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Abstract: The Acacia genus is considered one of the most invasive taxa in some habitats, namely
coastal dunes, maritime calcareous soils, fresh lands in the valleys, mountainous areas, and the banks
of watercourses and roadsides. In Portugal, the severity risk is very high, so this study aimed to
evaluate the nutritional and mineral contents of the green pods as a potential source for livestock
feeds and soil fertilizer because, as far as we know, there is no use for this species. The seven different
species of Acacia (Acacia mearnsii Link, Acacia longifolia (Andrews) Willd, Acacia melanoxylon R. Br.,
Acacia pycnantha Bentham, Acacia dealbata Link., Acacia retinodes Schlecht, and Acacia cyclops A. Cunn.
ex G. Don fil) were evaluated. The results showed that Acacia green pods have a high protein, fibre
and minerals content, especially in potassium (K), calcium (Ca) and magnesium (Mg). All species
present a different profile of the studied parameters, suggesting different potentials for their future
use. Near-infrared spectroscopy was a potential tool to predict the earlier quality of the Acacia green
pods to better select the raw material for the different applications.

Keywords: Acacia species; green pods; nutritional value; elemental analysis; NIR

1. Introduction

Acacia sp. is an aggressive invasive species which is widespread throughout the world,
representing a threat to biodiversity and productivity of the forestry sector [1,2]. These
plants are distributed throughout the Portuguese territory. Concerning other countries, they
are widespread in a wide variety of environments, including arid zones, coasts, sub-alpine
zones, native forests, and agricultural lands, modifying the structure of ecosystems [2,3].
These invasive species can spread rapidly and affect the plant composition of communities,
reduce the regeneration rates of native species, and stress landscape structures, among
other implications [4]. Measures for its eradication or control are expensive and have been
considered unfeasible from practical and economic perspectives. For this reason, studies
have been performed on the sustainable valorization of the waste of these species [1,5–7].

Studies report that the individual parts of Acacia sp., such as bark, wood, leaves, flow-
ers, pods, seeds, or roots, are rich sources of bioactive secondary metabolites (e.g., amines
and alkaloids, cyanogenic glycosides, cyclitols, fats, seed acids and oils, gums, non-protein
amino acids, terpenes, tannins and other flavonoids, and simple phenols) [7–9] and have
been used in traditional medicine to treat a wide range of diseases, such as diabetes and
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cancer. In addition, other important biological activities, such as anti-inflammatory, antivi-
ral, antidiabetic, immunomodulatory, hepatoprotective, and anthelmintic, have already
been reported for extracts obtained from Acacia sp. [10–14].

Studies on the bioactive properties of pods from invasive Acacia sp. in Portugal are
scarce, and to our knowledge, the focus has been mainly on their allelopathic effects.
The authors [15,16] observed that extracts of A. dealbata, A. cyclops, A. mollissima, and
A. saligna pods had demonstrated the allelopathic ability of a water extract against lettuce
(L. sativa). Puga et al. [17] focused their study on the potential antioxidant properties of
extracts of A. shaffneri and A. farnesiana, and observed protection against oxidation-induced
damage in pig kidney cells LLC-PK1. Other authors have reported that pod extracts
presented good antimicrobial activity [18,19], antidiabetic and hypolipidemic effects [20],
antihyperglycemic properties [21], antihypertensive and antispasmodic actions [22], and
improved wound healing by relieving oxidative stress and suppressing pro-inflammatory
cytokines [23].

On the other hand, A. farnesiana is easily consumed by livestock [24,25], which
has led to the publication of studies on the use of these trees as a forage resource. 26.
Barrientos-Ramírez et al. [26] and Walker [27] found that the pods of Leucaena diversifolia and
L. leucocephala have sufficient protein and dry matter content to meet the needs of small
ruminants in harsh environments. Therefore, in floodplain lands, it could increase the
sustainability of livestock operations by providing high-quality forage during periods
when herbaceous forage is limited or is of poor quality [28].

This work aims to evaluate the nutritive value and mineral element of the pod ex-
tracts of seven Acacia species (AMs—A. mearnsii, AL—A. longifolia, AMy—A. melanoxylon,
AP—A. pycnantha, AD—A. dealbata, AR—A. retinodes and AC—A. cyclops) to be harnessed
and used for different purposes, either in livestock farming as an alternative source of
protein, or as minerals to be used in soil fertilization.

2. Results and Discussion
2.1. Nutritional Parameters

Forage plants provide animal feed sources all over the world. However, plant materials
vary in the quantities of different nutritive components they deliver, so a careful analysis is
necessary to optimize their use in animal food supplements. Forage plants can vary in the
amounts of protein, fat, carbohydrate, fiber, and other macro or micronutrients present in
the crude material. Additionally, herbivores vary in their need for these different nutritive
components, influencing their dietary requirements, that change over time. Another
important issue is the palatability of the forage plants and the structural compounds, such
as lignin and fiber, that reduce the amount of plants ingested. In relation to the factors
mentioned above, this research team thinks that knowledge of the nutritive value of Acacia
pods could be used in ecosystem management strategies to increase the harvest of this
invasive species.

On the other hand, maintaining soil health is also of crucial importance. Nutrient
cycling and decomposition maintain soil biodiversity. Adding organic materials to the
soil, such as crop residues or other plants, increases the organic matter content and pro-
vides nutrients for the crops and the soil organisms, stimulating microbial activity and,
consequently, a better aggregation of the mineral particles.

Incorporating Acacia pods in animal feed or soil will be the focus of subsequent work,
and the first step is a significant focus on their nutritional characteristics.

The average nutritional value of the pods of the different Acacia species studied is
shown in Table 1, where it can be seen that the values for dry matter (DM) varied between
91.0 and 96.8% for AR and AD, respectively, and there were no significant differences
between species. According to Sosa Rubio et al. [29], the DM variation depends on the
region and season. The DM results of this work agree with the values obtained in other
studies in which different species were used, namely 94.4% for A. nilotica [30] and 93.7%
for A. seyal [18]. Concerning the amount of protein (% DM), the study with the pods
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showed statistically significant differences (p < 0.05), with protein ranging between 11.8
and 21.6%. AC and AMy presented the lowest concentration, while AR and AD had the
highest contents. Finally, the higher values observed may be related to the age of the trees
where the pods were harvested or to differences in nitrogen availability in the soil [31].
The amount of protein was similar to that reported by Abdalla et al. [32] (20.9%) and
Zapata-Campos et al. [33] (17.2%) for A. farnesiana. The fat contents of the different Acacia
pods varied between 0.8 and 1.8%, with the lowest values obtained in the AP specie and
the highest in AL. Several authors have reported higher fat values in their studies with
A. nilotica, ranging between 1.9 and 3.5% [18,25,33]. However, as far as we know, no studies
evaluated the nutritional value of the pods studied in the present work. According to
the results shown in Table 1, the fiber contents of the different species varied between
17.2 (AL) and 22.9% (AP). García-Winder et al. [25] and Uguru et al. [30] found lower values
for fiber, 13.2 and 10.7%, respectively. However, Abdalla et al. [18] obtained A. nilotica
values between 20.2 and 30.6%, which are more similar to those observed for our species.

Table 1. Nutritional value of Acacia pod species, on a dry matter basis (% in DM) (mean ± standard
deviation).

Species DM
(% in DM)

Prot
(% in DM)

Fat
(% in DM)

Fib
(% in DM)

NDF
(% in DM)

ADF
(% in DM)

ADL
(% in DM)

Ash
(% in DM)

AMy 91.41 ± 0.02 13.68 ± 0.22 b 1.48 ± 0.01 c 19.51 ± 0.15 bc 44.41 ± 0.15 c 35.17 ± 0.37 c 18.82 ± 0.91 e 3.24 ± 0.08 c

AD 96.79 ± 0.09 17.68 ± 0.35 d 1.09 ± 0.00 b 22.11 ± 0.29 d 51.17 ± 0.67 d 25.74 ± 0.18 a 8.28 ± 0.59 a 2.25 ± 0.01 a

AC 96.22 ± 0.09 11.82 ± 0.06 a 1.10 ± 0.02 b 21.16 ± 0.12 c 50.15 ± 0.05 d 32.88 ± 1.01 c 15.88 ± 0.44 d 2.62 ± 0.03 b

AR 91.03 ± 0.10 21.66 ± 0.27 e 1.37 ± 0.00 c 17.87 ± 0.28 ab 41.72 ± 0.41 ab 26.92 ± 0.83 a 10.82 ± 0.39 bc 5.89 ± 0.02 e

AMs 96.20 ± 0.02 14.11 ± 0.17 bc 1.42 ± 0.05 c 22.59 ± 0.04 d 40.85 ± 0.43 ab 29.78 ± 0.35 b 7.25 ± 0.58 a 3.69 ± 0.00 d

AP 93.21 ± 0.02 14.96 ± 0.16 c 0.87 ± 0.00 a 22.87 ± 0.16 d 41.67 ± 0.08 ab 25.83 ± 0.40 a 8.87 ± 0.04 ab 3.33 ± 0.02 c

AL 93.80 ± 0.08 16.95 ± 0.08 d 1.82 ± 0.10 d 17.16 ± 0.91 a 39.44 ± 0.25 a 27.24 ± 0.40 ab 12.69 ± 0.22 c 3.84 ± 0.05 d

AMy—A. melanoxylon, AD—A. dealbata, AC—A. cyclops, AR—A. retinodes, AMs—A. mearnsii, AP—A. pycnantha,
AL—A. longifolia. Prot—protein, Fat—fat, Fib—fiber, NDF—neutral detergent fiber, ADF—acid detergent fiber,
ADL—acid detergent lignin, DM—Dry Matter. Different letters in the same column denote significant differences
between Acacia pods by the Scheffe test (p < 0.05) for each analytical determination.

Since the constituents of the plant cell wall are mainly cellulose, hemicelluloses, pectin,
and lignin, and given the possibility of the pods serving as animal feed, we have also
determined, in addition to fiber, the neutral detergent fiber (NDF), acid detergent fiber
(ADF) and acid detergent lignin (ADL). The proportion of each is variable, depending on
the species and growth stage of the plant [34].

NDF is composed mainly of cellulose, hemicelluloses and lignin, and can be considered
a measure of plant cell wall material [35]. The acid detergent lignin (ADL) determination
aimed at extracting all the cellulose from the samples to leave only indigestible constituents.
The NDF contents ranged from 39.4% to 51.1% for the AL and AD species. According
to the results, the average NDF of the different species was relatively higher than the
NDF contents reported by Zapata-Campos et al. [33] (24.6%). However, these results are
similar to and within the values reported by Hadi et al. [31] (43.0–54.5%). The amounts of
ADF in pods varied between 25.7 (AD) and 35.2% (AM). The acid detergent lignin (ADL)
determination aimed to extract all the cellulose from the samples, leaving only indigestible
constituents. The same authors reported lower values in their studies, ranging from 21.8%
to 29.8% [31] and 17.1% [33]. The highest ADL content was recorded for AMy (18.8%)
and the lowest for AMs (7.2%) (Table 1). Our results are similar to those obtained by
Garcia-Montes De Oca et al. [28] (8.5%).

The ash contents were obtained after the complete incineration of the samples in a
muffle. Significant differences (p < 0.05) were observed in ash contents between species,
and varied between 2.2 and 5.9%. Some authors reported that the ash contents could var
between 3.5% [25,33], 3.9 to 5.4% [31] and 5.5 to 9.3%. In our study, AD presented the
lowest ash contents, while AR presented the highest value.
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2.2. Elemental Analysis

The mineral composition of plants varies according to the age of the plant, soil charac-
teristics, plant species and varieties and climatic or seasonal conditions [36].

Tables 2 and 3 show the mineral composition of the different Acacia pod species. The
most abundant minerals in the samples were potassium (K), calcium (Ca) and magnesium
(Mg), while cadmium (Cd) was the least abundant. Chromium (Cr) was also studied in the
samples but was not detected in any analyzed samples. The NT content obtained using
the Kjeldahl method varied among the species, with significant differences. NT values
ranged from 1.8% to 3.4% for AC and AR, respectively. P had the lowest concentrations
of the all macronutrients. All plant species showed a P content ranging from 0.0006 to
0.014 g/kg (Table 2), meaning the pods have low P content. Higher values were reported
by Abdalla et al. [18] (2.9 g/kg). These differences may be related to the environmental
conditions in which they were grown. The Ca results showed significant differences
(p < 0.05). The values for Ca were similar in all pods except for AR and AMs. The values
ranged from 2.8 g/kg to 10.07 g/kg for AMy and AR, respectively.

Table 2. The concentration of total nitrogen (NT); phosphorus (P); calcium (Ca); potassium (K);
sodium (Na), and magnesium (Mg) for Acacia species.

Species NT (%) P (mg/kg) Ca (mg/kg) K (mg/kg) Na (mg/kg) Mg (mg/kg)

AMy 2.18 ± 0.03 b 0.09 ± 0.00 bc 2803.61 ± 87.31 a 18,845.42 ± 398.00 e 748.86 ± 17.19 ab 1454.36 ± 67.37 c

AD 2.83 ± 0.06 e 0.09 ± 0.00 bc 3082.52 ± 50.33 a 10,957.26 ± 1528.57 a 593.86 ± 50.90 a 1038.80 ± 36.61 a

AC 1.89 ± 0.01 a 0.06 ± 0.00 a 3240.21 ± 82.72 ab 13,154.26 ± 602.65 b 1415.35 ± 35.22 c 1288.24 ± 1.99 b

AR 3.46 ± 0.04 f 0.14 ± 0.00 e 10,069.31 ± 582.88 e 23,196.54 ± 1132.75 f 715.44 ± 34.33 ab 2532.32 ± 102.94 d

AMs 2.26 ± 0.03 b 0.10 ± 0.00 d 4833.96 ± 33.99 d 17,569.05 ± 422.92 de 986.52 ± 40.38 b 1061.40 ± 27.99 a

AP 2.40 ± 0.03 c 0.09 ± 0.00 b 3656.00 ± 181.65 bc 16,231.81 ± 555.47 cd 1756.47 ± 56.71 c 1500.28 ± 50.29 c

AL 2.71 ± 0.01 d 0.09 ± 0.00 c 4064.88 ± 61.01 c 14,673.65 ± 180.52 bc 6975.65 ± 385.21 d 1531.81 ± 26.91 c

AMy—A. melanoxylon, AD—A. dealbata, AC—A. cyclops, AR—A. retinodes, AMs—A. mearnsii, AP—A. pycnantha,
AL—A. longifolia. Different letters in the same column denote significant differences between Acacia pods by the
Scheffe test (p < 0.05) for each analytical determination.

Table 3. The concentration of iron (Fe); manganese (Mn); copper (Cu); zinc (Zn); lead (Pb); nickel
(Ni), and cadmium (Cd) for Acacia species.

(mg/Kg) AMy AD AC AR AMs AP AL

Fe 45.54 ± 15.13 c 30.61 ± 1.68 ab 30.35 ± 1.99 ab 44.13 ± 4.35 bc 25.70 ± 0.13 a 46.50 ± 0.72 c 46.85 ± 0.88 c

Mn 48.78 ± 2.55 d 15.04 ± 0.68 a 13.15 ± 0.34 a 25.93 ± 1.83 c 14.73 ± 0.31 a 50.20 ± 0.91 d 19.15 ± 0.21 b

Cu 14.62 ± 0.86 e 10.75 ± 0.10 a 13.49 ± 0.22 d 12.99 ± 0.72 cd 12.13 ± 0.27 bc 12.73 ± 0.14 cd 11.55 ± 0.12 ab

Zn 17.50 ± 2.42 ab 19.30 ± 0.32 b 15.84 ± 0.31 a 23.13 ± 2.60 c 18.67 ± 0.54 ab 17.00 ± 0.64 ab 20.24 ± 0.60 bc

Pb 3.80 ± 0.12 ab 4.63 ± 1.05 b 4.12 ± 0.18 ab 1.94 ± 2.30 a 4.93 ± 0.55 b 4.83 ± 0.85 b 4.70 ± 0.12 b

Ni 5.95 ± 0.10 bc 8.03 ± 0.66 e 7.20 ± 0.08 de 7.02 ± 1.02 cde 4.56 ± 0.12 a 6.73 ± 0.07 bcd 5.52 ± 0.62 ab

Cd 0.25 ± 0.03 c 0.10 ± 0.02 ab 0.08 ± 0.01 ab 0.19 ± 0.08 bc 0.11 ± 0.05 ab 0.04 ± 0.04 a 0.04 ± 0.04 a

AMy—A. melanoxylon, AD—A. dealbata, AC—A. cyclops, AR—A. retinodes, AMs—A. mearnsii, AP—A. pycnantha,
AL—A. longifolia. Different letters in the same line denote significant differences between Acacia pods by the
Scheffe test (p < 0.05) for each analytical determination.

Comparing the global range of Ca content (7.6 to 13.6 g/kg) reported by Abdalla et al. [32]
and Zapata-Campos et al. [33], it was found that all the species except for the AR showed
lower values. However, the reported values [32,33] refer to a different Acacia species, which
may justify the differences.

Furthermore, K ranged from 13.2 g/kg to 23.2 g/kg in the species (Table 2). These
results are higher than those reported by Abdalla et al. [32] (11.7 to 13.4 g/kg), except for
AC (13.15 g/kg). Zapata-Campos et al. [33] reported lower values (4.8 g/kg). In relation
to the sodium (Na) content, significant differences were found among the studied species.
The values ranged from 0.59 to 6.97 g/kg for AD and AL, respectively. Two species, AP and
AL, had high concentrations of Na. Except for AL and AP, all the others had lower values
than those reported by Zapata-Campos et al. [33] (1.2 g/kg). Significant differences were
also observed in the Mg values. The species AD presented the lowest values (1.04 g/kg)
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and AR presented the highest (2.53 g/kg). Abdalla et al. [32] reported higher Mg values
than ours (3.5 g/kg). However, Zapata-Campos et al. [33] reported lower values (1.1 g/kg).

The AR showed the highest concentrations of NT, P, Ca, K and Mg; only Na had lower
values than the other samples.

Looking at Table 3, we can observe that iron (Fe) concentrations were similar in all
pods except those of AMy. The values ranged from 25.7 to 46.8 mg/kg. These results are
similar to those reported by Zapata-Campos et al. [33] (40.3 mg/kg). The seven green
pod species differ in manganese (Mn) composition, and therefore significant differences
were observed (p < 0.05). AP and AMy showed the highest concentration (50.2 mg/kg and
48.7 mg/kg), respectively, while the pods of AC showed the lowest concentration of Mn.
The copper (Cu) values are similar between the species. AMy and AC were the species
that presented higher values (14.6 mg/kg and 13.5 mg/kg). These values agree with those
reported by Zapata-Campos et al. [33] (8.9 mg/kg). Abdalla et al. [32] obtained relatively
low values for Cu (6.9 mg/kg). In relation to the zinc (Zn) contents, significant differences
were found among the species; AR and AL (23.13 and 20.24 mg/kg) showed the highest
concentrations of Zn, while AC showed the lowest results (15.84 mg/kg). The amounts
of lead (Pb) in pods varied between 1.9 mg/kg (AR) and 4.83 (AP). After Cd, Pb was the
mineral that showed the lowest concentrations. Regarding nickel (Ni) values, AD had the
highest concentration (8.0 mg/kg), compared to AMs which had the lowest (4.5 mg/kg).

Concerning macro or micronutrients, Pb, Cd and Cr are always phytotoxic, and are
found in very small amounts. The amounts of Pb in pods ranged between 1.9 mg/kg
(AR) and 4.83 (AP). As aforementioned, Cd effectively showed low values for the different
species, ranging from 0.04 mg/kg to 0.2 mg/kg for AP and AMy. Since Pb, Cd and Cr were
found in the pods in such small amounts, these toxic mineral elements were not expected
to negatively affect animal health or contribute to soil contamination.

To complement the previous results, a principal component analysis (PCA) was per-
formed with the nutritional and mineral content of each green pod (Figure 1) in which
the three first components explain 72.6% of the total variation (PC1= 36.3%; PC2 = 19.2%;
PC3 = 17.1%).
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Figure 1. Scores and loadings of the principal component analysis (PC1 vs. PC2 and PC1 vs.
PC3) for different Acacia species and the analytical parameters measured. AMy—A. melanoxylon,
AD—A. dealbata, AC—A. cyclops, AR—A. retinodes, AMs—A. mearnsii, AP—A. pycnantha,
AL—A. longifolia, Pro—protein, Fat—fat, Fib—fiber, NDF—neutral detergent fiber, ADF—acid deter-
gent fiber, ADL—acid detergent lignin, Ca—calcium, K—potassium, Na—sodium, Mg—magnesium,
Fe—iron, Mn—manganese, Cu—copper, Zn—zinc, Pb—lead, Ni—nickel, Cd—cadmium, NT—total
nitrogen, P—phosphorus.

The first component, which explains 36.3% of the total variation, clearly separates
the green pods of AR from the other species. This differentiation is related to a higher
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amount of the minerals K, Mg, P, NT, Ca and Zn and a higher amount of ash (associated
with the amount of mineral content) and protein. For component 1, AC, which has a higher
amount of NDF and Pb, appears opposite AR. Component 2, which explains 19.2% of the
total variation, is responsible for the discrimination between two groups of Acacia pods,
the first one comprising AP and AMy and the second one AMs and AL. AP and AMy are
characterized by a higher amount of Cu, Mn and fiber contents, and the second group
presents a higher amount of Na, ADL, fat and ADF. AD is discriminated by component 3
(17.1% of the total variation) given the amount of Ni.

Table 4 represents the decision tree made, first with the nutritional parameters and
then with the mineral content, using the Gini index. Decision trees are machine learning
algorithms that implement the splitting conditions at each node and break down the
training data into subcategories of output variables of the same class [37]. In this case,
many assay replicates are needed if many variables exist in the models. The number of
replicates in this study is four, and therefore two tests were made separately.

Table 4. Tree structure for Acacia green pods, nutritional and elemental content separately, child
nodes, n in observed class, predicted class and split condition for each node.

Node Left
Branch

Right
Branch

n in Class Predicted
Class

Split
Constant

Split
VariableAR AP AL AD AC AMy AMs

N
ut

ri
ti

on
al

co
nt

en
t

1 2 3 4 4 4 4 4 4 4 AR −1.0875 Fat

2 4 5 0 4 0 4 0 0 0 AP −22.5317 Fib

3 6 7 4 0 4 0 4 4 4 AR −11.8166 ADL

4 0 0 0 4 0 0 0 AD

5 0 4 0 0 0 0 0 AP

6 8 9 4 0 0 0 0 4 0 AR −1.3780 Fat

7 10 11 0 0 4 0 4 0 4 AC −3.5536 Ash

8 4 0 0 0 0 0 0 AR

9 0 0 0 0 0 4 0 AMy

10 12 13 0 0 0 0 4 0 4 AC −1.2900 Fat

11 0 0 4 0 0 0 0 AL

12 0 0 0 0 4 0 0 AC

13 0 0 0 0 0 0 4 AMs

M
in

er
al

co
nt

en
t

1 2 3 4 4 4 4 4 4 4 AR −11.8 Cu

2 4 5 0 0 4 4 0 0 0 AD −13,292.1 K

3 6 7 4 4 0 0 4 4 4 AR −16,947.3 K

4 0 0 0 4 0 0 0 AD

5 0 0 4 0 0 0 0 AL

6 8 9 0 4 0 0 4 0 0 AP −14,709.7 K

7 10 11 4 0 0 0 0 4 4 AR −20.2 Zn

8 0 0 0 0 4 0 0 AC

9 0 4 0 0 0 0 0 AP

10 12 13 0 0 0 0 0 4 4 AMy −18,216.0 K

11 4 0 0 0 0 0 0 AR

12 0 0 0 0 0 0 4 AMs

13 0 0 0 0 0 4 0 AMy

AMy—A. melanoxylon, AD—A. dealbata, AC—A. cyclops, AR—A. retinodes, AMs—A. mearnsii, AP—A. pycnantha,
AL—A. longifolia, Fat—fat, Fib—fiber, ADL—acid detergent lignin, Cu—copper, K—potassium, Zn—zinc.
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The two groups analyzed lead us to the outcome of the more influenced variables that
will be used to construct the final decision tree (Figure 2).

Plants 2023, 12, x FOR PEER REVIEW 7 of 14 
 

 

M
in

er
al

 c
on

te
nt

 

1 2 3 4 4 4 4 4 4 4 AR −11.8 Cu 
2 4 5 0 0 4 4 0 0 0 AD −13292.1 K 
3 6 7 4 4 0 0 4 4 4 AR −16947.3 K 
4   0 0 0 4 0 0 0 AD   
5   0 0 4 0 0 0 0 AL   
6 8 9 0 4 0 0 4 0 0 AP −14709.7 K 
7 10 11 4 0 0 0 0 4 4 AR −20.2 Zn 
8   0 0 0 0 4 0 0 AC   
9   0 4 0 0 0 0 0 AP   

10 12 13 0 0 0 0 0 4 4 AMy −18216.0 K 
11   4 0 0 0 0 0 0 AR   
12   0 0 0 0 0 0 4 AMs   
13   0 0 0 0 0 4 0 AMy   

AMy—A. melanoxylon, AD—A. dealbata, AC—A. cyclops, AR—A. retinodes, AMs—A. mearnsii, AP—
A. pycnantha, AL—A. longifolia, Fat—fat, Fib—fiber, ADL—acid detergent lignin, Cu—copper, K—
potassium, Zn—zinc. 

Figure 2 represents the decision tree made with the selected parameters in Table 4. 
With this analysis, it is possible to identify four distinct groups. AR can be distinguished 
from the others by its amount of Zn. Then, with an amount of Zn lower than 21 mg/Kg, 
there is a group composed of AL and AMs Acacia green pods (separated by the Cu 
concentration) and with an amount of Zn lower than 17.8 mg/Kg, there is the group 
composed of AP and AC (also divided by Cu concentration). Conversely, the amount of 
ADL discriminates the above groups from those composed of AMy and AD. Their 
concentration in ADL could also distinguish AMy and AD. 

It can be concluded that, concerning the analyzed parameters, ADL, Zn and Cu 
contents are the factors with a more significant influence in discriminating the green pod 
species studied. 

 
Figure 2. Decision tree results for the discriminant parameters of Acacia green pods with the  
nutritional and mineral parameters with the strongest influence. Decision nodes are represented in 
blue and terminal nodes are in red. AMy—A. melanoxylon; AD—A. dealbata; AC—A. cyclops; AR—A. 

1

2 3

4 5 6 7

8 9 10 11

12 13

ADL<8.76

ADL<7.76
Zn<17.87

Cu<13.08 Zn<21.00

Cu<11.79

8 20

4 4 8 12

4 4 8 4

4 4

AMy AD

AP AC AR

AL AMs

AR
AP
AL
AD
AC
AMy
AMs

Figure 2. Decision tree results for the discriminant parameters of Acacia green pods with the nu-
tritional and mineral parameters with the strongest influence. Decision nodes are represented
in blue and terminal nodes are in red. AMy—A. melanoxylon; AD—A. dealbata; AC—A. cyclops;
AR—A. retinodes; AMs—A. mearnsii; AP—A. pycnantha; AL—A. longifolia, ADL—acid detergent lignin,
Zn—zinc, Cu—copper.

In Table 4, it is possible to observe that all nodes separate the four samples of each
group with reasonable accuracy. Regarding the nutritional value, the split variables are fat,
Fib, ADL and Ash. Concerning the mineral contents, the split variables are Cu, K and Zn.

Figure 2 represents the decision tree made with the selected parameters in Table 4. With
this analysis, it is possible to identify four distinct groups. AR can be distinguished from
the others by its amount of Zn. Then, with an amount of Zn lower than 21 mg/Kg, there is
a group composed of AL and AMs Acacia green pods (separated by the Cu concentration)
and with an amount of Zn lower than 17.8 mg/Kg, there is the group composed of AP and
AC (also divided by Cu concentration). Conversely, the amount of ADL discriminates the
above groups from those composed of AMy and AD. Their concentration in ADL could
also distinguish AMy and AD.

It can be concluded that, concerning the analyzed parameters, ADL, Zn and Cu
contents are the factors with a more significant influence in discriminating the green pod
species studied.

2.3. Spectroscopic Analysis

Near-infrared spectroscopy (NIR) spectra are shown in Figure 3 and present represen-
tative bands in the 7500–3700 cm−1.

The peaks observed in our samples were mainly due to organic the molecules’ primary
structural components due to the stretch or deformation vibration of N-H, C-H, O-H and
C=O bonds [38–40]. The large band at 6900 cm−1 can be assigned to the first overtone
of N-H and O-H stretching vibrations of protein and carbohydrates [39,41]. At around
5786 cm−1 the first overtone of C-H stretching vibrations is observed [42]. At 5175 cm−1,
the peak was assigned to C–O stretching as the second overtone of carbohydrates and to
C–H stretching as the first overtone of cellulose, lignin and other carbohydrates of plant
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fiber and C=O functionality [38,43]. The peaks at 4711 cm−1 and 4326 cm−1 are assigned to
the N–H symmetric stretching of amide II of proteins and the O-H bond combined with
the C-O bond, the C-H bond, and the C-H bond combined with the C-H bond, respectively,
are sensitive to phenolic compounds and proteins [39,42]. The band at 4260 cm−1 is the
combination band of C–H stretching vibrations [44].
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Figure 3. NIR spectra of Acacia green pods obtained from freeze-dried powder.

PCA has been used to discriminate the differences between different species of Acacia
pods in terms of qualitative analysis (Figure 4). This PCA (mean-centered) is performed
with the spectral information acquired with the NIR, using the algorithm derived from the
Savitzky—Golay filter with 17 smoothing points.
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Loading—(right side)) performed using first derivative Savitzky—Golay spectra transforms with
17 smoothing points.
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Concerning the PCA results, a clear separation between species is observed. These
results showed that NIR spectroscopy is a promising technique for discriminating be-
tween species, and in Figure 4 (right), the more relevant regions for this discrimination
are identified.

3. Materials and Methods
3.1. Plant and Soil

In May and April of 2021, Acacia pods of various species (AD, AC, AMs, AL, AR, AMy
and AP) were collected in different regions of Portugal (Table 5). The pods were collected
from two individuals for each species. Different regions were used because the Acacia
species have heterogeneous distribution in Portuguese territory and grow in different areas
and soils in the country. As the first step, areas where each specie was more plentiful were
selected and as the second step, areas where we had permits for collecting and which were
close to each other were selected.

Table 5. Origin of Acacia species.

Specie Origin Collect Date Longitude Latitude Altitude (m) Soil
Classification

AMy Vimeiro, Alcobaça 08/05/2021 39.4904 −9.0367 163 Cambisol
AD Praia de Paredes da Vitoria, Alcobaça 03/04/2021 39.7025 −9.0483 24 Podzois
AC Tapada da Ajuda, Lisboa 01/04/2021 38.7121 −9.1908 86 Vertisol
AR Lagoa, Pinhal de Leiria 01/04/2021 39.7478 −8.9533 57 Podzois

AMs Vimeiro, Alcobaça 08/05/2021 39.4904 −9.0367 163 Cambisol
AP Silvares, Fundão 08/05/2021 40.1507 −7.6444 477 Regossolos
AL Tercena, Queluz 08/05/2021 38.7425 −9.2822 90 Vertisol

AMy—A. melanoxylon, AD–A. dealbata, AC—A. cyclops, AR—A. retinodes, AMs—A. mearnsii, AP—A. pycnantha,
AL—A. longifolia.

The World Reference Base (WRB) soil classification System was used for the soil
classification used in this work with a scale of 1:5,000,000 [45,46].

In Figure 5, we can see the selected pods after they have been harvested.
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3.2. Sample Preparation

After collecting the pods, they were frozen (Binder) at −80 ◦C and two different
methods were used according to the determination.

For nutritional parameters, pod samples were dried in a forced draught oven (Mem-
mert UL 60, Memmert GmbH, Schwabach, Germany) at 65 ◦C (±5 ◦C) for 24 h to determine
moisture. Samples were milled through a laboratory mill with a 1 mm sieve and stored in
tightly sealed plastic bottles for later chemical analysis. The powder obtained was used for
all nutritional determinations performed, other than that for moisture when the samples
were placed on a tray as collected to aid dehydration.

For the elemental analysis, a freeze-drier (Mitsubishi Electric Got2000, Tokyo, Japan)
was used for 48 h at a pressure of 0.180 mbar to remove all water in the samples.

In both methods, after drying, the samples were reduced to powder (<2 mm) using a
laboratory cutting mill (Polymix, PX-MFC 90 D, Malters, Switzerland).

3.3. Nutritional Parameters

The nutritional composition analysis of Acacia was performed according to the AOAC
Official Methods of Analysis [47] in triplicate.

For total dry matter (DM), they were dried at 103 ± 2 ◦C for 5–6 h in a forced draught
oven (Memmert UL 60, Memmert GmbH, Schwabach, Germany)and total ash content (Ash)
was determined by incineration in a muffle furnace (Nabertherm L15 C 6, Nabertherm
GmbH, Lilienthal, Germany) for 6–7 h at 550 ± 50 ◦C. Fat was determined by the Soxtec
method (Soxtec System HT 1043 Extraction Unit (Tecator, Hoganas, Sweden) and heating
unit Soxtec System HT 1046 Service Unit) using petroleum ether as a solvent. The Kjeldahl
method allowed us to obtain the total nitrogen in the samples, and protein was calculated
by using the nitrogen percentage and a conversion factor of 6.25. In the Kjeldahl method
for protein, the fresh sample was firstly digested (Digestion System 6 (1007)—Tecator,
Hoganas, Sweden) and after the mixture was distilled using the Kjeltec System 1026
Distilling Unit—Tecator (Tecator, Hoganas, Sweden). The Weende method determined
the fibre using the Fibertec System M, 1020 Hot Extractor (Tecator, Hoganas, Sweden).
NDF, ADF and ADL were performed using the procedure described in [35]. To determine
the NDF, the samples were hydrolyzed with a neutral detergent solution (sodium lauryl
sulfate-based). The purpose was to extract all constituents that were not part of the fiber
from the samples, leaving the constituents of the plant cell wall.

The ADF was determined after hydrolyzing the samples with an acid detergent
solution (cetyltrimethylammonium bromide-based). The main objective was removing all
constituents that were not part of the fiber or the hemicellulose from the samples.

The ADF residue was subjected to a 72% sulfuric acid solution to determine ADL.

3.4. Elemental Analysis

The extraction methodology used to determine macro and micronutrients in samples
of plant material enables the determination of several total mineral elements, namely, Ca,
Mg, P, K, Mn, Cu, Pb, Cd, Zn, Fe, Cr, Ni and Na. These elements are quantified by atomic
absorption spectrophotometry (Thermo Scientific Series iCE 3000, Waltham, Göteborg,
Sweden) except for the element P, which must be quantified by molecular absorption
spectrophotometry (spectrophotometer Thermo Electron Corporation evolution 300 LC,
Waltham, MA, USA). This methodology is based on extracting these elements in samples
after incineration using digestion with hydrochloric acid.

3.5. Extraction Conditions

Samples (10 g powder) of the seven A. species were extracted with 100 mL of 99%
ethanol on an orbital plate shaker (VWR, Advanced Digital Shaker, Germany) for 24 h with
constant stirring. After filtration, the extracts were centrifuged in (VWR, Mega Star 600R,
Germany) (4000 g-forces, 20 min), and the supernatant was removed. All extractions were
duplicated, and all subsequent measurements and analyses were performed in triplicate.
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3.6. Spectroscopic Analysis

Spectra were acquired using a NIR spectrometer (MPA Bruker) in a transmitted light
mode with 1 mm quartz cells. Four spectra per sample were obtained with sixty-four scans
per spectrum, with a spectral resolution of 16 cm−1 in spectral region of 7500 to 3700 cm−1.
The background was performed between samples.

3.7. Statistical Analysis

A one-way variance analysis (ANOVA) was performed to estimate the differences
in the different parameters analyzed in crude material using the different species as a
factor. The Schefee test was applied, with a t-critical value of α = 0.05, to determine
whether the individual means of each parameter differed. Classification trees were used to
understand which variables are more representative in differentiating Acacia species. At
each classification tree step, the most informative parameters were selected as the source
of the (sub)tree. The current training set was split into subsets according to the values of
the selected attribute. The selected parameter was considered a good discriminator if the
branches separated all the measurements observed for each sample group.

Principal component analysis was performed with NIR spectral data collected in
which different mathematical pre-processes were tested, namely, Savitzky–Golay first and
second derivative, standard normal variate (SNV) transformation, multiplicative scatter
correction (MSC) and different combinations of these treatments.

Software STATISTICA 7 (StatSoft. Inc. Tulsa, OK, USA) was used to perform PCA
with analytical data. For spectral data analysis UnscramblerX 10.5 (CAMO, Oslo, Norway)
and OPUS®, version: 7.5.18 (Bruker Optik, Rosenheim, Germany) were used.

4. Conclusions

This work evaluates the nutritive value and mineral element content of the pod extracts
of seven Acacia species to be harnessed and used for different purposes, either in livestock
farming, as an alternative source of protein, or as a mineral source in soil fertilization. The
study showed that the pods of Acacia could be used as mineral corrections. The most
abundant minerals in the samples were K, Ca and Mg, while Cd was the least abundant. A.
retinodes is a good source of N (3.4%), P (0.014 g/kg), Ca (10.07 g/kg), K (23.19 g/kg) and
Mg (2.53 g/kg). The amount of protein in the pods ranged between 11.8 (for AC) and 21.6%
(for AR), the fat content between 0.8 (for AP) and 1.8% (for AL) and the acid detergent
fiber between 25.7 (AD) and 35.1% (AMy). NIR spectroscopy appeared to be a promising
technique for discriminating between species. Taking into account the results presented, it
is can be affirmed that it is possible to use the pods as a source of protein and other nutrients
for animals. Therefore, this could be a new method of using this waste from management
actions taken to control the Acacia species and could also promote their harvest in order to
help in the control of these invasive species. However, studies evaluating bioaccessibility,
bioavailability and toxicity are necessary and will be the aim of future research. We also
want to highlight that this is the first study of its kind that evaluates the nutritional profile
of pods from different species of Acacia.

Author Contributions: Conceptualization, S.I.P., O.A. and E.G.; methodology, S.I.P., O.A., E.G., C.H.
and J.G. (Jorge Gominho); validation, S.I.P., O.A., E.G. and C.H.; formal analysis, S.I.P., C.A.L.A., J.G.
(Joana Gonçalves) and I.P.; resources, O.A., E.G., C.H. and J.G. (Jorge Gominho); writing—original
draft preparation, S.I.P., E.G. and O.A.; writing—review and editing, S.I.P., C.A.L.A., C.H., I.P.,
J.G. (Joana Gonçalves), E.G., J.G. (Jorge Gominho) and O.A.; supervision, O.A. and E.G., funding
acquisition, O.A., E.G. and J.G. (Jorge Gominho). All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by project Acacia4fireprev—Acacia biomass exploitation: a tool
to reduce wildfires risk in unmanaged forestlands (PCIF/GVB/0145/2018).

Institutional Review Board Statement: Not applicable.



Plants 2023, 12, 1853 12 of 14

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: National Funds also funded this work through the FCT—Foundation for Science and
Technology under the Projects UIDB/00239/2020 (CEF), UIDB/00709/2020 and UIDP/00709/2020 (CICS-
UBI). Joana Gonçalves acknowledges the PhD fellowship from FCT (Reference: SFRH/BD/149360/2019).
APC was supported by project PCIF/GVB/0145/2018 (Acacia4fireprev).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Correia, R.; Quintela, J.C.; Duarte, M.P.; Gonçalves, M. Insights for the valorization of biomass from Portuguese invasive Acacia

spp. in a biorefinery perspective. Forests 2020, 11, 1342. [CrossRef]
2. Paula, V.; Pedro, S.I.; Campos, M.G.; Delgado, T.; Estevinho, L.M.; Anjos, O. Special Bioactivities of Phenolics from Acacia dealbata

L. with Potential for Dementia, Diabetes and Antimicrobial Treatments. Appl. Sci. 2022, 12, 1022. [CrossRef]
3. Miller, J.T.; Murphy, D.J.; Brown, G.K.; Richardson, D.M.; González-Orozco, C.E. The evolution and phylogenetic placement of

invasive Australian Acacia species. Divers. Distrib. 2011, 17, 848–860. [CrossRef]
4. Inderjit; Wardle, D.A.; Karban, R.; Callaway, R.M. The ecosystem and evolutionary contexts of allelopathy. Trends Ecol. Evol. 2011,

26, 655–662. [CrossRef] [PubMed]
5. Chemetova, C.; Ribeiro, H.; Fabião, A.; Gominho, J. Towards sustainable valorisation of Acacia melanoxylon biomass: Characteri-

zation of mature and juvenile plant tissues. Environ. Res. 2020, 191, 110090. [CrossRef]
6. da Costa, R.M.F.; Bosch, M.; Simister, R.; Gomez, L.D.; Canhoto, J.M.; Batista de Carvalho, L.A.E. Valorisation Potential of Invasive

Acacia dealbata, A. longifolia and A. melanoxylon from Land Clearings. Molecules 2022, 27, 7006. [CrossRef]
7. Pedro, S.I.; Rosado, T.; Barroca, C.; Neiva, D.; Alonso-herranz, V.; Gradillas, A.; Garc, A.; Gominho, J.; Gallardo, E. Characterisation

of the Phenolic Profile of Acacia retinodes and Acacia mearnsii Flowers’ Extracts. Plants 2022, 11, 1442. [CrossRef]
8. Ogawa, S.; Yazaki, Y. Tannins from Acacia mearnsii De Wild. Bark: Tannin determination and biological activities. Molecules 2018,

23, 837. [CrossRef]
9. Correia, R.; Duarte, M.P.; Maurício, E.M.; Brinco, J.; Quintela, J.C.; da Silva, M.G.; Gonçalves, M. Chemical and Functional

Characterization of Extracts from Leaves and Twigs of Acacia dealbata. Processes 2022, 10, 2429. [CrossRef]
10. Zubair, M.; Azeem, M.; Mumtaz, R.; Younas, M.; Adrees, M.; Zubair, E.; Khalid, A.; Hafeez, F.; Rizwan, M.; Ali, S. Green synthesis

and characterization of silver nanoparticles from Acacia nilotica and their anticancer, antidiabetic and antioxidant efficacy. Environ.
Pollut. 2022, 304, 119249. [CrossRef]

11. Elansary, H.O.; Szopa, A.; Kubica, P.; Ekiert, H.; Al-Mana, F.A.; Al-Yafrsi, M.A. Antioxidant and biological activities of Acacia
saligna and lawsonia inermis natural populations. Plants 2020, 9, 908. [CrossRef] [PubMed]

12. Wu, C.; He, L.; Zhang, Y.; You, C.; Li, X.; Jiang, P.; Wang, F. Separation of flavonoids with significant biological activity from Acacia
mearnsii leaves. RSC Adv. 2023, 13, 9119–9127. [CrossRef] [PubMed]

13. Madjid, O.A.; Sanni, A.; Lagnika, L. Chemical Diversity and Pharmacological Properties of Genus Acacia. Asian J. Appl. Sci. 2020,
13, 40–59. [CrossRef]

14. Subhan, N.; Burrows, G.E.; Kerr, P.G.; Obied, H.K. Phytochemistry, Ethnomedicine, and Pharmacology of Acacia, 1st ed.; Elsevier B.V.:
Amsterdam, The Netherlands, 2018; Volume 57, ISBN 9780444640574.

15. Jelassi, A.; El Ayeb-Zakhama, A.; Nejma, A.B.; Chaari, A.; Harzallah-Skhiri, F.; Jannet, H. Ben Phytochemical composition and
allelopathic potential of three Tunisian Acacia species. Ind. Crops Prod. 2016, 83, 339–345. [CrossRef]

16. Aguilera, N.; Becerra, J.; Villaseñor-Parada, C.; Lorenzo, P.; González, L.; Hernández, V. Effects and identification of chemical
compounds released from the invasive Acacia dealbata Link. Chem. Ecol. 2015, 31, 479–493. [CrossRef]

17. Delgadillo Puga, C.; Cuchillo Hilario, M.; Espinosa Mendoza, J.G.; Medina Campos, O.; Molina Jijón, E.; Díaz Martínez, M.;
Álvarez Izazaga, M.A.; Ledesma Solano, J.Á.; Pedraza Chaverri, J. Antioxidant activity and protection against oxidative-induced
damage of Acacia shaffneri and Acacia farnesiana pods extracts: In vitro and in vivo assays. BMC Complement. Altern. Med. 2015,
15, 435. [CrossRef]

18. Abdallah, E.M. Antibacterial Efficacy of Acacia nilotica (L.) Pods Growing in Sudan against Some Bacterial Pathogens. Int. J. Curr.
Res. Biosci. Plant Biol. 2016, 3, 6–11. [CrossRef]

19. Auwal, M.S.; Shuaibu, A.; Ibrahim, A.; Mustapha, M. Antibacterial properties of crude pod extract of Acacia nilotica (Fabaceae).
Haryana Vet. 2015, 54, 29–32.

20. Ahmad, M.; Zaman, F.; Sharif, T.; Zabta, C.M. Antidiabetic and hypolipidemic effects of Aqueous Methanolic extract of Acacia
nilotica pods in alloxan-induced diabetic rabbits. Scand. J. Lab. Anim. Sci. 2008, 35, 29–30.

21. Omara, E.A.; Nada, S.A.; Farrag, A.R.H.; Sharaf, W.M.; El-Toumy, S.A. Therapeutic effect of Acacia nilotica pods extract on
streptozotocin induced diabetic nephropathy in rat. Phytomedicine 2012, 19, 1059–1067. [CrossRef]

https://doi.org/10.3390/f11121342
https://doi.org/10.3390/app12031022
https://doi.org/10.1111/j.1472-4642.2011.00780.x
https://doi.org/10.1016/j.tree.2011.08.003
https://www.ncbi.nlm.nih.gov/pubmed/21920626
https://doi.org/10.1016/j.envres.2020.110090
https://doi.org/10.3390/molecules27207006
https://doi.org/10.3390/plants11111442
https://doi.org/10.3390/molecules23040837
https://doi.org/10.3390/pr10112429
https://doi.org/10.1016/j.envpol.2022.119249
https://doi.org/10.3390/plants9070908
https://www.ncbi.nlm.nih.gov/pubmed/32709119
https://doi.org/10.1039/D3RA00209H
https://www.ncbi.nlm.nih.gov/pubmed/36950079
https://doi.org/10.3923/ajaps.2020.40.59
https://doi.org/10.1016/j.indcrop.2016.01.020
https://doi.org/10.1080/02757540.2015.1050004
https://doi.org/10.1186/s12906-015-0959-y
https://doi.org/10.20546/ijcrbp.2016.303.002
https://doi.org/10.1016/j.phymed.2012.07.006


Plants 2023, 12, 1853 13 of 14

22. Gilani, A.H.; Shaheen, F.; Zaman, M.; Janbaz, K.H.; Shah, B.H.; Akhtar, M.S. Studies on antihypertensive and antispasmodic
activities of methanol extract of Acacia nilotica pods. Phyther. Res. 1999, 13, 665–669. [CrossRef]

23. Kankara, S. Acacia nilotica Pods ’ Water Extract Enhances Wound Healing in Sprague-Dawley Rats By Alleviating Oxidative Stress
and Suppressing Pro-Inflammatory Cytokines. Niger. J. Sci. Res. 2017, 16, 202–210.

24. Kneuper, C.L.; Scott, C.B.; Pinchak, W.E. Consumption and dispersion of mesquite seeds by ruminants. J. Range Manag. 2003, 56,
255–259. [CrossRef]

25. García-Winder, L.R.; Goñi-Cedeño, S.; Olguín-Lara, P.A.; Díaz-Salgado, G.; Arriaga-Jordán, C.M. Huizache (Acacia farnesiana)
whole pods (flesh and seeds) as an alternative feed for sheep in Mexico. Trop. Anim. Health Prod. 2009, 41, 1615–1621. [CrossRef]

26. Barrientos-Ramírez, L.; Vargas-Radillo, J.J.; Rodríguez-Rivas, A.; Ochoa-Ruíz, H.G.; Navarro-Arzate, F.; Zorrilla, J. Evaluation
of characteristics of huizache (Acacia farnesiana (L.) Willd.) fruit for potential use in leather tanning or animal feeding. Madera
Bosques 2012, 18, 23–35.

27. Walker, K.P. Fodder potential of leaves and pods of planted Leucaena diversifolia and L. leucocephala species in semi-arid Botswana.
Int. Res. J. Agric. Sci. Soil Sci. 2012, 2, 445–450.

28. Garcia-Montes De Oca, C.A.; Gonzalez-Ronquillo, M.; Salem, A.Z.M.; Romero-Bernal, J.; Pedraza, J.F.; Estrada, J.G. Chemical
composition and in vitro gas production of some legume browse species in subtropical areas of Mexico. Trop. Subtrop. Agroecosyst.
2011, 14, 589–595.

29. Rubio, E.E.S.; Rodriguez, D.P.; Reyes, L.O.; Buenfil, G.Z. Evaluación del potencial forrajero de árboles y arbustos tropicales para
la alimentación de ovinos Tropical trees and shrubs forage potential for sheep feeding. Técnica Pecu. México 2004, 42, 129–144.

30. Uguru, C.; Lakpini, C.A.M.; Akpa, G.N.; Bawa, G.S. Nutritional Potential of Acacia (Acacia nilotica (L.) Del.) Pods for Growing
Red Sokoto Goats. IOSR J. Agric. Vet. Sci. 2014, 7, 43–49. [CrossRef]

31. Hadi, R.F.; Handayanta, E.; Ngadyastuti, I. Evaluation of in vitro digestibility and pH of Acacia seed pods (Acacia sp.). IOP Conf.
Ser. Earth Environ. Sci. 2021, 902, 012003. [CrossRef]

32. Abdalla, M.S.A.; Babiker, I.A.; Idris, A.M.; Elkalifa, K.F. Potential Nutrient Composition of Acacia seyal Fruits as Fodder for
Livestock in the Dry Lands in Sudan. Dev. Anal. Chem. 2014, 1, 25–30.

33. Zapata-Campos, C.C.; García-Martínez, J.E.; Salinas-Chavira, J.; Ascacio-Valdés, J.A.; Medina-Morales, M.A.; Mellado, M.
Chemical composition and nutritional value of leaves and pods of Leucaena leucocephala, Prosopis laevigata and Acacia
farnesiana in a xerophilous shrubland. Emirates J. Food Agric. 2020, 32, 723–730. [CrossRef]

34. McDonald, P.R.A.; Edwards, J.F.D.; Greenhalgh, C.A.; Morgan, L.A. Sinclair Wilkinson, R.G. Animal Nutrition, 7th ed.; Prentice
Hall: Hoboken, NJ, USA, 2010.

35. Van Soest, P.J.; Robertson, J.B.; Lewis, B.A. Methods for Dietary Fiber, Neutral Detergent Fiber, and Nonstarch Polysaccharides in
Relation to Animal Nutrition. J. Dairy Sci. 1991, 74, 3583–3597. [CrossRef] [PubMed]

36. Goff, J.P. Invited review: Mineral absorption mechanisms, mineral interactions that affect acid—base and antioxidant status, and
diet considerations to improve mineral status. J. Dairy Sci. 2018, 101, 2763–2813. [CrossRef] [PubMed]

37. Raileanu, L.E.; Stoffel, K. Theoretical comparison between the Gini Index and Information Gain criteria. Ann. Math. Artif. Intell.
2004, 41, 77–93. [CrossRef]

38. Joshi, R.; Sathasivam, R.; Jayapal, P.K.; Patel, A.K.; Van Nguyen, B.; Faqeerzada, M.A.; Park, S.U.; Lee, S.H.; Kim, M.S.; Baek, I.;
et al. Comparative Determination of Phenolic Compounds in Arabidopsis thaliana Leaf Powder under Distinct Stress Conditions
Using Fourier-Transform Infrared (FT-IR) and Near-Infrared (FT-NIR) Spectroscopy. Plants 2022, 11, 836. [CrossRef]

39. Türker-Kaya, S.; Huck, C. A Review of Mid-Infrared and Near-Infrared Imaging: Principles, Concepts and Applications in Plant
Tissue Analysis. Molecules 2017, 22, 168. [CrossRef]

40. Xu, L.; Ye, Z.H.; Yan, S.M.; Shi, P.T.; Cui, H.F.; Fu, X.S.; Yu, X.P. Combining local wavelength information and ensemble learning
to enhance the specificity of class modeling techniques: Identification of food geographical origins and adulteration. Anal. Chim.
Acta 2012, 754, 31–38. [CrossRef]

41. Hong, X.Z.; Fu, X.S.; Wang, Z.L.; Zhang, L.; Yu, X.P.; Ye, Z.H. Tracing Geographical Origins of Teas Based on FT-NIR Spectroscopy:
Introduction of Model Updating and Imbalanced Data Handling Approaches. J. Anal. Methods Chem. 2019, 2019, 1537568.
[CrossRef]

42. Chang, X.; Wei, D.; Su, S.; Guo, S.; Qian, S.; Yan, H.; Zhao, M.; Shang, E.; Qian, D.; Sun, X.; et al. An integrated strategy for rapid
discovery and prediction of nucleobases, nucleosides and amino acids as quality markers in different flowering stages of Flos
Chrysanthemi using UPLC–MS/MS and FT-NIR coupled with multivariate statistical analysis. Microchem. J. 2020, 153, 104500.
[CrossRef]
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