/v9n1/2448-6698-rmcp-9-01-105.pdf
http://www.scielo.org.mx/pdf/rmcp/v9n1/2448-6698-rmcp-9-01-105.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjEnoiHj-jeAhXqpVkKHcztAm0QFjAAegQICRAC&url=http%3A%2F%2Fwww.cjascience.com%2Findex.php%2FCJAS%2Farticle%2Fview%2F690%2F741&usg=AOvVaw1rxtCUIXkfHBDmIb2Vg6Qd

R.C

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

Herrera-Herrera et al Influence of chemical composition and secondary metabolites on the digestibility of Leucaena leucocephala.

forestal. Ministerio de Ciencia y Tecnologia. Instituto de
Investigaciones y Tecnologia Agraria y Alimentaria. Madrid.
Espaia. pp.190.

Kumar, A., Lingadurai, S., Jain, A. and Barman, N.R. (2010),
Erythrina variegata Linn: A review on morphology,
phytochemistry, and pharmacological aspects. Phcog Rev,
Vol. 4, pp. 147-152. https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC3249914/?report=reader.

Makkar, H.P.S. (2003), Quantification of tannins in tree and
shrub foliage. Determination of both Tannin and protein
En: A laboratory manual, Kluwer Academic Publishers,
Netherlands pp 102.

Massey, F.J. (1951), The Kolmogorov-Smirnov test for
goodness of fit. Journal of the American Statistical
Association pp. 68-78. https://r-forge.r-
project.org/scm/viewvc.php/*checkout*/pkg/literature/19
51-jamsta- massey-kolmsmirntest.pdf?root=glogis.

Mboko, A.V., Matumuini, F.N.E., Tendonkeng, M.,
Lemoufouet, J., Akagah, A.A. and Boukila, B. (2017),
Composition chimique d’arbustes fourragers (Albizia
lebbeck, Leucaena leucocephala, Morinda lucida, Senna
siamea) en saison séche au Gabon. Livest Res Rural
Develop, Vol. 29, No.1, pp. 23-29.
http://www.Irrd.org/Irrd29/1/mbok29003.htm

Mehrez, A.Z. and @rskov, E.R. (1977), A study of artificial
fiber bag technique for determining the digestibility of
feeds in the rumen. J. Agri. Sci, Vol. 88, pp. 645-650.
https://doi.org/10.1017/50021859600037321

Menke, K.H. and Steingass, H. (1988), Estimation of the
energetic feed value obtained from chemical analysis and
in vitro gas production using rumen fluid. Anim. Res.
Dev, Vol. 28, pp. 7-55. https://ci.nii.ac.jp/
naid/10025370627/

Mohammed, A.H.M., Aguilar, C.F., Ayala, J., Bottini,
Maria.B., Solo, F.J. and Ku, J.C. (2015), Evaluation of milk
composition and fresh soft cheese from an intensive
silvopastoral system in the tropics. Dairy Sci. Technol, Vol.
96, No. 2, pp. 159-172. https://link.springer.com/
article/10.1007/s13594-015-0251-4

Murgueitio, E., Xochitl, M., Calle, Zoraida., Chara, J.,
Barahona, R. and Molina, C.H. (2015), Productividad en
sistemas silvopastoriles intensivos en América Latina. En:
Florencia Montagnini, E. Somarriba, E. Murgueitio, H.
Fassola y B. Eibl, eds. Sistemas agroforestales.Funciones
productivas,socioeconémicas y ambientales. Turrialba,
Costa Rica, Cali, Colombia: CATIE, CIPAV. p. 59-101.
Nogueira-Filho, J.C.M., Fondevila, M., Barrios-Urdaneta, A.
and Gonzélez-Ronquillo, M. (2000), In vitro Microbial
fermentation of tropical grasses at an advaced maturity
stages. Anim Feed Sci Tech, Vol. 83, pp. 145-147.
https://doi.org/10.1016/50377-8401(99)00123-6

Obdoni, B.0. and Ochuko, P.O. (2001), Phytochemical
Studies and Comparative Efficacy of the Crude Extract of
some Homostatic Plants Plants in Edo and Delta States of
Nigeria. Glob J Pure Appl Sci, Vol. 8b, pp. 203-208. http://
dx.doi.org/10.4314/gjpas.v8i2.16033

Orskov, E., Hovell, B. and Mouid, F. (1980), Uso de la
técnica de la bolsa de nylon para la evaluacion de los
alimentos. Produccion Animal Tropical, Vol. 5, pp. 213.
Padréon, C.A., Moreno, M.J. and Medina, C.A, (2008),
Composicion quimica, analisis estructural y factores
antinutricionales de filocladios de Epiphyllum phyllanthus
(L) Haw. var. Hookeri (Link&Otto) Kimn. (CACTACEAE).
Interciencia, Vol. 33, pp. 443-448. http://www.redalyc.org
/pdf/339/33933609.pdf

[28].Pedraza, R.M., La O, O., Estevez, J., Guevara, G. and
Martinez, S. (2003), Nota técnica: Degradabilidad ruminal
efectiva y digestibilidad intestinal in vitro del nitrégeno del
follaje de leguminosas arbdreas tropicales. Pastos vy
Forrajes, Vol. 26, pp. 237-241. http://payfo.ihatuey.cu/
index.php/pasto/article/view/826/1313.

[29].Peiretti, P.G., Dapra, F., Zunino, V. and Meineri, G.
(2010), Efecto de la época de la cosecha en la composicion
quimica, energia bruta, digestibilidad de materia organica,
valor nutritivo y contenido de amino acidos de lupino
blanco (Lupinus albus L.). R. Cubana Cienc. Agric, Vol. 44,
pp. 173-177.  http://www.redalyc.org/  pdf/1930/
193015662013.pdf

[30]. Porter, L., Hrstich, L. and Chan, B. (1986), The conversion of
procyanidins and prodelphinidins to cianidin and delphidin.
Phychem, Vol. 25, pp. 223-230. https://doi.org/10.1016/
S0031-9422(00)94533-3

[31].Posada, S.L., Ortiz, D.M., Rosero, R.N., Vélez, C.A. and
Barrios, D. (2016), Andlisis econdmico de la suplementacion
con recursos arboreos y agroindustriales en ganado cebdu.
Rev CES Med Zoot, Vol. 11, No.3, pp. 23-34.
http://revistas.ces.edu.co/index.php/mvz/article/view/413
7/2708

[32].Quirama, L., Echeverry, J.J. and Suescun, J.E. (2011), Efecto
de la edad de rebrote de Lotus uliginosus cv Maku sobre la
digestibilidad post-ruminal de la proteina no degradable en
rumen. Revista Lasallista de Investigacién, Vol. 8, pp. 42-49.
http://www.redalyc.org/pdf/695/69522600005.pdf.

[33].Ramirez, R., Ramirez, R.G. and Lopez, F. (2002), Factores
estructurales de la pared celular del forraje que afectan su
digestibilidad. Ciencia UANL, Vol. 5, pp. 180-189.
http://eprints.uanl.mx/193/1/1080125921.PDF

[34].Rivera-Herrera, J., Molina, Isabel., Chard, J., Murgueitio, E.
and Barahona, R. (2017), Sistemas silvopastoriles intensivos
con Leucaena leucocephala (Lam.) de Wit: alternativa
productiva en el trépico ante el cambio climatico. Pastos y
Forrajes, Vol. 40, No. 3, pp. 171-183. http://
scielo.sld.cu/pdf/ pyf/v40n3/pyf01317.pdf

[35].Robinson, T. (1979), The evolutionary ecology of alkaloids.
In: Herbivores: Their interactions with Secondary plant
Metabolites. Rosenthal GA, Janzen DH, Eds Academic Press,
New York, (USA), pp. 413-448.

[36]. Soil Survey Staff. Keys to Soil Taxonomy (2014). 12 Editions,
United States Department of Agriculture, Natural
Resources Conservation Service, Lincoln, Vol. 97, pp. 123-
287. https://www.nrcs.usda.gov/ wps/
PA_NRCSConsumption / download?cid...ext=pdf

[37].Tarazona, A.M., Ceballos, M., Naranjo, J.F. and Cuartas, C.A.
(2012), Factores que afectan el comportamiento de
consumo y selectividad de forrajes en rumiantes. Rev
Colomb Cienc Pecu Rev Colomb Cienc Pecu, Vol. 25, pp.
473-487. http://www.redalyc.org/ pdf/2950/
295024923015.pdf

[38].Torres, V. and Ortiz, J. (2005), Application of modeling and
simulation to the production and feeding of farm animals.
Cuban ). Agric. Sci, Vol. 39, pp. 385-391.
http://www.redalyc.org/pdf/1930/193017842002.pdf.

[39].Van Soest, P.J. (1967), Development of a comprehensive
System of feed analysis its application to forages. J. Anim.
Sci, Vol. 26, pp. 116-128. https://doi.org/
10.2527/jas1967.261119x

[40].Verdecia, D.M, Herrera, R.S, Ramirez, J.L., Leonard, I.,
Alvarez, Y., Bazan, Y., Arceo, Y., Bodas, R., Andres, S.,
Alvarez, J., Giraldez, F. and Lopez, S. (2012), Valor nutritivo

316|Int. J. of Multidisciplinary and Current research, Vol.10 (July/Aug 2022)


https://www.ncbi.nlm.nih.gov/%20pmc/articles/PMC3249914/?report=reader.
https://www.ncbi.nlm.nih.gov/%20pmc/articles/PMC3249914/?report=reader.
https://r-forge.r-project.org/scm/viewvc.php/*checkout*/pkg/literature/1951-jamsta-massey-kolmsmirntest.pdf?root=glogis
https://r-forge.r-project.org/scm/viewvc.php/*checkout*/pkg/literature/1951-jamsta-massey-kolmsmirntest.pdf?root=glogis
https://r-forge.r-project.org/scm/viewvc.php/*checkout*/pkg/literature/1951-jamsta-massey-kolmsmirntest.pdf?root=glogis
https://r-forge.r-project.org/scm/viewvc.php/*checkout*/pkg/literature/1951-jamsta-massey-kolmsmirntest.pdf?root=glogis
http://www.lrrd.org/lrrd29/1/mbok29003.htm
https://doi.org/10.1017/S0021859600037321
https://ci.nii.ac.jp/%20naid/10025370627/
https://ci.nii.ac.jp/%20naid/10025370627/
https://link.springer.com/%20article/10.1007/s13594-015-0251-4
https://link.springer.com/%20article/10.1007/s13594-015-0251-4
https://doi.org/10.1016/S0377-8401%2899%2900123-6
http://payfo.ihatuey.cu/%20index.php/pasto/article/view/826/1313.
http://payfo.ihatuey.cu/%20index.php/pasto/article/view/826/1313.
http://www.redalyc.org/%20pdf/1930/%20193015662013.pdf
http://www.redalyc.org/%20pdf/1930/%20193015662013.pdf
https://doi.org/10.1016/%20S0031-9422(00)94533-3
https://doi.org/10.1016/%20S0031-9422(00)94533-3
http://revistas.ces.edu.co/index.php/mvz/article/view/4137/2708
http://revistas.ces.edu.co/index.php/mvz/article/view/4137/2708
http://www.redalyc.org/pdf/695/69522600005.pdf
https://www.nrcs.usda.gov/%20wps/%20PA_NRCSConsumption%20/%20download?cid...ext=pdf
https://www.nrcs.usda.gov/%20wps/%20PA_NRCSConsumption%20/%20download?cid...ext=pdf
http://www.redalyc.org/%20pdf/2950/%20295024923015.pdf
http://www.redalyc.org/%20pdf/2950/%20295024923015.pdf
http://www.redalyc.org/pdf/1930/193017842002.pdf
https://doi.org/%2010.2527/jas1967.261119x
https://doi.org/%2010.2527/jas1967.261119x

R. C. Herrera-Herrera et al

de Leucaena leucocephala con énfasis en el contenido de
metabolitos secundarios. Revista electrénica de Veterinaria
(REDVET), Vol. 13, No.11, pp. 1-11.
http://www.veterinaria.org/ revistas/ redvet/
n111112/111213.pdf.

[41].Verdecia, D.M., Herrera, R.S., Ramirez, J.L.,, Leonard, I.,

Bodas, R., Andres, S., Giraldez, F.J., Gonzalez, J.S., Arceo, Y.,
Bazan, Y., Alvarez, Y. and Lopez, S. (2014), Caracterizacion
bromatoldgica de seis especies forrajeras en el Valle del
Cauto, Cuba. Revista Avances en Investigacion
Agropecuaria, Vol. 18, No. 3, pp. 75-90.
http://www.ucol.mx/revaia/portal/pdf/2014/sept/6.pdf.

[42].

[43].

Influence of chemical composition and secondary metabolites on the digestibility of Leucaena leucocephala.

Verdecia, D.M., Herrera, R.S., Ramirez, J.L., Leonard, I,
Bodas, R., Andres, S., Giraldez, F.J., Gonzalez, J.S., Arceo, Y.,
Alvarez, Y. and Lopez, S. (2013), Effect of the re-growth age
on the nutritive quality of Neonotonia wightii in the Cauto
Valley, Cuba. Cuban J. Agric. Sci, Vol. 47, No. 1, pp. 89-95.
http://www.ciencia-animal.org/cuban-journal- of-
agricultural-science/articles/V47-N1-Y2013-P89-DM-
Verdecia.pdf.

Zamora, F., Garcia, P., Ruiz, M., Rodriguez, R. and Salcedo,
E. (2009), Composicion y concentracion de alcaloides en
Lupinus exaltatus Zucc. durante su
crecimiento y desarrollo. Interciencia, Vol. 34, No.
9, pp. 672-676. http://www.redalyc.org/
articulo.0a?id=33913149013

317]Int. J. of Multidisciplinary and Current research, Vol.10 (July/Aug 2022)


http://www.veterinaria.org/%20revistas/%20redvet/%20n111112/111213.pdf.
http://www.veterinaria.org/%20revistas/%20redvet/%20n111112/111213.pdf.
http://www.ucol.mx/revaia/portal/pdf/2014/sept/6.pdf
http://www.ciencia-animal.org/cuban-journal-of-agricultural-science/articles/V47-N1-Y2013-P89-DM-Verdecia.pdf
http://www.ciencia-animal.org/cuban-journal-of-agricultural-science/articles/V47-N1-Y2013-P89-DM-Verdecia.pdf
http://www.ciencia-animal.org/cuban-journal-of-agricultural-science/articles/V47-N1-Y2013-P89-DM-Verdecia.pdf
http://www.ciencia-animal.org/cuban-journal-of-agricultural-science/articles/V47-N1-Y2013-P89-DM-Verdecia.pdf
http://www.redalyc.org/%20articulo.oa?id=33913149013
http://www.redalyc.org/%20articulo.oa?id=33913149013

