
Citation: Vélez-Terranova, M.;

Salamanca-Carreño, A.;

Bejarano-Sánchez, A.M.;

González-Castro, D.A.;

Higuera-Pedraza, R.D.; Giraldo, L.A.

Nutritional Characteristics and

Digestibility of Woody and

Herbaceous Native Plants from

Tropical Flooded Savannas

Ecosystems. Agriculture 2022, 12,

1613. https://doi.org/10.3390/

agriculture12101613

Academic Editor: Dongyang Liu

Received: 19 August 2022

Accepted: 28 September 2022

Published: 5 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

agriculture

Article

Nutritional Characteristics and Digestibility of Woody and
Herbaceous Native Plants from Tropical Flooded
Savannas Ecosystems
Mauricio Vélez-Terranova 1,*, Arcesio Salamanca-Carreño 2 , Andrés Mauricio Bejarano-Sánchez 3 ,
Daniela Alexandra González-Castro 4, Rubén Darío Higuera-Pedraza 4 and Luis Alfonso Giraldo 5

1 Facultad de Ciencias Agropecuarias, Universidad Nacional de Colombia, Palmira 763533, Colombia
2 Facultad de Medicina Veterinaria y Zootecnia, Universidad Cooperativa de Colombia,

Villavicencio 500001, Colombia
3 Facultad de Ciencias Agrarias, Universidad Nacional de Colombia, Bogotá 111321, Colombia
4 Facultad de Medicina Veterinaria y Zootecnia, Universidad Nacional de Colombia, Bogotá 111321, Colombia
5 Laboratorio de Biotecnología Ruminal, Universidad Nacional de Colombia, Medellín 050034, Colombia
* Correspondence: ovelez@unal.edu.co

Abstract: Native plants constitute an enormous source of nutrients for grazing animals, although
their use has been limited due to the lack of knowledge about its properties. The aim of this research
was to evaluate the nutritional characteristics of native plants from flooded savannas ecosystem.
Seven transects (290 km) were carried out through the montane forests, gallery forests and open
savannah ecosystems. A total of 42 plant species were collected (22 arboreal, 13 shrubs, 5 climbing
and 2 herb plants) and their nutritional composition and digestibility were evaluated. Data analysis
included univariate and multivariate methods. Nutritional composition and digestibility varied
among the groups of arboreal, shrub, climbing and herb species. At an individual level plants such
as G. americana, C. cf minor-grandiflora and M. nobilis, A.Jahnii, P. hispidium, I. carnea, S. reticulate,
H. furcellatus, and C. erosa stood out by their protein, ash, and digestibility. At a group level, a mixed
of 19 plants presented the highest digestibility, and the lowest fiber fraction constituted a promising
forage alternative. Data variability was explained in the 47% by protein, ash, digestibility, and the
different fiber fractions variables. Further studies related with the animal acceptability, performance
and the presence of secondary metabolites are needed before being fully recommended.

Keywords: native vegetation; nutritional alternatives; tropical flooded savannas; livestock
sustainability

1. Introduction

The flooded savannahs are the humid ecosystems with the highest productivity and
ecological value in the neotropics. In Colombia, this ecosystem is distributed in the Ori-
noquia region with more than 5 million hectares between Arauca and Casanare depart-
ments [1]. Livestock breeding and fattening are one of the main activities carried out in
flooded savannahs, usually under extensive grazing conditions, where animal performance
is recognized for its low production rates, in addition to negative affect soil physicochemical
properties, contributing to land degradation and environmental pollution [2,3].

The intensification of livestock activity is an emerging alternative to increase produc-
tivity and reduce its environmental impact under different agroecological conditions [4].
Productive intensification implies efficient resources use to guarantee a balance nutrition,
health, and welfare of animals, allowing an increase in productivity per unit area [5].
In grazing livestock under tropical conditions several intensification models are found,
highlighting the silvopastoral systems and the integrated crop—livestock systems [6,7].

The implementation of the intensify livestock models (e.g., Silvopastoral systems)
are viable productive alternatives to be stablished under flooded savannahs conditions,
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however, is limited by the scarce knowledge about the availability, quality, phenology, and
digestibility of native plants that support livestock activity throughout the year, hampering
the design of suitable productive strategies [3]. In tropical environments, the vast native
flora diversity (trees, shrubs, and other herbage plants) adapted to a wide range of agroeco-
logical ecosystems constitute a natural resource that needs further research to identify its
potential use in animal production, either as nutritional alternatives for herbivorous species
(leaves, fruits) or to provide shade, wood, nitrogen fixation, bioactive functionalities, etc.
In this way, their use within the livestock systems of the region is encouraged, so that
they contribute positively and permanently to the livestock activity sustainability, the
maintenance of wildlife and the environmental contribution through its different ecosystem
services [8,9].

Livestock activity under flooded savannah conditions requires a change towards
more sustainable systems, however, to achieve this goal it is required to strengthen the
knowledge about the nutritional properties that native species can provide, which, due to
their adaptive capacities, constitute the main option for the establishment of sustainable
livestock models in the region. In this sense, native herbaceous plants, shrubs, and trees
that are feed sources commonly with unknown agronomic characteristics, could be used
as an extra energy and protein sources to be utilized in scarcity seasons or to complement
the base diet of animals, which in tropical conditions is characterized by grasses with high
levels of fiber and low protein [8,9]. Considering that potential food sources can belong to
a wide range of plants, including those in different botanical classifications, the aim is to
identify the most nutritious ones to establish forage mixtures that guarantee the maximum
performance of grazing ruminants. The objective of the present study was to evaluate the
individual and join nutritional characteristics of woody and herbaceous native plants from
flooded savannas ecosystems as a nutritional alternative for grazing ruminants.

2. Materials and Methods
2.1. Localization

The study was carried out in the flooded savannah ecosystem of the Arauca’s mu-
nicipality, located in Arauca’s department, Colombia (Figure 1) [10]. The area is located
at 128 m above sea level. The ambient temperature varies between 28 ◦C to 35 ◦C on
average with a relative humidity of 90%, the rainfall regime is monomodal, with the rainy
season between April and November and an annual precipitation less than 1500 mm [10].
Soils present a sandy-loam texture and according to Holdridge’s classification, the region
corresponds to the sub-humid tropical forest zone [11].
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Figure 1. Floodplain savannah region, department of Arauca in Colombian eastern. Circle: flooded
savannas ecosystem; Red color. Location of the department of Arauca in Colombia (latitude:
07◦05′25” N, longitude: 70◦45′42” W).

2.2. Selection of Plant Material

Species considered as a candidate for evaluation were those woody or herbaceous
native plants of the flooded savannah ecosystem, with non-conventional use in the livestock
systems of the region. Selection criteria were based on the degree of plants availability and
greenness during the sampling season, the absence of morphological structures such as
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spines, or the presences of toxic compounds that may compromise the animals welfare, the
suggestion of livestock farmers associated with the Livestock Committee of the region or
other productive attributes (timber, medicinal, among others).

2.3. Plant Material Sampling Method

For the collection of plants samples, seven transects (290 km) were carried out during
the transition period from the dry to the rainy season (April and May 2021), to evaluate the
vegetation dynamics after a prolonged and adverse environmental condition (6 months).
The transects covered the montane forests, gallery forests and open savannah ecosystems
(Figure 2).
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Plants samples were collected according with the standard methodology [12], which
consists of traveling previously established transects, making stops (observation points) to
evaluate the vegetation. At each observation point, plants meeting the selection criteria
were triplicate sampled in a 100 m radius around the georeferenced site. Each sample
consist of approximately 500 g of leaves, midribs, rachis (compound plants) and petioles.
Different specimens of the same plant species were sample to guarantee representativeness.
In this sense, at the end of the sampling period an approximately 1.5 kg was collected
from each plant. According to the species availability, all the samples were taken within
the same observation point or were complemented of other traveled points. The samples
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were collected in black polyethylene bags and stored under refrigeration (4–6 ◦C) until
their transfer to the laboratory. To georeferenced each sampling point a GPS (Garmin
Etrex Summit HC. Garmin Ltd., Olathe, KS, USA) was used and the transects maps were
established with QGIS 3.16.3 and Google Earth Pro 7.3.3.7786 software’s (Figure 2).

During the traveled points, the selected plants were identified in the field by an expert
botanist and later validated by comparison with specimens from the HORI herbarium of
the National University of Colombia—Orinoquia, and online collections (tropics, KEW
herbarium, catalog of Colombian plants and the virtual collection of the National University
of Colombia). Complementary information about the plant habit, phenological state and
the physiographic unit was also recorded.

In the laboratory, the samples were dried in a forced ventilation oven at 60 ◦C for
48 h, until attained constant dry weight. Subsequently, they were ground through a 1 mm
sieve in a Wiley mill (Arthur H. Thomas Company, Philadelphia, PA, USA), for chemical
composition and digestibility analyses.

2.4. Nutritional Composition Analysis

Plants nutritional composition was analyzed following the AOAC methodologies [13].
The dry matter (DM) content was determined by gravimetry (AOAC 934.01), the crude
protein (CP) was estimated by the Kjeldahl method using the factor N× 6.25 (AOAC 97605),
the ashes (ash) were obtained by the elimination of organic compounds by combustion
(AOAC 948.05), the organic matter was quantified using the formula: (OM = 100 − %ash),
neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin were calculated by
the standard methodology [14]. Finally, the percentage of in vitro dry matter digestibility
(IVDMD) was estimated by the DaisyII® digestor (Ankom Technology, New York, NY, USA).
In this procedure, 0.5 g of ground samples were weighed into ANKOM F57 bags previously
dried during 24 h at 60 ◦C. Bags were heat-sealed and placed in the four digestion flask of the
equipment. Previously, a culture medium (6.8 L) with microminerals (50 mL), macrominerals
(2000 mL), a reducing solution (500 mL), a buffer solution (2000 mL), and an indicator
(Resarzurin 50 mL) were prepared, mixing the components under CO2 flushing until
attained a transparent color. Subsequently, 1600 mL were transferred to each digestion flask
and kept at 39 ◦C inside the equipment. Ruminal inoculum was collected in the morning
from 2 ruminally cannulated Holstein cows fed with Kikuyo grass (Cenchrus clandestinum).
The inoculum was stored at 39 ◦C in thermal flask and immediately transported to the
laboratory. Subsequently, the ruminal fluid was pooled and filtered through two nylon bags
with 50 µm pore size. The flask with the samples bags and the culture medium (1600 mL)
were supplemented with 400 mL of strained rumen fluid under continuous CO2 flushing.
The mixed components were incubated at 39.5 ◦C on average during 48 h. At the end of
the process, the flasks were removed, the liquid was drained and the Ankom bags with the
samples were rinsed with cold water and dried at 60 ◦C for 48 h. Finally, bags were placed
in a desiccator and weighed to estimate IVDMD.

IVDMD values along with the estimated dry matter intake (DMI = 120/%NDF) were
used to calculate the relative feed value (RFV) of each plant, using the following equation:
RFV = (%IVDMD × %DMI)/1.29. This index is useful to evaluate forage quality since
it combines the potential intake and digestibility of a feed [8]. RFV classification was
according with the scale: 1st (≥150), 2nd (149–125), 3rd (124–100), and 4th (≤99) [15].

2.5. Statistical Analysis

The nutritional composition data within the botanical groups collected, were evaluated
using one way ANOVA to identify differences between species of the same botanical group.
When significant differences were found, least square difference test was used for mean
comparison (p < 0.05).

A second analysis with a multivariate approach was performed to identify clusters of
plants with similar nutritional compositions during the sampling period. All the studied
botanical groups were included in the analysis. Data were subjected to a non-hierarchical
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cluster analysis using k-means clustering algorithm and the Euclidean distance. The
number of clusters were defined considering the partition that minimized the sum of
within sum of squares function. Subsequently, to evaluate the average behavior of the
nutritional variables within each cluster, descriptive statistics were estimated. Finally, to
identify the nutritional quality variables that most explain the data variability among the
evaluated plants, a principal components analysis (PCA) was performed. The procedure
was carried out with standardized variables since heterogeneous variances were found. All
analyses were performed with the software Infostat (Universidad Nacional de Córdoba,
Córdoba, Argentina) [16].

3. Results and Discussion

During the carried out transects 42 plant species belonging to 23 families were collected
(Table 1). The arboreal plants were the most abundant species (n = 22), followed by shrubs
(n = 13), climbing (n = 5) and herbaceous (n = 2) species. The phenological state of the
collected plants correspond: 31.1% vegetative, 24.4% flowering fruiting, 20.0% fruiting,
15.6% flowering, and 8.9% vegetative flowering. Most of the plants were collected on
artificial embankment edges and the low physiographic unit of the flooded savanna.

Table 1. Botanical characteristics of the selected plants.

Growth Habit Specie Botanical Family

Arboreal plants
(n = 22)

Annona Jahnii Annonaceae
Annona montana Annonaceae

Cochlospermum vitifolium Bixaceae
Trema micrantha Cannabaceae

Clusia cf minor grandiflora Clusiaceae
Garcinia madruno Clusiaceae

Connarus venezuelanus Var. orinocencsis Connaraceae
Cordia collococca Cordiaceae
Albizia niopoides Fabaceae (Mimosoideae)

Hydrochorea chorymbosa Fabaceae (Mimosoideae)
Machaerium cf aculeatum Fabaceae (Caesalpinioideae)
Macrolobium multijugum Fabaceae (Caesalpinioideae)
Platymiscium pinnatum Fabaceae (Faboideae)

Vitex orinocensis Lamiceae
Heliocarpus americanus Malvaceae

Mutingia calabura Muntingiaceae
Eugenia cribrata Myrtaceae

Margaritaria nobilis Phyllanthaceae
Phyllantus elsiae Phyllanthaceae
Genipa americana Rubiaceae
Casearia sylvestris Salicaceae

Vochysia venezuelana Vochysiaceae

Shrubs (n = 13)

Ipomoea carnea Convolvulaceae
Rhynchosia cf phaseoloides-reticulata Fabaceae (Faboideae)

Senna reticulata Fabaceae (Caesalpinioideae)
Hibiscus furcellatus Malvaceae

Melochia spicata Malvaceae
Triunmfetta lappula Malvaceae

Urena lobata Malvaceae
Miconia albicans Melastomataceae
Miconia cf Afinis Melastomataceae

Psidium maribense Myrtaceae
Aegiphila molli Lamiceae

Guapira guianensis Nyctaginaceae
Piper hispidium Piperaceae
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Table 1. Cont.

Growth Habit Specie Botanical Family

Climbing plants
(n = 5)

Peritassa cf laevigata Celastraceae
Entada polystachya Fabaceae (Mimosoideae)

Lonchucarpus densiflorus Fabaceae (Faboideae)
Vigna lasiocarpa Fabaceae (Faboideae)

Cissus erosa Vitaceae

Herbs (n = 2)
Heliotropium indicum Heliotropiaceae

Thalia geniculata Marantaceae

The nutritional composition variables of the evaluated plants are found in Tables 2
and 3. All the studied nutritional variables presented statistical differences within the
botanical groups (p < 0.05), except for the DM, ADF, and IVDMD in the herb group.

Table 2. Nutritional characteristics (%) of arboreal plants on dry matter basis.

Specie DM OM CP Ash NDF ADF Lignin IVDMD

C. venezuelanus 54.5 a 96.7 ab 9.7 fgh 3.3 ij 60.4 cde 45.1 bc 29.6 b 25.6 i

G. Americana 34.4 fgh 94.3 e 15.2 cdef 5.7 f 45.8 ghij 32.5 fgh 20.3 d 88.7 a

M. cf aculeatum 38.1 def 96.2 bc 15.8 cdef 3.8 hi 61.8 cd 36.6 efg 14.0 fg 49.1 ef

C. sylvestris 41.2 cde 91.1 h 12.8 defgh 9.0 c 56.8 def 41.1 bcde 24.8 c 36.8 gh

V. orinocensis 30.5 hi 93.0 f 15.2 cdef 7.0 e 59.6 cde 37.5 def 19.5 de 42.9 fg

C. cf minor-grandiflora 18.2 k 92.9 f 8.8 gh 7.2 e 43.6 hij 30.5 ghi 12.3 fg 74.5 b

A. niopoides 53.4 ab 94.8 de 25.3 a 5.2 fg 49.5 fghi 28.5 hi 13.1 fg 44.4 fg

M. multijugum 44.4 cd 96.3 bc 15.6 cdef 3.8 hi 71.1 ab 52.1 a 31.8 b 26.9 i

P. elsiae 35.6 efgh 91.4 gh 14.6 cdefg 8.6 cd 60.9 cde 40.7 cde 22.0 cd 42.9 fg

V. venezuelana 31.9 fghi 94.3 e 8.0 h 5.7 f 54.6 def 40.7 cde 25.4 c 29.4 hi

H. chorymbosa 47.0 bc 97.6 a 13.1 defgh 2.4 j 75.7 a 54.3 a 36.5 a 27.1 i

P. pinnatum 36.2 efgh 95.3 cde 16.6 cde 4.8 fgh 53.3 efg 34.1 efgh 19.9 de 59.2 d

H. americanus 22.5 jk 90.4 h 23.1 ab 9.7 c 61.2 cde 37.2 defg 22.1 cd 69.2 bc

M. nobilis 25.7 ij 92.5 fg 17.7 bcde 7.6 de 38.4 j 16.3 j 5.0 i 86.5 a

T. micrantha 36.9 efg 83.9 j 12.1 efgh 16.1 a 51.6 fgh 37.7 def 23.0 cd 48.3 f

M. calabura 33.0 fghi 92.6 f 18.0 bcde 7.4 e 50.2 fghi 23.4 ij 10.3 gh 39.3 g

C. vitifolium 31.9 fghi 95.5 cd 18.7 bcd 4.5 gh 42.4 ij 23.4 ij 15.7 ef 42.1 fg

A.montana 31 ghi 92.6 f 12.7 defgh 7.4 e 52.7 efg 30.9 fghi 7.8 hi 62.6 cd

E. cribrata 32.4 fghi 95.0 de 13.2 defgh 5.1 fg 66.3 bc 48.6 ab 29.6 b 29.1 hi

C. collococca 31.7 fghi 87.4 i 16.7 cde 12.6 b 61.0 cde 44.4 bcd 22.2 cd 43.7 fg

A.Jahnii 31.8 fghi 94.2 e 20.5 abc 5.8 f 52.9 efg 24.2 i 7.9 hi 77.0 b

G. madruno 38.0 defg 95.1 de 9.9 fgh 5.0 fg 55.9 def 40.6 cde 19.8 de 56.85 de

SEM 2.37 0.35 1.11 0.36 2.91 2.46 1.37 2.98
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber;
SEM: standard error mean; IVDMD: in vitro dry matter digestibility. Different letters in the same column differ
statistically (p < 0.05). C. venezuelanus: Connarus venezuelanus Var. Orinocencsis; G. Americana: Genipa americana;
M. cf aculeatum: Machaerium cf aculeatum; C. sylvestris: Casearia sylvestris; V. orinocensis: Vitex orinocensis; C. cf
minor-grandiflora: Clusia cf minor-grandiflora; A. niopoides: Albizia niopoides; M. multijugum: Macrolobium multijugum;
P. elsiae: Phyllantus elsiae; V. venezuelana: Vochysia venezuelana; H. chorymbosa: Hydrochorea chorymbosa; P. pinnatum:
Platymiscium pinnatum; H. americanus: Heliocarpus americanus; M. nobilis: Margaritaria nobilis; T. micrantha: Trema
micrantha; M. calabura: Mutingia calabura; C. vitifolium: Cochlospermum vitifolium; A.montana: Annona montana; E.
cribrata: Eugenia cribrata; C. collococca: Cordia collococca; A.Jahnii: Annona Jahnii; G. madruno: Garcinia madruno.
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Table 3. Nutritional characteristics (%) of the evaluated shrubs, climbing and herb plants on dry
matter basis.

Specie DM OM CP Ash NDF ADF Lignin IVDMD

Shrubs

M. spicata 42.8 b 96.1 a 12.4 ef 4.0 h 70.4 a 52.3 a 32.5 a 29.3 gh

H. furcellatus 25.3 f 95.4 ab 15.6 d 4.7 gh 44.4 e 23.2 gh 10.8 f 61.3 de

R. cf phaseoloides-reticulata 34.4 d 96.1 a 16.1 d 4.0 h 64.0 b 46.2 b 27.2 b 26.6 hi

M. albicans 44.4 b 91.6 ef 9.4 fg 8.4 cd 36.1 f 24.1 gh 16.8 de 33.8 g

G. guianensis 28.3 e 90.0 g 25.8 a 10.1 b 58.9 c 28.8 ef 14.7 e 56.4 e

U. lobata 34.4 d 93.3 d 15.0 de 6.7 e 57.1 c 35.2 c 19.6 cd 48.0 f

P. maribense 37.4 c 94.6 bc 2.5 h 5.4 fg 46.5 e 30.8 de 15.6 e 34.3 g

P. hispidium 35.2 d 88.3 h 16.0 d 11.7 a 38.3 f 18.3 j 8.0 g 91.3 a

M. cf Afinis 50.6 a 93.6 cd 7.7 g 6.4 ef 32.1 g 25.2 fg 21.2 c 22.9 i

A, molli 19.9 g 91.9 ef 22.5 bc 8.1 cd 52.4 d 29.1 e 17.2 de 68.4 c

T. lappula 20.4 g 92.8 de 21.1 c 7.3 de 59.0 c 33.7 cd 19.4 cd 64.7 cd

I. carnea 22.2 g 91.4 f 25.2 ab 8.6 c 46.5 e 21.4 hi 10.7 f 87.7 a

S. reticulata 24.4 f 93.7 cd 22.9 abc 6.3 ef 45.9 e 19.0 ij 5.2 h 77.3 b

SEM 0.46 0.38 0.55 0.38 0.94 1.18 0.92 1.97
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Climbing plants

V. lasiocarpa 30.9 b 95.2 c 13.2 c 4.9 b 62.0 b 38.5 b 11.3 e 54.3 b

C. erosa 19.4 c 93.6 d 13.0 c 6.5 a 49.6 c 31.7 c 13.9 d 74.5 a

E. polystachya 45.4 a 96.5 b 15.4 b 3.5 c 60.3 b 44.3 a 29.5 b 34.1 d

L.densiflorus 42.8 a 93.6 d 19.0 a 6.4 a 58.8 b 35.4 bc 19.0 c 38.7 c

P. cf laevigata 48.9 a 97.6 a 8.8 d 2.5 d 66.5 a 47.9 a 31.7 a 39.6 c

SEM 3.13 0.11 0.22 0.11 1.16 1.45 0.61 0.83
p-value 0.0011 <0.0001 <0.0001 <0.0001 0.0002 0.0005 <0.0001 <0.0001

Herbs

H. indicum 22.4 82.6 b 27.3 a 17.6 a 48.3 b 30.5 a 20.3 a 43.2 a

T. geniculata 20.5 91.8 a 17.5 b 8.2 b 65.4 a 28.6 a 7.2 b 46.0 a

SEM 0.31 0.08 0.41 0.08 1.31 0.56 0.13 1.95
p-value NS 0.0001 0.0036 0.0001 0.0114 NS 0.0002 NS

DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber;
SEM: standard error mean; NS: non-significant effect; IVDMD: in vitro dry matter digestibility. Different letters in
the same column differ statistically (p < 0.05). Shrubs. M. spicata: Melochia spicata; H. furcellatus: Hibiscus furcellatus;
R. cf phaseoloides-reticulata: Rhynchosia cf phaseoloides-reticulata; M. albicans: Miconia albicans; G. guianensis: Guapira
guianensis; U. lobate: Urena lobate; P. maribense: Psidium maribense; P. hispidium: Piper hispidium; M. cf Afinis: Miconia
cf Afinis; A, molli: Aegiphila molli; T. lappula: Triunmfetta lappula; I. carnea: Ipomoea carnea; S. reticulata: Senna reticulate.
Climbing plants. V. lasiocarpa: Vigna lasiocarpa; C. erosa: Cissus erosa; E. polystachya: Entada polystachya; L. densiflorus:
Lonchucarpus densiflorus; P. cf laevigata: Peritassa cf laevigata. Herbs. H. indicum: Heliotropium indicum; T. geniculata:
Thalia geniculata.

DM constitute the proportion of plant material remaining after drying and is composed
of macromolecules like carbohydrates (fibrous or non-fibrous), proteins, fats, minerals,
pigments, among others [17]. In all the evaluated plants, DM content varied between
18.2–54.5%. In arboreal species, 10 plants reached DM contents between 35.6–54.5%. Among
shrubs, 5 plants were between 35.2–50.6%, while in climbing species, 4 plants presented
values between 42.8–48.9%. These ranges are slightly higher than those found in leaves
samples of some commonly known trees and shrubs [18,19], although like the values
obtained during the dry season under a tropical dry forest region [20]. The sampled
plants in the present study were exposed to a long dry period that could increment the
evapotranspiration rate in plants and soil, reducing the water availability in leaves and
increasing the DM contents [20].

The OM comprises all the nutrients (proteins, carbohydrates, and lipids) that can be
assimilated in the animal body to obtain energy and is calculated as the difference between
the dry matter and the ash content of a feed [21]. Among all the studied plants, OM ranged
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between 82.6–97.6%, which is similar to the monthly variation observed in Indian trees
leaves, Northeastern Mexico shrub species and climbing plants such as kudzu (Pueraria
montana var. lobata) [22–24]. Remarkable plants with OM content greater than or equal
to 95% included the arboreal species C. venezuelanus, M. cf aculeatum, M. multijugum and
P. pinnatum (96.2–96.7%). The shrubs plants M. spicata, H. furcellatus, R. cf phaseoloides-
reticulata and P. maribense (95.0–96.0%) and the climbing plants V. lasiocarpa, E. polystachya
and P. cf laevigata (95.1–97.5%). T. geniculate herb specie was the best classified with 91%.

Protein is one of main limiting nutrients in grazing livestock under tropical conditions,
because most base diets are composed by poor-quality roughage with low crude protein
levels. This situation, reduce the N retention in animals and increase their requirement,
especially under warm conditions [25]. In this sense, fodder of trees, shrubs and other
non-leguminous plants could play a fundamental role to complement protein deficien-
cies [26]. Within the analyzed plants groups, the CP content was variable. Average ranges
values of 8–25.3%, 2.5–25.8%, 8.8–19%, and 17.5–27.3% were found in arboreal, shrubs,
climbing and herb species, respectively. These values are within the range reported in trees
and shrubs [20,27,28], climbing [24], and herb species [29]. The plants with the highest CP
classification within the groups included six species in the arboreal category (A. niopoides,
H. americanus, M. nobilis, M. calabura, C. vitifolium and A. Jahnii—17.7 to 25.3%), four in
shrubs (G. guianensis, A, molli, I. carnea and S. reticulate—22.5 to 25.8%), two in climbing
(E. polystachya and L.densiflorus—15.4 to 19%) and one plant in the herb category
(H. indicum—27.3%).

All the arboreal, climbing, and herbs plants while 11 of the shrub species presented
CP concentrations equal to or greater than 8% of the DM, which constitutes the minimum
protein requirement for optimal rumen microbial function [28]. These results demonstrate
the great potential of these native plants as a protein source to be incorporated into grazing
animals diet under flooded savannah conditions.

The ash fraction present in plants leaf tissue correspond to the inorganic mineral
component (incombustible) that plants absorb from the soil [29]. In this study, the ash
contents varied between groups, with values ranging between 2.4–16.1%, 4–11.7%, 2.5–6.5%
and 8.2–17.5% in arboreal, shrubs, climbing and herb species, respectively. These mineral
concentrations agreed with the 2–22% range reported in a meta-analysis, including trees,
shrubs, grasses, and herbs [29]. Arboreal plants such as C. sylvestris, P. elsiae, H. americanus,
T. micrantha and C. collococca stood out for their ash content (8.6–16.1%). Among shrubs,
M. albicans, G. guianensis, P. hispidium, A, molli and I. carnea plants showed the highest ash
levels (8.6–11.7%). In climbing plants C. erosa and L. densiflorus presented the highest values
(6.4–6.5%), while H. indicum herb attained a 17.6%. Apparently, these plants represent
an important mineral resource for grazing animals, however, an individual profile of the
main minerals present in the ash fraction are required since under flooded savannahs
conditions soils are recognized as acids and with high levels of aluminum and iron [30].
These elements can be assimilated in excess by plants and generate toxicity in grazing cattle
when they are consumed [31].

Fiber represents the fraction that is partially digestible in the gastrointestinal tract
of herbivorous animals, and is constituted of complex polysaccharides, such as cellulose,
hemicellulose, and pectin, as well as lignin, which is rich in phenolic compounds [9]. Fiber
metrics like NDF, ADF, and lignin gives an estimation of the cell wall fraction (cellulose,
hemicellulose, lignin, silica, insoluble nitrogen compounds). These components increase as
plants reach maturity and are negatively associated with intake and digestibility [29,32].
Evidence suggests that intake is restricted when NDF content of the diet is above 55% [33].

NDF is an important parameter related to ruminal turnover rate and saliva production
necessary to maintain rumen pH. This fiber fraction is composed of cellulose, hemicellulose
and lignin. The first two are slowly fermented by ruminal microbiota and contribute as
a source of metabolic energy [34]. NDF values within the plant groups varied between
38.4–75.7%, 32.1–70.4%, 49.6–66.5% and 48.3–65.4% in arboreal, shrubs, climbing, and herb
plants, respectively. In general, these values are similar to the 23–90% range reported in



Agriculture 2022, 12, 1613 9 of 18

plant species of different families [29]. Among the arboreal plants with the lowest NDF
values were G. americana, C. cf minor-grandiflora, M. nobilis, and C. vitifolium (38.4–45.8%). In
shrub plants, M. albicans, P. hispidium, and M. cf Afinis species presented values between
32.1–38.3%, while the climbing C. erosa and the herb H. indicum plants showed values of
49.6% and 48.3%, respectively. The NDF values below 55% suggest that the use of these
plants in grazing animals will not compromised diet digestibility [33]. Nevertheless, com-
plement studies on NDF digestibility are required to identify the real energy contribution
of these plants to animals [34].

ADF is a nearly indigestible fraction composed of cellulose, lignin, cutin, and lignified
proteins that limits the cell wall carbohydrate degradation at ruminal level [29,34]. As
ADF is a subset of NDF, it is also used to estimate forage quality, diet digestibility, energy
availability, and consumption potential of forage species. The lower the ADF content of
a forage, the higher the nutritional quality and energy levels [15,35]. Among the studied
plants, ADF content range between 16.3–54.3%, 18.3–52.3%, 31.7–47.9% and 28.6–30.5% in
arboreal, shrubs, climbing, and herb plants, respectively. These values are similar to those
found in trees, leaves, shrubs and climbing plants [22–24,28]. The lowest ADF content
observed in arboreal species ranged between 16.3–30.9% (C. cf minor-grandiflora, A. niopoides,
M. nobilis, M. calabura, C. vitifolium, A.montana and A.Jahnii). Meanwhile, the lowest values
in shrubs species were 18.3–21.4% (P. hispidium, I. carnea and S. reticulate). In climbing
plants, C. erosa and L.densiflorus reached values between 31.7–35.4%, while T. geniculate
herb plant presented an ADF content of 28.6%. Some of the plants that presented low NDF
levels, also showed low ADF levels as expected, however, other non mentioned species
were also included. This shows that despite finding different fiber levels, the indigestible
component varies considerably, especially in tropical plants [34].

Lignin is an undigestible polymer composed of phenolic units cross-linked with
cellulose and hemicellulose in the cell wall. Its presence constitutes a barrier for ruminal
microorganism, preventing total degradation of substrates Thus, low lignin values are
always desirable to guarantee cell wall polysaccharides accessibility to rumen microbes [34].
In the present study, lignin fraction varied between the plant groups. Values ranging from
5–36.5%, 5.2–32.5%, 11.3–31.7% and 7.2–20.3% were obtained in arboreal, shrubs, climbing
and herb plants, respectively. The lignin content found in shrubby plants agrees with
the values obtained in species from other semi-arid areas [28]. Similarly, herbs plants
lignin was within the range observed in different species grown under several localities
at a global scale [29]. Arboreal species such as M. nobilis, M. calabura, A.montana, and
A. Jahnii, presented lignin values as low as 5–10.3%. In shrub plants the lowest values were
associated with H. furcellatus, P. hispidium, I. carnea, and S. reticulate species (5.2–10.8%).
V. lasiocarpa and C. erosa climbing plants ranged between 11.3–13.9%, while in T. geniculate
herb plant a lignin content of 7.2% was estimated.

Even when the different fiber fractions were within the reported ranges, plants
such as H. chorymbosa (arboreal), M. spicata (shrub), E. polystachya (climbing plant) and
P. cf laevigata (climbing plant), presented the highest NDF (60.3–75.7%), ADF (44.3–54.3%)
and lignin (29.5–36.5%) levels among the studied plants. High fiber concentrations could
be attributed to the environmental conditions during the plants sampling (transition period
from the dry to the rainy season), which are characterized by high temperatures (>30 ◦C)
and relative humidity (>80%) that stimulate plants maturation with an accompanying cell
wall thickening [36]. In addition, plants metabolic processes are accelerated, encouraging
photosynthetic products to be used mainly in the continuous formation of cell wall compo-
nents. In this way, plants favor energy expenditure in the construction of support structures
that ensure their longevity [29,36]. It is important to highlight that among botanical groups,
it has been reported that legumes presented the highest lignin levels between grasses and
other forbs [8], while the same tendency was observed in tree species where fiber and lignin
content were the highest between different botanical groups. This effect could be associated
with the high mass leaf, low photosynthetic protein levels and greater leaf longevity found
in these plants [29].
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The elevate fiber content and the possible presence of secondary metabolites that
are commonly reported in shrubs and trees [37] suggest that considering these kind of
plants as the only feed source in ruminants could impair the animal intake and digestibility,
nevertheless, some reports show that a partial inclusion of these plants in the animals
diet can improve their performance in terms of milk or meat production, increase forage
biomass production, enrich the diet nutritional quality for grazing herbivores and provide
shade, an important factor that guarantee animal welfare specially in grazing ruminants
under tropical environment [38].

IVDMD is an important metric since it represents the proportion of plant material
that can be digested by herbivores and is considered one of the main criteria for eval-
uating the usefulness of a feed in animal nutrition [39]. IVDMD is largely determined
by the plant chemical composition, usually being higher in plants with high CP content
and lower fiber values [29,40]. IVDMD within the groups range between 26.9–88.7%,
22.9–91.3%, 34.1–74.5%, and 43.2–46% in arboreal, shrubs, climbing and herb plants, re-
spectively. These values are close to those reported in tropical legumes and non-legumes
trees and shrubs [28,41], climbing plants [24], and different botanical groups grown in arid
and equatorial regions [29]. Some of the plants with IVDMD greater than 50%, included
arboreal species, such as G. americana, C. cf minor-grandiflora, H. americanus, M. nobilis,
A.montana and A. Jahnii, with values between 62.6–88.7%. In shrubs plants, values between
61.3–91.3% were found in A. molli, T. lappula, I. carnea and S. reticulate. Climbing plants
like V. lasiocarpa and C. erosa presented values of 54.3% and 74.5%, respectively. The lowest
IVDMD were found in herb species such as H. indicum and T. geniculate with values of
43.2% and 46%.

In general, in this study was observed that IVDMD decreased as fiber fractions like
NDF or ADF increased among plants. This is an expected result since it is commonly
reported that forage digestibility is reduced by the increase in cell wall components such
as cellulose, hemicellulose, and lignin [39]. However, average IVDMD values between
43.3–59.4% were observed in plants with NDF contents between 50–60%. Even when fiber
values are high, digestibility’s are acceptable for tropical plants. Some reports suggest
that in legumes and other non-legume plants, digestibility can be maintained for long
periods since there is a constant turnover of leaves and petioles as the plants reach ma-
turity [8]. In this way, the presence of young leaf tissue allows the digestibility not to be
drastically affected. Similarly, the high protein content observed among most of the plants
favor IVDMD, as protein constitutes a substrate that can be easily degraded by ruminal
microorganisms [42]. It has also been reported that in legumes leaves the rate of particle
breakdown is faster, possibly attributed to the reticulate venation which is more susceptible
to breakdown [43]. Finally, although lignin content is high in some legumes, its distribution
is mainly concentrated in the xylem. This means that some tissue present low or no lignin
content, leaving parts, such as the cell wall highly susceptible to being degraded by ruminal
microbiota [43].

The relative feed value of the studied plants is shown in Table 4. This index combines
important nutritional factors, such as potential intake and digestibility to evaluate forage
quality. According with the relative feed value scale [15], within the arboreal species three
plants were classified in the first place (G. americana, C. cf minor-grandiflora and M. nobilis)
and one in the second place (A. Jahnii). A similar tendency was observed between shrubs
species, with three plants classified in first place (P. hispidium, I. carnea and S. reticulate) and
one in second place (H. furcellatus). In climbing plants only C. erosa was classified in second
position, while the other plants as well as the herb species were categorized in fourth place.
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Table 4. Estimated dry matter intake and relative feed values of the evaluated plants.

Specie DMI RFV Classification

Arboreal Plants
C. venezuelanus 2.0 39 4

G. americana 2.6 180 1
M. cf aculeatum 1.9 74 4

C. sylvestris 2.1 60 4
V. orinocensis 2.0 67 4

C. cf minor grandiflora 2.8 159 1
A. niopoides 2.4 83 4

M. multijugum 1.7 35 4
P. elsiae 2.0 65 4

V. venezuelana 2.2 50 4
H. chorymbosa 1.6 33 4

P. pinnatum 2.3 104 3
H. americanus 2.0 105 3

M. nobilis 3.1 210 1
T. micrantha 2.3 87 4
M. calabura 2.4 73 4
C. vitifolium 2.8 92 4
A.montana 2.3 111 3
E. cribrata 1.8 41 4

C. collococca 2.0 67 4
A.Jahnii 2.3 135 2

G. madruno 2.1 95 4
Shrubs

M. spicata 1.7 39 4
H. furcellatus 2.7 128 2

R. cf phaseoloides-reticulata 1.9 39 4
M. albicans 3.3 87 4

G. guianensis 2.0 89 4
U. lobata 2.1 78 4

P. maribense. 2.6 69 4
P. hispidium 3.1 222 1
M. cf Afinis 3.7 66 4

A, molli 2.3 122 3
T. lappula 2.0 102 3
I. carnea 2.6 175 1

S. reticulata 2.6 157 1
Climbing plants

V. lasiocarpa 1.9 81 4
C. erosa 2.4 140 2

E. polystachya 2.0 53 4
L.densiflorus 2.0 61 4
P. cf laevigata 1.8 55 4

Herbs
H. indicum 2.5 83 4

T. geniculata 1.8 65 4
DMI: dry matter intake (120/NDF%); RFV: relative feed value; Classification: 1st (≥150), 2nd (149–125), 3rd
(124–100) and 4th (≤99); Bold: Plants with the best result.

The RFV is an index that do not consider the protein content of the forages; however, it
is usefulness for the comparison of two or more similar forages for energy intake potential.
RFV values of 100 represent a forage with a 53% and 41% of NDF and ADF, respectively.
In this way, values higher than 100 are accepted, while in dairy cows nutrition, values
greater than 150 are always desirable [15]. According to Table 4, 28.6% of the studied
plants presented an acceptable RFV (equal or higher than 100). Only the 14.3% of the
plants meet the suggested requirements for dairy cattle (RFV ≥ 150), while 21.4% of the
species presented RFV values equal or greater than 125, which can be used to feed animals
with lower nutritional requirements such as those used for breeding and fattening under
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flooded savannah conditions. The low RFV index values observed among the plants can be
attributed to the fact that this index is affected by the fiber levels (NDF and ADF). Among
the studied plants, 54.8% and 23.8% attained FDN and FDA contents higher than the base
values used to construct an acceptable RFV index. The observed fiber variability between
plants is an expect behavior in species growing during a transition period from dry to
rainy seasons. Some plants have endured a prolonged drought period trying to adapt to
the tropical conditions, while others begin their growth process encouraged by the first
rains [44,45].

The RFV results suggest that arboreal, shrubs and climbing species such as G. amer-
icana, C. cf minor-grandiflora and M. nobilis, A.Jahnii, P. hispidium, I. carnea, S. reticulate,
H. furcellatus and C. erosa showed the highest quality within each of the evaluated plant
groups. Compared to all the studied plants, these species were characterized by medium
to high crude proteins levels (8.8–25.2%), low NDF (38.3–52.9%), low ADF (16.3–32.5%),
low lignin (5–20.3%), medium ash content (4.7–11.7%), and high digestibility (61.3–91.3%).

3.1. Species Clusters by Nutritional Quality

According to the cluster analysis, three groups of plants were established. The first
group consisted of 9 species (C. venezuelanus, M. multijugum, H. chorymbosa, E. cribrata,
M. spicata, R. cf phaseoloides-reticulata, E. polystachya, P. cf laevigata and V. venezuelana) of
which 5 were arboreal, 2 shrubs and 2 climbing plants. The second group was constituted
by 14 species (C. sylvestris, P. elsiae, V. orinocensis, H. americanus, T. micrantha, C. collococca,
G. guianensis, P. hispidium, A. molli, T. lappula, I. carnea, L. densiflorus, H. indicum, and T.
geniculata) of which 6 were arboreal, 5 shrubs,1 climbing and 2 herbs plants. Within the
third group, 19 species were included (G. americana, M. cf aculeatum, C. cf minor-grandiflora,
A. niopoides, P. pinnatum, M. nobilis, M. calabura, C. vitifolium, A. montana, A. Jahnii,
G. madruno, H. furcellatus, M. albicans, U. lobata, P. maribense, M. cf Afinis, S. reticulata,
V. lasiocarpa and C. erosa) of which 11 were arboreal, 6 shrubs and 2 climbing plants.

The nutritional characteristics of each stablished group are presented in the star
graph showed in Figure 3. Each ray of the star graph represents a variable, and the
length represents its magnitude. Within the first group, all the variables presented similar
magnitudes reaching average values of 96.21% (OM), 12.45% (CP), 65.47% (NDF), 47.94%
(ADF), 30.42% (lignin), 3.79% (ash) and 42.25% (IVDMD). This group attained the lowest
CP concentration and the highest fiber fractions compared with the other clusters. The
average 65.47% NDF level among the plants within this group suggest that animal intake
and digestibility could be compromised [33].

With respect to the first group, in the second cluster an evident increase in CP and
ash concentration was observed with a slightly decrease in fiber content. Mean variables
values were: 89.95% (OM), 19.19% (CP), 55.62% (NDF), 33.17% (ADF), 17.87% (lignin),
10.05% (ash) and 43.84% (IVDMD). Given the higher protein and lower fiber content
found in the plants within this group, a higher digestibility was expected [46], however
it was like the value found in the first group, which was the lowest. Inside the cluster
2, shrubs and trees were the most representative species (78.6%). This kind of plants are
recognized by the presence of secondary metabolites that in sufficient quantities can present
antimicrobial properties affecting ruminal microbiota population responsible for substrate
degradation which is reflected in a reduction in the feed utilization efficiency [47]. Since
this study did not evaluate the presence of secondary metabolites, this hypothesis requires
further research.

The third group was characterized by the highest digestibility and the lowest fiber
fractions among clusters. Mean variables values were: 94.04% (OM), 14.64% (CP), 48.42%
(NDF), 28.87% (ADF), 13.71% (lignin), 5.96% (ash) and 60% (IVDMD). Inside this group,
proper CP levels were found which constitute a substrate for ruminal populations that
can be degraded quickly contributing to the higher IVDMD [42]. Digestibility was also
promoted by the low NDF observed, indicating that partial digestible (cellulose and hemi-
cellulose) and undigestible (lignin) fractions were in low concentrations, allowing ruminal
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microorganisms to easily access the non-fibrous substrate and the cellulose and hemicellu-
lose component of the cell wall for their degradation [15,35].
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Figure 3. Star graph of the behavior of the nutritional quality variables of the plants assigned to each
cluster. OM: organic matter; NDF: neutral detergent fiber; ADF: acid detergent fiber; Lig: lignin;
IVDMD: in vitro dry matter digestibility. Cluster 1: C.venezuelanus, M. multijugum, H. chorymbosa, E.
cribrata, M. spicata, R. cf phaseoloides-reticulata, E. polystachya, P. cf laevigata and V. venezuelana. Cluster 2:
C.sylvestris, P. elsiae, V. orinocensis, H. americanus, T. micrantha, C. collococca, G. guianensis, P. hispidium,
A. molli, T. lappula, I. carnea, L. densiflorus, H. indicum, and T. geniculata. Cluster 3: G. americana,
M. cf aculeatum, C. cf minor-grandiflora, A. niopoides, P. pinnatum, M. nobilis, M. calabura, C. vitifolium,
A. montana, A. Jahnii, G.madruno, H. furcellatus, M. albicans, U. lobata, P. maribense, M. cf Afinis,
S. reticulata, V. lasiocarpa and C. erosa.

The results suggest that the combination of plants present in cluster 3 constitutes
a promising forage mixed to be supplied to grazing animals under flooded savannah
conditions [29]. Within this group, 11 families were included being the plants of the
Fabaceae family the most representative (26% of the species). It is important to highlight
that other non-legumes species from different families (Annonaceae, Clusiaceae, Malvaceae,
Melastomataceae, etc.) also contributed with the nutritional characteristics found in cluster 3,
suggesting a potential alternative for ruminant nutrition, which in many cases is wasted
due to a lack of knowledge about its properties [8].

The observations of the present study are based on a single sampling of plants during
the transition period from the dry to the rainy season of floodable savannahs ecosystem,
so the mixture of species from cluster 3 would only be recommended for this period.
Forage quality varies with time and space; therefore, it is necessary to constantly evaluate
forage nutritional behavior under several localities and environments. This information
will be useful to identify promising forage species adapted to specific seasons, nutritional
variations and management practices that allow to maximize their utilization [48]. In this
way it is possible to identify nutritional alternatives adapted to different ecosystems and
that constitute the best option for animal feed [9].
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3.2. Representation of Nutritional Data Variability

The eigenvalues and eigenvectors resulted of the principal component analysis per-
formed on the nutritional quality data are shown in Tables 5 and 6. Then 71% of data
variability was explained by the first two principal component (PC1 = 0.47 and PC2 = 0.24).

Table 5. PCA eigenvalues obtained with the nutritional quality data of the evaluated plants.

Lambda Value Proportion Cum. Prop.

1 3.27 0.47 0.47
2 1.66 0.24 0.71
3 0.97 0.14 0.84
4 0.81 0.12 0.96
5 0.27 0.04 1

Cum. Prop: cumulative proportion.

Table 6. PCA eigenvectors obtained with the nutritional quality data of the evaluated plants.

Variables e1 e2

OM 0.39 −0.50
CP −0.25 0.28

NDF 0.42 0.32
ADF 0.49 0.29

Lignin 0.45 0.31
Ash −0.39 0.50

IVDMD −0.12 −0.37
OM: organic matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber. IVDMD: in vitro
dry matter digestibility.

The PC1 allows the differentiation between nutritional variables associated with
different fiber fractions (NDF, ADF, and lignin) with respect to the variables associated with
CP, ashes and to a lesser extent with IVDMD. Fiber fraction received the highest positive
eigenvector, while CP and ashes variables received the highest negative values (Table 6).
This behavior can be clearly seen in the biplot representation of the two first PCs shown
in Figure 4.

Agriculture 2022, 12, 1613 15 of 18 
 

 

Ash −0.39 0.50 

IVDMD −0.12 −0.37 

OM: organic matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber. 

IVDMD: in vitro dry matter digestibility. 

Fiber fractions (NDF, ADF and lignin) are located to the right of the PC1 while CP, 

ashes and IVDMD are found to the left. The opposite signs and locations of the variables 

within the first PC indicate that plants with higher NDF, ADF, and lignin presented lower 

CP, ash and IVDMD. This observation agrees with literature reports indicating that higher 

fiber fraction limit the access of ruminal microorganisms to the substrate, which reduces 

its degradation rate, while high CP and ash contents are easily degraded contributing to 

the digestibility [29,46]. 

 

Figure 4. Biplot obtained by PCA of nutritional quality variables of the plants included in the study. 

PC: principal component; OM: organic matter; NDF: neutral detergent fiber; ADF: acid detergent 

fiber; Lig: lignin; IVDMD: in vitro dry matter digestibility. Cluster 1 (▲); Cluster 2 (■); Cluster 3 (●). 

With regard to the PC2, variables such as CP, ash, NDF, ADF and lignin received 

positive values and were separated against IVDMD and OM variables, which received the 

negative values (Figure 4). This behavior indicated that among the evaluated plants, the 

higher IVDMD and OM were accompanied by a reduction in the other nutrients. This is 

an expected result since dry matter degradation implies a reduction in its components 

including CP, ash, and the different fiber fractions by ruminal microbiota [39]. 

In the biplot chart (Figure 4), the clusters formed previously were also shown. On the 

PC1, results confirms that plant species belonging to the cluster 3 (green squares) were 

characterized by their content of CP, ash and IVDMD. These properties were reflected in 

a better nutritional quality. Cluster 2 (red dots) followed Cluster 1 in terms of nutritional 

quality characteristics. Within this group, some plants stood out for their digestibility, ash, 

and CP levels, while the others for their OM content. Finally, plants species included in 

cluster 1 (blue triangles) were located to the left of PC1 and were represented by their high 

NDF, ADF, and lignin levels, and, therefore, the lowest nutritional quality among clusters. 

In Colombia and different Latin American regions, the use of trees, shrubs, and other 

plant resources have been underestimated by livestock producers. The present study 

showed that besides the typical botanical groups used in animal feeding, exists other bo-

tanical groups with promising nutritional characteristics that can be used to solve the ur-

Figure 4. Biplot obtained by PCA of nutritional quality variables of the plants included in the study.
PC: principal component; OM: organic matter; NDF: neutral detergent fiber; ADF: acid detergent
fiber; Lig: lignin; IVDMD: in vitro dry matter digestibility. Cluster 1 (N); Cluster 2 (�); Cluster 3 (•).



Agriculture 2022, 12, 1613 15 of 18

Fiber fractions (NDF, ADF and lignin) are located to the right of the PC1 while CP,
ashes and IVDMD are found to the left. The opposite signs and locations of the variables
within the first PC indicate that plants with higher NDF, ADF, and lignin presented lower
CP, ash and IVDMD. This observation agrees with literature reports indicating that higher
fiber fraction limit the access of ruminal microorganisms to the substrate, which reduces its
degradation rate, while high CP and ash contents are easily degraded contributing to the
digestibility [29,46].

With regard to the PC2, variables such as CP, ash, NDF, ADF and lignin received
positive values and were separated against IVDMD and OM variables, which received
the negative values (Figure 4). This behavior indicated that among the evaluated plants,
the higher IVDMD and OM were accompanied by a reduction in the other nutrients. This
is an expected result since dry matter degradation implies a reduction in its components
including CP, ash, and the different fiber fractions by ruminal microbiota [39].

In the biplot chart (Figure 4), the clusters formed previously were also shown. On
the PC1, results confirms that plant species belonging to the cluster 3 (green squares) were
characterized by their content of CP, ash and IVDMD. These properties were reflected in
a better nutritional quality. Cluster 2 (red dots) followed Cluster 1 in terms of nutritional
quality characteristics. Within this group, some plants stood out for their digestibility, ash,
and CP levels, while the others for their OM content. Finally, plants species included in
cluster 1 (blue triangles) were located to the left of PC1 and were represented by their high
NDF, ADF, and lignin levels, and, therefore, the lowest nutritional quality among clusters.

In Colombia and different Latin American regions, the use of trees, shrubs, and other
plant resources have been underestimated by livestock producers. The present study
showed that besides the typical botanical groups used in animal feeding, exists other
botanical groups with promising nutritional characteristics that can be used to solve the
urgent need of energy and protein sources for animal nutrition under flooded savannas
conditions [9]. The foliage or fruits of these native arboreal, shrubs and other herbaceous
species can be used during scarcity seasons to complement the animal feeding, given that
their nutritional quality are preserved for longer time [8]. In addition, the use of adapted
plants brings benefits related to soil and microbiota recovery, erosion protection, nitrogen
fixation, aeration, nutrient recycling, among others [9].

This study only focused on plants nutritional composition; however, it is necessary
to carry out other research to identify the presence of secondary compounds before be-
ing fully recommended. These bioactive compounds allow the rumen modulation in a
positive or negative way depending on its biological activity and the dose consumed by
the animal [8]. Some positive effects included the reduction in ammonia production and
methane emissions through the selective control of ruminal microorganisms in charge of its
production [37,47], controlled ruminal acidosis [49] or improved organoleptic parameters
of animal products [8]. Among the negative effects include the reduction in ruminal protein
availability, less substrates digestibility, and the consequent reduction in animal perfor-
mance [28]. Similarly, these plants must be subjected to animal response trials to evaluate
their acceptability and the effect on animal performance and products quality [9,15].

4. Conclusions

A high diversity of woody and herbaceous native plants from tropical flooded savan-
nas ecosystems was found, being the most abundant arboreal and shrub plants. Nutritional
composition varied within the groups of arboreal, shrub, climbing, and herb species. At
individual level, arboreal species such as G. americana, C. cf minor-grandiflora, M. nobilis,
and A. Jahnii; shrub plants such as P. hispidium, I. carnea, S. reticulate, and H. furcellatus;
and the climbing plant C. erosa stood out for their nutritional composition and digestibil-
ity. However, the evaluation of the plant species at a group level indicated that a mixed
of 19 species, including G. americana, M. cf aculeatum, C. cf minor-grandiflora, A. niopoides,
P. pinnatum, M. nobilis, M. calabura, C. vitifolium, A. montana, A. Jahnii, G.madruno, H. furcel-
latus, M. albicans, U. lobata, P. maribense, M. cf Afinis, S. reticulata, V. lasiocarpa, and C. erosa,
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constitutes a promising mixture forage alternative with adequate protein levels, low fiber
fractions, and high digestibility that can be supplied to grazing animals under flooded
savannah conditions. These results are promising since constitute the first report evaluating
the individual and join nutritional contribution of flooded savanna flora diversity as a
productive strategy in search of nutritional alternatives for livestock activity in the region.

The variability of the nutritional composition data in the evaluated flooded savannah
native plants was explained in a 47% by the different fiber fractions (NDF, ADF, and lignin),
CP, ash, and IVDMD. Before making a recommendation about the use of these plants, it
is required to evaluate the presences of bioactive compounds, as well as the evaluation of
animal acceptability and performance and the effect on products quality.
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