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VAGENS DE ALGAROBA COMO ADITIVO ENERGETICO EM SILAGENS DE CAPIM ELEFANTE

Objetivou-se nesta pesquisa avaliar os parametros fermentativos e a composicdo quimica da silagem de Capim
Elefante com adicdo de 8, 16, 24 ou 32% de vagens de algaroba trituradas, como fonte de carboidratos soluveis, junto
ao tratamento controle (sem vagens). Foram avaliados os parametros fermentativos quanto as perdas por gases (PG),
perdas por efluentes (PE), recuperacdo de matéria seca (RMS), pH, nitrogénio amoniacal (N-NH3), e a composicao quimica
referente aos teores de matéria seca (MS), proteina bruta (PB), fibra em detergente neutro (FDN), fibra em detergente
acido (FDA), hemicelulose (HEM), celulose (CEL), lignina (LIG) e nutrientes digestiveis totais (NDT). Observou-se
comportamento quadratico (p<0,05) para PG, obtendo-se reducéo de 45,58% nesse parametro com 32% de incluséo,
em relacdo ao tratamento controle. Houve decréscimo (p<0,05) nos valores de PE (59,22%) e N-NH3 (38,21%) e
acréscimo na RMS de 17,57% conforme a adicdo das vagens na silagem. Quanto a composi¢do quimica, a incluséo das
vagens promoveu incrementos (p<0,05) de 72,28%, 69,58% e 29,80% para os teores de MS, PB e NDT,
respectivamente, e diminuicdo nos valores de FDN (29,92%) e FDA (31,84%) até o maior de nivel de inclusdo das
vagens (32%). A incluséo de até 32% de vagens de algaroba trituradas em silagem de capim elefante promove melhor
estabilidade fermentativa no silo, por reducdo nas perdas e aumento no teor de MS da massa ensilada, o que minimiza a
lixiviagdo de nutrientes. O uso das vagens como fonte de carboidratos solUveis, também pode melhorar a composicdo
quimica da silagem, elevando os teores de PB e de NDT, e reduzindo os teores de FDN, FDA e Lignina.

Ensilagem, Pennisetum purpureum Schum, Perdas por efluentes, Prosopis julifiora.
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MESQUITE PODS AS A SOURCE OF SOLUBLE CARBOHYDRATES IN ELEPHANT GRASS...

INTRODUCTION

The use of technologies that ensure the productivity of ruminant herds in
periods of low forage availability, caused by rainfall deficit, is an increasingly
common practice in production systems in the semi-arid Northeast region of Brazil.
As well as ensuring resources for feeding animals in periods of nutritional deficit,
they also enable the preservation of forage surplus produced in the rainy season in
adequate amounts and with good nutritional value (MACEDO et al., 2019).

In this context, the production of tropical grass silage is considered an
alternative to increase the supply of roughage in the off-season periods (LIRA
JUNIOR et al., 2018). Elephant grass (Pennisetum purpereum Schum) stands out among
the forages indicated for this process, for having a high forage yield and easy
establishment as a grass area.

However, this grass has characteristics inherent to its chemical composition,
such as a high moisture content at the time of cutting and a low proportion of soluble
carbohydrates (TRINDADE et al., 2018), which can lead to undesirable fermentation
patterns, with the formation of weak acids that result in slow acidification of the
ensiled mass and high effluent production (BARCELOS et al., 2018), affecting the
quality of the final product.

To minimize these problems and improve the fermentation and nutritional
aspects of silage, additives are used upon ensiling, especially those that have
absorbent properties and bring an additional contribution of soluble carbohydrates,
which will stimulate formation of lactic acid and promote a rapid drop in pH of the
ensiled mass, resulting in an improvement in the conservation of nutrients (DANIEL
et al., 2019).

In semi-arid regions, a strategy for silage production is the use of legume
pods as sources of soluble carbohydrates, especially Mesquite (Prosopis juliflora (Sw)
DC), a perennial species widely disseminated in Brazilian Northeastern region. It has
favorable characteristics for development in semi-arid areas, the fruiting period is
during the dry season, from September to November, and withstand low levels of
annual rainfall (CHATURVEDIL SAHOO, 2013).

The chemical composition of mesquite pods shows a predominance of

soluble carbohydrates, with values around 42% sucrose found in their constitution
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(NASCIMENTO et al., 2015). In addition, mesquite pods have a CP content above 9%
(REGO et al., 2011; SANTOS et al., 2012) and high hygroscopicity when ground, which
can increase the dry matter content of the ensiled mass by reducing effluent losses and
improving fermentation patterns (REGO et al., 2011). Thus, the objective of this study
was to evaluate the fermentation parameters and chemical composition of elephant

grass silage with the inclusion of mesquite pod meal.

MATERIAL AND METHODS

The experiment was conducted at the Federal Institute of Education, Science
and Technology of Ceara - Campus Crateus, in the municipality of Cratets, located at
5°10'42" South and 40°40'39" West, with an average annual rainfall of 673.3 mm
(FUNCEME, 2017). Elephant grass (Pennisetum purpureum Schum cv. Cameroon) was
grown in an area of approximately 193m?, fertilized with nitrogen after cutting and
drip irrigated on alternate days. The grass was cut at 10 cm from to the ground, 80
days after regrowth, when it had an average dry matter content of around 25.3%,
being later spread for wilting for 12 hours and then ground to particles of
approximately 2 cm.

Mesquite pods were harvested at maturity, after natural ripening and falling
on the ground, subjected to drying in the sun for 24 hours and then ground in a forage
machine with a Icm sieve. The experimental mini-silos were made with PVC pipes
measuring 10 cm in diameter and 50 ¢cm in length, containing tap top seal with a
bunsen valve for gas escape and quantification (MOTA et al., 2015).

A completely randomized design was adopted for the experiment, with five
treatments and four replications, according to the mathematical model Y;;=p +t; + ej,
where: Y; = dependent variable (fermentation or chemical composition parameter); p
= overall mean of the experiment; ti = effect of inclusion of mesquite pod meal; e;; =
experimental error.

The treatments consisted of the inclusion of 8, 16, 24 and 32% mesquite pod
meal in relation to the grass fresh weight (2.5 kgMV /mini silo), corresponding to 200,
400, 600 and 800 grams, respectively, in addition to a control treatment (no inclusion).
Homogenization and compaction of the mixture (mesquite pod meal + elephant grass)
was done manually, with the aid of PVC pipes with a diameter of 7.5 cm, in order to

obtain a specific mass of approximately 600 kgMV /m3.
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To quantify effluent production (EP), 1 kg sieved sand was added, separated
from the forage by a double layer of shading screen, according to the procedure
described by Mota et al. (2015). First, the silo + tap + sand + screen sets were weighed
before ensiling, and then the filled and sealed silos were weighed to determine losses
based on weight differences after opening. Samples were taken from each treatment
before ensiling to determine the chemical composition (Table 1).

Table 1 - Chemical composition of the ensiled mixture (grass + pods), elephant grass and mesquite pods.

Constituents!  Elephant grass i/iids;t{uite Mesquite pod inclusion levels

8% 16% 24% 32%
DM 27.13 92.03 27.83 32.92 37.36 38.89
CpP 5.42 9.07 7.87 7.58 8.28 9.51
NDF 65.18 20.03 57.1 51.38 48.68 49.93
HEM 23.97 12.75 24.93 22.28 21.99 18.28
ADF 41.21 7.28 32.17 29.10 26.69 31.65
CEL 32.80 5.44 25.85 23.50 21.55 26.13
LIG 8.41 1.84 6.32 5.60 5.14 5.52
TDN2 49.58 84.08 55.76 60.13 62.19 61.23

Nutrients in % DM. DM = Dry matter; CP = Crude protein; NDF = Neutral detergent fiber; HEM = Hemicellulose;
ADF = Acid detergent fiber; CEL = cellulose; LIG = Lignin; TDN = Total digestible nutrients.
2Estimated by the equation: TDN=74.49-0.5635* ADF (R?=0.84) (Capelle et al., 2001).

The quantification of losses by gases and effluents, and dry matter recovery
was performed using the equations proposed by Mota et al. (2015). Gas losses were

estimated by the equation:
GL (%DM) = [(WFSc - WFSo)/(FMe x DMe)] x 100

, where: GL = gas losses; WESc= weight of the filled silo at closing (kg); WFSo
= weight of the filled silo at opening (kg); FMe = fresh matter of ensiled forage (kg);
DMe = dry matter of ensiled forage (%).

Effluent losses were obtained by the equation based on the difference in
weight of sand placed at the bottom of the silo at the time of closing and opening the

silos:
EL (kg/t FM) = [(ESWo - ST) - (ESWc - ST)]/FMc x 100

, where: EL = effluent losses; ESWo = empty silo weight + sand weight at
opening (kg); ST = silo tare; ESWc= empty silo weight + sand weight at closing (kg);
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FMc = forage mass at closing (kg).

To quantify the dry matter recovery rate, the equation:
DMR (%) = (FMo x FDm)/(FMc x FDc) x 100

was used, where: DMR = dry matter recovery rate (%); FMo = forage mass at
opening (kg); FDm = forage dry matter content (%) at opening (%DM); FMc = forage
mass at closing (kg); FDc = forage dry matter content at closing (% DM).

Experimental silos were opened 70 days after sealing, where the pH of the
silage was determined by a digital pH meter, by immersing the electrode in a solution
composed of 9 grams silage and 50 mL distilled water (SILVA; QUEIROZ, 2002).
Aliquots of the ensiled mass were also taken from each repetition of the treatments
and stored in a freezer (-20 °C) to quantify the ammonia nitrogen content in relation to
total nitrogen (NH3;-N/TN) using the treatment with potassium chloride (KCl) and
distillation with magnesium oxide (MgO) by the Kjedahl method (AOAC, 2012).

Silage samples, as well as the mixture (pods + grass) collected before silo
sealing, were dried in a forced circulation oven at 55°C for 72 hours and then ground
to 2 mm particles in a Wiley mill to determine the chemical composition. Based on the
methodology of AOAC (2012), the dry matter (DM) content was determined, and with
total nitrogen, the crude protein (CP) content was estimated.

Neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin (LIG)
contents were obtained according to the methodology proposed by Van Soest (1994),
adapted for autoclave (105°C/60 min) (BARBOSA et al., 2015), using non-woven fabric
(TNT) bags with 4x5cm in size and 100pm porosity (VALENTE et al., 2011). The
contents of hemicellulose (HEM) and cellulose (CEL) were obtained according to Van
Soest (1994), with the formulas: %HEM = %NDF - %ADF and %CEL = %ADF - %LIG,
respectively. The estimate of total digestible nutrients (TDN) was obtained by the
equation proposed by Cappelle et al. (2001): TDN=74.49-0.5635* ADF (R?=0.84).

Mean values were analyzed for normality using the Shapiro Wilk test and for
homogeneity of variances by the Levene test, with the effect of including mesquite pod
meal to the ensiled mass evaluated by regression analysis (PROC REG), to construct
graphs that defined the effect of treatments, through the statistical software SAS 9.0
(STATISTICAL ANALYSIS SYSTEM, 2010). The model was selected according to the

significance of parameters at 5% probability and to the values of the coefficients of
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determination (R?).

RESULTS AND DISCUSSION

There was a decreasing linear effect (p<0.05) for gas losses (GP), with a
reduction in this parameter from the inclusion of 8% mesquite pod meal (Figure 1).
This effect is associated with the type of fermentation during ensiling, where the
lowest values for GP, when the mesquite pod meal was added, indicate that there may
have been a reduction in the activity of aerobic microorganisms, such as clostridia and
enterobacteria, which promote increased levels of CO, and N2O in the silage, resulting
in losses of DM and energy of the ensiled forage (ARAUJO et al., 2020). A similar
pattern was observed by Ribeiro ef al. (2014), when analyzing the effect of castor bean
meal on the quality of elephant grass silage, with a reduction from 10.1 to 2% in the

production of fermentation gases when 18% additive was included.

Figure 1 - Gas losses (GL) in elephant grass silages with inclusion of different levels of

mesquite pod meal.

Y=6.42 - 0.11x
. P =0.0012
R2=0.93

0% 8% 16% 24% 32%
Mesquite pod meal inclusion levels
The inclusion of mesquite pod meal resulted in reductions in the production of
effluents (PE) (p<0.05) of the silage, with a drop of 52.99% at the level of 32% inclusion
compared to the control (Figure 2). As this is a parameter directly linked to the
moisture content of the ensiled material, the inclusion of mesquite pod meal brought
benefits in relation to PE, due to the expressive DM values in its composition (92.03%)
(Table 1) and its high hygroscopicity, which combined with their smaller particle size,
reduced the leaching of organic compounds during fermentation, resulting in the

efficient maintenance of silage nutrients (BARMAKI et al., 2018).
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Figure 2 - Effluent losses (EL) in elephant grass silages with inclusion of different levels

of mesquite pod meal.
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According to Wilkinson and Rinne (2018), ensiled forages with DM contents
around 28 - 35% show lower nutrient losses due to effluent leaching in the effluents, as
observed in the present study, with the ensiled mass remaining close to recommended
even with the inclusion of 32% mesquite pod meal (38.89%), resulting in lower effluent
production (3.54 kg/ton DM) in this treatment.

As for the dry matter recovery rate (DMR), a linear increase (p<0.05) was
observed with the inclusion of mesquite pod meal in the silage, with an increment of

17.56% for the treatment with 32% (Figure 3).

Figure 3 - Dry matter recovery (DMR) rate in elephant grass silages with inclusion of

different levels of mesquite pod meal.
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The recovery of dry matter of the ensiled mass was inversely correlated with
EL and GL, where lower proportions of these are related to a higher percentage of DM
in the final product, due to the lower activity of spoilage microorganisms during
fermentation, resulting in greater efficiency in the preservation of silage components
(FURTADO et al., 2019). A similar effect was reported by Garcez et al. (2019), when
evaluated the effect of including faveira pod in elephant grass silage, obtaining values
of 62.27, 63.56, 68.83, and 70.47% DMR in inclusions of 0, 8, 16 and 24% faveira pods,
respectively.

There was a linear decrease (p<0.05) in NH3-N/TN content as mesquite pod
meal levels were added to elephant grass silage (Table 2; Figure 4). The evaluation of
this parameter is essential as a silage quality parameter, as it indicates the proportion
of protein that was degraded during fermentation (PIRES et al., 2013). The reduction in
ammonia nitrogen content may be linked to lower clostridian proteolytic activity and,
thus, there are decreases in the amino acid deamination process, preserving the

protein content of the silage (ZHANG et al., 2019).

Figure 4 - Ammonia nitrogen (NHs-N) in elephant grass silages with inclusion of differ-

ent levels of mesquite pod meal.
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In all treatments, the content of NH3-N /TN remained below 10%, indicating a
quality characteristic for obtaining good quality silage (CORREA et al., 2016),
reflecting the lower activity of proteolytic clostridia, which were inhibited by the rapid
drop in pH provided by the additive, generating minimal amounts of protein nitrogen

converted into ammonia.
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Table 2 - Fermentation parameters and chemical composition of elephant grass silage with inclusion of crushed
mesquite pods.

Mesquite pod meal inclusion levels

Parameters* 0% 8% 16% 24% 32% Equation R?
GL (% DM) 5.66 6.53 5.82 3.95 3.08 Y=5.88 + 0.07x - 0.05x2 0.73
EL (Kg/tonMS) 8.68 7.99 6.84 5.75 3.54 Y=9.04 - 0.15x 091
RDM (%) 81.66 86.29 90.71 92.78 96.01 Y= 82,48 + 0,44x 0.95
pH 3.59 3.57 3.53 3.55 3.54 Y=3.56 -
N-NH;s (%NT) 212 1.79 1.65 1.43 1.31 Y=2.05-0.025x 0.84

*GL= Gases loses in % of DM; EL= Effluent losses; RDM= Recovery of dry matter; NH3-N)= Ammonia nitrogen
in % total nitrogen.

The pH obtained at silo opening remained without variation between
treatments and close to the ideal range, which corresponds to a pH around 4.0
(QUIEIROZ et al., 2012), because at these acidity levels, there is restriction in
fermentation activity of most unwanted microorganisms (ZHANG et al., 2016).
Therefore, a rapid decline in pH during the fermentation, as observed, is crucial for
reducing proteolytic activity and halting the growth of harmful microorganisms, such
as enterobacteria (BOLSON et al., 2017).

As for the dry matter (DM) content of the silage, increments (p<0.05) of 72.28%
were obtained with the inclusion of 32% nesquite pod meal compared to the control
treatment (Table 3), which is associated with high DM content of this pods (92.03%)
and hygroscopic power of the additive, which is beneficial to the final product, as
silages with high moisture contents are likely to be colonized with clostridia, which
trigger undesirable fermentation, with the use of carbohydrates of DM for the
production of butyric acid (WANG et al., 2019).

The evaluation of the DM content should be carried out together with pH
values, since it is possible to obtain silages with adequate pH values (3.8 - 4.2), but
very wet, and this high water activity is likely to cause heterolactic fermentation,
which can reduce the nutritional value of the final product, despite the adequate
acidity of the ensiled mass (MACEDO; SANTOS, 2019). This behavior can be observed
in the control treatment, which presented good pH results (Table 2), however with low

proportions of DM in the silage (Table 3) and higher effluent production (8.68 kg/ton
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Table 3 - Chemical composition of elephant grass silages with inclusion of different levels of mesquite pod meal.

Parameters! Mesquite pod meal inclusion levels Equation R?
0% 8% 16% 24% 32%
DM 22.04 25.94 30.54 3548 3797 Y =22.11+052x 0.97
cp 5.49 7.83 7.94 8.18 9.31 Y =6.15+0.09x 0.77
NDF 64.91 59.77 52.82 49.63 4549 Y =64.32-0.61x 0.90
ADF 39.60 35.69 31.52 2914 2699 Y =38.94-0.38x 0.91
HEM 25.31 24.08 21.30 2049 1850 Y =25.66-0.23x 0.72
CEL 29.97 28.21 24.81 2282 21.69 Y=29.89-0.27x 0.85
LIG 9.63 7.48 6.71 6.32 5.30 Y =9.05-0.12x 0.80
TDN? 49.79 53.72 59.03 6147  64.63 Y =54.52 +0.26x 0.91

Constituents in % DM. DM = Dry matter; CP = Crude protein; NDF = Neutral detergent fiber; HEM = Hemicellu-
lose; ADF = Acid detergent fiber; CEL = cellulose; LIG = Lignin; TDN = Total digestible nutrients.
2Estimated by the equation: TDN=74.49-0.5635*ADF (R?=0.84) (Capelle et al., 2001).
DM).

CP contents were increased by 42.62, 44.63, 49.0 and 69.58% in treatments of 8,
16, 24 and 32% mesquite pod meal, respectively (p<0.05). This increase in protein
content is associated with a higher concentration of CP in the pods (9.07%), the low
proportions of NH3-N and the lower effluent loss in silages with inclusion of the
additive, as observed in the treatment with 32% (9.31% CP; 1.31% NH3-N and 3.54 Kg/
tonDM) compared to the control (5.40% CP; 2.12% NHs-N and 8.68 Kg/tonDM). The
inclusion of mesquite pod meal promoted acidification of the ensiled mass by
inhibiting the growth of proteolytic microorganisms and the formation of ammonia in
the silo (SANTOS et al., 2014), in addition to reducing moisture and effluent
production in the silo, which minimized leaching of protein compounds.

Low CP values observed in silages of elephant grass alone are associated with
a lower proportion of grass soluble carbohydrates, influencing the metabolic activity
of its epiphytic proteolytic microbiota, which degrade amino acids from the plant cell
structure to generate energy, produce microbial protein and favor its growth and
metabolism (SILVA et al., 2011). Thus, the inclusion of mesquite pod meal provided
fast fermentation carbohydrates as energy sources for the microorganisms to exercise
their metabolic activities during the fermentation in the silo, preserving the amino acid

and protein contents of the ensiled forage.
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There was a reduction (p<0.05) in NDF values as mesquite pod meal levels
were included in silages, with values of 45.49% for the 32% treatment, which
corresponds to a decrease of 29.92% in compared to the control treatment (64.91%).
The reduction in the contents of this constituent is associated with a lower proportion
of NDF in mesquite pod meal (20.03%) in relation to elephant grass (65.08%), with a
dilution of the total NDF in the treatment with a higher proportion (32%) of mesquite
pod meal in the silage. The quantification of the total NDF and the proportion of its
constituents (cellulose, hemicellulose and lignin) is essential in tropical grass silages,
due to its direct influence on the DM intake by ruminants (VAN SOEST, 1994).

A similar result was verified for ADF values, showing reductions in values
(p<0.05) with increasing levels of mesquite pod meal in the ensiled material. The lower
ADF values observed in silages with inclusion of mesquite pod meal can be
considered an important factor from a nutritional point of view, considering that this
fraction directly affects the digestibility of DM by ruminants (VAN SOEST, 1994).
Treatments of 8, 16 and 24% had respective increases in the ADF of 10.94, 8.32 and
9.18%, after silo opening, when compared to their composition before ensiling (Table
1). The increase in this fraction in ensiled foods may be associated with the intake of
soluble carbohydrates during the cellular respiration process at the time of material
wilting and during the fermentation process for organic acid production (ANDRADE
JUNIOR et al., 2014).

Regarding the cell wall components, reductions (p<0.05) of 26.91, 27.63 and
44.97% were found for hemicellulose, cellulose and lignin, respectively, with the
inclusion of 32% mesquite pod meal in the silage, associated both with fermentation in
the silo, and the low proportion of these constituents in the mesquite pod meal (12.75,
544 and 1.84%, respectively) (Table 1). Hemicellulose hydrolysis by fibrolytic
microorganisms present in the ensiled mass can occur, and it is important during
fermentation, as it releases soluble compounds that will be used as an energy source
for protein synthesis and growth of lactic microbiota inside the silo (COSTA et al.,
2016).

The reduction in the cellulose and lignin contents in the ensiled mass is
beneficial to the final product, since the lignocellulosic fraction, present in high
proportions in the cell wall of ensiled tropical grasses, is responsible for the

unavailability of part of the potentially degradable carbohydrates for the ruminal
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microbiota, due to its insoluble ester bonds, resulting in lower digestibility of silages,
which can limit its inclusion in larger proportions in ruminant diets (SILVA et al.,
2015).

Values of TDN of silages showed increases (p<0.05) by 7.89, 18.55, 23.45 and
29.80% at the inclusion levels of 8, 16, 24 and 32% mesquite pod meal, respectively.
TDN is an important parameter in ruminant production, because energy and protein
are limiting to animal production (OLIVEIRA et al., 2015), classifying the forage
observed in this study as quality for feeding ruminants in the semi-arid region, mainly
with the inclusion of 32% mesquite pod meal (64.63% TDN). The increase in this
fraction is associated both with the contribution of soluble carbohydrates in the ensiled
mass made available by the mesquite pod meal and by its estimate through the
percentage of ADF, which reduced with increasing levels of inclusion of this energy

additive.

CONCLUSIONS

The inclusion of up to 32% mesquite pod meal in elephant grass silage
promotes better fermentation stability in the silo, by reducing losses and increasing the
DM content of the ensiled mass, which minimizes nutrient leaching. The use of
mesquite pod meal as a source of soluble carbohydrates can also improve the silage
chemical composition, increasing the content of CP and TDN, and reducing the

content of NDF, ADF and Lignin.
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