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To evaluate the effect of silvopastoral system with Tithonia
diversifolia on the ruminal microbial community of Siboney de
Cuba genotype cattle in growth-fattening, a total of 24 non-
castrated animals were used. Two treatments were established: 1)
grazing on improved and natural grasses and 2) grazing in a
silvopastoral system of T diversifolia grasses, associated in 100 %
of the area. The animals grazed for 24 hours on 10 hectares (ha) of
improved grasses, divided into two systems of 5 ha each. The crude
protein in the control treatment was 9.54 %, while in the SPS it was
10.5 % in the grass and 22.7 % in Tithonia. In the rumen of animals
that grazed in the SPS with Tithonia, the total number of viable
bacteria was higher (p<0.0001), while the proteolytic bacteria were
47.17 x 10° CFU/mL and those of the control treatment, 19.42 x
10° CFU/mL, which represents 2.43 times fewer bacteria. There
were no effects on the number of cellulolytic fungi. The
silvopastoral system increased the number of cellulolytic bacteria
and the protozoa were reduced 3.5 times. Methane production was
37.0472 g/kg of digested OM with grasses and in the SPS with
Tithonia 34.788 g/kg of digested OM. It is concluded that the
rumen microbial community of Holstein x Zebu non- castrated
cattle that grazed in SPS with Tithonia showed a higher number of
total viable bacteria, proteolytic bacteria, cellulolytic bacteria, a
lower number of protozoa and less CH, compared to the control
that grazed in grass areas.
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Para evaluar el efecto del silvopastoreo con Tithonia diversifolia en
la comunidad microbiana ruminal de vacunos del genotipo Siboney
de Cuba en crecimiento-ceba, se utilizaron 24 animales machos
enteros. Se establecieron dos tratamientos: 1) pastoreo en
gramineas mejoradas y naturales y 2) pastoreo en sistema
silvopastoril de gramineas 7. diversifolia, asociada en 100 % del
area. Los animales pastaron 24 horas en 10 hectareas (ha) de
gramineas mejoradas, divididas en dos sistemas de 5 ha cada uno.
La proteina cruda en el tratamiento control fue 9.54 %, mientras
que en el SSP fue 10.5 % en la graminea y 22.7 % en Tithonia. En
el rumen de los animales que pastaron en el SSP con Tithonia, el
nimero de bacterias viables totales fue mas numeroso (p<0.0001),
mientras que las proteoliticas fueron 47.17 x 10° UFC/mL vy las del
tratamiento control, 19.42 x 10° UFC/mL, que representa
2.43 veces menos bacterias. No se encontro6 efectos en el nimero de
hongos celuloliticos. El sistema silvopastoril increment6 el niimero
de bacterias celuloliticas y los protozoos se redujeron 3.5 veces. La
produccion de metano fue 37.0472 g/kg de MO digerida con las
gramineas y en el SSP con Tithonia de 34.788 g/kg de MO
digerida. Se concluye que la comunidad microbiana del rumen de
vacunos enteros Holstein x Cebll que pastan en SSP con Tithonia
presentd mayor nimero de bacterias viables totales, proteoliticas,
celuloliticas, menor nimero de protozoos y menos CH, con
respecto al control que pasto en areas de gramineas.

Palabras clave: bacterias celuloliticas, bacterias proteoliticas,
bacterias totales, metano, protozoos

Received: May 05, 2025
Accepted: September 03,2025

Contflict of interests: The authors declare that there is no conflict of interest.
CRediT Authorship Contribution Statement: Conceptualization, Investigation, Data curation, Writing - original draft: Juana L.
Galindo Blanco. Conceptualization, Investigation, Data curation: J. Iraola Jerez. Conceptualization, Formal analysis: Magaly Herera

Villafranca.

EEEE  This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial
(CC BY-NC 4.0). https://creativecommons.org/licenses/by-nc/4.0/

¢ 1


https://orcid.org/0000-0001-8639-4693
https://orcid.org/0000-0001-8521-948X
https://orcid.org/0000-0002-2641-1815
https://cjascience.com
https://cu-id.com/1996/v59e19
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Galindo Blanco et al. / Cuban Journal of Agricultural Science Vol. 59, January-December 2025, https://cu-id.com/1996/v59el9

Introduction

Ruminants have a consortium of microorganisms in their
rumen-reticulum able of fermenting food, mainly fibrous
food (da Silva-Macedo et al. 2022 and Pazla ez al. 2024).
Currently, efforts are being made to diversify the forage
supply and silvopastoral systems are being promoted for this
purpose. 7. diversifolia (Hemsl.). Gray, is an herbaceous
plant of the Compositae (Asteraceae) family, native to
Central America and naturalized in Cuba. This species has
promising characteristics for animal production, improves
the environment and adapts to diverse climatic conditions
(Rai et al. 2023 and Hernandez-Arboleda et al. 2024)

Tithonia diversifolia is a multifunctional species, with
tolerance to various soil conditions, including low fertility,
acidity and low phosphorus levels (dos Santos Silva
et al. 2021). Its properties identify it with pharmacological
principles, which give it potential as an anti-inflammatory,
antibacterial, antitumor and antimalarial agent (Zhao et al.
2020), due to a varied composition of secondary metabolites.
The mentioned plant offers abundant biomass, with values
from 14.4 to 30.6 t DM/ha, defined by the variety (Guatusmal-
Gelpud et al. 2020), growth conditions and cultural care
(dos Santos Silva et al. 2021).

Among its nutritional characteristics, the content of protein,
soluble carbohydrates and the level of tannins highlighted,
conditions of great importance, because these components can
help to improve the food balance in terms of the contribution
of energy and protein in the diet of dairy cattle (Argiiello
et al. 2020 and Rivera ef al. 2021). In addition to contributing
to improving rumen balance and increasing the efficiency
of ammonia transformation into microbial protein. This
would imply lower energy costs due to losses of ammonia,
CH, and ruminal CO,, an aspect that reduces the possible
environmental pollution.

The objective of this research was to evaluate the effect
of silvopastoral system with 7. diversifolia on the microbial
community of the rumen from Siboney de Cuba non-castrated,
intended for beef production.

Materials and Methods

Location: The experiment was carried out at Ayala feedlot
from Instituto de Ciencia Animal (ICA). This farm is located at
22° 53" north latitude, at 82° 02' west longitude and 92 m o.s.1.,
belongs to San José de las Lajas municipality, Mayabeque
province, Republic of Cuba. The study complied with the
ethical standards from ICA experimental farm commission
for working with animals. It was approved with the project
code PN131LHO001 49. The animals had no health intervention
during the experiment.

Edaphoclimaric characteristics: The climatic conditions
of the region were characterized by an average annual
temperature of 24.86 °C, with the highest values in June

(27.17 °C) and August (27.48 °C), with maximums between
32.65 °C and 33.48 °C. December, January and February
showed the lowest average temperature values (22.18,
21.47 and 22.50 °C, respectively), with minimums below
17 °C and, on some days, with records of 5 to 10 °C.

The annual rainfall was 1361 mm and from May to October
77.13 % of the annual rainfall was recorded, with a monthly
average of 174.95 mm, while from November to April 22.92 %
occurred with a monthly average of 51.99 mm. The average
annual relative humidity was 80.88 % and its extreme values
were in March (77.15 %) and June (82.86 %) (data taken from
the Meteorological Station of Instituto de Ciencia Animal, San
José de las Lajas, Mayabeque).

Animals: A total of 24 non-castrated male from a Siboney
de Cuba genetic group (5/8 Holstein x 3/8 Zebu) were used
in the growth-fattening stage, 12-month-old yearlings. They
started the experiment with 198 kg of LW and finished
with 414 kg. They grazed for 24 h on 10 ha of improved
grasses (Cynodon nlemfuensis) and natural grasses (Paspalum
notatum, Sporobolus indicus and Dichantium sp), divided into
two 5 ha systems, one with grasses and the other made up
of a silvopastoral system (SPS) of grasses - I. diversifolia
associated in 100 % of the area.

Each system was in turn divided into eight paddocks
of 0.63 ha, with free access to the watering place and
saltshaker. The grazing was established with 42 days of rest,
six days of occupation in each paddock and a stocking rate of
2.40 animals/ha. The treatments were: control 1) free grazing
of grasses + mineral salts and an experimental group 2) free
grazing of the SPS T diversifolia + mineral salts.

Treatments: The treatments were compared: 1) grazing
on improved grasses (C. nlemfuensis) and natural grasses
(P. notatum, S. indicus and Dichantium sp) and 2) grazing
on an SPS of grasses - T. diversifolia associated in 100 % of
the area.

In the SPS, the vegetative material (VM) No. 10 of
T. diversifolia, proposed by Ruiz et al. (2010) for grazing,
was used. Galindo et al. (2018) reported that VM 10, join to
VM 23 of T. diversifolia, were among twelve materials that
produced the fewest methanogens and protozoa in the rumen.
The initial weight of the animals was homogeneous in the
yearling category (animals of one year).

Sampling: Rumen fluid samples were taken from each
animal via esophageal tube. All sampling coincided with
the animals' weighing days, once a month. For this purpose,
two animals were selected from each treatment each time.
The rumen fluid samples were transferred to the rumen
biochemistry and microbiology laboratory, located in the
Central Laboratory Unit from ICA, with the help of
hermetically sealed thermos to maintain the temperature and
anaerobic conditions of the rumen fluid. The contents of the
thermos were filtered through muslin. Preservations were
made for the selected determinations and samples were taken
for the culturing of rumen microorganisms.


https://cu-id.com/1996/v59e19

Effect of a silvopastoral system with Tithonia diversifolia (Hemsl.) A. Gray on the ruminal microbial community of Siboney de Cuba male cattle

Measurements: The following microbiological indicators
were determined: number of total viable bacteria, cellulolytic
bacteria, proteolytic bacteria, cellulolytic fungi, and protozoa.
For the culturing of rumen microorganisms, the Hungate
(1950) culture technique was used in rolled tubes and under
strict anaerobic conditions. Total viable, cellulolytic and
proteolytic bacteria were inoculated in the culture media
of Caldwell and Bryant (1966), modified by Elias (1971).
In the case of proteolytic bacteria, 10 % sterile skimmed
milk was added, according to Galindo (1988). The Joblin
(1981) culture medium was used to determine the number
of fungi. Three dilutions were used for the inoculation of
microorganisms, and each dilution was replicated three times.
Total viable bacterial, cellulolytic, proteolytic and fungal
colony counts were performed by placing the rolled tubes
under a magnifying glass and counting the colonies that
showed a digestion halo (Galindo 1988). The results were
expressed in colony forming units (CFU) for bacteria and in
thallus forming units (TFU) for fungi.

Rumen protozoan count: The protozoa were directly
counted under a Neubauer chamber optical microscope,
after staining them with a 0.01 % gentian violet solution
in glacial acetic acid. To perform protozoan counts, rumen
fluid samples were preserved in a 10 % formaldehyde solution
ata 1:1 (v/v) dilution.

Determination of the chemical composition of foods: The
analysis of the chemical composition of the food intake by the
animals was carried out according to the techniques described
by the AOAC (2016). The fibrous fractions were analyzed
using the procedure of Goering and van Soest (1970). Table 1
shows the chemical composition of each of the diets.

In this experiment, it was not possible to determine the
methane concentration, which led to its estimation using the
equation of Sauvant ez al. (2011), considering that methane
production in the rumen is related to the CPcontent of the food
intake by the animals. That is: CH,, g/kg of digested OM =
40.1 - (0.32 x CP) % of DM.

The experimental design was completely randomized.

Statistical treatment of microorganism counts: Viable
microorganism counts were transformed according to Log
N to ensure normal conditions in the microbial growth curve.

The formula (K+N).10X was applied for the analysis where:

Table 1. Chemical composition of the experimental diets

K: constant that represents the logarithm of the dilution
where the microorganism was inoculated,

N: logarithm of the colony count, expressed as CFU/mL,
CFU/mL, or cells/mL

10 is the base of logarithms

X: dilution at which the inoculation was carried out
(Galindo 1988)

Statistical analysis: The theoretical assumptions of the
analysis of variance were verified for the original variables
total bacteria, cellulolytic bacteria, fungi, proteolytic bacteria,
and protozoa. For the homogeneity of variance of the
treatments, Levene (1960) test was applied. The normality
of'the errors was analyzed using the Shapiro-Wilk (1965) test,
both assumptions were unfulfilled, so the generalized linear
mixed model was used with the help of GLIMMIX procedure
of SAS (2007).

In the model, the treatments were considered as fixed
effects, the rumen fluid repetitions as random effects, and
the animal was the subject. To know the performance of
the data, the Normal, Poisson, log normal, Igauss and
Gamma distributions were tested. In the case of total bacteria,
cellulolytic bacteria, fungi and protozoa, the best fit was
Igauss and for proteolytic bacteria Gamma, both distributions
with log link function. The variance-covariance structures
tested were Toeplitz (Toep), variance component (VC),
composite symmetry (CS), autoregressive of order 1 (AR
[1]) and unstructured (UN), with Toep performing best.
For the selection of the best fit structure to the data, the
information criteria [Akaike (AIC), Corrected Akaike (AICC)
and Bayesian (BIC)] were used, for which the smallest value
was considered. For the comparison of means, the fixed-rank
test (Kramer 1956) was applied. The data were analyzed using
the SAS (2013), statistical package version 9.3.

Results and Discussion

Table 2 shows the results for total viable bacteria,
proteolytic bacteria, and cellulolytic fungi in the rumen. It
was observed in the rumen of the animals that were in the SPS
with T. diversifolia, that the total number of viable bacteria
was more numerous (p<0.0001) than in the rumen of those that
were grazing on the improved grasses mixture. The population
values were 17.20 and 27.98 x 10" CFU/mL for the grasses
system and SPS, respectively.

Treatment 1 (control)

Treatment 2 (SPS with T diversifolia)

Indicators, %

grasses grasses T. diversifolia
Dry matter, DM 352 33.1 19.6
Ashes 13.4 11.5 16.8
Crude protein, CP 9.54 10.5 22.7
Neutral detergent fiber, NDF 71.8 70.3 56.9
Acid detergent fiber, ADF 38.3 39.6 33.7
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Table 2. Effect of SPS with T diversifolia on the number of total viable bacteria, proteolytic bacteria and cellulolytic fungi in the rumen

Treatments
Improved grasses +naturals Improved grasses +Tithonia SE (), Signif.

Microbial groups

Number of total viable bacteria, 2.84 3.33 0.12

10" CFU/mL (17.20) (27.98) p=0.0001
Number of fungi, 2.21 2.20 0.14

10* TFU/mL 9.12) (9.03) p=0.9442
Number of proteolytic bacteria, 2.97 3.85 0.11

10° CFU/mL (19.42) (47.17) p<0.0001

CFU/mL: colony forming units per milliliter of ruminal fluid, TFU/mL: thallus forming units per milliliter of ruminal fluid. Values in parentheses are the original

means of the number of microbial populations

Galindo-Blanco et al. (2018) found increases in the total
number of viable bacteria, which were attributed to the
defaunating effect produced by this plant, as a consequence of
ecological relations of predation exerted by the protozoa on
the total viable bacteria. However, when evaluating different
plant materials or ecotypes, there were differences among
them (Galindo et al. 2022). By reducing the protozoan
population, the total number of bacteria is favored. In other
experiments, a reduction has been observed, which can be
attributed to the secondary metabolites of 7. diversifolia and to
other more complex ecological relations that exist in the organ.

In the rumen of the animals that were in the SPS, the number
of proteolytic bacteria was 47.17 x 10° CFU/mL, while in those
that grazed in the control treatment, the population was 19.42 x
10° CFU/mL, which represents 2.43 times fewer bacteria that
degrade proteins.

In this experiment, there were no effects due to the feeding
system on the number of ruminal cellulolytic fungi (table 2).
In this regard, it should be reported that, although these
microbial groups are numerically smaller than cellulolytic
bacteria, their extracellular enzymes are capable of degrading,
to a greater extent, the cellulosic materials contained in plants.
It is estimated that approximately 58 % of ruminal cellulolysis
is due to the presence of the mentioned microorganisms, which
are capable of adhering to, colonizing and degrading cellulosic
materials and even modifying the structure of lignin.

Previous studies by Galindo-Blanco er al. (2018) and
Galindo et al. (2022) have found that the effect of Tithonia
on the cellulolytic fungal population of the rumen varies
depending on the cultivable variety and other factors, such as
the age of the plant, aspects that are in study phase.

The number of cellulolytic bacteria was modified as a
consequence of the effect of the SPS with Tithonia. Figure 1
shows that the populations of these cellulolytic organisms
were 5.55 and 14.10 x 10° CFU/mL, for the control and the
SPS, respectively (p<0.0001).

The evaluation of the population dynamics of cellulolytic
bacteria in the rumen has been the subject of study since 2012,
when the first studies with this plant began. Increases have
been observed, which vary depending on the plant material

Cellulolytic Bacteria, 105 CFU/mL

14
12
10

GRASSES SPS TITHONIA

(= S

Transformed data: Grasses 1.71 and SPS with Tithonia 2.55 CFU/mL;
Original means 5.55 CFU/mL and 14.10 CFU/mL for grasses and
Tithonia, respectively; SE (£) 0.16, p<0.0001

Figure 1. Effect of grazing in SPS with 7. diversifolia on the number
of cellulolytic bacteria in the rumen (10° CFU/mL)

and the cutting time. It is important to highlight that the higher
nutritional value of this vegetable significantly contributes to
these results. Similar results were obtained in studies shown
by Ruiz et al. (2017) with T. diversifolia materials collected
in the western region of Cuba in 2006 and subsequently in
2015 in the eastern region.

By performing a comprehensive analysis of the effect of
SPS on the number of cellulolytic bacteria, it can be reported
that these plant materials promote higher fiber degradability,
an aspect of vital importance in the evaluation of fibrous
sources, because although T. diversifolia has a high CP
content, the presence of fiber places it as a fibrous source,
reasons that require it to be degraded at the ruminal level by the
microorganisms that have that capacity.

Figure 2 shows that the number of rumen protozoa
was reduced 3.5 times when the animals grazed in the
SPS. This effect is not an isolated fact, since it has
been shown that in the plant materials of 7. diversifolia
collected in the western and eastern region of Cuba, as
well as in more than 20 shrubs and leguminous or non-
leguminous trees, there are smaller protozoan populations.
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Among the advantages of protozoan reduction or defaunation
are the increase in the population of cellulolytic
microorganisms, the stabilization of the rumen pH, the
decrease in free ammonia, the reduction of methanogenesis
and the increase in the efficiency of digestive use of different
diets, mainly fibrous ones (Dai and Faciola 2019). These
results coincide with those showed by Kroliczewska et al.
(2023), in which it is asserted that the most outstanding
contribution of the reduction of protozoa in the rumen is
that it improves energy metabolism and reduces losses due
to methane production, which is an environmental pollutant.
Palangi and Lackner (2022) reported that defaunation reduces
enteric CH, emission, due to the flow of microbial cells from
the rumen and the reduction in the acetate/propionate ratio,
events that are considered electron sinks.

Protozoa, 105 cells/mL

GRASSES SPS TITHONIA

S = D W s Y 0

Transformed data: Grasses 2.03 and SPS with Tithonia 0.76,
Original means 7.58 grasses and 2.16 SPS with Tithonia, SE ()
0.10, p<0.0001

Figure 2. Effect of grazing in SPS with Tithonia on the number of
rumen protozoa

Considering the results of the CP content shown in table 1,
the methane (CH,) production for the grasses treatment
was 37.0472 g/kg of digested OM and for the SPS with
T. diversifolia, 34.788 g/kg of digested OM. Similar results
were reported by Delgado et al. (2011), Galindo et al. (2018)
and Pérez-Can et al. (2021) when foliage from different
tropical plants was evaluated. These authors found that
Leucaena leucocephala and T. diversifolia were the plants
that produced the least methane (mL/gDM) compared to ten
others, and showed that the response is associated with the
higher content of condensed tannins and saponins, which act
on methanogens and protozoa, and also have the ability to
increase the molar ratio of propionic acid. However, it seems
that the mechanism of action is different in each case.

Conclusions

It is concluded that the microbial community of the
rumen of Holstein x Zebu non- castrated cattle, grazing
in a silvopastoral system with 7. diversifolia, showed a
higher population of total viable bacteria, proteolytic bacteria,

cellulolytic bacteria, a lower population of protozoa and less
CH, compared to the control that grazed in grass areas.
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