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APRESENTAÇÃO

As cadeias produtivas têm ganhado destaque na economia nacional havendo 
necessidade de se promover melhoria do desempenho dos diversos setores envolvidos, 
especialmente aqueles que envolvem a produção animal.

Dentre as cadeias produtivas de maior destaque temos as criações de ruminantes 
(bovinos, ovinos e caprinos), a piscicultura (que tem aumentando consideravelmente), 
a avicultura, a suinocultura e a criação de animais não convencionais (como codornas 
e coelhos).

Para que produtores possam continuar com este crescimento, há necessidade 
de aperfeiçoamento nas áreas da ciência, tecnologia e inovação. 

Pensando nisto a Editora Atena traz esta compilação de artigos sobre produção 
animal, como forma de aprofundar o entendimento sobre as cadeias da produção 
animal, separados de forma a facilitar a busca e a leitura, destacando as principais 
produções, produções não convencionais e a agricultura familiar.

Boa leitura!

Valeska Regina Reque Ruiz
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CAPÍTULO 4

NUTRITIONAL VALUE OF FORAGE PEANUT (Arachis 
Pintoi CV. BRS MANDOBI) AND ELEPHANT GRASS 

SILAGES

Jucilene Cavali
Department of Animal Science. Federal University 

of Rondônia. Presidente Médici - RO.
Department of Animal Science. Federal University 
of Rondônia, Presidente Médici - RO. 76916-000. 
Brazil. Email: jcavali@unir.br Phone/fax: +55 (69) 

34711235

Victor Rezende Moreira Couto
Federal University of Goiás, Goiânia - GO; 

Marlos Oliveira Porto
Department of Animal Science. Federal University 

of Rondônia. Presidente Médici - RO.

Maykel Franklim  Lima Sales
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Judson Ferreira Valentim
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Rolim de Moura - RO.

ABSTRACT: Arachis pintoi, commonly known 
as forage peanut, is a leguminous plant with 
good forage yield and nutritional quality adapted 
to the Brazilian environmental conditions and 
used in grass/legume pastures or preserved 
as silage or hay. In this study, we evaluated the 
nutritional value and dry matter losses of silages 
produced with different proportions of forage 
peanut cv. BRS Mandobi and elephant grass. 
Five levels of substitution of elephant grass 
(0, 25, 50, 75, and 100%, fresh matter basis) 
for the legume were tested in a completely 
randomized design with four replicates. The 
fiber components of the silages, except lignin, 
decreased with higher levels of forage peanut. 
Crude protein content and in vitro dry matter 
digestibility presented maximum values of 
16.9% and 62.5%, increasing by 0.07 and 0.15 
units with every 1% of the legume added to the 
silage, respectively. Silage pH rose from 3.8 
to 5.4, although gas and effluent losses had 
estimated reductions of 0.01 and 0.66 units 
for each additional unit of the legume. Silages 
composed of elephant grass and more than 
50% forage peanut improve the nutritional value 
of the feed and increase dry matter recovery 
of the ensiled forage mass. Silages with these 
proportions of forage peanut have high protein 
and low fiber contents.
KEYWORDS: Dry matter recovery; ensilage; 
legume; nutritive value; roughage.
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INTRODUCTION

The excellent adaptation of Arachis pintoi to the wet tropics, coupled with its 
aggressiveness and productivity characteristics, good establishment, resistance to 
grazing, good palatability, and excellent nutritional value, makes this plant one of the 
most important legume species in the entire Amazon (Valentim 1996; Valentim et al. 
2001; Barrett, Valentim, Turner 2013). Ten months after planting, its dry matter yield 
ranges from 9 to 15 t ha‒1 (Assis and Valentim 2009) in harvests performed at heights 
greater than 5 cm above the soil, maintaining 64% of the total biomass ― especially of 
stolons ― available in the soil to ensure regrowth (Cavali et al. 2002).

With high crude protein contents, low fiber, and high digestibility (Ramos et al. 
2010), this leguminous plant has little variation in forage quality between the leaf and 
stem fractions as it ages when compared with other tropical forage species, mainly 
grasses (Lascano 1994; Ramos et al. 2010).

Valentim et al. (2003) observed mean crude protein contents ranging from 17.9 
to 21.7% in accessions and cultivars of forage peanut in Rio Branco - AC, Brazil and 
reported 62% digestibility in leaves of Arachis pintoi during the dry season and 67% in the 
rainy season. Oliveira et al. (2011) obtained an in vitro dry matter digestibility (IVDMD) 
of 76.1% in cultivar Belmonte in the spring, in São Carlos - SP, Brazil. Azevedo et al. 
(2014) evaluated forage peanut genotypes in the state of Acre and reported average 
calcium contents between 14.24 and 21.06 g kg‒1, 4.42 to 9.17 g kg‒1 magnesium, 0.97 
to 2.3 g kg‒1 phosphorus, and 7.61 to 22.68 g kg‒1 potassium in the shoot biomass; the 
authors stressed that the production potential of forage peanut is related to the fungal 
mycorrhizal richness in the rhizosphere, which is potentiated by phosphate fertilization 
(Miranda, Silva, Saggin Jr. 2016). Azevedo et al. (2014) identified the occurrence of 21 
species of arbuscular mycorrhizal fungi in soil samples of 45 forage peanut genotypes.

Fernandes et al. (2011) investigated the quality of hay from A. pintoi at 30 days 
of regrowth using the in vitro digestibility method and found a CP content of 24.18%, 
which is higher than those reported in the literature for tropical grasses. The authors 
concluded that this legume plant is a great source of this component for animal 
feeding, even at advanced ages. As for IVDMD, these researchers observed a higher 
value (79.21%) than those mentioned in other studies with tropical legumes, in which 
only alfalfa showed superior digestibility. The authors emphasized the ever-growing 
importance of this legume among the alternatives to improve the nutritional quality of 
pastures grown in the tropics, given their large high-quality forage yield.

Cultivar BRS Mandobi was obtained by massal selection performed at Embrapa 
Acre (Brazilian Agricultural Research Corporation) from the forage peanut accessions 
evaluation network installed in 1999 (Assis and Valentim 2009), registered in 2008, at 
Brazil’s National Cultivar Register and protected in 2011, according to the norms of the 
Ministry of Agriculture, Livestock, and Supply. One of the main characteristics of cv. 
Mandobi is its high seed yield, of over 4.000 kg ha‒1 at 18 to 21 months after planting, 
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in the environmental conditions of Acre State (Valentim and Assis 2009). Moreover, the 
cultivar has great vigor, a dry matter yield of over 18 t ha‒1 at 10 months after planting 
(Balzon et al. 2005), good establishment, tolerance to low-permeability soils, and good 
leaf production (Assis et al. 2013).

Santos (2012) evaluated genotypes Belmonte and Mandobi in Rio Branco - AC, 
Brazil, during the low-rainfall period, and observed a less marked reduction of the CP 
content at the harvest ages of 28 to 70 days for cultivar BRS Mandobi compared with 
Arachis pintoi cv. Belmonte. In addition, cultivar BRS Mandobi displayed average NDF, 
ADF, and lignin contents of 50.7%, 24.21%, and 7.28%, which were lower values than 
those found in cultivar Belmonte, besides an IVDMD of 74.6% irrespective of age, 
and dry matter accumulation of 20 t ha‒1. The use of legume plants in the ruminant 
production system is a supplementary-protein alternative for animals as a source of 
preserved roughage. Andrade et al. (2012) suggested its use in grass-intercropping 
systems.

Ladeira et al. (2002) fed ruminants with forage peanut hay and observed high 
intake and nutrient digestibility levels, demonstrating that this feedstuff can be used to 
meet the requirements for ruminant production. However, despite the elevated energy 
contents, they recommended supplementation with energy sources of high availability, 
aiming at an optimum production potential.

Another advantage of the use of legumes and the nitrogen uptake through biological 
fixation by soil bacteria associated with the plant is the expressive increase in carbon 
fixation into the soil and the reduced greenhouse gas emission. Comparative studies in 
areas with grass pastures and pastures with grasses intercropped with legumes have 
shown significant increases in carbon stocks in intercropped pastures (Barcellos et al. 
2008; Paris et al. 2009; Fernandes et al. 2011; Paulino et al. 2012).

Harvesting and ensiling the surplus forage production is an alternative to renew 
the forage sward and increase the carbon incorporation, maintaining the high system 
turnover.

The ensiling of forage peanut associated with elephant grass has shown to be an 
option to improve the nutritional value of the silage, as a result of the balance between 
the components of the ensiled biomass, improving the fermentation profile. Elephant 
grass, commonly used for silage making at its point of maximum nutritional value, 
provides an increase in dry matter content and a reduction in the amount of ammonia 
produced in forage peanut silages. Including this legume in the ensiling of this grass is 
a practice aimed at generating feed of better quality and nutritional value, reducing the 
fiber content, and consequently increasing the intake, digestibility, and performance of 
animals.

The objective of this study was to evaluate the nutritional content and dry matter 
losses of silages produced with different levels of forage peanut and elephant grass.
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MATERIALS AND METHODS

The experiment was conducted in the Agrostology Unit at the Federal University 
of Viçosa (657 m asl), where the average annual precipitation was 1,341 mm, 86% of 
which occurred in the months of October to March. Mean temperature ranged from 
14.0 to 26.1 ºC.

The elephant grass (Pennisetum purpureum cv. Cameroon) was harvested during 
the regrowth of the already established grass pasture, to which cattle manure was 
incorporated throughout the year. Forage peanut (Arachis pintoi cv. BRS Mandobi) was 
planted in 2009, after soil preparation, and was fertilized biannually with cattle slurry; 
the grass was leveled in October 2010. At the harvest, the elephant grass and forage 
peanut were at 50 and 110 days of regrowth, and with a height of 1.5 m and 60 cm, 
respectively. The forages were harvested manually at 15 cm and 2 cm from the soil 
surface, respectively, using a machete, and then chopped to particles of approximately 
two centimeters in a stationary forage chopper.

The elephant grass:forage peanut ratios in the silage were 0:100, 25:75, 50:50, 
75:25, and 100:0%, fresh matter basis. A completely randomized design with five 
replicates (five elephant grass:forage peanut ratios) and four replicates was adopted. 
The material was ensiled in plastic buckets (experimental silos) with 18-L capacity 
equipped with a Bunsen valve on their lid to allow the escape of fermentation-derived 
gases. Three kilograms of dry sand were placed at the bottom of the buckets, separated 
from the forage by a layer of fabric, for a later estimate of the effluent production. The 
average specific mass or compaction density of the buckets containing elephant grass 
and forage peanut only were 801 and 643 kg forage/m3, respectively. Silos were sealed 
with adhesive tape, weighed, and stored in a covered area at room temperature until 
they were opened, which occurred 40 days after ensiling. On this occasion, the silo 
content was weighed again to quantify losses due to fermentation, and samples were 
collected for determinations of pH and ammonia nitrogen N-NH3.

For pre-drying, a 500-g sample of the substrate from each treatment was 
harvested, in triplicate, before ensiling and after silo opening, and then packed in 
paper bags. Samples were dried in a forced-air oven at 60 ± 5 ºC for 72 h and then 
ground through a Wiley mill to 1 mm particles. Dry matter (DM), neutral detergent 
fiber (NDF), acid detergent fiber (ADF), hemicellulose, lignin, total nitrogen, water-
soluble carbohydrates (SC), and in vitro apparent dry matter digestibility (IVDMD) were 
determined at 48 h, according to Silva and Queiroz (2002); NDF and ADF corrected 
for ash and protein (NDFap and ADFap) according to Hall (2003); and neutral (NDIP) 
and acid (ADIP) detergent insoluble protein following Licitra et al (1996). The rumen 
inoculant for in vitro incubation was collected from rumen-cannulated crossbred cattle 
feeding ad libitum, which received 2 kg of concentrate and chopped sugarcane.

For determination of pH, 25-g samples were collected to which 100 mL distilled 
water were added, and then left to rest for 2 h. After this time, the pH was read using a 
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digital pH meter. In another 25-g sample, 200 mL of a 0.2 N H2SO4 solution were added, 
and the mixture was left to rest for 48 h in a refrigerator; after this period, the mixture 
was filtered through a Whatman® 54 filter paper. The N-NH3 content as a percentage of 
the total N was measured in the filtrate using KOH a 2 mol L-1.

Dry matter losses as gases and effluent were quantified as follows: gas losses 
(%DM) were calculated as the difference in weight between the full bucket at silo 
closure and opening (kg) divided by the forage mass at closure (kg) and multiplied 
by the herbage dry matter at closure and by 1,000. Effluent loss (kg t‒1 fresh matter) 
was calculated as the difference in weight of the sand (kg) before and after ensiling, 
relative to the forage mass (kg) at silo closure, multiplied by 100. Dry matter recovery 
was obtained as the difference in forage weight (kg) from ensiling to silo opening and 
respective dry matter contents in the silos (%), following the methodology described by 
Jobim et al. (2007).

Treatment means were subjected to variance and regression analyses, and 
orthogonal contrasts were used to check the possible linear, quadratic, cubic, and 
quartic effects for the different proportions of forage peanut and elephant grass, 
adopting α = 0.05.

RESULTS AND DISCUSSION

Before ensiling, elephant grass showed an average dry matter (DM) content of 
16.8% (Table 1), which is considered low to provide adequate fermentation conditions 
and prevent effluent production. According to Jones and Jones (1995), a minimum DM 
content of 25% is required to prevent significant effluent production in silages. The 
DM values recorded for the elephant grass are due to its early harvest, at 50 days of 
regrowth, and corroborate the values reported by Valadares Filho et al. (2015) for this 
cultivar harvested at 60 days of growth.

In cv. Mandobi, except for DM, the other chemical components of the cultivar 
agreed with the mean values found in other leguminous plants of the species Arachis 
pintoi compiled by Valadares Filho et al. (2015) and Paulino et al. (2012). These authors 
observed a linear decrease in protein content from 23.5 to 19.1%, in the forage dry 
matter, from 64 to 142 days of growth, and a decrease in the NDF, ADF, and cellulose 
contents of forage peanut cv. Belmonte of 49.5, 38.0, and 29.0% DM, respectively. 
These authors stressed that even at more advanced ages, the nutritional values are 
adequate and the legume is appropriate for ruminant feeding.

Nascimento et al. (2010) evaluated forage peanut cv. Alqueire-1 and found a CP 
content of 20.8% at 84 days of growth and emphasized its flexibility to the frequency 
of harvests and deferment management for dry periods of up to 180 days, with no 
losses of forage quality. The authors stressed the alternative of the use of the legume 
in production systems for the forage scarcity period.

Santos (2012) evaluated cultivar Mandobi at different harvest ages and observed 
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22.6% CP, 50.7% NDF, 24.2% ADF, and 7.28% lignin in the dry season of the year at 70 
days of regrowth. The author also reported an IVDMD of 74.6%, which is higher than 
the 64.2% found for cv. Belmonte in the present study at 110 days.

Paulino et al. (2012) did not observe differences for the concentrations of 
condensed tannins and total tannins and phenols as a function of the harvesting age 
of forage peanut cv. Belmonte. Tannin levels were below 40 g kg ‒1 DM, considered 
minimum tolerance of toxicity to ruminants without adverse effects on palatability or 
animal production.

Mean non-fibrous carbohydrates (NFC) contents of 10 and 23% were detected 
for elephant grass and forage peanut, respectively (Table 1). Woolford (1984) 
recommended a soluble carbohydrates (SC) content above 8% in the dry matter and 
a moisture content of approximately 70% as potential for fermentation during ensiling. 
However, there is an inverse relationship between the need for SC and the forage DM 
content for good fermentation to take place. Adequate soluble carbohydrate contents 
are desirable, because, during the normal fermentation process, they are converted to 
organic acids, mainly lactic acid, causing a reduction of pH, which in turn inhibits the 
action of other undesirable microorganisms, especially those of the genus Clostridium 
(McDonald et al. 1991).

Haigh (1990) suggested the existence of an inverse relationship between the 
need for sugars and the dry matter content of the forage, for proper fermentation. Van 
Soest (1994), by contrast, stated that the SC:buffering capacity ratio must be high so 
as to generate good-quality silage, should the forage dry matter be reduced.

In the silages, all chemical-composition variables were influenced by the increasing 
proportions of forage peanut replacing elephant grass, except for the organic matter, 
total digestible nutrients, and NH3-N contents (Table 2).

Results observed for the silages containing forage peanut cv. BRS Mandobi 
solely are close to the mean values found by Paulino et al. (2009) in forage peanut cv. 
Belmonte, whereas the values observed for elephant grass are below those obtained 
by Valadares Filho et al. (2015). Paulino et al. (2009) observed DM, CP, NDF, and 
IVDMD values of 19.9%, 21.6%, 45.1%, and 64.8%, respectively, in silage containing 
forage peanut cv. Belmonte only, harvested at 60 days of regrowth.

Increasing the forage peanut levels from 0 to 100% resulted in a linear increase 
in the DM content of the silages from 16 to 23% (Table 2). This response is due to the 
maturity of the forages and the higher dry matter content of the legume in relation to 
the grass at the early harvest, performed at 50 days of regrowth. Paulino et al. (2009) 
added forage peanut at the levels of 10, 20, and 30% to elephant grass cv. Paraíso 
silage at 100 days of regrowth and observed an increase in DM from 18.3 to 20.0% and 
in CP from 15.5 to 17.6%. They also observed a downward trend in the NDF contents 
of silages with a higher percentage of elephant grass: 59.0% vs. 61.6%, caused by the 
lower proportion of cell wall in the peanut harvested at 60 days of regrowth.

The NDFap, ADFap, and hemicellulose contents decreased as the proportions of 
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forage peanut in the silages were increased (P < 0.05); this was an expected result, 
given the lower proportion of cell wall in the legumes. This can be explained by the non-
fibrous carbohydrates (NFC) contents, which rose by 0.15 units with every 1% forage 
peanut added. The non-structural carbohydrate levels are much higher in legumes than 
in grasses, and in the leaves compared with stems. This affects the forage digestibility, 
which is reduced as the plant ages — and even more markedly in grasses than in 
legumes.

Overall, NFC contents increased by 1.38% with the addition of 25% forage peanut 
to the ensiled forage biomass. The non-fibrous carbohydrates represent the fractions 
most rapidly digested in the rumen, including pectin, starch, and sugars (Silva and 
Silva 2013; Nussio et al. 2011). These compounds are rapidly fermented by lactic acid 
bacteria, promoting an increase in lactic acid content, characterized by the pH decline 
in the silage compared with the ensiled mass. The high NFC content of the silages, 
especially in those with forage peanut rates greater than 50%, may also be associated 
with the rupture of chemical bonds of structural carbohydrates, mainly hemicellulose 
(Table 2), as stressed by Nussio et al. (2011). Therefore, the substitution of forage 
peanut for elephant grass might have influenced the tannin contents, since lignin, 
associated with the polymers from the plant cell wall, increased while the NDF content 
decreased (Bai et al. 2011).

Non-fibrous carbohydrate contents, represented by fractions A + B1, were higher 
in the silages (Table 2) as compared with the ensiled mass (Table 1).

The difference in carbohydrate fractions between crops is related to differences in 
the structural characteristics of plants. As stated by Naeini et al. (2014), highly soluble 
carbohydrate fractions increase with the ensiling period, which may be attributed to 
the cell wall degradation resulting from the activity of microbial enzymes (cellulase and 
hemicellulase) and organic acid production during fermentation.

According to Detmann et al (2014a), in terms of maximization of rumen microbial 
development, a minimum CP concentration of 124 g/kg DM is recommended to provide 
balance between the input and output of N into and from the rumen and ensure its 
proper availability for other animal-metabolism requirements. They also recommend an 
optimal ratio between protein and energy of 288 g CP/kg digestible organic matter or 
TDN, which optimizes the voluntary forage intake by the animal by potentiating the use 
of the latent energy from tropical forages (Detmann et al. 2014b).

Andrade et al. (2010) stressed that feeds like elephant grass, with high levels of 
fractions A + B1, are excellent energy sources for the development of microorganisms 
that use NFC, suggesting the addition of protein sources of rapid and medium 
degradation in the rumen — in this case, the forage peanut — for greater synchrony 
between the release of energy and nitrogen.

Neutral (NDIP) and acid (ADIP) detergent insoluble protein values rose as the 
proportion of forage peanut was increased. From the nutritional perspective, an increase 
in ADIP levels is not desirable, since the nitrogen retained in ADF is unavailable to the 
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rumen microorganisms, as it is in the subsequent gastrointestinal tract. The unavailable 
protein from all ensiled forage increases as a result of both the physiology of the plant 
and the Maillard reaction, a process that leads to excessive heating of the ensiled mass 
(McDonald 1981), whereby the protein reacts with the plant carbohydrates (Van Soest 
1994). Therefore, according to the author and with the data shown in Table 1, ADIN 
increases as the soluble protein is decreased and CP is increased due to heat.

The lignin content increased linearly (P < 0.05) with the addition of peanut, which 
is related to the higher value of this component in the peanut in relation to elephant 
grass. In general, the lignin content relative to the NDF content of the forage is 
negatively correlated with the degradation of the fibrous fraction, since lignin prevents 
the digestion of cell wall carbohydrates by approximately 1.4 times its own weight (Van 
Soest 1981). Paulino et al. (2009) obtained 45.0%, 39.0%, and 9.3% NDF, ADF, and 
lignin, respectively, in a forage peanut-only silage.

Based on the data described in Table 2, there is a negative correlation between 
the lignin content and IVDMD. According to Van Soest (1994), this fact is due to the 
greater concentration of hemicellulose in the grasses, linked covalently to the lignin. 
Jung (1989) remarked that the lignin composition may influence the fiber digestibility. 
The phenolic acids p-coumaric and ferulic, which represent the non-core lignin, and 
which are present on the cell wall of forage plants, have a negative effect on digestibility, 
mainly p-coumaric acid. In this way, histological and anatomical differences in plants 
from heterogeneous photosynthetic groups, classified into C4 and C3, constitute tropical 
and leguminous grasses, respectively. In ensiling, greater proportions of elephant 
grass compromised digestibility because of its higher indigestible NDF and lower NFC 
contents (Table 2) compared with those found in the silages with higher rates of forage 
peanut.

The treatment with alkalis in grasses results in a considerable solubilization of 
lignin and an effect on digestibility (Van Soest 1994); however, it has little influence on 
the digestibility of lignin in legumes, which may explain the higher lignin contents in 
the silages with greater levels of forage peanut, compared with the same levels before 
ensiling (Table 1). High NDF, ADF, and lignin levels and low IVDMD may be related 
to the advanced maturity stage of the peanut. This fact likely led to a reduction of the 
leaf:stem ratio, increased number of reproductive branches, and longer stolons, which 
may result in higher cellulose and lignin concentrations, yielding lower-quality forage.

In vitro dry matter digestibility increased (P < 0.05) with the higher proportions of 
forage peanut. Paulino et al. (2009) observed an IVDMD for forage peanut-only silages 
of 64.8%, which is higher than the 62.5% obtained in the present study; however, they 
did not find differences between the elephant grass silages including 10, 20, or 30% 
forage peanut (average 61.5%).

The pH increased from 3.8 to 5.4 as the peanut levels in the silages were increased 
(Table 2), while N-NH3 had a maximum value of 5.8% at the forage peanut level of 43.6%. 
Paulino et al. (2009) observed a pH of 5.48 and 18.22% N-NH3 in silages containing 
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forage peanut only. The higher pH values detected with higher levels of Arachis in the 
silages is due to the typical buffering effect of legumes, which possess a larger amount 
of organic ions and form buffers, preventing the development of lactic acid-producing 
bacteria. Despite their elevated pH as compared with the silages containing grass only 
(5.4 vs. 3.8), silages containing forage peanut alone displayed similar N-NH3

 values 
(3.96 vs. 4.31), as a result of the DM contents of 23.0% and 16.6% of the forages in the 
ensiled mass, respectively (Table 2)

Van Soest (1994) mentioned that pH values may not be so relevant for silage 
quality when dry matter contents are elevated. However, in the present study, despite 
the low DM content of elephant grass at ensiling, the pH reached a maximum of 5.4. 
Paulino et al (2009) obtained, in mixed silages, pH values of 3.15, 3.4, and 3.5 for 
the peanut levels of 10, 20, and 30% added to elephant grass, respectively. These 
pH values are lower than the 5.3 detected in the present study for the silages with 
forage peanut levels greater than 25%. This fact can be explained by the high buffering 
capacity of legumes, resulting in resistance against pH decline during fermentation. 
This variable also increased (P < 0.05) as the proportion of peanut in the silages were 
increased (Table 2). Muhammad et al. (2008) worked with levels of inclusion of different 
legumes in the ensiling of Sorghum almum Parodi and observed a pH rise from 5.3 to 
5.7 in the silages with peanut levels of up to 40%.

Gas and effluent losses decreased linearly as the proportions of forage peanut in 
the silages were increased. Estimated reductions of 0.01 and 0.68 units, respectively, 
were obtained for every 1% forage peanut added (Table 3), which must be associated 
with the increasing dry matter content of the silages resulting from addition of the 
legume, as found in the present study. This directly contributed to the reduction of 
undesirable fermentations in the silo and promoted greater recovery of the ensiled 
mass DM.

Leandro et al. (2015) studied the epiphytic population of forage peanut silage 
at different fermentation periods and observed dominance of the genus Weissela, 
found in the composition of the epiphytic population of alfalfa, followed by a small 
participation of the genus Pediococcus in the final stages of fermentation. The genus 
Lactobacillus, however, appeared modestly in silages at 56 days of fermentation, and 
the family Enterococcaceae disappeared during fermentation; this was an expected 
finding, given the unfavorable conditions, i.e., pH decline after fermentation, which 
inhibits the growth of bacteria of this family.

CONCLUSIONS

Forage peanut silage has optimal nutritional characteristics such as high protein 
and low fiber contents. Ensiling elephant grass with proportions of forage peanut greater 
than 50% improves the nutritional value and increases the recovery of the ensiled dry 
matter.
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Variable EG:PP ratio (% fresh matter)
100:0 75:25 50:50 25:75 0:100

Dry matter (%) 16.89 19.39 21.90 24.40 26.90
Organic matter1 82.74 83.10 83.46 83.82 84.18
Crude protein1 10.07 11.78 13.50 15.21 16.93
Ether extract1 1.84 1.87 1.91 1.94 1.98
Neutral detergent insoluble protein1 3.17 4.23 5.28 6.34 7.39
Acid detergent insoluble protein1 0.91 1.31 1.71 2.11 2.52
Non-fibrous carbohydrates 10.44 13.59 16.74 19.88 23.03
Neutral detergent fiber corrected for ash and 
protein1 59.79 55.07 50.36 45.64 40.92
Acid detergent fiber corrected for ash and 
protein1 38.82 37.11 35.41 33.71 32.01
Hemicellulose1 20.97 17.96 14.95 11.93 8.92
Lignin1 5.56 5.95 6.35 6.74 7.13
In vitro dry matter digestibility1 56.55 53.48 60.42 62.35 64.28
Indigestible neutral detergent fiber1 26.09 24.16 22.22 20.29 18.36
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pH 5.8 5.7 5.65 5.70 5.90
Ammonia nitrogen, in % total nitrogen 0.58 0.56 0.49 0.44 0.40

1 % dry matter.
Table I. Chemical composition, in vitro digestibility, and in situ degradability of the forage DM 

before ensiling, as a function of levels of elephant grass (EG) and forage peanut (Arachis 
pintoi cv. BRS Mandobi; PP).

Variable
EG:PP ratio1

100:0 75:25 50:50 25:75 0:100 CV 
(%)

Regression 
equation R2

P-value

Dry matter (%) 16.62 17.62 18.97 21.47 23.02 3.03 Ŷ = 15.8143 
+ 0.0719 *PP 0.95 0.0001

Organic matter1 87.80 87.92 88.32 88.37 88.27 0.53 Ŷ = 88.14

Crude protein1 9.42 11.60 12.60 15.20 16.90 4.87 Ŷ = 9.4435 + 
0.0743 *PP 0.94 0.0001

Ether extract1 3.92 2.88 2.74 2.73 2.65 10.7 Ŷ = 3.7535 – 
0.0238 *PP 0.63 0.0002

Neutral detergent insoluble protein1 1.54 3.56 4.74 5.82 6.34 5.50 Ŷ = 2.0280 + 
0.0475 *PP 0.93 0.0001

Acid detergent insoluble protein1 0.79 1.42 1.68 1.89 2.14 10.6 Ŷ = 0.9550 + 
0.0126 *PP 0.85 0.0001

Non-fibrous carbohydrates 14.45 18.81 24.31 28.18 28.59 8.54 Ŷ = 15.3426 
+ 0.1506*PP 0.86 0.0001

Neutral detergent fiber corrected 
for ash and protein1 60.00 54.60 48.50 42.30 40.00 4.00 Ŷ = 59.5530 

– 0.2088 *PP 0.93 0.0001

Acid detergent fiber corrected for 
ash and protein1 42.00 40.90 38.50 36.30 35.50 1.57 Ŷ = 42.1980 

– 0.0706 *PP 0.93 0.0001

Hemicellulose1 17.99 13.68 10.00 5.96 4.58 19.3 Ŷ = 17.3525 
– 0.1381 *PP 0.87 0.0001

Lignin1 5.17 6.54 7.28 7.66 8.77 5.07 Ŷ = 5.4230 + 
0.0334 *PP 0.90 0.0001

In vitro dry matter digestibility1 53.57 54.76 57.30 60.81 62.49 1.82 Ŷ = 51.4125 
+ 0.1477 *PP 0.94 0.0001

Indigestible neutral detergent fiber1 25.70 25.27 22.20 20.50 20.50 5.67 Ŷ = 25.9095 
– 0.0612 *PP 0.73 0.0004

Total digestible nutrients1 57.43 55.47 56.22 56.96 56.41 1.43 Ŷ = 56.50

pH 3.85 5.33 5.47 5.45 5.48 2.76 Ŷ = 4.0695 + 
0.3362*PP 0.84 0.0001

Ammonia nitrogen, in % total 
nitrogen 4.31 5.99 5.54 5.08 3.96 9.05

Ŷ = 
4.64282 + 

0.05275*PP – 
0.00060*AM2

0.78 0.0001

* significant at the 5% level, by the t test. 1 % dry matter. 

Table II. Chemical composition of silages and regression equations adjusted for the silages as 
a function of increasing levels of forage peanut (Arachis pintoi cv. BRS Mandobi; PP) added to 

elephant grass (EG) grass

Variable
EG:PP ratio2 CV 

(%) P-value Regression equation R2

100:0 75:25 50:50 25:75 0:100
Gas losses1 4.22 4.32 3.72 3.52 3.20 16.5 0.0118 Ŷ = 4.5286‒0.0135*PP 0.91

Effluent 
losses2 67.15 51.22 14.17 6.30 4.25 6.23 0.0001 Ŷ = 61.2071‒0.66221*PP 0.88

Recovered 
dry matter1 89.07 90.55 94.85 95.82 96.37 0.72 0.0104 Ŷ = 89.3643+0.7940*PP 0.87
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1 g/kg dry matter; 2 g/kg fresh matter. R2 = coefficient of determination. P = 0.05

Table III. Mean contents for losses of dry matter from the ensiled mass and regression 
equations adjusted for the silages as a function of increasing levels of forage peanut (Arachis 

pintoi cv. BRS Mandobi; PP) in relation to elephant grass (EG)

Figure. Management of Forage peanut BRS Mandobi.
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