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Abstract

Objective: To evaluate the nutritional composition of the different organs of Spathodea campanulata Beauv. In the
two seasons of the year, for its use as alternative feedstuff in the animal production systems in Cuba.

Materials and Methods: The trial was conducted in the Institute of Animal Science, during the months March-April
(dry season) and August-September (rainy season). Samples of ten plants were collected and their different organs
were separated to determine the protein content, mineral composition and fiber fractioning. An analysis was carried
out, where the seasons of the year and the plant organs were considered as factors. The differences among means were
compared by Duncan’s test and the statistical program Infostat® was used.

Results: Interaction (p < 0,001) of the season with the plant components was found for the ash, macroelements, protein
and fiber fractioning. The highest protein concentrations were reached in the dry season and the highest values were
found in the leaves and young plant (16,9 and 15,7 %, respectively). The cell wall components showed an opposite
performance and the highest values were recorded in the rainy season (60,59; 46,20; 81,57; 59,73 % of dry matter).

Conclusions: The nutritional composition shows high content of chemical compounds, which constitute essential
nutrients for the animal metabolism, which proves the potential of the species S. campanulata for its use as alternative

feedstuff in animal production systems.
Keywords: chemical composition, African tulip

Introduction

Invasive species constitute a great threat for
the environment and for the economy of any coun-
try (Nghiem et al., 2015). Spathodea campanula-
ta Beauv. is a wild plant that belongs to the family
Bignoniaceae (Begum et al., 2020). It is commonly
known as African tulip or Nandi flame. It is con-
sidered among the most deleterious 100 invasive
exotic species of the world, for which it affects the
ecosystems of many regions (Tanayen et al., 2016).

This plant is distributed along the western Af-
rican coast, from the Republic of Ghana to Angola
and, inland, it crosses the humid center of the con-
tinent to the south of Sudan and Uganda. Beyond
its natural area of distribution, it has become nat-
uralized in Colombia, Costa Rica, Puerto Rico and
Cuba (Sutton et al., 2017).

According to Mufioz-Labrador (2016), in Cuba
it is distributed throughout the country, mainly in
the central region. In the mountainous ecosystems
of the Guamuhaya mountain range, located at the
center of the island, a group of exotic species was
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reported, present in coffee plantations and forest ar-
eas which, due to their high presence and invasion
capacity, could become invasive species of these
ecosystems, among them is S. campanulata (Her-
rera-Isla et al., 2015).

The flowers of the African tulip are among the
most beautiful of African trees, for which they are
highly used as ornamental plant (Villareal et al.,
2017). It is recommended as a shade tree for parks
and yards, although it is also used as living fence
(Damaiyani et al., 2018).

This plant is object of research in traditional
and natural medicine due to its different properties,
derived from its secondary metabolism (Boniface,
2017). Wagh and Butle (2018) and Santos et al.
(2020) indicated, among others, anti-inflammato-
ry, antimicrobial and antioxidant properties of this
species.

At present, it is a priority for researchers of the
agricultural sector to evaluate species that do not
have any use, and to widen the usefulness of those that

normally have other purposes, for their utilization in
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animal feeding. In Cuba there is little information
about the nutritional quality of this species, for its
utilization as livestock feedstuff. The objective of
this work was to evaluate the nutritional composi-
tion of the different organs of S. campanulata in the
two seasons of the year, for its use as alternative
feeding in animal production systems.

Materials and Methods

Location and soil condition. The experiment
was conducted in the Institute of Animal Science
(ICA, for its initials in Spanish), located at 22°81’
North latitude and 82°01° West longitude, in San
José de las Lajas, Mayabeque province (Academia
de Ciencias de Cuba, 1989). The soil is moderate-
ly acid and is classified as hydrated Ferralitic Red
(Hernandez-Jiménez et al., 2015).

Experimental procedure. In ten adult plants,
from a pastureland of the ICA, the organs (leaves
and stems) were separated and the rest was used
as integral plant (leaves plus fresh stems), like the
young plants. The samples, previously homoge-
nized, were dried at room temperature in a venti-
lated facility of the research shed of the department
of monogastric animals, during five days. The sam-
ples were ground in a hammer mill, to a particle
size of 1 mm. The meals (adult whole plant, leaves,
stems and young whole plant) were stored in amber
glass flasks for their later analysis.

Samplings. Two samplings were performed per
season, in August-September, for the rainy season
and in March-April for the dry season. Ten young
shrubs, with height of 5-7 m, and 10 adult trees, with
height between 10 and 13 m, were randomly sam-
pled, which constituted each one of the samples.

Bromatological analysis. The residual dry mat-
ter (RDM), crude protein (CP) and ash (Ash) were
determined according to AOAC (2000).

Mineral composition. The macro- and micro-
elements were analyzed by spectrophotometry of
atomic absorption, according to the procedures of
the data book (Atomic Absortion Data, 1991). The
analysis was carried out in a Philips piece of equip-
ment of the firm Pye Unicam, with series number
PV 9100. The height of the burner was 10 mm. The
gas composition was air-acetylene, and the flow
was 4,5 mm/min. The phosphorus determination
was done according to the methodology proposed
by Amaral (1972).

Fiber fractioning. The neutral detergent fiber
(NDF), acid detergent fiber (ADF), lignin (Lig)
and cellulose (Cel) were determined according to

the procedure described by Goering and Van Soest
(1970).

Statistical analysis. A variance analysis was
carried out after testing the variance homogeneity
and normality assumptions. In addition, the sea-
sons of the year (rainy and dry) and the plant or-
gans (adult whole plant, leaves, stems, young whole
plant) were considered as factors. The differences
among means were contrasted through Duncan’s
multiple comparison test and the statistical program
Infostat® (Di Rienzo et al., 2012) was used.

Results and Discussion

Table 1 shows the effect of season on the chem-
ical indicators RDM, Ash, macroelements (Ca, Mg,
K, P) and CP of the meals from the different organs
of S. campanulata. Interaction was observed be-
tween the factors season of the year (rainy and dry)
and plant organs (leaves, stems), adult whole plant
and young whole plant.

The RDM and Ash contents differed among the
organs, the adult and young plants. The RDM oscil-
lated between 87,2 and 90,0% DM. the lowest value
(p <0,0257) was recorded in the young plant in the
rainy season. Meanwhile, the highest Ash values
were obtained in the leaves in the dry season.

In the rainy season the highest Ca concentra-
tions were reached in the leaves of adult plants.
Whereas, in the dry season, the highest Mg and P
values (p < 0,001) were recorded in the leaves and
the young plant.

K showed a similar performance to P. The young
plant reached the highest concentrations (p = 0,0001)
in the dry season; while in the stem there were no
differences according to the climate seasons.

In the dry season, the protein concentrations in
the adult plant, the leaves and young plant were in-
creased with regards to the rainy season. The leaves
were the ones that reached the highest (p < 0,05)
protein values. Nevertheless, in the stems no differ-
ences were found between the evaluated seasons.

The determination of the DM content of a for-
age plant is essential for a correct evaluation of the
content of other chemical constituents. When the
DM values are very low, the moisture content is
higher, which allows microbiological changes asso-
ciated to bacteria, fungi and yeasts, for which there
is risk that the feedstuff is deteriorated and its in-
nocuousness is affected. The DM contents found in
this experiment were higher than those reported by
Aregheore and Siasau (2008) in Samoa for plants of
this same species.
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Table 1. Performance of the chemical indicators residual dry matter, ash, minerals and protein of S. campanulata in

the rainy and dry seasons (%).

Indicator Season Adult plant Leaves Stems Young plant SE+ P-value
Dry season 89,00 90,0¢ 89,3bde 88,0?

RDM 0,260 0,0257
Rainy season 89,8 89,84 88,7 87,2¢
Dry season 13,0¢ 15,84 6,5 9,2b

Ash 0,310 <0,0001
Rainy season 9,6° 11,2¢ 6,1 11,7
Dry season 3,54 3,64 1,4° 0,5

Ca 0,080 <0,0001
Rainy season 2,5° 3,8° 1,4 1,5
Dry season 0,8" 1,7¢ 0,4* 0,8"

Mg 0,020 0,0001
Rainy season 0,2* 0,4 0,25% 0,3°
Dry season 0,9° 0,6* 1,02¢ 2,264

K 0,030 0,0001
Rainy season 1,0° 0,9° 1,0° 1,3
Dry season 0,4¢ 0,32 0,3" 0,69

P ] 0,004 0,0001
Rainy season 0,2° 0,3¢ 0,2¢ 0,3¢
CP Dry season 12,6° 16,94 6,3% 15,7¢

0,190 0,0002
Rainy season 10,8° 15,3¢ 6,5 14,24

a, b, c, d, e, f. Different letters in the same row differ for p < 0,05

RDM: residual dry matter, CP: crude protein

According to Lugo et al. (2011), Ash is an indicator
of the proportion of inorganic compounds in the plant,
and allows the estimation of the organic matter present.
The Ash values in leaves and stems were higher (9,2
and 2,0 %, respectively) than the ones reported in S.
campanulata samples, collected in Puerto Rico.

Garcia et al. (2008) reported Ash values in the
range of 4,3-21,7 % for forage plants widely used in
animal feeding, for which the values found in this
work are found in that range, because they were be-
tween 6,1 and 15,8 %.

The mineral content of plant tissues is variable,
and depends, among other factors, on the plant type,
soil chemical composition, environment and tissue
age (Raven et al., 1992). The differences shown by
macroelements between the studied experimental
periods can be associated to the losses of soluble
minerals in the rainy season.

Bla et al. (2016), when evaluating the mineral
composition of S. campanulata in plants cultivat-
ed in Africa found in the leaves values for Ca, P
and Mg of 71,6; 33,6 and 73,6 ppm, respectively.
These results are lower than the ones obtained here
in the two analyzed seasons. The differences can
be related to the variations in the edaphoclimatic
conditions.

CP, like others chemical composition indica-
tors, varies according to the parts of the plant that
are harvested and its phenological status. In this
study, the differences shown by protein between
the plant organs can be ascribed to the increase of
the synthesis of protein compounds in the leaves,
due to the activity that these organs perform in the
synthesis of carbohydrates and other substances
that integrate the plant. The decrease of CP con-
centration in the rainy season (with the exception of
the stem) can be related to an effect of nitrogen di-
lution, when increasing the biomass accumulation
due to the favorable conditions of light, tempera-
ture and humidity in this season (Mufioz-Gonzalez
et al., 2016).

The CP values for the leaves and young plant,
in both seasons, exceeded 14,0 %, and are higher
than those reported (13,1 and 9,0 % DM) by Cabre-
ra-Nuiiez et al. (2019) in other species of the family
Bignoniaceae. Thus, this plant could be an alter-
native to contribute with the protein requirements
of animals, mainly in the dry season, when feed is
scarcer.

Concerning the cell wall components, interac-
tions were also found between treatments and sea-

son (table 2).
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Table 2. Performance of the chemical indicators of S. campanulata in the rainy and dry seasons (%.)

Indicator Season Adult plant Leaves Stems Young plant SE + P - value
Dry season 45,1° 42.6* 71,4¢ 45,9b
NDF 0,710 0,0001
Rainy season 60,6% 46,20 81,6° 59,7°
Dry season 34,90 28,5% 58,24 43,9¢
ADF : 0,590 0,0001
Rainy season 53,1° 40,9* 65,34 54,8¢
) Dry season 13,5° 12,5° 13,9° 13,8%
Lig . 0,280 0,0223
Rainy season 7.4* 7,12 9,2b 9,6"
Dry season 20,9 15,02 43,84 30,1¢
Cel ’ 0,350 0,0001
Rainy season 45,00 32,42 54,1¢ 44,9°

a, b, c, d, e, f. Different letters in the same row differ for p < 0,05

NDEF: neutral detergent fiber, ADF: acid detergent fiber, Lig: lignin and Cel: cellulose

It was observed that the NDF and ADF differed
between the two seasons of the year for the meals
of the adult plant, leaves, stems and young plant.
The highest values (p < 0,0001) were reached in the
stems in the rainy season (81,6 and 65,3 %, respec-
tively). Similar performance was shown by lignin
and cellulose with regards to the season in all the
fractions. However, the lignin concentration was
similar for the adult plant, stems and young plant
in the dry season.

In this study higher content of NDF and ADF
was observed in the rainy season. These results can
be related to the performance of climate factors in
each seasonal period. The rainy one is the season
with higher temperatures, solar radiation, duration
of light and rainfall, for which plant growth and de-
velopment is higher. From the metabolic point of
view, there are propitious conditions for carbohy-
drate production from photosynthesis, for which
the cell wall content increases, and plant digestibil-
ity is reduced (Herrera et al., 2017).

In this experiment, the lignin values were high-
er than the ones obtained by Alatorre-Hernandez
et al. (2018) in tropical legumes. Yet, they could be
overestimated, because tannins bind to the fiber and
can cause the overestimation of its contents. This
aspect was proven in a study conducted by Pérez
(2017) in different organs of S. campanulata. This
author found high concentrations of condensed tan-
nins, bound to the ADF and NDF, in the two sea-
sons. The biosynthesis and deposition of lignin in
the cell wall of the plant can also be increased when
the plant is subject to some stress, like the one that
can be caused by birds and other herbivore animals,
because it is considered an important defense mech-
anism (Lagunes-Fortiz and Zavaleta-Mejia, 2016).

The fibrous fraction of plants is one of the in-
dicators that can limit their voluntary intake by the
animals. In order to include the forages from this
plant in the feeding of the different animal species,
the chemical composition of its fibrous fraction is
not sufficient, but it is necessary to study its phys-
ical properties. According to Savon (2010), this
indicator contributes to determining the quality of
fibrous feedstuffs and to predict their effects on the
gastrointestinal functions of the animal organism.

Another essential aspect for recommending this
species as feedstuff for animals is the study of sec-
ondary metabolites, because the presence of some of
these compounds can affect the efficient utilization
of nutrients in the animals. Nevertheless, Scull (2018)
indicates that the antinutritional or beneficial effects
of secondary compounds depend on their concentra-
tion, chemical structure and bioavailability, as well
as on the animal species and its characteristics.

Conclusions

Theresults of this research indicate high content
of chemical compounds, which constitute essential
nutrients for animal metabolism, which proves the
nutritional potential of the species S. campanulata
for its use as alternative feedstuff in animal produc-
tion systems. However, it is necessary to conduct
future research in order to determine the effect of
this plant on the different animal species.
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