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ABSTRACT

The objective of this study was to determine the nutritional value of three leguminous trees heavily selected by goats in a xerophilous
shrubland. Chemical composition and in vitro dry matter disappearance (IVDMD) of leaves and pods from leucaena (Leucaena leucocephala),
mesquite (Prosopis laevigata), and huisache (Acacia farnesiana) is presented. Crude protein (CP) ranged from 17.3% for leaves of huisache
to 21.9% for leucaena. The neutral detergent fiber (NDF) content ranged from 39.0 to 40.3 with no difference among fodder threes.
Across tree species, mean IVDMD was 61.6% for pods and 52.2% for leaves. IVDMD for leaves was highest (p < 0.01) for leucaena
(64.9%) and lowest for huisache (47.3%). Condensed tannins in an acetonic extract were highest for leaves of huisache (45.3 mg CE/g
DM) and lowest for mesquite (25.9 mg CE/g DM). Pods and leaves of huisache presented the highest number of secondary metabolites,
mainly related to hydroxybenzoic acid and flavonols; leucaena and mesquite presented mainly flavonols and anthocyanins. It was concluded
that leaves and pods of leucaena, mesquite, and huisache constitute valuable forages for ruminant livestock due to their low fiber, high

CP levels, moderate in vitro fermentation characteristics and high mineral content.
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INTRODUCTION

Fluctuations in pasture availability in semi-arid and
subtropical zones force goat producers to use foliage
and fruits of various leguminous trees as supplementary
feeds for improving nutrient supply to grazing livestock
(Hove etal., 2001; Fasae et al., 2011), as foliage and fruits
of these trees can contribute to maintain or improve
production efficiency in ruminants (Garcfa et al., 2008;
Rodriguez et al., 2009; Quiroz-Cardoso et al., 2015). Acacia
farnesiana is particularly abundant in many countries and
its foliage and fruits can be valuable for the contribution
of energy and protein in the diet of small ruminants
(Garcia-Winder et al 2009; Garcia-Montes de Oca et al.,
2011). Leucaena lencocephala is another high proteinaceous
legume that is used as supplement for small ruminants
ingesting poor quality feed (Harun et al., 2017). Likewise,
foliage and pods of honey mesquite [Prosopis glandulosa
(Torr.) glandulosa] is a potential foraging resource in

semi-arid and subtropical rangelands (Harun et al., 2017;
Mayagoitia et al., 2020).

These leguminous tree species are common in ecosystems
around the world and their fruits (pods) are readily eaten
by livestock (Kneuper et al., 2003; Garcia-Winder et al.,
2009) and have enough contents of crude protein (CP)
and dry matter (DM) for facing the demands of small
ruminants in harsh environments (Barrientos-Ramirez
et al., 2012; Walker 2012). Therefore, the use of these
leguminous trees as a forage resource in rangelands
could increase the sustainability of livestock operations
by providing high-quality forage during periods when
herbaceous forage is limited or low in quality (Garcia-
Montes de Oca et al., 2011). Given that leguminous trees
in semiarid and subtropical rangelands play an important
role in maintaining year-long productivity of livestock
(Maphosa et al., 2009; Pereira et al., 2013), there is a need
to further investigate the advantages and disadvantages
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of these arboreal legumes present in many countries for
silvopastoral use with livestock.

It was considered important to deepen the chemical
composition and nutritional value of three leguminous
trees heavily selected by livestock. This experiment was thus
conducted with three objectives: (a) to assess the nutrient
composition and secondary compounds of foliage and pods
from three leguminous trees heavily used by livestock, (b) to
investigate the in vitro digestibility characteristics of these
forage plants, and (c) to characterize the mineral content
of three leguminous trees highly consumed by livestock.

MATERIAL AND METHODS

Study area sampling of leaves and pods

This study was conducted in a subtropical zone of northeastern
Mexico (23° 44’ 06 “N; 99° 07’ 517 W) at an average altitude
of 321 meters. The average annual temperature is 23.5° C and
the average annual rainfall is 780 mm with a summer rainfall
season. The vegetation corresponds to the Tamaulipan thorn
scrub (xerophilous shrubland). The foliage and pods sampling
was carried out from April to June 2017 (rainy season). The
species sampled were leucaena, mesquite, and huisache (Fig; 1).
The leaves and mature pods of 10 full-grown trees of each
of these species were collected.

Nutritional analysis

Leaves and pods samples were dried in a forced-air oven
at 50-60° C for 48 h, to determine DM. Subsequently,

they were ground to pass a 1-mm screen using a Wiley
mill (Model 4; Arthur H. Thomas Co. Philadelphia,
Pa., USA). Ash content was determined in duplicate by
incineration in a muffle at 600° C for 2 h; ether extract
(EE) and PC, by the macro-Kjeldahl procedure (AOAC,
2000). Neutral detergent fiber (NDF), acid detergent
fiber (ADF), lignin, hemicellulose, and cellulose was
performed by the procedure described by Van Soest et al.
(1991). The in vitro disappearance of the DM (IVDMD)
was determined by the Tilley and Terry method modified
by Barnes (1970). Concentration of calcium (Ca),
magnesium (Mg), potassium (K), sodium (Na), copper
(Cu), zinc (Zn), manganese (Mn), and iron (Fe), was
determined by atomic absorption spectrophotometry.
Phosphorus (P) was measured by colorimetry using
a spectrophotometer (model UV-2101 PC, Shimadzu
Scientific Instruments, Columbia, MD) at 650 nm
(AOAC, 2000).

Metabolites extraction

Aqueous extraction of three sub-samples (10 g ¢/u) from
ground leaves and pods was carried out. For this procedure,
the sample was weighed in 125 mL Erlenmeyer flasks, 100
mL of distilled water was poured at 60° C and was then
homogenized. Afterward, it was placed inside a stove at 60°
C, stirring it every 15 min for 60 min. It was then filtered
through a Whatman No. 41 membrane. The material was
centrifuged at 3000 rpm for 10 min. Finally, the aqueous
extract was deposited in amber bottles and stored at 4° C
until further processing;

. ‘I

Fig 1. Foliage and pods of leguminous trees collected in northeastern Mexico and used in the study, (a) Leucaena leucocephala (Lam.) de Wit,
(b) Acacia farnesiana (L.) Willd, (c) Prosopis laevigata (Humb. et Bonpl. ex Willd).
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Methanolic, acetonic, and ethanolic extraction were also
carried out. One g of each sample was weighed and placed
in a test tube to which 10 mL of each of these solutions
(70:30 v/v) were added. They were stirred in a vortex
to homogenize them and were allowed to rest for 24 h,
avoiding exposure to light and were refrigerated at 4° C.
Subsequently, they were centrifuged at 3000 rpm for 20 min
and the supernatants were obtained for further analysis.

Determination of condensed and hydrolyzable tannins
The HCL-Butanol technique (Swain and Hillis, 1959)
was used to obtain condensed tannins (CT). The
reading of tubes with the extracts was carried out with
a spectrophotometer with absorbance at 460 nm. The
concentration was calculated using the catechin as standard
and the results were expressed as mg/g in catechin
equivalents (mg/CE/g DM). Hydrolyzable tannins (HT)
were determined using the Folin Ciocalteu technique (Taga
et al,, 1984). The concentration was calculated using the
gallic acid standard and the results were expressed as mg
of gallic acid equivalent per g of DM of the plant extract
(mg/GAE/g DM).

Partial purification of metabolites

An aqueous extraction was carried out as previously
described for leaves and pods of the trees for column
chromatography (Still et al., 1978). The components of
plants were detected with the ProStar Varian HPLC system
(Spectra Lab Scientific Inc., Markham, Ontario Canada),
with a three-phase pump, a model 410 autosampler, and
a diode array UV-vis detector. The column used for the
analysis was a Varian Pursuit XRs ¢18, 4.6 mm x 250 mm,
with a flow of 1 mL/min and a volume injection of 10 uL.
per sample. Details of this procedure were described by
Ascacio-Valdés et al. (2013).

Statistical analyses
The effects of tree leaves, pods, and the leaves by pods
interaction on nutrient content of forage, IVDMD, and

condensed and hydrolyzable tannins were analyzed as a
completely randomized design using the MIXED procedure
of SAS (SAS Institute Inc., Cary, NC, USA). Individual
tree samples were considered the experimental unit. The
effects of tree species and the leave X pod interaction
were considered to be fixed effects and individual foliage
and pod samples were considered to be a random effect.
Significant differences detected by ANOVA were further
investigated using the PDIFF option of SAS comparing
tree’s leaves and pods.

RESULTS

Nutrient content of trees

The ash content of leaves of forage trees ranged from
6.7 to 8.7%, which confirms that these plants are rich in
minerals such as calcium. The ash content in leaves was
higher (p < 0.05) in leucaena and lower in mesquite and
huisache (Table 1). In mature pods, ash content did not
differ for mesquite and huisache, while leucaena presented
twice (p < 0.01) the ash content as the other trees. Leaves X
pods interaction was significant (p > 0.01); the ash content
was highest in leucaena pods, while pods of mesquite and
huisache had the lowest values.

Huisache presented the highest (p < 0.01) EE value whereas
mesquite and leucaena had similar but lower values. Pods
showed lower EE values than leaves, being the highest for
leucaena, and the lowest for mesquite (p < 0.01). There
was a leaves by pods interaction (p < 0.01) for this nutrient.
The high EE content of huisache leaves was not reflected
in the pods of this fodder tree.

CP content of leaves of trees varied markedly between
forage species. PC was similar for leucaena and mesquite
with the lowest value (p < 0.01) for huisache. For pods,
the highest PC value was for leucaena and the lowest for
mesquite (p < 0.01). A significant interaction was found
between leaves and pods for CP. Whereas CP levels were

Table 1: Nutrient content and in vitro dry matter digestibility of three fodder trees used by goats in a xerophilous shrubland

Variables (%) Leaves (L) SEM Mature pods (P) SEM P-value
Leucaena Mesquite Huisache Leucaena Mesquite Huisache LxP

Ash 8.72 6.7° 7.3° 0.8 7.42 B8 Bi52 0.3 0.0002
Ether extract 4.12 3.82 6.5° 0.5 2.1 1.7 1.9 0.3 <.0001
Crude protein 21.92 21.22 17.3° 1.3 22.14 11.9° 17.2° 1.1 <.0001
NDF 39.0 39.1 40.3 8.6 52.0? 39.4° 24.6° 3.2 <.0001
ADF 19.92 27.6° 22.8° 2.8 35.72 30.3° 17.1¢ 1.8 <.0001
Hemicellulose 19.1 11.4 17.4 9.3 16.22 16.0° 745 3.1 0.22
Cellulose 17.02 29.2° 28.4° 0.8 24.42 20.8° 13.4¢ 0.6 <.0001
Lignin 5.72 4.02 7.8° 1.1 8.42 4.9° B 1.0 0.0002
IVDMD 54.92 54.42 47.3° 4.9 50.62 65.7° 68.5° 5.1 <.0001
Leucaena (Leucaena leucocephala), mesquite (Prosopis laevigata), huisache (Acacia farnesiana).NDF= neutral detergent fiber; ADF= acid detergent

fiber; IVDMD= in vitro dry matter disappearance. SEM= standard error of the mean.L x P= Leaves x mature pods interaction. Within part of the plant,

means bearing different superscript letters differ (P < 0.05)
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similar for leaves and pods in leucaena, no such similitude
was found for CP between leaves and pods of the other
trees.

For leaves, NDF did not differ among trees, but regarding
pods, this fiber fraction was highest (p < 0.01) in leucaena
and lowest in huisache. The highest value for ADF was
found in leaves of mesquite and the lowest in leucaena.
Regarding pods, leucaena had the highest value whereas
huisache had the lowest value. For both NDF and ADF
there was an interaction between leaves and pods. The mean
NDF and ADF content of leaves of some fodder trees was
lower than pods; the opposite occurred with other trees.

No differences were detected among trees for hemicellulose
content of leaves, but hemicellulose in pods of huisache
was lower (p < 0.01) than that in other trees. Cellulose levels
in leaves of mesquite were 12 percentage points lower
(p < 0.01) than the other trees. For huisache, the cellulose
content of leaves was highest (p < 0.01) in mesquite
and lowest for leucaena. Pods of leucaena presented the
highest (p < 0.01) content of cellulose compared to the
other fodder trees. There was a significant leaves X pods
interaction for this cell wall component, basically because
cellulose levels were higher in pods than leaves in leucaena;
the opposite occurred with the other trees. Lignin content
of leaves was highest (p < 0.01) for leucaena and lowest for
mesquite. On the other hand, lignin content of pods of
leucaena was about two times higher than that of the other
trees. The mean IVDMD was lower (p < 0.05) for leaves
of huisache, compared to leucaena and mesquite (Table 1).
The opposite occurred with pods where huisache surpassed
(p < 0.01) all other trees. Leaves X pods interaction was
significant (p < 0.01) for IVDMD.

Mineral content

For both leaves and pods, no significant differences were
found between fodder trees for Ca, P, Mg, Na, and K
(p > 0.05; Table 2). Cu concentration in leaves varied
significantly among tree species (p < 0.05). As for pods,

the levels of Cu in mesquite and huisache were two times
higher (p < 0.05) than leucaena. Leaves X pods interaction
was significant for this microelement (p = 0.05) because
there was a marked difference in Cu content between leaves
and pods for leucaena, but levels of this mineral did not
differ between leaves and pods of mesquite and huisache.
In leaves, Fe levels were greatest (p < 0.01) in huisache
and lowest in leucaena. Considering pods, Fe levels were
greatest (p < 0.01) in mesquite and lowest in leucaena.
There was a significant leaves X pods interaction for this
microelement. The difference between the manganese
concentrations of leaves was different for fodder trees
(» <0.01). Also, zinc levels were highest (p < 0.01) in leaves
of mesquite and lowest in huisache. There was a significant
leaves X pods interaction for this microelement because
levels of this mineral did not differ between leaves and pods
of leucaena, but this mineral markedly changed between
leaves and pods for the other trees.

Hydrolyzable and condensed tannins

Leaves of all tree species had HT contents lower than
1.5 mg galic acid equivalent/g DM (acetonic extract;
Table 3). Regardless of the extract used, mesquite had
a lower (p < 0.01) HT content than that of leucaena
and huisache. Regarding pods, huisache had the highest
(» <0.01) concentration of HT compared to leucaena and
mesquite. Leaves of all leguminous trees had CT contents
lower than 45 mg/g DM. With the acetonic extract,
huisache leaves had the highest (» < 0.01) concentration
of CT compared to mesquite that had the lowest (Table 3).
The acetonic extract gave the highest concentration of
CT in pods, with the highest (»p < 0.01) concentration for
leucaena and the lowest for mesquite.

Secondary metabolites

The HPLC system showed the presence of an important
number of plant components. Gallic acid 4-O-glucoside
and its isomer were found in leaves and pods of huisache
belonging to the family of hydroxybenzoic acids (Table 4).
Three-p-coumaroylquinic acid was isolated from leaves

Table 2: Mineral content of three fodder trees used by goats in xerophilous shrubland

Minerals Leaves (L) SEM Mature pods (P) SEM P-value
Leucaena Mesquite Huisache Leucaena Mesquite Huisache LxP
Calcium, g/kg 6.2 6.8 5.4 1.7 8.0 4.3 5.8 818 NS
Phosphorus, g/kg 1.52 3.0° 1.62 0.4 1.9 2.5 1.2 1.1 NS
Magnesium, g/kg 1.9 1.4 1.5 0.8 1.7 1.2 1.1 0.9 NS
Sodium, g/kg 1.0 1.3 1.4 0.2 1.8 2.3 1.2 1.0 NS
Potasium, g/kg 585 23.3 4.9 9.5 11.4 7.3 4.8 5.0 0.07
Copper mg/kg 7.22 10.0° 9.0% 1.1 3.82 8.2° 8.9° 1.0 0.05
Iron, mg/kg 12.72 16.7° 22.7° 1.9 11.72 47.3° 40.3° 11.6 0.02
Mangan, mg/kg 44.02 31.0° 25.7° 4.7 18.3 14.7 13.0 3.9 0.06
Zinc, mg/kg 58.02 79.7° 57.67 5.7 58.3 57.0 73.7 10.7 0.01

Leucaena (Leucaena leucocephala), mesquite (Prosopis laevigata), huisache (Acacia farnesiana).NDF= neutral detergent fiber; ADF= acid detergent fiber; VDMD= in vitro
dry matter disappearance. SEM= standard error of the mean. L x P= Leaves x mature pods interaction. Within part of the plant, means bearing different superscript letters
differ (P < 0.05).
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of leucaena and mesquite, this compound belongs to
the family of the hydroxycinnamic acids (Table 5). The
compounds apigenin 6,8-di-C-glucoside belonging to the
family of flavones and quercetin 3-O-rutinoside of the
flavonols family were found only in leaves of huisache
(Table 4). Cyanidin 3-O- (6 “-malonyl-3” -glucosyl-
glucoside) from the family of the anthocyanins, was
isolated from leaves of leucaena, mesquite, and huisache

(Table 4 and 5). Whereas isorhamnetin 3-O-glucoside
7-O-rhamnoside from the methoxyflavonols family was
found only in leaves of huisache. p-HPEA-EDA, quercetin
3,4-O-diglucoside, and quercetin 3-O-xylosyl-glucuronide
were found in pods of mesquite (Table 5); procyanidin
dimer B1 of the proanthocyanidin family was obtained
from leaves of leucaena and mesquite (Table 5). Gallic
acid 3-O-gallate and its isomer, patuletin 3-O-glucosyl-

Table 3: Hydrolysable and condensed tannins content of fodder trees selected by goats in a xerophilous shrubland

Extracts Leaves SEM Mature pods SEM
Leucaena Mesquite Huisache Leucaena Mesquite Huisache
Hydrolyzable tannins (mg galic acid equivalent/g dry matter)
Aqueous 1.142 0.22° 0.74° 0.03 0.512 0.07° 5.02° 0.12
Metanolic 1.092 0.07° 0.812 0.16 0.412 0.092 4.35° 0.82
Acetonic 1.282 0.15° 1.422 0.15 1.282 0.20° 3.88° 0.25
Ethanolic 0.592 0.03° 0.723 0.10 0.072 0.132 1.29° 0.06
Condensed tannins (mg catechin equivalent/g dry matter)
Aqueous 19.442 20.552 IBY5)1E 2.75 27.722 9.25° 12.83° 1.03
Metanolic 28.832 11.11° 26.642 3.84 22.01 16.10 10.66 5.63
Acetonic 37.01% 25.86% 45.28° 6.86 39.702 14.36° 16.92° 4.55
Ethanolic 21.70% 5588 20.622 2.22 12.23 7.10 9.52 3.43

Leucaena (Leucaena leucocephala), mesquite (Prosopis laevigata), huisache (Acacia farnesiana). SEM= standard error of the mean.Means bearing different
superscript letters differ (P < 0.01)

Table 4: Secondary metabolites identified in the aqueous extract of huisache (Acacia farnesiana).

RT (min) [M-H]-m/z Compound Family
Leaves
3.59 330.8 Gallic acid 4-O-glucoside Hydroxybenzoic acids
4.34 336.6 3-p-Coumaroylquinic acid Hydroxycinnamic acids
26.81 592.8 Apigenin 6,8-di-C-glucoside Flavones
32.73 608.7 Quercetin 3-O-rutinoside Flavonols
34.31 696.2 Cyanidin 3-O-(6”-malonyl-3”-glucosyl-glucoside) Anthocyanins
35.58 622.8 Isorhamnetin 3-O-glucoside 7-O-rhamnoside Methoxyflavonols
Pods
4.21 331 Gallic acid 4-O-glucoside Hydroxybenzoic acids
9.78 331 Gallic acid 4-O-glucoside (isomer) Hydroxybenzoic acids
22.51 320.9 Gallic acid 3-O-gallate Hydroxybenzoic acids
23.35 320.9 Gallic acid 3-O-gallate (isomer) Hydroxybenzoic acids
26.38 634.9 Kaempferol 3-O-(6"-acetyl-galactoside) 7-O-rhamnoside Flavonols
28.5 634.9 Kaempferol 3-O-(6”-acetyl-galactoside) 7-O-rhamnoside (isomero) Flavonols
31.82 786.8 Patuletin 3-O-glucosyl-(1->6)-[apiosyl(1->2)]-glucoside Methoxyflavonols
38.094 585 3-Hydroxyphloretin 2’-O-xylosyl-glucoside Dihydrochalcones

RT: retention time; [M-H] m/z: mass/charge

Table 5: Secondary metabolites identified in the aqueous extract of leucaena (Leucaena leucocephala) and mesquite
(Prosopis laevigata).

RT (min) [M-H]-m/z Compound Family
Leucaena and mesquite leaves
3.93 336.8 3-p-Coumaroylquinic acid Hydroxycinnamic acids
32.76 696.2 Cyanidin 3-O-(6"-malonyl-3"-glucosyl-glucoside) Anthocyanins
34.79 576.3 Procyanidin dimer B1 Proanthocyanidin dimers
Mesquite pods
3.8 301.8 p-HPEA-EDA Tyrosols
28.8 624.8 Quercetin 3,4’-O-diglucoside Flavonols
31.7 608.8 Quercetin 3-O-xylosyl-glucuronide Flavonols

RT: retention time; [M-H]-m/z: mass/charge
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(1->06)-[apiosyl (1->2)]-glucoside and 3-hydroxyphloretin
2’-O-xylosyl-glucoside were found in pods of huisache. In
general, the greatest number of secondary metabolites were
found in huisache, both in leaves and in pods.

DISCUSSION

Nutritient content

Nutritionally, the fodder trees studied present outstanding
characteristics for goats on rangeland. CP values of 24 to
33% have been found for leaves of leucaena (Lani et al.,
2015; Santos et al., 2017). Although the above-mentioned
values are higher than those found in this study (21.8%),
the percentage of CP of leucaena is adequate for feeding
of goats in extensive systems, considering gestation and
moderate milk yield (NRC, 2007). Regarding PC of pods
of these fodder trees, only mesquite showed a low PC
concentration (11.9%) compared to 21.2% of leaves. For
this tree, values of 16% have been reported in the rainy
season and 12-13% in the dry season (Mahgoub et al., 2005;
Pena-Avelino et al., 2014).

Huisache presented the same PC content in both leaves and
pods, this value is above the 9.4 to 13% reported by other
researchers (Cuchillo et al., 2013; Quiroz-Cardoso et al.,
2015; Rojas-Hernandez et al., 2016). Besides, its high CP
content, this tree is highly palatable by goats, constituting
up to one-third of the grazing goat’s diet (Mellado et al.,
2004). Pods of this tree usually are inaccessible to grazing
goats, therefore some goat herders in northern Mexico
uses a machete to sieve them to make them available to
goats while grazing. The PC content of the leucaena pod
(22.1%) was higher than that reported by Ortiz-Dominguez
etal. (2017) of 19.2% and lower than that found by (Ngwa
et al., 2001) of 24.7%.

Regarding NDF and ADF content in the foliage and pods
of the trees studied, these levels are adequate to supplement
other low-quality forages used by goats on rangeland,
given that these levels of NDF and ADF do not limit
feed intake through physical fill effects and by reducing
the digestibility (Casler and Jung, 2000). In general, pods
of leucaena showed the highest NDIF and ADF content,
which indicates that this fraction of the plant has more
indigestible components that could affect its consumption
by goats (Hove et al., 2001). In the present study, the fiber
fraction content of leaves of leucaena was lower than pods;
the opposite occurred with huisache, which resulted in a
leaves X pods interaction for both NDF and ADE These
results are in line with other studies where the cell wall
changes drastically between leaves and pods of leucaena
(Walker, 2012) with no change between leaves and pods of
this component in mesquite (Ali et al., 2012).
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The lignin content in plants is one of the main limitations
affecting the cell wall digestibility in ruminants (Krehbiel,
2014). In the trees analyzed, the lignin values were adequate,
since the highest value was 8.4% for leucaena pods, a level
that does not limit feed intake and DM digestibility (Moore
and Jung, 2001; Harper and McNeill, 2015).

The IVDMD of the pods of mesquite and huisache (up
to 68.5%) was high. This was expected due to the low cell
wall content in these leguminous trees. However, despite
the relatively low levels of NDF and FDF in leaves of
these trees, IVDMD was moderate, which is not in line
with findings of Landa-Becerra et al. (2016), who found
values of IVDMD for leaves of mesquite and huisache of
70% and 73%, respectively, in the dry season in dry tropic
conditions, but Ortiz-Dominguez et al. (2017) report a
46.38% digestibility for leucaena pods. It is known that DM
digestibility is related to several factors such as NDE, ADE,
CT, and lignin, the latter being the most important since it
limits the microbial fermentation and enzymatic hydrolysis
of cell wall polysaccharides (Moore and Jung, 2001).

Leaves of all fodder trees studied showed elevated content
of Ca, K, Zn, Mn, and Mg and were within the range found
in most tropical legumes (Abdulrazak et al., 2000; Rubanza
et al., 2000). Except for Cu concentrations in pods of
leucaena, all minerals found in these fodder trees did meet
small ruminant requirements (Suttle, 2010).

Secondary metabolites

CT content was affected by tree species with the highest
level in the pods of huisache but was higher with the
acetonic extract than values reported by Ramana et al.
(2000) for these trees. These levels of polyphenolic
compounds are not involved in depressing DM intake
in goats (Alonso-Diaz et al., 2008). Higher levels of
polymetized CT (e.g., >50 mg/g DM) impair utilization
of CP from browse supplements by ruminants (Aerts
et al., 1999).

Pods and leaves of huisache presented the highest number
of secondary metabolites, mainly related to hydroxybenzoic
acid and flavonols. Leucaena and mesquite presented
flavonols and anthocyanins. The phenolic compounds and
their efficiency as antiradicals and antioxidants are diverse.
Rice-Evans et al. (1996) found that the antioxidant activity
of gallic acid belonging to the family of hydroxybenzoic
acids and found in pods and leaves of huisache, is usually
higher than pyrogallol, demonstrating a significant influence
of carboxylate on the antioxidant activity of the phenolic
acids. Flavonols are flavonoids that protect the plant
against herbivory by altering its palatability and reducing its
digestibility (Mierziak et al., 2014). Hydroxycinnamic acid
found in leaves of leucaena and mesquite has been related
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to antidiabetic, antioxidant, and anticancer properties
(Petersen and Simmonds 2003, Taofiq et al., 2017).

CONCLUSION

Leaves and pods harvested from leucaena, mesquite and
huisache constitute notable forage resources for goats
on rangeland due to their outstanding crude protein and
low fiber content. These leguminous trees would improve
nutritional quality of a rangeland-based diet for goats.
These fodder trees could also be used as potential sources
of protein banks to supplement rangeland vegetation or
the feeding of crop residues. The presence of condensed
tannins and other secondary compounds does not seem to
be a major constraint to their utilization by goats.
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