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Abstract
To evaluate Leucaena ecotypes native to Mexico, its phenological state and the relationship of protein fractions with in vitro
dry matter digestibility (IVDMD) were evaluated using an experimental design of divided plot, large plot: ecotype (nine
native); small plot: phenological stage (regrowth vs. tender green bean). Crude protein (CP), protein fractions A, B1, B2, B3
and C, and IVDMD were analysed. There was an ecotype × phenological stage effect (P < 0.05) on the protein fractions.
Fraction B2 was the most abundant, and IVDMD was greater in the regrowth stage vs. green bean. IVDMD was negatively
correlated with B3, C and positively correlated with CP, A, B1 and B2. Estimation IVDMD = 53.46 + 2.078 (%A) - 2.31
(%C), R2 = 0.80, P < 0.05. IVDMD increased as fraction a content increase and decrease fraction C. The outstanding ecotypes
are 2012-11-29, H-1, 2013-01-27, A-1 and 2013-03-01, A-6.
Keywords: Leucaena, ecotypes, protein fractions, digestibility
1. Introduction
In the sub-humid tropics, because of poor forage quality, an
alternative to achieve livestock sustainability is the use of
tree legumes that supplement the nutritional value of grasses
(Piñeiro-Vázquez et al. 2017; Ramírez-Avilés et al. 2018)
[23, 25]
. Legumes increase livestock productivity by three- to
five-fold (Bacab et al. 2013; Best et al. 2017; Solorio et al.
2017) [2, 3, 28]. The legume yielding superior results has been
Leucaena, notably Leucaena leucocephala leaves, which
contain high concentrations of raw protein, energy,
digestibility and palatability when compared with tropical
grasses. This species provides a high forage rate with high
leaf production. Pruning every 30 to 50 days represents
1620 and 2450 kg of dry matter (DM) ha-1, respectively (de
los Santos-Mayo et al. 2018) [7]. These characteristics
combined with the low-cost production of Leucaena
leucocephala confer its high potential for livestock
production (Lagunes et al. 1999; Ibrahim et al. 2007) [18, 13],
occupying a preponderant space in animal feed, even in
Asia and Australia (Iraola et al. 2009; Ku et al. 2009;
Meena Devi et al. 2013; Milera 2013; Hopkins et al. 2019)
[14, 16, 20, 21, 12]
. It mainly includes ecotypes that develop in
regions of adverse conditions with high temperatures,
extreme rainfall and low-fertility soils. In Mexico, only a
few studies indicate changes in protein fractions and in vitro
digestible dry matter (IVDDM) of L. leucocephala var.
Cunningham (Ku et al. 2018) [17]. Moreover, there are
currently no studies of these fractions in native ecotypes of
Leucaena and their variation due to the phenological stage.
This study sought to evaluate and compare the content of
protein crude and protein fractions in leaves of nine native
Leucaena sp. ecotypes from southern Mexico, and analyse

their relationship with IVDMD in two phenological stages.
2 Materials and Methods
2.1 Origin of the samples and experimental design.
Samples of leaves for the study were obtained from the
Iguala Experimental Field (CEIGUA) of the National
Institute of Agricultural and Livestock Forestry Research
(INIFAP), located 2.5 km of the Iguala-Tuxpan Highway,
northern Guerrero state (18°20'52.9" N latitude, 99°30'24.3"
W longitude, 753 m above sea level). The climate of the
region is classified as Aw0, warm with rains in summer
(García 1981) [9]. It has a short rainy season from June to
October, and the rest of the year is the dry period. The
average annual rainfall is 1045 mm, which is obtained from
an average of 87 days with rain. However, the annual
evaporation is 2175 mm. The average maximum, minimum
and average temperatures are 44.5, 18.0 and 33.7 °C,
respectively. The soil is sandy clay texture, slightly
compact, with 1% organic matter and pH 7.9–8.2 (Sánchez
et al. 2018) [26]. Two years before this investigation in three
states of southern Mexico, the seeds from nine native
ecotypes of Leucaena sp.: H-15, F-10: Tuxtepec, Oaxaca (N
18° 5.474', W 96° 12.10'); 2012-12-19, A-1: TuxtlaGutiérrez, Chiapas (N 16° 43.987', W 93° 2.790'); 2012-1129, A-1: Chiapas (N 16° 8.316', W 93° 48.164'); 2012-1121, E-3: Huajintlan, Morelos (N 18° 36.267', W 99°
23.601'); 2013-03-21, A-6: Chilapa, Guerrero (N 17°
35.825', W 99° 8.821'); 2013-01-27, A-1: Guerrero (N 18°
35.679', W 99° 22.521'); 2012-11-30, 5-1: Riviera de la
presa, Chiapas (N 16° 28.678', W 92° 50.967'); 2013-03-01,
A-6: San Marcos, Guerrero (N 16° 46.352', W 99° 27.395');
2012-11-29, H-1: Chiapas (N 16° 8.895', W 93° 11.440');
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were collected. First, the seeds were germinated in storage.
Once the seedling reached 15 cm in height, it was
transplanted to a plastic bag (10 × 60 cm). After reaching a
growth of 50 cm, 36 plants of each ecotype were
transplanted to the previously prepared soil furrows with 1.5
m distance between them, and the same distance (2 m)
between plants, in an experimental design of randomized
blocks with three repetitions (plots of 8 m long × 5 m wide).
Each plot had three rows and four Leucaena plants in each.
2.2.1 Field sampling
For the experiment, a pruning of the stems to 1.5 m height
was previously carried out. Subsequently, after 4 months in
the phenological phase of regrowth, the first sampling was
made by cutting two branches of the central plants of each
plot. Thus, approximately 400 g of wet forage composed of
the petiole (<3 mm) and the leaflets were obtained at
random from different, randomly-cut leaves on eight
different branches per plot. After another 6 months, during
February, when the plants manifested the phenological stage
of green beans, another similar amount of leaves cut in
different plants was harvested from those used in the
previous sampling. The samples were obtained completely
randomly in eight branches of the plants located in the
centre of each plot.
2.3 Procedure and analysis
The identified samples were immediately transferred in
coolers (approx. –3 °C) to the Bromatology Laboratory of
the Animal Nutrition and Biochemistry Department, FMVZUNAM. Upon arrival at the laboratory, the samples were
frozen (–20 °C) before dehydration by lyophilisation
(EDWARDS Super Modulyo: Thames TW16 6AS United
Kingdom). After drying, the particle size was reduced using
a Thomas Wiley mill (1 mm sieve). Ground samples from
each phenological phase were analysed for crude protein
(CP) using the Kjeldahl method (AOAC 2000) [1]. In
addition, the Cornell University net carbohydrate and
protein system (CNCPS) fractionation was undertaken
(Sniffen et al. 1992) [27] to determine the insoluble protein
(IP) and true soluble protein (TSP) (Krishnamoorthy et al.
1982) [15], the protein insoluble in the neutral detergent fibre
residue (NDFCP) and the protein insoluble in the acid
detergent fibre residue (ADFCP) (Van Soest et al. 1991) [30].
With the results of these analyses, protein fractions A, B1,
B2, B3 and C, were estimated according to the protocol
proposed by Licitra et al. (1996) [19]. Samples were also
analysed for IVDMD (%) using the two-phase technique of
Tilley and Terry (1963) [29].
2.4 Statistical analysis
The results were analysed by ANDEVA for the
experimental design mentioned above using a split-plot
arrangement in which the large plot corresponded to the
ecotype and the small plot to the different phenological
stages. The following model was used:
Yijk =

+ Bk +

+

+

+

+

(1)

Where, i is 1,2,3,..., 9 (ecotypes); j is 1.2, (phenological
stages); k is 1,2,3 (repetitions); Yijk is the response
variable;
is the effect of the ith major plot; Bk is the
effect of the k-block;
is the experimental error of the
major plot (ecotypes)
is the effect of the jth minor

plot (phenological stages);
is the effect of the major
plot × minor plot interaction;
is the experimental error
of the minor plot.
When a difference between treatments was observed (P 
0.05), the means were compared using Tukey’s test.
Pearson's multiple correlation test and linear regression
analysis (SAS v. 9.2; SAS Institute, Cary, NC, USA) were
also performed.
3. Results and discussion
3.1 Protein fractions
The amounts of CP, IP, TSP, NDFCP and ADFCP are
shown in Table 1. In all these protein determinations, there
was an effect (P < 0.05) of the ecotype × phenological stage
interaction, indicating that these are the determining factors
for protein content in each ecotype studied. Most of the
ecotypes showed a higher amount of CP in the regrowth
stage, and a lower concentration in the green bean stage (P
< 0.05), except for the 2012-11-29, A-1 ecotype, which
registered a higher CP value in this last stage (29.08%). In
addition, it was the ecotype that manifested the highest (P <
0.05) amount of CP, indicating that there is always a
determining genetic effect in each ecotype. This genetic
expression results from the evolution of the original
environment (nutrient-poor soil) the plant experienced,
enabling them to develop in fertile soil, such as the
Experimental Field INIFAP-SAGARPA, Iguala, Gro,
Mexico. The lower amount of protein with increasing age,
recorded by the majority of the native ecotypes of
Leucaena, is similar to that reported by Olivos (2015) [22],
who evaluated changes in the CP content of L. leucocephala
var. Cunningham in crops at 6, 9 and 12 weeks in “La
Posta” INIFAP, Paso del Toro, Veracruz, Mexico, and
concluded that the CP content decreased linearly (P <0.05;
23.12%, 20.69% and 19.44%, respectively) as the legume
aged. However, in the present investigation, the greater or
similar amount of CP between ecotypes 2012-11-29, A-1
and 2012-11-21, E-3, in the mature stage of the plant
indicates that the answer is genetically mediated in each
ecotype, and is probably different because of the soil and
environmental conditions in which each ecotype evolved.
Regarding the IP content, all the ecotypes registered a
greater amount in the green bean stage (P < 0.05) than the
regrowth stage. The reason for the relatively greater amount
of IP in the green bean stage is that this fraction contains the
protein associated with the structural compounds of the
plant cell wall, which increases as the legume matures.
Regarding the TSP equivalent of fraction B1, all nine
ecotypes displayed a greater amount of in the regrowth stage
(P < 0.05), compared with the tender green bean stage.
Again, Olivos (2015) [22] observed a similar trend of
decrease in the amount of TSP with increasing age of the
plant. It should be noted that the amount of TSP was lowest
in the native Leucaena ecotypes, indicating that the cells of
the leaves of this legume retain very little soluble protein.
Preston and Leng (1990) [24] noted that 100% is used quickly
in the rumen, giving rise to the branched-chain volatile fatty
acids (VFAs) isobutyric acid, isovaleric acid, 2-methyl
butyrate acid and valerate. The level of these acids in the
rumen liquid is an indicator of the degradation of amino
acids in the rumen because these are normally derived from
the fermentation of valine, leucine, isoleucine and proline.
Branched-chain VFAs are used by bacteria as growth
factors. In temperate legumes, such as alfalfa, 100% of
15
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fraction B1 is used in the rumen by microorganisms at a rate
of degradability of 200–300%/h, based on the CNCPS submodel (Sniffen et al. 1992) [27]. Chamorro (2005) [5] asserted
that the inclusion of tree legumes in silvopastoral systems
directly helps to improve the production and nutritional
quality of associated grasses, mainly because it raises
protein and mineral levels. The greatest amount of true
protein is immediately gathered in the intracellular
structures (organelles) of the leaves, which, when consumed
by cattle, are digested by taking full advantage of the
passage to the abomasum and small intestine of ruminants,
except when the protein content bound to the cell wall
(NDFCP) or the acid detergent fibre residue (ADFCP), in all
the ecotypes, the amount was greater (P < 0.05) in the
tender green bean stage relative to the regrowth stage (Table
2). In the tender green bean stage, the average proportion of
NDFCP was 63% of the CP present in the ecotypes, whereas
in the regrowth stage, it was only 13% of the CP. Both
proportions are similar to those that Chamorro (2002) [4]
reported in various tree legumes studied in Colombia. The
importance of this fraction is that in the rumen, a high
amount of this protein escapes ruminal degradation because
it is shielded by the cell wall and passes to the intestine
without modifications (that is why it is called protected or
overpass protein). This protein, together with the microbial
protein and the ration proteins, which due to their high
solubility are not modified in the rumen and omasum, pass
to abomasum and intestine where they are digested by the
action of HCl and enzymes (pepsin, trypsin, chymotrypsin,
carboxypeptidase and aminopeptidases), and constitute the
metabolizable protein for the ruminant. According to
Chamorro (2002) [4], 10–25% of the true fibre-bound protein
in neutral detergent is digested in the rumen and the rest, as
a protected or excess protein, passes to the small intestine
where intestinal proteases digest 80% of that protein. As for
the amount of ADFCP, which is equivalent to fraction C of
the CNCPS, the average proportion of this fraction of
protein in green beans was 28.39% (expressed as the
percentage of the CP), and in the regrowth stage, it was
much lower (4.65%). The importance lies in the fact that the
ADFCP corresponds to the completely indigestible protein
in ruminants, so it is not convenient to use the Leucaena
native ecotype leaves when the plants have reached the
stage of tender green beans. The amounts corresponding to
the green bean stage were similar to the average ADFCP
amounts recorded in Trichanthera gigantea and
Enterolobium cyclocarpum of 8.81% and 8.83%,
respectively, in a study by Chamorro (2002) [4] of several
legumes used in Colombia. Olivos (2015) [22] determined
ADFCP values of 3.90%, 3.13% and 2.34% in L.
leucocephala var. Cunningham at 6, 9 and 12 weeks of
regrowth, respectively, amounts slightly lower than those
obtained at the regrowth stage of the present investigation.
Table 3 presents the results of the protein fractions A, B1,
B2, B3 and C, in the different native ecotypes of Leucaena.
The statistical analysis revealed an effect (P < 0.05) of the
ecotype × phenological stage interaction on all fractions
recorded, but the main effects were be discussed separately
to highlight important differences in the fractions that affect
their use as a source of nutrients. For fraction A that
represents the amount of non-protein nitrogen (NPN), all
ecotypes recorded a greater amount (P < 0.05) in the
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regrowth stage than the tender green bean stage, it indicates
the difference that exists among ecotypes to convert NPN
into true protein, probably as a result of a geneticallyregulated mechanism of greater adaptation to the geoecological conditions in which each ecotype develops. The
results in the regrowth stage of the present study are similar
to those that Olivos (2015) [22] recorded in L. leucocephala
var. Cunningham. The relevance of this fraction is that when
in the rumen, the microorganisms have at the same time an
adequate amount of energy, so almost all this NPN is
harnessed and transformed to microbial protein, which,
when passed to the intestine, is digested and absorbed,
constituting the metabolizable protein (amino acids), a
comparatively more important protein source for ruminants.
The proportion of fraction A (expressed as a percentage of
the CP) in the present study was 38.03% in the regrowth
stage and 2.84% in the green bean stage. In comparison,
Fontenot (2002) [8] described young forages in the growth
stage as containing up to 30% of the protein in the form of
NPN, and Chamorro (2005) [5] in a study conducted in
Colombia in L. leucocephala reported 21.50% NPN in
fraction A. Regarding fraction B2 that corresponds to the
true protein of slow ruminal degradation, the results (Table
3) indicate a decrease in the tender green bean stage
compared with the amount in the regrowth stage (P < 0.05),
except for the ecotype 11/29/2012, H-1, whose behaviour
differed from the others. In the regrowth stage, the amount
of B2 was equivalent to 40–50% of the total protein (CP), a
proportion similar to that in L. leucocephala (Lam.) De Wit
of 53.7%, which Gaviria et al. (2015) [10] detected when
establishing the legume in a silvopastoral system together
with two grasses. Sniffen et al. (1992) [27] reported, between
70 and 85% of fraction B2 is used in the rumen, and the
remaining protein passes to the abomasum and small
intestine where it is completely digested. Fraction B3
corresponds to the true protein that is not degraded in the
rumen because of a shield or "protection" that constitutes
the neutral detergent fibre of the plant cell wall, but when
passing to the intestine, part of that neutral detergent fibre is
solubilised by the acidic pH of the abomasum and then the
alkaline pH of the duodenum, and, as a result, it releases B3
protein for intestinal digestion (Licitra et al. 1996) [19]. In the
present investigation, differences in the concentration of B3
was observed among some of the Leucaena ecotypes (Table
2). A general trend of higher (P < 0.05) concentration in the
tender green bean stage than the regrowth stage occurred,
except for the ecotype 11/29/2012, H-1, which showed a
low concentration in both phenological stages, confirming
that the ecotypes show different B3 protein contents because
of adaptation towards the geo-ecological conditions in
which each one develops. In the present study, the
proportion of B3 (expressed as a percentage of the CP)
fluctuated between 11.41% and 33.67%. This proportion is
lower than Chamorro (2002) [4] found in L. leucocephala in
the Colombian tropics, which averaged 43.10% in all the
species analysed. In contrast, Gaviria et al. (2015) [10]
detected 8.2% B3 (expressed as a percentage of the CP) in
L. leucocephala. According to Chamorro (2005) [5], in
immature forages, between 10 and 25% of this fraction is
degraded by ruminal microorganisms, and the remainder is
passed to the abomasum and small intestine where the
proteases digest 80% of this protein.

16

International Journal of Food Science and Nutrition

www.foodsciencejournal.com

Table 1: Effect of ecotype and phenological stage on the total protein, insoluble protein, true soluble protein, the protein linked to the neutral
detergent fibre residue and that linked to the acid detergent fibre residue, in leaves of nine Leucaena ecotypes of southern Mexico.
Ecotype

Phenological stage
CP g/100 g
IP g/100 g
TPS g/100 g
NDFCP g/100 g
ADFCP g/100 g
regrowth
28.02a,b,c,A
16.10f,B
1.78a,A
4.26e,B
1.40d,B
H-15, F-10
green bean
26.12c,d,B
22.52a,b,A
0.59b,B
15.91a,A
7.88a,A
regrowth
28.67a,b,A
17.44d,e,f,B
1.66a,A
4.96e,B
1.28d,B
2012-12-19, A-1
b,d,c,B
a,b,A
b,B
a,b,A
green bean
26.51
21.82
0.67
14.44
7.26a,A
regrowth
26.25c,d,B
16.93e,f,B
1.44a,A
6.56d,e,B
1.57d,B
2012-11-29, A-1
green bean
29.08a,A
22.75a,b,A
0.53b,B
13.83a,b,A
8.05a,A
a,b,c,A
e,f,B
a,A
e,B
regrowth
27.65
16.86
1.61
5.08
1.52d,B
2012-11-21, E-3
a,b,c,B
a,A
b,B
a,b,A
green bean
27.51
23.65
0.44
15.05
6.94a,A
regrowth
28.20a,b,c,A
17.76d,e,f,B
1.61a,A
4.32e,B
1.23d,B
2013-03-21, A-6
green bean
23.01f,B
19.37c,d,A
0.53b,B
9.69c,d,A
5.25b,A
regrowth
26.60b,c,d,A
17.32d,e,f,B
1.66a,A
5.07e,B
1.40d,B
2013-01-27, A-1
green bean
25.28d,e,B
20.59b,c,A
0.35b,B
7.08d,e,A
7.00a,A
regrowth
25.68d,e,f,A
15.75i,B
1.27ª,b,A
4.37e,f,B
1.22c,B
2012-11-30, 5-1
d,e,f,B
bc,d,e,
c,B
,b,A
green bean
24.26
20.18
0.29
15.52ª
7.35ª,b,A
b,c,d,A
c,d,e,B
a,A
e,B
regrowth
26.79
18.81
1.52
5.07
1.22d,B
2013-03-01, A-6
green bean
23.61e,f,B
19.51c,d,A
0.17b,B
11.72b,c,A
3.79c,A
regrowth
26.92a,b,c,d,A
16.13f,B
0.55b,A
3.50e,B
1.22d,B
2012-11-29, H-1
g,B
d,e,f,A
b,B
e,A
green bean
19.36
18.32
0.47
4.78
2.62c,d,A
SEM*
0.0052
0.0054
0.0002
0.0158
0.0022
CP - crude protein, IP - insoluble protein, TPS - true soluble protein, NDFCP - protein bound to neutral detergent fibre residue, ADFCP protein bound to acid detergent fibre residue. * Standard error of the average. A–g - different letters per column indicate differences by
ecotype effect (P < 0.05). A, B – different letters per column indicate differences by phenological stage effect (P < 0.05).
Table 2: Effect of ecotype and phenological stage on protein fractions and in vitro dry matter digestibility in leaves of nine Leucaena
ecotypes of southern Mexico.
Protein fraction g/100 g
IVDMD g/100 g
A
B1
B2
B3
C
a,A
a,A
a,b,c,d,e,A
d,B
d,B
regrowth
10.1
1.78
11.8
2.9
1.4
66.6a,A
H-15, F-10
e,f,B
b,B
e,B
a,b,c,A
a,A
green bean
3.0
0.59
7.7
7.6
7.9
41.2c,d,e,B
regrowth
9.6a,A
1.66a,A
12.5a,b,c,d,A
3.7c,d,B
1.3d,B
68.3a,A
2012-12-19, A-1
green bean
3.4e,f,B
0.67b,B
8.3d,e,B
5.5a,b,c,d,A
7.3a,A
40.7c,d,e,B
regrowth
7.9a,b,c,A
1.44a,A
10.4a,b,c,d,e,A
5.0a,b,c,d,B
1.6d,B
68.4a,A
2012-11-29, A-1
c,d,e,B
b,B
c,d,e,B
a.b.c.d.A
a,A
green bean
5.8
0.53
8.9
5.8
8.1
52.3b,B
regrowth
9.2a,b,A
1.61a,A
11.8a,b,c,d,e,A
3.6c,d,B
1.5d,B
66.8a,A
2012-11-21, E-3
e,f,B
b,B
b,c,d,e,B
a,A
a,A
green bean
3.2
0.44
9.2
8.3
6.9
44.9b,c,d,B
a,b,A
a,A
a,b,c,A
d,B
d,B
regrowth
8.8
1.61
13.5
3.1
1.2
69.9a,A
2013-03-21, A-6
green bean
3.2e,f,B
0.53b,B
8.6d,e,B
6.2a.b.c.d.A
5.3b,A
50.6b,c,B
regrowth
7.6a,b,c,A
1.66a,A
12.3a,b,c,d,A
3.7c,d,B
1.4d,B
70.2a,A
2013-01-27, A-1
e,f,B
b,B
a.b.c,d,e.B
a,b,c,d,A
a,A
green bean
3.4
0.35
11.9
4.2
7.0
40.9c.d,e,B
regrowth
8.7ª,b,cA
1.27ª,b,A
11.4ª,b,c,d,e,A
3.2b,c,d,B
1.2c,B
68.8a,A
2012-11-30,5-1
green bean
3.8d,e,B
0.29c,B
4.7f,B
8.2ª,A
7.4ª,b,A
48.4b,c,d,B
regrowth
6.5b,c,d,A
1.52a,A
13.7a,A
3.9b,c,d,B
1.2d,B
70.4a,A
2013-03-01, A-6
d,e,B
b,B
d,e,B
a,b,A
c,A
green bean
3.9
0.17
8.7
7.9
3.8
37.3d,e,B
regrowth
10.2a,A
0.55b,A
12.6a,b,c,d,A
2.3d,B
1.2d,B
74.7a,A
2012-11-29, H-1
green bean
3.6e,f,B
0.47b,B
10.5a,b,c,d,e,B
2.8d,A
2.6c,d,A
32.5e,B
SEM*
0.0088
0.0002
0.0223
0.0186
0.0022
0.0015
IVDMD - in vitro dry matter digestibility. * Standard error of the mean. A–f – different letters per column indicate differences by ecotype
effect (P < 0.05). A, B - different letters per column indicate differences by phenological stage effect (P < 0.05).
Ecotype

Phenological stage

Table 3: Summary of the correlation between IVDMD and protein
fractions in leaves of nine native Leucaena ecotypes from southern
Mexico.
IVDMD
IVDMD
Variable
R2
R2
P
P
CP
0.3729
0.0055
A
0.7934 <0.0001
ADFCP –0.8306 <0.0001
B1
0.7559 <0.0001
NDFCP –0.7321 <0.0001
B2
0.5327 <0.0001
IP
–0.7749 <0.0001
B3
–0.3664 0.0064
TPS
0.7559 <0.0001
C
–0.8306 <0.0001
IVDDM - in vitro dry matter digestibility, CP - crude protein,
ADFCP - protein bound to acid detergent fibre residue, NDFCP protein bound to neutral detergent fibre residue, IP - insoluble
protein, TPS - true soluble protein. A, B1. B2. B3, C - protein
fractions.
Variable

3.2 In vitro dry matter digestibility
Table 2 shows the effect of the (P < 0.05) ecotype ×
phenological stage interaction on the IVDMD. In general, all
ecotypes registered a higher percentage of IVDMD in the
regrowth stage than in the green bean stage. It should be
noted that when the leaves of the native Leucaena ecotypes
pass from the regrowth stage to the green bean stage, their
digestibility decreases approximately 28%. In the regrowth
stage, the variation (P < 0.05) in IVDMD of the different
native ecotypes of Leucaena is similar to the results of
Guzmán et al. (2014) [11] in L. leucocephala var.
Cunningham. In that study, IVDMD decreased linearly (P <
0.001) by an overall 8% when harvested at 6, 9 and 12
17
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weeks of regrowth in “La Posta” INIFAP, Paso del Toro,
Veracruz, Mexico (65.64%, 60.89% and 57.84%,
respectively). A digestibility of over 65% indicates that the
forage is not only a rich source of protein but also provides
energy in an amount greater than needed for ruminant
maintenance (Gaviria et al. 2015; de los Santos-Mayo et al.
2018) [10, 7]. The results of the correlation analysis between
the IVDMD and protein fractions evidenced a positive
correlation (P < 0.05) with CP, TSP, A, B1 and B2
fractions, indicating that the increase in the soluble fractions
of the CP, including NPN (fraction A) increases IVDMD
(Table 3). On the contrary, by increasing the age of the plant
and moving from the regrowth stage to that of green beans,
the IP, NDFCP, B3 and C fractions decrease digestibility.
This last relationship is reasonable because these proteins
are linked to the secondary cell wall, especially fraction C
(ADFCP). This fraction mainly comprises crude ligninbound protein in a series of compounds with a phydroxyphenyl nucleus, which, when presented in high
quantity by themselves, reduces the digestibility (Church et
al. 2010) [6]. The linear regression analysis indicated that it
is possible to estimate the IVDMD efficiently (P < 0.01)
from the following equation, with a high correlation
coefficient (R2 = 0.8022):
IVDDM % = 53.46 + 2.08 (% A) - 2.31 (% C)

(2)

IVDMD increased as fraction a content increase and
decrease fraction C. This equation better predicts
digestibility (IVDMD) compared with the equation proposed
by Chamorro (2002) [5] in a study that covered 19 species of
fodder trees. When separately analysing fraction B3, the
regression equation was IVDMD (%) = –0.721x + 83.93,
with a correlation coefficient (R2) of 0.3827 (P < 0.01), but
in the present study, the correlation with this protein fraction
was R2 = –0.3664 (P < 0.001). Conversely, when that
researcher used fraction C of the protein, the IVDMD (%)
was equal to –1.4047C% + 62,589, with R2 = –0.4914, P <
0.001), whereas in the present study, fraction C showed an
R2 of –0.8022 (P < 0.01).
4. Conclusion
In nine native Leucaena ecotypes of southern Mexico, the
ecotype × phenological stage interaction was responsible for
the changes in the contents of the protein fractions and
IVDMD. The soluble fractions of the protein (A, B1, B2)
decreased when advancing from the regrowth stage to the
green bean stage. On the contrary, the insoluble fractions
(B3 and C) increased with plant development towards
maturity. In general, the most abundant fraction in the
Leucaena ecotypes was fraction B2, corresponding to the
protein of slow rumen degradability. In all ecotypes, the CP
and fractions A, B1 and B2 positively affected IVDMD.
Fractions B3, C, ADFCP, NDFCP and IP negatively
affected IVDMD. The linear regression analysis indicated (P
< 0.01) that in Leucaena ecotypes, it is possible to estimate
IVDMD using the equation: IVDMD = 53.46 + 2.08 (%A) 2.31 (%C), with R2 = 0.8022. The outstanding ecotypes to
evaluate their productive behaviour in ruminants are 201211-29, H-1; 2013-01-27, A-1; and 2013-03-01, A-6.
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