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ABSTRACT
Leucaena has been used to make mixed silages to obtain nutritional enrichment of the silages. Thus, the inclusion of 
Leucaena as an additive in mixed elephant grass silages can reduce fermentation losses, and increase the nutritional value 
and aerobic stability of the mixed silage without changing the fermentation profile. This study evaluated the fermentation 
profile, nutritional composition, and aerobic stability of elephant grass silages combined with different levels of Leucaena. 
A total of five inclusion levels of Leucaena (0, 20, 40, 60, and 80% on a dry matter basis) were added to elephant grass 
silages. A completely randomized design was adopted, with 5 treatments and 3 repetitions, totaling 15 experimental 
silos that were opened after 30 days of sealing. Fermentation profile, chemical composition, and aerobic stability were 
analyzed. A descriptive analysis of temperature and pH peaks during aerobic stability was performed. The increase in 
the inclusion of Leucaena in the composition of silages reduced gas and effluent losses, neutral and acid detergent fiber, 
cellulose, lignin, total and fiber carbohydrates, and total digestible nutrients, and resulted in increased dry matter, ether 
extract, and crude protein. A quadratic effect of treatments was found for the temperature to reach the maximum pH 
(P=0.009). Aerobic stability remained constant after 40% Leucaena inclusion in the composition of elephant grass silages. 
The inclusion of Leucaena up to 80% in the composition of elephant grass silages reduces fermentation losses, promotes 
a nutritional increase, and increases the aerobic stability of the silages.
Keywords: Dry matter. Effluent losses. Fermentation. Forage conservation. Semiarid.

RESUMO
A leucena tem sido utilizada para a confecção de silagens mistas para o enriquecimento nutricional das silagens. Assim, a 
inclusão da leucena como aditivo em silagens mistas de capim-elefante pode reduzir as perdas fermentativas e aumentar 
o valor nutricional e a estabilidade aeróbia das silagens, sem alterar o seu perfil fermentativo. Objetivou-se avaliar o 
perfil fermentativo, composição nutricional e estabilidade aeróbia de silagens de capim elefante associadas com níveis 
crescentes de leucena. Um total de cinco níveis de leucena (0, 20, 40, 60 e 80% em base da matéria seca) foram incluídos 
em silagens de capim elefante. Adotou-se um delineamento inteiramente casualizado, com 5 tratamentos e 3 repetições, 
totalizando 15 silos experimentais, os quais foram abertos após 30 dias de ensilagem. Foram analisados o perfil fermentativo, 
a composição química e a estabilidade aeróbica. Foi realizada uma análise descritiva dos picos de temperatura e pH 
durante a estabilidade aeróbia. O aumento da inclusão da leucena na composição das silagens reduziu as perdas por 
gases, perdas por efluentes, fibra em detergente neutro, fibra em detergente ácido, celulose, lignina, carboidratos totais, 
carboidratos fibrosos e nutrientes digestíveis totais e aumentou os de teores de matéria seca, extrato etéreo e proteína 
bruta. Foi observado efeito quadrático dos tratamentos sobre a temperatura para atingir o pH máximo (P=0.009). A 
estabilidade aeróbia permaneceu constante a partir de 40% de inclusão de leucena na composição das silagens de capim 
elefante. A inclusão da leucena em até 80% na composição de silagens de capim elefante reduz as perdas fermentativas, 
promove incremento nutricional e aumento da estabilidade aeróbia das silagens.
Palavras-chave: Matéria seca. Perdas por efluente. Fermentação. Conservação de forragem. Semiárido.
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Introduction
Elephant grass (Pennisetum purpureum Schum) has 

become an important forage resource for the development 
of livestock in dryland regions. In this sense, one of the ways 
to preserve this grass is by ensiling. However, one of the 
difficulties in ensiling this grass is related to the high moisture 
content (83.7% on a natural matter basis; (Garcez et al., 
2021)), low content of water-soluble carbohydrates (12.7% 
on a dry matter basis; (Li et al., 2019)), and dry matter 
losses due to oxidation and carbon dioxide production 
(Garcez et al., 2021).

To obtain silage with good fermentation and nutritional 
patterns, it is necessary to know the factors that alter the 
dynamics of dry matter and nutrient losses (Kim et al., 
2021). Likewise, care about aerobic stability is essential to 
achieve the productive efficiency of silage. In this context, 
losses during the fermentation process can reduce dry 
matter recovery, since the surface of the silo tends to 
increase oxygen penetration, causing oxidation of organic 
matter and reduction of dry matter (Borreani et al., 2018).

There is an interest in combining forage plants as 
mixed silages to improve nutritional quality and reduce 
fermentation losses during the process (Drouin  et  al., 
2021). In this scenario, woody forages, such as Leucaena 
(Leucaena leucocephala), have been used as an additive for 
silage making (Rodrigues et al., 2020) as a viable source 
of dry matter and crude protein, to obtain nutritional 
enrichment of the silages produced (Zhang et al., 2019).

Given the nutritional characteristics of elephant grass and 
Leucaena, we hypothesized that the inclusion of Leucaena as 
a nutrient additive to compose mixed elephant grass silages 

enables the reduction of fermentation losses, nutritional 
increase, and aerobic stability of the silage without changing 
the fermentation profile. Therefore, the objective was to 
evaluate the fermentation profile, nutritional composition, 
and aerobic stability of elephant grass silages combined 
with increasing levels of Leucaena.

Material and Methods
The experiment was conducted at the Laboratory of 

Animal Requirement and Metabolism (LEMA) belonging to 
the Agricultural Sciences Campus of the Federal University 
of the São Francisco Valley (UNIVASF), Petrolina, state of 
Pernambuco, Brazil (9º 19’ 28” South latitude, 40º 33’ 34” 
West longitude, 393 m altitude). The climate is hot and 
semi-arid, with a rainy season (BSh) (Köppen & Geiger, 
1928), and an average annual rainfall of 376 mm.

Levels of Leucaena inclusion (0, 20, 40, 60, and 80% on a 
dry matter basis) were evaluated in elephant grass silage, in a 
completely randomized experimental design, with 5 treatments 
and 3 repetitions, totaling 15 experimental silos. Elephant 
grass (cv. Cameron) used for making the silages came from a 
planted grass field and was harvested after 60 days of regrowth, 
cut manually at 10 cm from the ground. The Leucaena came 
from an experimental area used as a protein bank, planted five 
years ago, with the upper third of the plants manually harvested. 
The collected material was processed in a stationary forage 
machine (Nogueira Pecus 9004, Saltinho - SP, Brazil) and then 
samples of elephant grass and Leucaena were evaluated for 
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Table 1 – Particles and chemical composition of elephant grass 
and Leucaena before ensiling

Particle size
Elephant grass Leucaena

(%) (%)
>19 mm 23.41 32.01
9-19 mm 47.69 41.88
4-8 mm 15.98 13.68
< 4 mm 12.07 10.87

Chemical composition (g/kg DM)
Dry matter* 289.75 349.16

Mineral matter 66.03 74.96
Organic matter 933.96 925.03

Ether extract 14.34 51.52
Crude protein 50.45 265.96

Neutral detergent fiber 763.70 601.33
Acid detergente fiber 479.62 351.70

Hemicellulose 284.08 249.63
Cellulose 440.68 319.08

Acid detergent lignin 38.93 32.61
Total carbohydrates 869.17 607.55

Non-fibrous carbohydrates 105.47 6.22
Fibrous carbohydrates 763.70 601.33

Total digestible nutrients 343.81 457.46
DM: dry matter; *in g/kg natural matter.
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average particle size (Table 1) using the Penn State Particle Size 
Separator (PSPSS), with diameters of 19.8 and 4 mm of porosity 
and a bottom box (Heinrichs & Kononoff, 2013). Samples of 
the material before ensiling (original material) were collected 
for further laboratory analysis (Table 1).

The material was manually mixed according to the treatment 
levels, on a dry matter basis. Soon after mixing, the material 
was ensiled in experimental silos (10 cm in diameter, 50 cm 
in height, and 326.99 cm3) made of polyvinyl chloride (PVC), 
equipped with a Bunsen valve to allow the escape of gases from 
fermentation. For drainage and quantification of effluents, 
1 kg dry sand was deposited at the bottom of the experimental 
silos, protected by cotton fabric, avoiding contact of the ensiled 
mass with the sand, allowing the effluent to drain. Silos were 
weighed before and after forage deposition. Silos were opened 
after 30 days of fermentation, and the 10 cm of silage at the top 
and bottom of the silos were disregarded.

Silos were weighed empty, after ensiling and weighed 
again 30 days after sealing, upon opening. Effluent losses 
(EL), gas losses (GL), and dry matter recovery (DMR) were 
estimated according to Amorim et al. (2020):

( )( )     /      1000GL SWC SWO FMC x MSi x= − 	 (1)

where SWC = total silo weight at closure, SWO = total silo 
weight at opening, FMC = forage mass at closure, and; 
DMCC = forage dry matter concentration at closure.

( ) ( )( )         /    1000EL ESWO SW ESWC SW FMC x − = − − 	 (2)

where ESWO = empty silo weight + sand weight + screen 
at opening; SW = empty silo weight, ESWC = empty silo 
weight + sand weight + screen at closure and, 

( )
( )
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where DMR = dry matter recovery rate; FMO = forage mass 
at opening; DMO = dry matter at opening; FMC = forage 
mass at closure and DMC = dry matter at closure.

To estimate the permeability (K, in μm2) the equation 
by Williams (1994) was applied:

 726 –  0.368  –  0. )737 –  94.0  /( ),(K DM DMρ ρ= 	 (4)

where ρ= density; DM = dry matter.
Silage porosity (POR, in µm) was determined according 

to Richard et al. (2004):
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where ρMN = material density in natural matter (g/cm3); 
ρa water density (1 g/cm3); ρom = organic matter density 
(1.6 g/cm3); ρMM = mineral matter density (2.5 g/cm3); DM 
= dry matter; and OM = organic matter.

The density of the ensiled mass (DENS, in kg/m3) was 
obtained through the equation:

   /  DENS m V= 	 (6)

where m= weight of the ensiled mass, kg; V= volume of 
the ensiled material.

For the evaluation of the fermentative profile, the internal 
temperature (T, in °C), and temperature of the silo panel 
(TP, in °C) were measured at the time of opening with the 
aid of a digital infrared thermometer (Benetech, Rio de 
Janeiro – RJ, Brazil) and pH according to the methodology 
of Silva & Queiroz (2002). Aerobic stability (AS, in hours) 
was assessed following the methodology of Costa  et  al. 
(2021). The internal temperature of the silages was measured 
at 1-h intervals, for 120 h. During the stability test, the pH 
was monitored at 6-hour intervals until 96 h of exposure 
to air (Araújo et al., 2020).

The maximum pH recorded after opening the silos 
(maximum pH), time to reach maximum pH (maximum 
TpH, in hours), maximum temperature after opening the 
silos (MT, in °C), time to reach maximum temperature 
(TMT, in hours), the maximum difference between silage 
temperature and the environment temperature (DTS, 
in °C), the sum of the maximum difference of the silage 
temperature to the environment (ƩDT, in °C), and the time 
for the silage temperature showing an upward trend (STUT, 
in hours) were analyzed according to Tao et al. (2021).

Quantifications were performed for contents of dry 
matter (DM, method: 967.03), mineral matter (MM, method: 
942.05), crude protein (CP, method: 981.10) (Association 
of Official Analytical Chemists, 2016), ether extract (EE) 
(American Oil Official Method Chemists’ Society, 2017), 
neutral detergent fiber (NDF), acid detergent fiber (ADF), 
acid detergent lignin (ADL) (van Soest, 1994), hemicellulose 
(HEM = NDF - ADF) and cellulose (CEL = ADF - ADL). 
The content of total digestible nutrients (TDN) was estimated 
according to Harlan et al. (1991). Total carbohydrates (TC) 
(Sniffen et al., 1992) and non-fibrous carbohydrates (NFC) 
(Hall, 2003) were estimated using the equations:

( ) 100 –  %   %   %TC CP EE MM= + + 	 (7)

( )  100 –  %   %   %   NFC CP EE MM NDF= + + + 	 (8)

A descriptive analysis of temperature and pH peaks during 
aerobic stability was performed according to Wilkinson 
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& Davies (2012). Data were analyzed using PROC GLM 
from the Statistical Analysis System University Software 
subjected to analysis of variance and regression at the level 
of 5% probability for type I error. The significance of the 
parameters estimated by the models and the coefficients 
of determination were used as a criterion for selecting 
regression models. The following statistical model was used:

    Y Tj eijµ= + + 	 (9)

where: μ = overall mean; Tj = effect of leucaena inclusion; 
eij = residual error.

Results
The inclusion of increasing levels of Leucaena with 

elephant grass for silage making had a negative linear effect 
on GL (P = 0.002) and EL (P = 0.032). There was no effect 

of Leucaena inclusion levels on K, POR, RMS, and DENS of 
silages (P>0.05; Table 2). There was a positive linear effect 
of Leucaena inclusion on the silage pH (P < 0.001) and silo 
TP (P < 0.001; Table 2), with an increase of 0.01 on the pH 
scale and 0.01 °C for every 1% inclusion of Leucaena in silage 
composition. A negative linear effect of Leucaena inclusion 
was found on the temperature of silages (P < 0.001; Table 2).

In the stability test, the maximum pH of silages was not 
changed (P > 0.05). However, the TpH had a quadratic effect 
(P = 0.009) on leucaena inclusion (Table 3). For example, 
for silages with 40% inclusion of Leucaena TpH was reached 
30 h before (86.00 h) than for silages of elephant grass 
with no inclusion of Leucaena (116.00 h). The pH at the 
end of the exposure period showed a quadratic behavior 
with higher values for the silage of elephant grass alone 
(0%) (P = 0.005; Table  3). There was a quadratic effect 

Table 2 – Losses and fermentative profile of elephant grass silages with Leucaena inclusion levels

Variables
Leucaena levels (%)

SEM
P-value

0 20 40 60 80 L Q
GL (%DM)1 20.27 19.44 18.28 17.43 17.00 0.66 0.002 0.661

EL (kg/t NM)2 33.16 31.09 29.02 24.10 22.11 4.37 0.032 0.873
DMR (%DM) 93.36 93.80 90.26 91.91 91.32 1.08 0.111 0.457

K (μm2) 857.61 864.90 870.17 845.94 839.51 10.89 0.140 0.193
POR (µm) 71.02 69.83 68.64 67.46 66.27 0.04 0.998 0.998

DENS (kg/m3) 420.67 439.86 457.00 444.61 450.04 10.91 0.096 0.193
pH3 3.44 3.68 3.97 4.68 4.33 0.22 0.003 0.388

T (°C)4 28.00 27.33 27.33 26.00 26.00 0.24 <0.001 0.998
TP (°C)5 27.50 29.83 28.83 29.50 29.50 0.33 0.006 0.037

GL: gas losses; EL: effluent losses; DMR: dry matter recovery; K: permeability; POR: porosity; DENS: density; pH: hydrogenionic potential; T: temperature; TP: 
temperature of the silo panel; SEM: standard error of the mean; L: linear effect; Q: quadratic effect. Significance at 5% of probability. Equations: 1ŷ = 20.2000 – 
0.0428x, R2 = 0.97; 2ŷ = 33.7180 – 0.1454x, R2 = 0.97; 3ŷ = 3.4647 + 0.0140x, R2 = 0.78; 4ŷ = 28.0000 + 0.0267x, R2 = 0.88; 5ŷ = 28.3000 + 0.0183x, R2 = 0.38.

Table 3 – Aerobic stability of elephant grass silage with Leucaena inclusion levels

Variables
Leucaena levels (%)

SEM
P-value

0 20 40 60 80 L Q
Maximum pH 5.81lz 5.08 4.63 5.07 5.02 0.47 0.315 0.239
Maximum 
TpH (h)1

116.00 106.00 86.00 96.00 114.00 7.09 0.547 0.009

pH final2 5.21 3.74 4.07 4.15 4.71 0.28 0.531 0.005
Maximum 
temperature 
(°C)

26.33 25.66 25.66 25.66 25.66 0.33 0.235 0.310

Final 
temperature 
(°C)

24.00 24.00 24.33 23.66 24.00 0.21 0.061 0.242

TMT (h)3 44.55 39.65 39.71 44.72 54.68 1.19 <0.001 <0.001
DTS (°C)4 3.00 1.66 1.00 1.00 1.33 0.33 0.004 0.009
ΣDT (°C)5 41.96 -3.30 -8.60 -11.36 -9.80 4.75 <0.001 <0.001
STUT (h)6 22.66 22.33 23.00 23.16 23.00 0.18 0.027 0.812
Aerobic 
stability (h)7 39.33 90.00 120.00 120.00 120.00 2.98 <0.001 <0.001

Maximum TpH: time to reach maximum pH; TMT: time to reach maximum temperature; DTS: the maximum difference between silage temperature and the 
environment temperature; ƩDT: the sum of the maximum difference of the silage temperature to the environment; STUT: silage temperature showing an upward 
trend; SEM: standard error of the mean; L: linear effect; Q: quadratic effect. Significance at 5% of probability. Equations: 1ŷ = 118.6857 – 1.2986x + 0.0154x2, 
R2 = 0.86; 2ŷ= 5.0379 – 0.0571x + 0.0007x2, R2 = 0.78; 3ŷ = 44.5524 – 0.3686x + 0.0062x2, R2 = 0.90; 4ŷ = 2.9714 – 0.0771x + 0.0007x2, R = 0.99; 5ŷ = 37.8457 
– 1.9332x + 0.0172x2, R2 = 0.92; 6ŷ = 22.5333 + 0.0075x, R2 = 0.50; 7ŷ = 59.6000 + 0.9567x, R2 = 0.73.
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of Leucaena inclusion on DTS and ƩDT of silages, with 
higher temperatures for silage of elephant grass only (0%) 
(P < 0.05; Table 3). The inclusion of Leucaena showed a 
positive linear effect on STUT (P = 0.027) and AE (P < 0.001) 
of silages (Table 3).

The inclusion of 40 and 60% Leucaena resulted in 
elevations in temperatures at 80 h and 60 h (Figure 1A). 
In the exposure of silages to the aerobic environment, there 
were increases in pH before the silages had the maximum 
pH (Figure 1B).

The increased inclusion of Leucaena in the elephant grass 
silage composition resulted in positive linear effect on the 
contents of DM (P < 0.001), EE (P < 0.001), CP (P < 0.001) 
and TDN (P <0.001) and a reduction in the contents of 
NDF (P < 0.001), ADF (P < 0.001), CEL (P < 0.001), ADL 
(P < 0.001), CHO (P < 0.001) and FC (P < 0.001). There 
was no effect of the inclusion of Leucaena on the levels of 
MM, OM, HEM, and NFC (P > 0.05; Table 4).

Discussion
The dynamics of GL and EL are directly related to the 

dynamics of fermentation of silages. For elephant grass 
silage making, one of the objectives is to reduce these 
losses and reduce the risk of fermentation by Clostridium 
(Borreani et al., 2018; Muck et al., 2018). These objectives 
were achieved with the inclusion of Leucaena, possibly 
because of the increase of DM and the osmotic pressure in 
the ensiled mass, avoiding the proliferation of Clostridium 

bacteria, consequently maintaining the pH at suitable values 
and decreasing the percolation of nutrients through losses 
by effluents (König et al., 2017; Borreani et al., 2018).

To present good aerobic stability, it is crucial to maintain 
a good silo sealing capacity to avoid the exposure of silage 
to oxygen, paying attention to the size and uniformity of 
the particle size and compaction (Wilkinson & Davies, 
2012). The similar results of POR, K, and Dens were 
reflected directly in DMR, which was also not affected by 
the inclusion of Leucaena. The rate of entry of oxygen into 
the ensiled mass, along with porosity, permeability and 
density are the factors that directly affect the silage during 
the fermentation period.

Exclusive silages or silages with the combination of 
legumes have a higher pH when compared to grass silages, 
which was observed in the present study. For example, silages 
with greater inclusion of Leucaena (60 and 80% inclusion) 
presented pH values above the limit (3.8-4.2) recommended 
by McDonald et al. (1991). This effect is attributed to the 
high buffering capacity of Leucaena (Gandra et al., 2017) 
associated with its low content of soluble carbohydrates 
(Andrade et al., 2018).

During the beginning of fermentation, the presence of 
residual oxygen is common, promoting the heating of the 
ensiled mass and the presence of undesirable microorganisms. 
In this sense, oxygen favors the proliferation of microorganisms; 
and after oxygen depletion, the temperature of the ensiled 
mass tends to decrease (Vu et al., 2019). This may explain 

Figure 1 – Distribution of temperature (A) and pH (B) elevations before the onset of deterioration.
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the reduction of silage T with the inclusion of Leucaena. 
On the other hand, the silage TP increased with the 
inclusion of Leucaena, and this result may be related to the 
oxidation of the silo panel. As soon as the silo is sealed and 
the aerobic phase is completed, the temperature inside the 
silo tends to decrease and stabilize until the silo is opened 
under conditions of fermentation and stable preservation 
(Williams & Shinners, 2012).

Silo opening favors the proliferation of aerobic 
microorganisms. These microorganisms start their activity 
through the metabolization of lactic acid and residual 
carbohydrates as an energy source, an effect that favors 
the increase in silage pH when they are exposed to the 
aerobic environment (Weirich  et  al., 2018; Gayer  et  al., 
2019). Thus, the change in time for silages to reach the 
maximum pH is related to the rate of proliferation of aerobic 
microorganisms and the amount of lactic acid and residual 
carbohydrates available.

TMT is related to the capacity to accumulate and 
dissipate heat from the mass of silage, an effect observed 

in this study, in which silages of elephant grass only (0%) 
presented higher DTS, which leads to a higher heating 
capacity of the silages, such as the ƩDT, thus decreasing 
AS. This effect may be associated with the proliferation of 
fungi in elephant grass silages, which includes yeasts and 
molds causing silage degradation (Vu et al., 2019), and when 
exposed to the aerobic environment, these microorganisms 
assume the dominance of the medium. In addition to the 
direct association of temperature peaks with the population 
of organisms in the environment, the first temperature 
rise is related to the presence of yeasts and aerobic acetic 
acid bacteria, while the second rise is the result of the 
development of fungi (Wilkinson & Davies, 2012).

The increase in the content of dry matter, ether extract, and 
crude protein in silages is directly related to the nutritional 
characteristics of Leucaena which, in combination with 
elephant grass, improved the nutritional value of mixed 
silages. Results of dry matter are within the range described 
by Amorim et al. (2020) for a good fermentation of silages, 
which should be between 28 and 40% DM.

Table 4 – Chemical composition of elephant grass silage with Leucaena inclusion levels
Variables
(g/kg dry 
matter)

Leucaena levels (%)
SEM

P-value

0 20 40 60 80 L Q

Dry matter*1 297.87 310.38 309.61 325.91 334.53 2.90 <0.001 0.415
Mineral 
matter

65.66 66.63 67.07 61.14 64.63 2.17 0.298 0.875

Organic 
matter

930.53 930.15 925.91 937.52 932.25 1.60 0.059 0.337

Ether extract2 13.62 15.42 19.65 19.46 24.65 1.42 <0.001 0.666
Crude 
protein3

49.64 80.25 120.74 144.75 201.88 4.98 <0.001 0.078

Neutral 
detergent 
fiber4

783.59 733.94 690.32 651.48 614.48 9.99 <0.001 0.440

Acid 
detergent 
fiber5

512.28 460.98 430.21 413.94 365.01 11.07 <0.001 0.652

Hemicellulose 271.30 272.95 260.13 237.47 250.01 12.42 0.075 0.802
Cellulose6 474.44 424.60 393.75 378.80 331.00 10.93 <0.001 0.636
Acid 
detergent 
lignin7

37.83 36.38 36.45 35.13 34.00 0.37 <0.001 0.606

Total 
carbohydrates8

871.05 837.68 792.53 774.63 708.82 5.90 <0.001 0.120

Non-fibrous 
carbohydrates

87.46 103.74 102.17 123.21 94.33 10.53 0.342 0.117

Fibrous 
carbohydrates9

783.59 733.94 690.35 651.41 614.48 9.99 <0.001 0.440

Total 
digestible 
nutrients10

329.88 364.64 395.15 422.40 448.26 6.99 <0.001 0.440

*in g/kg natural matter; SEM: standard error of the mean; L: linear effect; Q: quadratic effect. Significance at 5% of probability. Equations: 1ŷ = 297.8940 + 
0.4444x, R2 = 0.93; 2ŷ =13.3478 + 0.1304x, R2 = 0.92; 3ŷ = 45.6642 + 1.8448x, R2 = 0.98; 4ŷ = 778.9048 – 2.1037x, R2 = 0.99; 5ŷ = 504.8037 – 1.7079x, R2 = 0.97; 
6ŷ = 467.0561 – 1.6633x, R2 = 0.97; 7ŷ = 37.7475 – 0.0446x, R2 = 0.94; 8ŷ = 874.4495 – 1.9376x, R2 = 0.97; 9ŷ = 778.9048 – 2.1037x, R2 = 0.99; 10ŷ = 333.1666 
+ 1.4726x, R2 = 0.99.
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The increase in CP content is also related to the nutritional 
value of Leucaena, providing values of crude protein above 
the minimum necessary to adequate ruminal fermentation, 
which is 7% according to van Soest (1994), supporting the 
positive contributions of the inclusion of Leucaena for 
improved silage quality.

The alteration in the contents of NDF, ADF, CEL, ADL, 
and FC are also directly related to fermentation losses, a 
process that results in the percolation of soluble fractions and 
increased concentrations of the cell wall (Ramos et al., 2021).

Conclusion
The inclusion of Leucaena up to 80% in the composition 

of elephant grass silages reduces fermentation losses, 

promotes a nutritional increase, and increases the aerobic 
stability of the silages.
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