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ABSTRACT

SANTOS, Luciano Saraiva, M.Sc., Universidade Federal de Vicosa, August, 2022. Effects of
additives on fermentation profile and in situ rumen degradability of elephant grass
silage cv. BRS Capiacu. Adviser: Polyana Pizzi Rotta. Co-advisers: Alex Lopes da Silva and
Odilon Gomes Pereira.

The objective of this work was to evaluate the effects of four doses of different bacterial
additives or the inclusion of 8% ground corn grain in elephant grass cv. BRS Capiacu on the
silage fermentative profile, chemical composition, and in sifu ruminal degradability. The
experimental design was completely randomized, with treatments set up in a 6 x 3 factorial
scheme (six additives x three fermentation periods) and three replications. The additives were
1) no inoculant (NI); 2) 0.5 g/ton of commercial product composed of Lactobacillus buchneri
(LBUos); 3) 1 g/ton of commercial product composed of Lactobacillus buchneri (LBU1); 4) 1
g/ton of commercial product composed of Lactobacillus plantarum and Pediococcus
acidilactici (LPP1); 5) 2 g/ton of commercial product composed of Lactobacillus plantarum
and Pediococcus acidilactici (LPP>); and 6) inclusion of 8% ground corn grain (IGCG) in the
silage, which was opened at 30, 60 and 90 d of fermentation. The silage opened at 60 d of
fermentation was subjected to in situ rumen degradability procedures using three lactating
Holstein cows fistulated in the rumen, allowing for the following incubation times (0, 3, 6, 12,
24, 30, 48, 72, 120 and 240 h). Silage with IGCG showed the highest levels of dry matter
(DM), crude protein, and other extract and reductions in the neutral detergent fiber (NDF),
acid detergent fiber and lignin. For the fermentation profile, silages containing IGCG showed
the lowest pH, butyric acid, and ammoniacal nitrogen levels and the highest lactic acid levels.
Water-soluble carbohydrates and total DM losses did not differ between treatments. Silages
containing IGCG showed greater potential and effective degradability of DM and organic
matter (OM), with a consequent increase in fraction "a" (soluble fraction) and a reduction in
fraction "b" (potentially degradable insoluble fraction). The potential degradability of NDF
showed the highest values, however, differing only from silages supplemented with LBU;.
The effective degradability of NDF and its fractions "C" (the degradation rate of the
potentially degradable fraction) and "I" (the indigestible fraction) was not influenced by the
use of additives. When the "D" fraction (the potentially degradable fraction of the NDF) was
observed, the silage containing IGCG presented the highest value; however, it did not differ
from the NI, LPP; and LPP; silages. DM and MO fraction "c" did not differ between

additives. It is concluded that the silage containing IGCG presented the best fermentative



profile and the best nutritional value, providing increases in the ruminal degradability of DM
and Capiacu MO, improving the degradation of nutrients, and providing an alternative for the

availability of nutrients in the rumen.

Keywords: Additives. BRS Capiacu silage. Fermentation profile. In situ ruminal degradabil-

ity. Nutritional value.



RESUMO

SANTOS, Luciano Saraiva, M.Sc., Universidade Federal de Vicosa, agosto de 2022. Efeitos
de aditivos no perfil de fermentacio e na degradabilidade ruminal ir situ da silagem de
capim-elefante cv. BRS Capiacu. Orientador: Polyana Pizzi Rotta. Coorientadores: Alex
Lopes da Silva e Odilon Gomes Pereira.

O objetivo deste trabalho foi avaliar os efeitos de quatro doses de diferentes aditivos
bacterianos ou inclusdo de 8% de grao de milho moido em silagem de capim elefante cv. BRS
Capiagu, sobre o perfil fermentativo, composi¢do quimica e degradabilidade ruminal in situ.
O delineamento experimental utilizado foi inteiramente casualizado, com tratamentos em
esquema fatorial 6 x 3 (seis aditivos X trés periodos de fermentacdo) e trés repeticdes. Os
aditivos foram: 1) sem inoculante (NI); 2) 0,5 g/ton de produto comercial composto por
Lactobacillus buchneri (LBUyps); 3) 1 g/ton de produto comercial composto por Lactobacillus
buchneri (LBUy); 4) 1 g/ton de produto comercial composto por Lactobacillus plantarum e
Pediococcus acidilactici (LPP1); 5) 2 g/ton de produto comercial composto por Lactobacillus
plantarum e Pediococcus acidilactici (LPP2); e 6) inclusdo de 8% de grio de milho moido
(IGCG) na silagem, aberta aos 30, 60 e 90 d de fermentacdo. A silagem aberta aos 60 dias de
fermentacdo foi submetida aos procedimentos de degradabilidade ruminal in situ, utilizando
trés vacas holandesas lactantes fistuladas no rumen, permitindo os seguintes tempos de
incubacdo (0, 3, 6, 12, 24, 30, 48, 72, 120 e 240 h). Observou-se que a silagem com IGCG
apresentou os maiores teores de matéria seca (MS), proteina bruta, extrato etéreo e reducdes
de fibra em detergente neutro (FDN), fibra em detergente acido e lignina. Quanto ao perfil de
fermentagdo, as silagens com IGCG apresentaram os menores teores de pH, acido butirico e
nitrogénio amoniacal, e os maiores teores de acido latico. Os carboidratos soluveis em agua e
as perdas totais de MS ndo diferiram entre os tratamentos. As silagens com IGCG
apresentaram maior degradabilidade potencial e efetiva da MS e da matéria organica (MO),
com consequente aumento de sua fragdo "a" (fracdo solivel) e reducdo da fracdo "b" (fragdo
insolivel potencialmente degraddavel). A degradabilidade potencial da FDN apresentou os
maiores valores, entretanto diferindo apenas das silagens aditivadas com LBU;. A
degradabilidade efetiva da FDN e suas fracdoes "C" (velocidade de degradacdo da fracdo
potencialmente degradavel) e "I" (fracdo indigerivel) ndo foi influenciada pelo uso de
aditivos. Aos observar a fracdo "D" (fracdo potencialmente degradavel da FDN), a silagem
com IGCG apresentou o maior valor, entretanto nao diferiu da silagem NI, LPP; e LPP>. A

fracdo "c" da MS e MO nao diferiram entre os aditivos. Conclui-se que a silagem com IGCG



apresentou o melhor perfil fermentativo e o melhor valor nutritivo, proporcionando aumentos
na degradabilidade ruminal da MS, MO do Capiagu, melhorando a degradacio dos nutrientes,

sendo uma alternativa para a maior disponibilidade de nutrientes no rimen.

Palavras-chave: Aditivos. Degradabilidade ruminal in situ. Perfil fermentativo. Silagem de

BRS Capiacu. Valor nutricional.



LIST OF ILLUSTRATIONS

Figure 1 — Dry matter degradability of elephant grass silages with levels of microbiological
inoculants or ground corn grain iNCIUSION ..eccceecssecsnccssncssncsssnsssnssssncssnesssssssnssssssssnsssssssssessssens 65

Figure 2 — Organic matter degradability of elephant grass silages with levels of microbiologi-
cal inoculants Or Zround COIM STAIN ..cecccseecssecssecsssesssnssssnsssnssssnssssssssssssssssssssssesssssssssssssssssessssses 66

Figure 3 — Neutral detergent fiber degradability of elephant grass silages with levels of micro-
biological inoculants or with ground COIM ZraiNeeeeeeccseecssseecssseecsseessseessssecsssssessssecsssessassessns 67




LIST OF TABLES

Table 1 — Chemical composition of fresh elephant grass (BRS Capiagu), with application of
bacterial additive doses and inclusion of 8% ground COIn rain .....ccceeecsecsssesssncsencssncsssessanes 55

Table 2 — Proportion of ingredients and composition of the experimental diet .....ccccceeesseeenes 56

Table 3 — Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on
different fermentation days on the chemical composition (g/kg of DM) of elephant grass cv.
BRS Capiacu 57

Table 4 — Effect of levels of bacterial additives or inclusion of ground corn grain and different
fermentation days on pH values, soluble carbohydrates (g/kg DM), lactic acid/acetic acid ratio
(g/kg DM), production of effluents (kg/ton of green mass) and total DM losses (% of DM) .58

Table 5 — Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on
different fermentation days on ammoniacal nitrogen, gas loss and organic acid of elephant
grass cv. BRS Capiacu 59

Table 6 — Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on
in situ degradation parameters of DM, OM and NDF of elephant grass silages cv. BRS
Capiacu 61

Table 7 — Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on
potential degradability of DM, OM and NDF of elephant grass silages cv. BRS Capiagu ..... 62

Table 8 — Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on
effective degradability of DM, OM and NDF of elephant grass silages cv. BRS Capiacu .....63



SUMMARY

INTERPRETATIVE SUMMARY ....ooiiiiiiiiiiiiieececee et 15
ABSTRACT ... ettt et st et s 16
INTRODUCTION ...ttt ettt st e s 18
MATERIAL AND METHODS .......ooiiiiee e 20
RESULTS ..ottt et et et st st e aee e 30
DISCUSSION ...ttt sttt et st e st e et st e e s aeeeneesenesneens 37
CONCLUSION ..ottt et st e e et e sanesneens 45
AGRADECIMENTIOS ...ttt st 46

REFERENCES ...ttt ettt e et st e 46



15

INTERPRETATIVE SUMMARY
Effects of additives on fermentation profile and in situ rumen degradability of elephant
grass silage cv. BRS Capiacu. By Santos et al. Elephant grass cv. BRS Capiagu has high
productivity and can be used for dairy cattle as silage. However, if an additive is not used,
low-quality silage may be produced, compromising animal production. The objective of this
study was to evaluate the effects of four doses of different bacterial additives or the inclusion
of 8% ground corn grain in Capiagu silage on the fermentative profile, chemical composition
and rumen degradability in situ. Silage with 8% ground corn grain showed the best fermenta-
tive profile, nutritional value, and increased rumen degradability of dry matter and organic

matter, improving nutrient degradation.

Running title: Effects of additives on the fermentation profile and ruminal degradability
of Capiacu silage.

Luciano S. Santos!, Alex L. Silva!, Bernardo M. Martins!, Dayanne L. Sousa', Kellen R. Oli-
veira', Odilon G. Pereira!, Jodo V.C. Rodriguesl, Poliana T.R. Salgadol, Luis H. Silva', Ga-

briel Fernandes?, and Polyana P. Rotta”

! Department of Animal Science, Universidade Federal de Vigcosa, Vicosa, 36570-900, Brazil.
2 Department of Agronomy, Universidade Federal de Vicosa, Vicosa, 36570-900, Brazil.

* Corresponding author: Polyana Pizzi Rotta. Mailing address: Av. PH Rolfs — Campus UFV.

36570-900. Vicosa/MG, Brazil. E-mail: polyana.rotta@ufv.br, phone: +55 (31) 99449-1703.
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ABSTRACT

The objective of this work was to evaluate the effects of four doses of different bacterial
additives or the inclusion of 8% ground corn grain in elephant grass cv. BRS Capiacu on the
silage fermentative profile, chemical composition, and in sifu ruminal degradability. The
experimental design was completely randomized, with treatments set up in a 6 x 3 factorial
scheme (six additives x three fermentation periods) and three replications. The additives were
1) no inoculant (NI); 2) 0.5 g/ton of commercial product composed of Lactobacillus buchneri
(LBUops); 3) 1 g/ton of commercial product composed of Lactobacillus buchneri (LBU1); 4) 1
g/ton of commercial product composed of Lactobacillus plantarum and Pediococcus
acidilactici (LPP1); 5) 2 g/ton of commercial product composed of Lactobacillus plantarum
and Pediococcus acidilactici (LPP>); and 6) inclusion of 8% ground corn grain (IGCG) in the
silage, which was opened at 30, 60 and 90 d of fermentation. The silage opened at 60 d of
fermentation was subjected to in situ rumen degradability procedures using three lactating
Holstein cows fistulated in the rumen, allowing for the following incubation times (0, 3, 6, 12,
24, 30, 48, 72, 120 and 240 h). Silage with IGCG showed the highest levels of dry matter
(DM), crude protein, and other extract and reductions in the neutral detergent fiber (NDF),
acid detergent fiber and lignin. For the fermentation profile, silages containing IGCG showed
the lowest pH, butyric acid, and ammoniacal nitrogen levels and the highest lactic acid levels.
Water-soluble carbohydrates and total DM losses did not differ between treatments. Silages
containing IGCG showed greater potential and effective degradability of DM and organic
matter (OM), with a consequent increase in fraction "a" (soluble fraction) and a reduction in
fraction "b" (potentially degradable insoluble fraction). The potential degradability of NDF
showed the highest values, however, differing only from silages supplemented with LBUj.
The effective degradability of NDF and its fractions "C" (the degradation rate of the
potentially degradable fraction) and "I" (the indigestible fraction) was not influenced by the

use of additives. When the "D" fraction (the potentially degradable fraction of the NDF) was
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observed, the silage containing IGCG presented the highest value; however, it did not differ
from the NI, LPP; and LPP; silages. DM and MO fraction "c" did not differ between
additives. It is concluded that the silage containing IGCG presented the best fermentative
profile and the best nutritional value, providing increases in the ruminal degradability of DM
and Capiacu MO, improving the degradation of nutrients, and providing an alternative for the
availability of nutrients in the rumen.

Key words: Additives, BRS Capiacu silage, fermentation profile, nutritional value, in situ

ruminal degradability.



18

INTRODUCTION
Approximately 23.5% of Brazilian dairy farmers use tropical grasses for silage produc-
tion, primarily elephant grass (Pennisetum purpureum, Schum.; Bernardes and Régo, 2014).
This genus has a high potential for biomass production, easy adaptation to different ecosys-
tems, good nutrient composition if well managed and, above all, good acceptability by dairy
cattle (Muck et al., 2018). Moreover, it is a good grass silage alternative for tropical countries

around the world.

In 2016, a new cultivar of elephant grass cv. BRS Capiacu was launched, and it is charac-
terized as the most productive cultivar in the genus (50 tons of DM/ha/yr.; Pereira et al.,
2017). This grass may be used to feed dairy herds in the forms of chopped feed and/or silage
(Pereira et al., 2016). However, the ensiled form is more attractive to dairy producers due to

the lower need for daily labor.

The possibility of implementing elephant grass cv. BRS Capiacu on dairy farms where the
cultivation of corn for silage production is unfeasible, due to water deficiency and/or limited
area, i1s recommended. A major issue in producing elephant grass silage (Pennisetum pur-
pureum, Schum.), including the new cultivar BRS Capiagu, is that it has a high moisture con-
tent, low soluble carbohydrate content, and high buffering capacity at ensiling time (Ferreira
et al., 2013). Due to these characteristics, there is a slow reduction in pH, which provides
conditions for undesirable bacterial development, such as Bacillus, Listeria, and Clostridium,
producing low-quality silage to feed to dairy cattle (Amaral et al., 2020). Therefore, to pro-
duce high-quality elephant grass silage, the use of additives is essential, whether they are ad-
ditives such as bacterial inoculants or moisture sequestering additives (Borreani et al., 2018,

Muck et al., 2018).

The addition of additives containing homofermentative lactic acid bacteria (Lactobacillus

plantarum and Pediococcus acidilactici) is extremely important, because the correct use of
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these additives aimed at preventing losses of nutrients through the generation of CO> by un-
desirable fermentations (Santos and Zanine, 2006). The use of additives with heterofermenta-
tive bacteria, such as Lactobacillus buchneri, is intended to metabolize lactic acid and glucose
during fermentation, synthesizing acetic and propionic acids that are effective in controlling
fungi and other spoilage microorganisms and improving the stability of the fermentation

(Kleinschmit and Kung, 2006).

Adding an absorbent to silage should reduce losses during the fermentation process (An-
driguetto et al., 2003). In this context, ground corn grain may be an effective additive for re-
ducing gas losses, effluent losses, and DM losses and increasing the digestibility of fibrous

fractions, improving the nutritional silage value (Paula et al., 2020).

The literature has little information on the use of this cultivar for silage production with
additives containing homofermentative and heterofermentative lactic acid bacteria and the
addition of ground corn grain. In view of this scarcity, it is essential to develop studies that
establish technical recommendations with doses of additives for their use as silage, ensuring

alternative feed of excellent quality for dairy cattle.

Our hypothesis is that using 8% ground corn grain in elephant grass silage cv. Capiacu
will reduce fermentative losses and improve the nutritional value, with a consequent modifi-
cation of the chemical composition, which would provide better ruminal degradability of the

DM, OM and NDF fractions of the silage.

Thus, the objective of the present study was to evaluate the effects of four doses of differ-
ent bacterial additives or the addition of 8% ground corn grain to Capiagu silage on the silage

fermentative profile, chemical composition, and ruminal degradability in sifu.
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MATERIAL AND METHODS

Study Location and Experimental Design

The experimental design used here was completely randomized, with the treatments set up
in a 6 x 3 factorial scheme (six additives x three fermentation periods) and three replicates.
The additives were: 1) no inoculant (NI), 2) 0.5 g/ton of a commercial product composed of
Lactobacillus buchneri (LBUo.s), with minimum guarantee levels of 1.0 x 10! CFU/g, at a
final inoculation rate of 5.0 x 10* CFU/g of forage; 3) 1 g/ton of a commercial product com-
posed of Lactobacillus buchneri (LBU1), with minimum guarantee levels of 1.0 x 10'!
CFU/g, at a final inoculation rate of 1.0 x 10° CFU/g of forage; 4); 1 g/ton of a commercial
product composed of Lactobacillus plantarum (LPP1) with minimum guarantee levels of 5.0
x 10'° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x 10'°
CFU/g, reaching a final inoculation rate of 6.5 x 10* CFU/g of forage; 5) 2 g/ton; of a com-
mercial product composed of Lactobacillus plantarum (LPP2), with minimum guarantee lev-
els of 5.0 x 10!° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x
10'° CFU/g, at a final inoculation rate of 1.3 x 105 CFU/g of forage; and 6) 8% ground corn
grain (IGCG). The additives described above were applied to the forage mass and later en-
siled in mini silos that were opened at 30, 60, and 90 d of fermentation. The chemical compo-

sition of elephant grass before ensiling is shown in Table 1.

Planting and Harvesting Management

The soil was conventionally prepared using plowing and harrowing over a total area of 0.7

ha. The planting was performed at the beginning of the rainy season in Brazil on October 29,
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2020, with furrows measuring approximately 25 cm in depth spaced to provide 1.30 m be-
tween rows, and the crop was planted in vegetative form with double seedlings in the tip-

with-foot system. The number of seedlings used for the study was 6 ton/ha.

Establishment fertilization was based on the results of a soil analysis, by using only phos-
phate fertilizer (single superphosphate) at planting, which was distributed at the bottom of the
furrows. A total of 100 kg/ha of P2Os was used, which corresponds to 500 kg/ha of single
superphosphate. The first topdressing fertilization was performed when the plants reached an
average height of 50 cm with an NPK formulation (25-00-25) using 87.5 kg/ha of N and 87.5

kg/ha of K>O, which corresponds to 350 kg/ha of 25-00-25 fertilizer.

One day before harvest, 100 plants were sampled from an area measuring 0.7 ha and taken
to the laboratory where the average height of the grass was measured, and then the leaf blade,
stem and dead matter were separated from each plant and the dead material was weighed, then
the proportions of leaves, stem, dead matter, and the total productivity per hectare (kg/ha)

based on the DM were estimated to evaluate the quality of the material that was ensiled.

The elephant grass harvest cv. Capiagcu was performed on February 26, 2021, and it pre-
sented approximately 14% DM after 120 d of growth. For harvesting, a mechanical harvester
was used (Modelo PREMIUM FLEX 2008, Menta Mit, Sdo Paulo, Brazil), and the forage

was cut into a theoretical cutting size of 11 mm.

Production of Elephant Grass Silage cv. BRS Capiacu

After the forage was cut in the field, 15 kg of fresh forage was separated for each mini si-
lo, and then the bacterial additives were applied to the 15 kg forage mass separately for the

following treatments: LBUos, LBU;, LPP;, and LPP,. To another 15 kg of fresh forage, 8%
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ground corn grain was added. The bacterial additives were mixed with pure distilled water
and sprayed on the forage; each silo was sprayed individually. The same volume of pure dis-

tilled water was added to the NI treatment.

The silage was maintained in experimental silos consisting of plastic buckets with a seal-
ing lid capacity of 10 L, a height of 29.5 cm, an upper diameter of 24 cm, and a base diameter
of 22 cm. A total of 3 kg of sand and a cloth were placed at the bottom of each bucket to sepa-
rate the silage from the sand, in which the effluent was retained. Fifty-four experimental silos
were produced, representing 3 replications for each treatment. The forage was compacted
with wooden sockets. At the end of the ensiling process, the experimental silos were weighed,
sealed with a bucket lid and adhesive tape for later isolation and stored in a covered place
protected from the sun and rain. The mini silos were opened after 30, 60, and 90 d of fermen-

tation.

Fermentation Profile of Elephant Grass Silages cv. BRS Capiagu

When the mini silos were opened, the top 10 cm of Capiagu silage was discarded from
each experimental silo, and the other part of the silage was homogenized and sampled for
further chemical analysis and fermentation profiling. An aqueous extract was prepared from
25 g of silage sample and 225 mL of distilled water homogenized in a blender for 1 min. The
aqueous extract was used to evaluate the pH using a digital potentiometer (Tecnal, model Tec-
3MP), acidified 1:1 with H2SO4, and diluted with distilled water for further analysis of the
NH3-N using the phenol-hypochlorite method (Okuda, 1965). Soluble carbohydrates were
analyzed as described by Nelson (1944), and organic acids (lactic, acetic, propionic, and bu-
tyric acids) were analyzed according to the methodology described by Siegrifield et al.

(1984).
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Samples used for organic acid quantification were treated with calcium hydroxide and cu-
pric sulfate and analyzed using HPLC (SPD-10 AVP, Shimadzu, OR, USA) according to the
method by Siegrifield et al. (1984). The HPLC apparatus (SPD-10 AVP, Shimadzu) was
equipped with a refractive index detector and an Aminex HPX-87H column (BIO-RAD, CA,
United States), with the mobile phase containing 0.005 M H>SO4 and a flow rate of 0.7

mL/min at 45 °C.

For buffer capacity estimation, the methodology by Playne and McDonald (1966) was
used, which involved the maceration of approximately 15 g of fresh forage and its dilution in
250 mL of distilled water. Then, titration was performed to pH 3.0 with HCI1 (0.1 N) and the

samples were subsequently titrated with NaOH (0.1 N) to pH 6.

Chemical Composition

Samples of the ensiled material were dried at 55 °C in a forced air oven for 72 h and then
ground in a 1 mm sieve in a Wiley mill (Fortinox, model STAR FT 50/6) and subsequently
analyzed for DM, (Method INCT-CA G-003/1), ash (Method INCT-CA M-001/2), CP
(Method INCT-CA N-001/2), ether extract (EE, INCT-CA Method G-005/2), NDF (INCT-
CA Method F-002/2), ADF (INCT-CA Method F-004/2), lignin (INCT-CA Method F-005/2),
hemicellulose (INCT-CA Method F-005/2) and acid detergent insoluble protein (ADIP,
INCT-CA Method N-005/1) according to Detmann et al. (2021). Nonfibrous carbohydrates

were calculated as 100 - (NDF + CP + EE + ash; Hall, 1999).

Total Dry Matter Losses and Losses from Gases and Effluents
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These measurements were obtained by weighing the empty and full laboratory silos before
and after ensiling and weighing their respective DM contents, according to the methodologies

established by Jobim et al. (2007).

The determination of total DM losses was calculated by finding the difference between the
initial and final gross weights of DM in the silos in relation to the amount of forage mass that

was ensiled according to the following equation described by Schmidt (2006):

[(ADMi — ADMf)]
= X
TLDM ADMi 100

where:
TLDM = total loss of DM (% DM)

ADMi = amount of initial DM. Weight of the silo after filling - weight of the empty set,

without forage before filling x DM content of the forage in the silage.

ADMT = amount of final DM. Weight of the filled silo before opening - weight of the

empty set, without the forage, after opening the silos x forage DM content at opening.

The measurement of gas losses during the silage process was obtained by weighing the la-
boratory silos at closing and opening times in relation to the stored forage mass. The follow-
ing equation was used to estimate the gas losses according to Mari (2003):

_ (SWs — SWo)

GL = X
(FMs x DMFs)

100

where:

GL = gas losses during storage (% of initial DM);

SWs = silo weight at silage (kg);

SWo = silo weight at opening (kg);
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FM;s= forage mass at silage (kg);
DMFs = DM content of forage in silage (kg)

Effluent production was calculated through the strategic use of dry sand at the bottom of
the laboratory silos. The effluent production was determined by finding the difference in the
weight of the silo + sand + cover + cloth at opening (after removing the forage from the silo)
and before ensiling in relation to the amount of fresh forage that was ensiled. The following

equation was used according to Schmidt (2006):

_ (WTSo — WTSi)

EP = 1
Gy X 1000

where:

EP = effluent production (kg/ton of as fed mass);

WTS, = weight of the set (silo + sand + cloth + lid) at opening (kg);

WTS; = weight of the set (silo + sand + cloth + cover) at the silage process (kg);

GEFn = green ensiled forage mass (kg)

In Situ Ruminal Degradability Procedures

All procedures involving the use of animals were previously submitted to the Ethics
Committee on the Use of Research Animals of the Federal University of Vicosa and were

approved under protocol number 60/2022.

The silages that were opened at 60 d of fermentation were analyzed for in sifu rumen

degradability.

Animals, Facilities and Experimental Design
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The experiment was performed at the Dairy Unit of the Teaching and Research Farm at
the Animal Science Department of the Universidade Federal de Vigosa. Three lactating Hol-
stein cows cannulated in the rumen with characteristics of being 5 + 1.3 yr. old, having 650 +
50.7 kg BW, and 30 + 5.2 kg/d of milk production were used. The cows were distributed in a
randomized block design, in which the three animals represented the blocks. Thus, we had 6
treatments (6 additives per mini silos x 1 fermentation period of 60 d) and 3 replications (an-
imals) during each period. Each treatment group was incubated in the rumen of a different

COw.

The cows were kept in a free stall system, with a concrete floor, sand beds, feeder, and
water ad libitum. They were adapted for 14 d (Machado et al., 2016) with corn silage and
concentrate (Table 2). The same roughage:concentrate ratio (55:45) was maintained through-
out the evaluation period of in situ ruminal degradability. After the adaptation period, rumen

degradability procedures were performed, which lasted for 10 d of evaluation.

In situ Degradation Procedures

After the mini silos that had reached 60 d of fermentation were opened, the top 10 cm of
the Capiacu silage was discarded from each experimental silo. The remaining silage was ho-
mogenized and sampled at -20 °C. After being thawed, proportional (600 g) samples of each
repetition were mixed to obtain a composite sample of each additive silage and later placed at
55 °C for 72 h. Later, the samples were ground using a Wiley mill (Fortinox, model STAR FT

50/6) at a 2 mm grain size.

Approximately 4 g of each dry sample was individually weighed into nylon bags (Sefar

Nitex, Switzerland; porosity 50 pm, 10 x 20 cm) and rumen-incubated. The samples were
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placed in individual bags at a ratio of 20 mg DM/cm? of bag surface area (Nocek, 1988). In-
cubation was performed for the following ruminal degradation times: 0, 3, 6, 12, 24, 30, 48,
72, 120, and 240 h (Detmann et al., 2021). The number of nylon bags varied as a function of
the incubation time to ensure sufficient residual samples after incubation (i.e., more bags per

sample were incubated for longer incubation times).

The samples were incubated in the rumen by attaching the nylon bags to a steel chain (90
x 2 cm?; Menezes et al., 2019) with a weight (300 g) at the end to allow for continuous im-
mersion in the rumen contents. The bags were placed in the rumen in the reverse order of the
incubation hours, so all the bags were removed at the same time and washed. After the end of
incubation, the bags were washed in running cold water. The end point to finish the washing

bags was the high clarity of the rinse water (Zanetti et al., 2017).

The bags were dried in a forced ventilation oven at 55 °C for 72 h and then placed in an
oven at 105 °C for 2 h to estimate the disappearance of rumen DM (Menezes et al., 2019; Sil-
va et al., 2019). The 0 h nylon bags were immersed in the rumen according to the methodolo-
gy by Detmann et al. (2021), and later, they were rinsed in running water and subjected to the

same procedures mentioned above.

The residue of each sample per treatment (silage with additives that had reached 60 d of
fermentation) was removed from the nylon bags, ground in a Wiley mill (Fortinox, model
STAR FT 50/6) with a 1 mm sieve, and placed in a labeled plastic bag to obtain a sample
from each animal and its respective incubation/treatment time. Residual samples were ana-
lyzed for DM, OM, and NDF according to the methodology described by Detmann et al.
(2021) and were later used to estimate the ruminal degradation parameters of DM, OM, and

NDF.
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Degradation Models

The in situ degradability of DM and OM was estimated by finding the weight difference
of each component between the weighing before and after ruminal incubation and was ex-
pressed in g/kg DM. The coefficients "a", "b", and "c" of the DM and OM were found accord-
ing to @rskov and McDonald (1979) using the following equation:

Deg(t)=a+b (1— e=D)

where Deg (t)= represents the degradability or disappearance of the constituent (DM, OM) of
the feed, as expressed in g/kg of DM; a = is the water-soluble fraction of the feed at time zero;
b = is the fraction that is insoluble in water but is potentially degradable in the rumen at a giv-
en time; ¢ = is the degradation rate of the potentially degradable fraction in the rumen (b); and

t = is the incubation time (h).

The in situ degradability of NDF was also estimated by finding the weight difference be-
tween the weighings performed before and after ruminal incubation and was expressed in g/kg
of DM. To obtain the NDF "D", "C". and "I" coefficients, the model proposed by Waldo et al.
(1972) was used:

R(t) = D(e~ct) + 1

where R(t)= is the incubation residue at time t (h); D= is the fraction of potentially de-
gradable NDF in the rumen; C= is the rate of degradation of fraction D; and I= is the

nondegradable fraction of NDF.

The effective degradability (ED) of DM and OM in the rumen was calculated using the

following model:

ED=A+ (B Xc/c+ K)
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where k corresponds to the estimated rate of passage by particles in the rumen, which

were used at 2, 5 and 8 h'!, simulating low, medium and high passage rates, respectively.
To calculate the effective degradability of NDF, the following model was used:
ED =BP Xc/(c+k)
where BP is the standardized potentially degradable fraction (%).

Statistical Analyses

The data were analyzed in a completely randomized design in a 6 x 3 factorial arrange-
ment. The model includes the fixed effect of additives, the fermentation period and the inter-

action between these factors, according to the following statistical model:
Yijk = p+ai+ Bj+ (aB)ij + eijk,
where Yijk = dependent variable, n = general average, ai = fixed effect of the i-th addi-

tive, Bj = fixed effect of days of fermentation, (af}) ij = interaction between additives and days

of fermentation, and €ijk = random error.

The nonlinear models for each treatment and time of fermentation were adjusted by the
cow level using the nls function in R (R Development Core Team, 2015) for each animal and
treatment. Subsequently, the extracted function parameters were organized in a dataset format

including the effects of the treatments and fermentation time.

R software was used for the analysis of variance and comparison of means. Means were

separated by Tukey's test, and differences were declared at the level of P< 0.05.
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RESULTS

Agronomic Characterization and Buffering Capacity of BRS Capiacu Elephant Grass

The BRS Capiacu elephant grass was sampled 1 d before harvest, and it had an average
height of 3.60 m and the following yields: 65.8% culms, 28.2% leaves, and 6.02% dead mat-
ter with an estimated total productivity of 15.843 kg/ha DM. The buffer capacity of BRS Ca-

piacu for different treatments is presented in Table 1.

Chemical Composition of Silages

There was no interaction (P > 0.05) between the additives and fermentation days for all
the variables related to chemical composition. However, the DM content varied (P < 0.001)
according to the fermentation days, presenting the lowest contents at 60 and 90 d compared to
30 d of fermentation (Table 3). In relation to CP, we observed that 30 d of fermentation pre-

sented a greater (P < 0.001) value in comparison with 60 and 90 d.

The neutral detergent fiber and ADF contents were influenced (P < 0.001) by fermenta-
tion days (Table 3). The NDF levels were similar at 30 and 60 d of fermentation, but at 90 d
of fermentation, a greater (P < 0.001) NDF value was observed. Regarding the ADF content,
we observed that as the fermentation days increased, the content also increased differently
among fermentation days. The greatest (P < 0.001) DM and CP levels were observed for

IGCG compared to LBU 5, LBU;, LPP;, LPP; and NI.

The NDF and ADF levels were influenced (P < 0.001) by the additives used here, with the
lowest values for silage with IGCG. The silage additive with IGCG showed averages of 494

and 327 g/kg DM for NDF and ADF, respectively, differing from the values of silages with
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bacterial additives and NI with averages of 687 and 700 g/kg of DM for NDF and 472 and
480 g/kg from DM to ADF, respectively. The lignin and hemicellulose contents also dis-
played considerable reductions, with the IGCG silage presenting averages of 60.0 and 167
g/kg DM, respectively, differing from the values of silages containing bacterial additives (Ta-

ble 3).

Fermentation Profile of Silages

There was no interaction (P > 0.05) between additives and fermentation days (Table 4).
However, the pH, water soluble carbohydrates (WSC), and total DM loss contents differed (P
< 0.001) among fermentation days, with greater values at 60 and 90 d (Table 4). The total DM
losses were approximately 275% when comparing 30 d with 60 and 90 d of fermentation. The
lactic/acetic acid ratios decreased over the fermentation days, and at 30 d of fermentation, the
silage presented a proportion of 2.64 g/kg DM. At fermentation days 60 and 90, the content
decreased, stabilizing at 60 d, with values of 0.51 g/kg DM. Regarding effluent production

(EP), there was no effect (P > 0.05) of fermentation days (Table 4).

There was an effect (P < 0.05) of the additives on the pH, EP, and lactic/acetic acid ra-
tio, with lower pH values for silage with IGCG, differing from NI and additives. Regarding
EP, the LPP> treatment had the greatest value, but it did not differ from the LBU( s, LBUj, and
LPP; (Table 4). For the effects of the additives, the silage containing IGCG had the greatest
proportion of lactic/acetic acid, differing from NI and bacterial additive silages with averages

of 3.375, 0.832, and 0.776 g/kg, respectively.

An interaction (P < 0.001) was observed between additives and fermentation days for

ammonia nitrogen (TN) and gas losses (GL) (Table 5). The lowest TN value (P < 0.001) was



32

observed for silages supplemented with IGCG and LBUjys at 60 d of fermentation (Table 5).
At 90 d of fermentation, a lower (P < 0.001) concentration of TN for IGCG was observed,
differing in relation to bacterial additives and NI (Table 5). At 30 d of fermentation, there was
no significant difference between all additives and NI. The TN concentration did not differ
between the opening times of 30, 60 and 90 d for the silage supplemented with IGCG. For the
silages supplemented with LBUO.5 and LBUI, there was an increase in the concentration of
this metabolite as the fermentation time increased. The same behavior was observed for silag-
es supplemented with LPP1, LPP2 and NI, with increases in the TN content from 30 to 90 d

and stabilization at 60 d of fermentation (Table 5).

Regarding gas losses (Table 5), although the silage supplemented with IGCG showed the
lowest GL at 30 and 60 d of fermentation, it did not differ from NI and silage supplemented
with bacterial additives (Table 5). At 90 d of fermentation, a higher GL was observed for NI
silages, differing from all the additives, which did not differ between them, although the si-
lage with IGCG had a lower numerical value, which was not statistically significant (Table 5).
The GL concentration did not differ between the fermentation periods of 30, 60 and 90 d for
the silage supplemented with IGCG. For NI silages, there was an increase in the concentration
of this metabolite as the fermentation time increased (Table 5). In the silages supplemented
with LBUys and LBUj, there were increases in the GL from the fermentation period of 30 to
60 d, when it stabilized. The silages supplemented with LPP; and LPP> showed an increase in

losses, stabilizing at 60 days of fermentation (Table 5).

Profile of Organic Acids in Elephant Grass Silages BRS Capiacu
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An interaction (P < 0.001) was observed between additives and fermentation days for all
organic acids evaluated here (Table 5). A greater lactic acid (P < 0.001) value was observed
for silage additives LBUg s, LPP;, and IGCG at 30 d of fermentation (Table 5). At 60 and 90 d
of fermentation, a greater (P < 0.001) concentration of lactic acid was observed for IGCG,
differing in relation to the doses of bacterial additives and NI. The concentration of lactic acid
was greater at 30 d, differing from 60 and 90 d of fermentation for all treatments (additives)

evaluated here.

In relation to acetic acid, we observed that at 30 d of fermentation, the treatment contain-
ing IGCG presented a lower value (P < 0.001) in relation to the LBU; treatment; however,
these treatments did not differ from NI, LBUo 5, LPP;, and LPP> (Table 5). At 60 d of fermen-
tation, a lower content (P <0.001) was observed for the treatment containing IGCG, followed
by LBU\, with averages of 5.26 and 15.64 g/kg DM, respectively. At 90 d of fermentation, the
silage supplemented with IGCG showed the lowest (P < 0.001) concentration of acetic acid,
differing from the NI, LBUos, LBU;, LPP, and LPP; treatments, which differed only from
LBUops and LBU;. Throughout the evaluation, we observed that the acetic acid content when
using LBUps, LBU;, LPP;, and LPP; increased from 30 to 60 d of fermentation, and when
observing the results at 90 d, the acetic acid was reduced again, differing from 60 d with the
exception of LBU1, which was similar between 60 and 90 d. The same trend was not observed
for acetic acid NI, which increased and stabilized at 60 d of fermentation. The silage additive
containing IGCG showed no difference in acetic acid over the fermentation days, with an av-

erage of 4.77 g/lkg DM (Table 5).

For NI and LBUo silages, we observed differences (P < 0.001) in propionic acid at 30,
60, and 90 d of fermentation (Table 5). However, for IGCG silage, the propionic acid was
similar among fermentation days. The LBU;, LPP, and LPP: silages presented greater (P <

0.001) propionic acid at 60 and 90 d of fermentation in relation to 30 d (Table 5).
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With the exception of LPP1, the butyric acid increased (P < 0.001) for all additives be-
tween 30 and 60 d of fermentation (Table 5). For the NI and LPP; silages, butyric acid did not
change (P > 0.05) between 60 and 90 d. However, for the LBUos and LPP; silages, butyric
acid was greater at 90 d than at 60 d. Similarly, for the LBU; and IGCG silages, we observed
a decrease in butyric acid at 90 d in comparison to 60 d (Table 5). At 90 d of fermentation, the
silage supplemented with IGCG had the lowest butyric acid content, differing from the silage
supplemented with bacterial additives and NI, with an average of 21.2 g/lkg DM (Table 5). At
30 d of fermentation, the same behavior was observed for silage containing IGCG; however,
it did not differ from silages supplemented with LBUo s and LPP>, with means of 12.1, 15.0

and 11.2, respectively.
In Situ Ruminal Degradability Parameters of Elephant Grass cv. BRS Capiacu

There was an effect of the additives (P < 0.001) for fraction “a” of the DM and OM,
with considerable increases for the silage containing IGCG and differing from the bacterial
and NI additives, presenting values of 419 and 400 g/kg of DM, respectively, for additive

silages with IGCG (Table 6).

Effects from additives (P < 0.001) were observed for the digestibility fraction “b” of
DM and OM (Table 6). We observed that fraction "b" was reduced for silages supplemented
with IGCG, differing from silages with bacterial additives and NI. Regarding the use of bacte-

rial additives and NI, there was no substantial variation in the values of this fraction (Table 6).

Despite the effects of additives on fractions “a” and “b” of DM and OM, there was no

effect (P > 0.05) between additives for fraction “c” of DM and OM (Table 6). The DM and

n_.n

OM degradation rates in the %/h™! (fraction "c") remained constant, with general averages of

0.0202 and 0.0205%/h!, respectively (Table 6).
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In NDF, there was an effect (P < 0.05) of the additives on its “D” fraction, with the
silages supplemented with IGCG presenting the highest values (578 g/kg of DM), not differ-
ing only from NI and LPP1, LPP2 silages (Table 6). However, NI silages and those supple-

mented with bacterial additives did not differ statistically from one another (Table 6).

In the absence of inoculation, the levels of bacterial additives and IGCG did not
change the “C” and “I” fractions of the NDF (P > 0.05), with general averages of 0.019%/h!

and 376.5 g/kg of MS (Table 6).

There was an effect of additives (P < 0.001) on the potential degradability of DM and
OM (Table 7). With the silages supplemented with IGCG, the highest values of 780 and 770
g/kg DM were observed, respectively. The lowest values for the potential degradability of
DM and OM were observed for NI silage and with bacterial additives, which did not differ
from each other, with general averages of 675, 682 and 653 and 658 g/kg DM, respectively.

(Table 7).

The same trend observed for potential degradability was observed for the effective
degradability of MS and MO (Table 8). The highest values (P < 0.001) were observed for
silage with IGCG when compared to NI silage and with bacterial additives (Table 8). When
considering all passage rates (2, 5 and 8%/h™") for IGCG silages, except for the potential de-
gradability of OM at the passage rate of 8%/h™!, which was approximately 487 g/kg DM, all
the other silages with IGCG showed effective DM and OM degradability above 500 g’kg DM

(Table 8).

The potential degradability of NDF of silages supplemented with IGCG showed high-
er values (P < 0.05); however, this degradability did not differ compared with treatments NI

and LBUjps, LPP; and LPP>. The lowest values were observed for silage supplemented with
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LBU;\, which did not differ statistically from the NI treatments and bacterial additives (Table

7).

There was no effect of additives (P > 0.05) on the effective degradability of NDF for
all passage rates evaluated here (2, 5 and 8%/per h'!), with averages of 287, 162 and 113 g/kg

DM per h'!, respectively (Table 8).

We observed higher DM and OM degradability for IGCG silage when compared to NI
and with bacterial additives for all incubation times (Fig. 1, 2). The maximum potential for

DM and OM degradation of all silages was obtained after 240 h of incubation.

After 30 h of ruminal incubation, the DM and OM degradation values of IGCG silage
were high (above 650 g/kg DM; Figs. 1, 2). No stabilization of OM and DM degradability
was observed for the different treatments, showing that the silages still had the potential to be
degraded after 240 h (Fig. 1, 2). It is important to emphasize that after 120 h of incubation,

there is a deceleration in the degradation of silages in the rumen.

The NDF degradation curve of the silages shows that they differed in terms of the fi-
ber degradation rate. Until the first 24 h of ruminal incubation for silages, NDF degradation
remained close to 289 g/kg DM (Fig. 3). The IGCG silage reached 240 h of incubation with

an average of 653 g/kg DM.

However, for silages spiked with IGCG, the degradation of NDF after 24 h of incuba-
tion was higher when compared to NI silages and silages spiked with bacterial additives (Fig.
3). We observed that the degradability of NDF after 120 h of ruminal incubation presented the
highest value (above 500 g/kg of DM). However, no stabilization in the degradability of the
silages was observed, showing that the silages still showed degradability potential after 240 h

(Fig. 3). However, there is a notable deceleration after 120 h of ruminal incubation.
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DISCUSSION

The elephant grass BRS Capiacu was harvested at a height of 3.60 m and presented a total
productivity of 15.843 kg/ha of DM and the following characteristics of the plant fractions:
65.8% stems, 28.2% leaves, and 6.02% dead matter based on DM. The agronomic characteris-
tics of BRS Capiacu elephant grass sampled one day before harvest were similar to the values
found in the literature by Pereira et al. (2017), Alves (2021), and Retore et al. (2021). Howev-
er, the DM content before ensiling, which ranged from 133.2 to 192.4 g/kg DM, was below
300 g/kg DM, a level considered adequate for good mass fermentation as well as to eliminate
or minimize the effects of effluent production (McDonald et al., 1991), which may partly ex-

plain the predominant butyric fermentation in our study.

The buffer capacity of the elephant grass plant BRS Capiacu with IGCG in relation to NI,
LBUos, LBU;, LPPy, and LPP, was numerically lower. However, silage containing IGCG
resulted in a greater reduction in pH after the ensiling process in relation to doses of bacterial
additives and NI, which may be due to the lower resistance of the plant to inhibit the pH drop
after ensiling (Rodrigues et al., 2005). The silage containing IGCG presented a lower pH be-
cause of the addition of ground corn grain in grass silage, which was essential to reducing its
buffer capacity and helped to provide a lower post-silage pH, presenting pH values within the
ideal for BRS Capiagu elephant grass silage (Amaral et al., 2020; Paula et al., 2020; Ribas et

al., 2021).

A high concentration of lactic acid was observed for silages containing IGCG when com-
pared to NI and doses of bacterial additives at 60 and 90 d of fermentation. This result is due
to the addition of ground corn grain to elephant grass silage, which provided WSC and helped
reduce the pH, because the lactic acid bacteria used this substrate for their growth, and there

was a greater production of this metabolite (Widyastuti, 2008; Borreani et al., 2018).
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The lactic acid contents in our study ranged from 12.7 to 19.5 g/kg DM between fermenta-
tion times of 30 and 90 d for IGCG silage, respectively, being slightly below other studies on
elephant grass cv. BRS Capiacu (Amaral et al., 2020; Jesus et al., 2021). However, the lactic
acid concentration in the study conducted by Ribas et al. (2021) corroborates our results, al-
lowing us to qualify silage with corn grain as satisfactory but NI and silage with bacterial ad-
ditives as unsatisfactory. According to BREIREM and ULVESLI (1960), high-quality silage

may have lactic acid levels of 15 to 25 g/kg DM.

The silages containing bacterial additives showed greater pH values, which is an indica-
tion of great butyric and acetic acid production, the result of unwanted fermentations (Kung
Jr., 2018). The consequence of obtaining a silage with a high pH is that the development of
clostridia may occur, and secondary fermentations may also occur, because it acts against the
preservation of the silage by destroying the lactic acid, increasing the pH, and decreasing the
nutritive value of the silage (McDonald et al., 1991). This finding was observed for silages

inoculated with different bacterial additives and NI in our study.

The butyric acid content showed a lower value at 90 d of fermentation for silage with
IGCG, differing from NI and bacterial additives in silages. This result is due to the increase in
DM with the inclusion of ground corn grain, because low levels of DM in silages favor the
growth of Clostridium bacteria, which is responsible for the production of this metabolite
(Carvalho et al., 2015). The butyric acid concentrations for NI silage and added bacterial addi-
tives (with the exception of LBUos and LPP> at 30 and 60 d) at all fermentation times ob-
served in this study were high, showing important clostridial fermentation. However, in this
study, we did not have the bacterial population in the silages. The presence of this metabolite
is correlated with undesirable fermentations, which can impair the quality of the final canned

product (Lavezzo, 1985).



39

In observing the losses of gases and ammoniacal nitrogen at 90 d of fermentation, the NI
treatment presented the greatest gas losses compared to silage containing bacterial additives
and IGCG. For ammonia losses, there was a lower loss for silage with IGCG in relation to NI
and bacterial inoculants at 60 and 90 d of fermentation. This finding may have occurred be-
cause gas losses result from secondary fermentation by Clostridium, enterobacteria, aerobic
bacteria, and other microorganisms (McDonald, 1981; Muck, 1996). However, the losses of
NH3-N (TN%) were reduced for IGCG, which may have occurred because in silages with a
lower pH, the bacteria that degrade proteins are inhibited, and thus proteolysis is reduced;

consequently, the production of ammonia nitrogen is also reduced (Muck, 1996).

There was an effect of the additives on the DM and CP contents, with a significant in-
crease in the levels of these nutrients with IGCG, differing from the NI and bacterial addi-
tives. The effect of increasing these nutrients for silage with IGCG may be due to the inclu-
sion of ground corn grain acting as a moisture sequestrant and improving the nutritive value
of the BRS Capiacu elephant grass silage. The ground corn grain had approximately 88% DM
and 9% CP with a good moisture retention capacity. When added to the inclusion level of 8%
in Capiacu silage, it ended up increasing the DM and CP contents, which is quite relevant in

practical terms to produce a silage with very high quality.

In the very few studies found in the literature using ground corn grain as a moisture se-
questrant in elephant grass silage cv. BRS Capiagu, Paula et al. (2020) observed a linear in-
creasing effect for DM and a decreasing effect for NDF and ADF contents. These authors
stated that for each unit of ground corn grain added to silage, there was an increase of 0.94%
in DM content. However, despite numerical increases in CP and ether extract contents in si-

lages with inclusion ground corn grain, they did not differ from the control treatment.

By contrast, Andrade and Lavezzo (1998) tested different types of additives (wheat bran,

corn husk, and saccharin) on the production of elephant grass cv. Napier silage and stated that
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the silages that received inclusion levels of 16 and 24% of these additives had greater CP lev-
els. Monteiro et al. (2011) observed increases in the CP content of silage supplemented with

ground corn grain in relation to silages with no additive, sugar cane or bacterial inoculants.

The total DM losses were not influenced by the additives; however, the fermentation days
influenced the total DM losses, with an increase of 275% between 30 and 90 d of fermenta-
tion, which is an indication of a quality reduction in the silage due to fermentation processes

and high proteolysis (Junior and Lavezzo, 2001).

The amount of effluent produced in the silo is correlated with the moisture content of the
ensiled material (Neto et al., 2021). Thus, decreasing the moisture content with the inclusion
of IGCQG is essential to reducing effluent losses in the silo and, consequently, DM losses. Pau-
la et al. (2020) observed reductions in DM and effluent losses with the inclusion of increasing
doses of ground corn grain. Thus, these authors recommend the inclusion of this additive in
Capiagu silages to reduce fermentative losses and to improve the nutritional value of the si-

lage.

Andrade et al. (2012) observed that the use of 5% ground corn grain in elephant grass si-
lage, with 15% DM, was effective in reducing effluent losses, not differing from the inclusion
level of 10%, resulting in a reduction of 58%. The effluent losses observed in the present
study were greater when compared to Andrade et al. (2012), who presented an average of 6.3

and 6.4 kg/m? for inclusion levels of 5 and 10%, respectively.

The elephant grass silage cv. BRS Capiacu with IGCG showed the greatest values for
fraction “a” of DM and OM, differing from NI and bacterial additives. This finding may be
due to the contribution of ground corn grain addition in elephant grass silage with IGCG and

because corn has a high value of this fraction in its composition (Carvalho et al., 2015). The
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fraction “a” of DM for silage containing IGCG was 419 g/kg of DM, while for the bacterial

additives, the NI was approximately 236 and 224 g/kg DM.

Ferreira et al. (2014) evaluated the in situ ruminal degradability of elephant grass silage
with different bacterial additives and observed greater degradability for fraction "a" of DM for
silage with Streptococcus bovis compared to silage with Enterococcus alone or no additive
inclusion. These authors stated that the greater degradability of this fraction was due to the
inclusion of Streptococcus bovis in the silage, which reduced the moisture content of the
grass, contributing to the reduction of the pH and N-NH3s, favoring bacterial growth, increas-
ing lactic acid production and reducing DM and CP losses. This result was also observed in

our study on silage containing IGCG.

It is important to emphasize that fraction “a” of DM represents the portion of the silage
that is readily available to rumen microorganisms (Costa et al., 2020). Therefore, our results
for silage containing IGCG are very important for the use of nutrients at the rumen level. Car-
valho et al. (2015) evaluated the ruminal degradability of elephant grass silage cv. Roxo and
observed that with increasing levels of corn bran in the silage, the degradability of fraction
“a” of DM increased linearly, yielding 315 g/kg DM with the inclusion level of 20 dag/kg of
corn bran, and the silage using only the bacterial additives showed an average of 180 g/kg

DM, which is very close to our results.

Negrao et al. (2014) evaluated the kinetic parameters of ruminal degradation for Brachiar-
ia decumbens cv. Basilisk with different levels of rice bran inclusion, and fraction "a" of DM
increased linearly. These authors stated that there was a linear increase of 0.54% for each 1%
rice bran in the silage, yielding values for this fraction of 460 g/kg DM, with an inclusion lev-

el of 40% rice bran.
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Despite the higher values for fraction "a" of DM and OM in IGCG, fraction “b” of silage
(potentially degradable and insoluble) differed from the NI and bacterial additives. The lower
values observed for fraction "b" for IGCG silage may be due to the low NIDA content of
ground corn grain when compared to grass (2.69% of total-N). Insoluble nitrogen in acid de-
tergent is the fraction of the feed that represents the N unavailable to the ruminal system
(Carvalho et al., 2008), in which the inclusion level of 8% ground corn grain in elephant grass

silage resulted in lower values of fraction "b" for DM and OM.

Pereira et al. (2000) studied the in situ ruminal degradability of elephant grass silage with
increasing additions of corn and soybean processing residues, and they observed that fraction
"b" linearly decreased with increasing inclusion levels, for values close to 43.4 and 53.2%,

respectively, which corroborates the results observed in the present study.

It is clear that the use of bacterial additives in elephant grass did not cause great variation
in the degradation of fractions "a" and "b" of DM and OM, because these bacterial additives
did not provide any significant change in the chemical composition of our silages (Table 1),
so they did not change their degradability. Ribas et al. (2021) evaluated the ruminal degrada-
bility of elephant grass silage cv. BRS Capiacu, testing the effects of the drying times and the
application of an enzymatic-bacterial additive mix (Lactobacillus curvatus, L. acidophilus, L.
plantarum, L. buchneri, L. lactis, Pediococcus acidilactici and Enterococcus faecium). Ribas
et al. (2021) observed no effect of the wilting time and additives on fractions “a” and “b” of
DM in elephant grass silage. This finding was also observed in our results with or without

bacterial additive inclusion for these fractions.

Despite the variations in fractions "a" and "b" observed in our studies, fraction "c" (DM
and OM degradation rate in %/h’') was not influenced by the additives, remaining constant
with general averages of 0.0202 and 0.0205%/h™!, respectively. These results are similar to the

findings of Carvalho et al. (2015), who, in addition to having observed increases in fractions
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"a" and "b" of DM for elephant grass silage with corn bran, stated that fraction "c" remained

constant, with an average of 0.0220%/h!.

Considering the NDF, the highest values of the "D" fraction (the potentially degradable
fraction in the rumen) were observed in the silage containing IGCG; however, it did not differ
from the silage with NI, LPP;, and LPP>. Silages supplemented with bacterial additives and
NI did not differ from each other. This fact can be explained according to Carvalho et al.
(2015), who states that the higher starch content present in ground corn grain compared to
ensiled elephant grass may have provided a greater development of amylolytic bacteria in
relation to cellulolytic bacteria, thus reducing the use of fiber, because it contained a material

that was easier to use, which was ground corn kernels.

The use of additives in elephant grass silage did not influence the "C" (degradation rate of
the "D" fraction) and "I" (nondegradable fraction of NDF) fractions of the NDF. All added
silage did not differ between treatments. It is important to note that, in nutritional terms, for
the ration to be considered high quality, the "C" fraction of the NDF must be between 0.02

and 0.06%/h™' (Mertens, 1993), and for all our evaluated silages, the average was 0.02%/h".

Knowing the "D" and "I" NDF fractions is extremely important because through them, we
may conclude that the "[" fraction (the nondegradable NDF fraction) has a relevant effect on
the feed indigestibility (Cabral, 2002). Negrdo et al. (2014) evaluated the ruminal degradabil-
ity of NDF in grass silage and observed that the “C" fraction of NDF was not influenced by
the inclusion of different levels of rice bran, with an average of approximately 0.051%/h™".
However, there were considerable reductions in fraction "I" (indigestible fraction of the NDF)

of grass with increasing rice bran levels.

The nonvariation in the NDF "I" fraction observed in our study among silage additives is

related to the study by Chesson et al. (1985). According to this author, when there is variation
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in this fraction between treatments, it is due to the natural selectivity of rumen microorgan-
isms for different types of substrates. What did not happen with the inclusion level of 8%
ground corn grain, therefore, is that this author's statement is consistent with our findings,
because the use of corn did not increase the use of silage and consequently did not favor the

microbial population of the rumen, not influencing the "I'" fraction of NDF.

Filya (2003) evaluated the effect of strains of Lactobacillus buchneri and Lactobacillus
plantarum alone or in combination on the ruminal degradability of corn and sorghum silages
with low DM and stated that L. buchneri, L. plantarum or a combination of both did not influ-
ence the in situ ruminal degradability of DM, OM, and NDF of silages. These findings cor-
roborate our results and those of the study conducted by Salawu et al. (2001), who observed

that the application of L. buchneri to wheat and pea silage did not affect DM degradability.

However, the potential and effective degradability of NDF for silages containing IGCG
was numerically higher when compared to NI silages and bacterial additives; however, it did
not differ significantly between treatments, except for the potential degradability of silage
treated with LBU1 compared to IGCG. If there is variation in the potential and effective de-
gradability of NDF for silage with IGCG compared to NI and bacterial additives, this varia-
tion is due to the natural selectivity of rumen microorganisms for different types of substrates
(Chesson et al. 1985). This author's statement is consistent with our findings, using corn in-
creased the use of silage and consequently favored the microbial population in the rumen to
increase NDF degradation and influencing silage degradation, although the degradation did

not differ between treatments.

In summary, the effective and potential degradability of DM and OM was greater for si-
lages containing IGCG compared to NI or bacterial additives. This finding can be explained
by the greater degradability that maize presents in relation to elephant grass, because it has

constituents that are easily soluble when compared to the BRS Capiacu cultivar (Passini et al.,



45

2004). Passini et al. (2004) stated that the potential degradability of corn is 100%, regardless

of how it is processed. This property explains the results found with the IGCG.

To classify a silage as high quality, knowledge of several factors is required when observ-
ing the fermentation profile (Kung et al., 2018). A high-quality silage must have a butyric
acid content of less than 10 g/kg of DM, pH values between 3.5 and 4.6 for grasses, low DM
loss, and ammoniacal N below 12% in relation to the total N (Borreani et al. 2018; Kung et
al., 2018). Therefore, the silage containing IGCG achieved some requirements, showing that
the inclusion of 8% IGCG in BRS Capiagu elephant grass silage was essential for the preser-

vation of the material during the fermentation process when the DM was low.

CONCLUSIONS

The silage supplemented with ground corn grain showed the best fermentative profile
and nutritional value in relation to silages with different doses of bacterial additives for low
DM grass. However, the level of inclusion of ground corn grains was not efficient in reducing
butyric fermentation at 60 and 90 d of fermentation, at the levels recommended by the litera-
ture. Regarding the in situ ruminal degradability of the silage with IGCG opened at 60 d of
fermentation, there were increases in the degradability of DM and OM and improvements in
their fractions when compared to the silages supplemented with bacterial additives. However,
NDF degradation was not improved with the inclusion level of 8% of ground corn grain, with
no improvement in its fractions. Thus, the addition of ground corn grain to elephant grass may
be an alternative for greater rapid and abundant availability of nutrients (DM and OM) to the

ruminal system.
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Table 1. Chemical composition of elephant grass (BRS Capiacu) in natura, with application

of doses of bacterial additives or inclusion of 8% ground corn grain.

) Additives
Variable
NI! LBUps> LBU{’ LPP* LPP,’ IGCG®
pH 5.86 5.83 5.83 5.88 5.92 5.83
Composition (g’kg DM)
Dry matter 133.28 137.50 137.86 139.60 135.84 192.47
Neutral detergent fiber 704.52 689.36 678.92 682.91 680.96 524.93
Acid detergent fiber 452.83 480.43 438.80 467.86 472.36 317.12
Crude protein 65.01 68.47 67.56 66.90 67.30 71.44
Ether extract 15.45 13.48 16.63 15.00 15.72 18.98
Mineral matter 112.41 110.77 101.85 106.38 109.60 76.96
Lignin 95.15 74.51 74.41 78.86 89.81 66.04
Hemicellulose 251.69 208.93 240.12 215.06 208.60 207.81
Soluble carbohydrates 101.47 101.80 101.38 110.15 110.39 119.90
Non-fibrous carbohydrates 102.60 117.91 135.04 128.81 126.42 307.69
Insoluble protein in acid detergent 5.01 5.66 5.38 5.29 5.32 4.36
Buffer capacity, e.mg NaOH/100 g DM 15.01 14.55 14.51 14.72 14.33 11.43

INI_No inoculant.

2LBUps-0.5 g/ton of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels

of 1.0 x 10" CFU/g.

SLBU; - 1 g/ton of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels of

1.0 x 10" CFU/g.

4LPP; _1 g/ton of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels
of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x 10'° CFU/g.

SLPP; - 2 g/ton; of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels
of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x 10'° CFU/g.

°IGCG - inclusion of 8% of ground corn grain (corn meal).
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Table 2. Proportion of ingredients and composition of the experimental diet.

Ingredients Level of inclusion g/lkg DM
Corn silage 558.70
Ground Corn Grain 158.44
Soybean meal 136.82
Cotton whole 93.26
Sodium bicarbonate 15.45
Urea 10.06
"Nutronmilk 10.30
Magnesium oxide 7.72
Dicalcium phosphate 5.08
Limestone 3.06
Sulfur 1.03
Virginiamycin 0.15
Analysed composition

Dry matter 340.7
Organic matter 922.45
Neutral detergent fiber 256.22
Crude protein 166.71
Ether extract 43.13
NFC 456.5

Nutronmilk= 240 g/kg calcium, 40 g/kg phosphor, 25 g/kg magnesium, 20 g/kg sulfur, 75 g/kg sodium, 45 g/kg
cobalt.



Table 3. Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on different fermentation days on the chemical composi-

tion (g/kg of DM) of elephant grass cv. BRS Capiacu.
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Variabl Fermentation time (d) SEM Additives SEM P- value
ariable
30 60 90 NI LBUps> LBU;? LPP* LPP,’ IGCG® IA7 d IA xd

DM 1584 1458 1448 1.28 136° 142° 138° 143° 140° 1932 1.81 <0.001 <0.001 0.21
CP 59.6%  48.3B 38.4€ 1.80 42.6° 46.7° 43.6° 46.6° 48.0P 65.32 2.55 <0.001 <0.001 0.78
NDF 6448 654" 6734 4.80 7002 68072 6922 696° 681% 494 6.79 <0.001 <0.001 0.93
ADF 432€ 4428 4744 2.89 4807 467* 477* 476% 4682 327° 4.09 <0.001 <0.001 0.33
PIAD?® 3.78%  4.06"B 4.464 0.124 4.322 4.28? 4.62° 4232 4.292 2.84b 0.175 <0.001 0.001 0.24
Lignin 79.3B 87.14 78.98 1.56 86.72 82.42 90.12 84.42 87.02 60.0° 2.20 <0.001 <0.001 0.56
Hemicellulose 213 212 199 4.37 22072 213 2154 2192 2128 167° 6.18 <0.001 0.056 0.95
NFC 1714 1664 1548 3.28 121° 137° 134° 126° 136° 3292 4.64 <0.001 0.002 0.15
Ash 99.2B  109.84 113.44 1.21 115° 1122 1122 109? 1142 g2b 1.71 <0.001 <0.001 0.06
Ethereal extract 25.7% 22.2B 20.98 0.756 21.4%¢ 23.6° 18.9¢ 22.0b¢ 21.2b¢ 30.22 1.07 <0.001 <0.001 0.81

Note: Capital letters compare the times of fermentation and lowercase letters comparing six silages by the Tukey test (P<0.05).

INI - No inoculant.

2LBUps-0.5 g/ton of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels of 1.0 x 10'! CFU/g.

SLBU; -1 g/ton of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels of 1.0 x 10! CFU/g.

4LPP; - 1 g/ton of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels of 5.0 x 10!° CFU/g and Pediococcus acidilactici, with mini-

mum guarantee levels of 1.5 x 10'° CFU/g.

SLPP; - 2 g/ton; of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with min-

imum guarantee levels of 1.5 x 10'° CFU/g.

*IGCG - inclusion of 8% of ground corn grain (cornmeal).

7 Additives.

8PIAD- Acid detergent insoluble protein.
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Table 4. Effect of levels of bacterial additives or inclusion of ground corn grain and different fermentation days on pH values, soluble carbohy-

drates (g/kg DM), lactic acid/acetic acid ratio (g/kg DM), production of effluents (kg/ton of green mass) and total DM losses (% of DM).

) Fermentation time (d) Additives P-value

Variable SEM SEM

30 60 90 NI! LBUops> LBU;® LPP* LPPyY IGCG® IA7 d IAx d
pH 4.068 4924 4.874 0.095 4.812 4.64* 4.782 4.80? 4.66% 3.99° 0.135 <0.001 <0.001 0.14
WwWSC? 4818 5574 5.524 0.141 5.53 5.20 5.29 4.99 5.22 5.58 0.199 0.32 <0.001 0.20
L/A ratio® 2.64%  0.51B 0.51B 0.192 0.832°> 0.773° 0.550° 1.046° 0.736> 3.375* 0.158 <0.001 <0.001 0.52
EP!0 89.4 88.4 87.6 2.18 85.3° 88.1% 85.5% 89.22b 98.32 85.0° 3.09 0.03 0.83 0.81
Total DM losses  3.098  10.814 11.584 0.655 8.41 6.78 9.84 7.87 8.90 9.17 0.927 0.26 <0.001 0.10

Note: Capital letters compare the times of fermentation and lowercase letters comparing six silages by the Tukey test (P<0.05).
NI- No inoculant.
2LBUps-0.5 g/ton of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels of 1.0 x 10'! CFU/g.

3LBU; -1 g/ton; of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels of 1.0 x 10! CFU/g.

4LPP; -1 g/ton of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with mini-

mum guarantee levels of 1.5 x 10'° CFU/g.

SLPP; - 2 g/ton; of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with min-

imum guarantee levels of 1.5 x 10'° CFU/g.

9IGCG - inclusion of 8% of ground corn grain (cornmeal).
"IA- Additives.

8WSC- Water soluble carbohydrates.

°L/A ratio- Lactic and acetic acid ratio.

1OEP- Effluent production.
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Table 5. Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on different fermentation days on ammoniacal nitrogen,

gas loss and organic acid of elephant grass cv. BRS Capiacu.

Fermentation time (d)

Variable 30 SEM P-value

NI! LBUys> LBU,® LPP* LPP,’ IGCG® IA’ d IA xd
Ammoniacal nitrogen, % TN 16,998 13.41*°¢  17.31°C 14738 13,558 8.56% 3.91 <0.001 <0.001  <0.001
Gas loss, % of DM 4.69°C 440 5658 4598 4578 3.58%4 1.10 <0.001 <0.001 0.001
Lactic acid, g/kg DM 14,9254 16.74%®A  12.97°4  17.51®A 15,654 19.51°4  0.885  <0.001 <0.001  <0.001
Acetic acid, g/lkg DM 6.19%8  7.523C 8488  400C  771%C 436 0.825  <0.001 <0.001 <0.001
Propionic acid, g’/kg DM 1.03%  0.893*  1.188  0.548%  1.04%® 0.602*4  0.166  <0.001 <0.001  <0.001
Butiric acid, g/lkg DM 26.908  15.00*¢ 2990® 18.10°® 11.20B 12.10°¢ 1.17 <0.001 <0.001  <0.001

60
Ammoniacal nitrogen, % TN  54.85*  27.97°B 4096  38.49%A 383624 19.41¢A 3.91 <0.001 <0.001  <0.001
Gas loss, % of DM 10268 996  10.25*  10.04**  7.46%B 5.74%4 1.10 <0.001 <0.001 0.001
Lactic acid, g/lkg DM 0.600°® 0945 (0.492°®  (0.562°B  3.18"B 14598 0.885  <0.001 <0.001  <0.001
Acetic acid, g/kg DM 17.03%A  19.89*4  [5.64°* 19.36°*  25.57* 5.2694 0.825  <0.001 <0.001  <0.001
Propionic acid, g/kg DM~ 220%8  172°B 2784  207°4  1.84%A 0.9584  0.166  <0.001 <0.001  <0.001
Butiric acid, g/lkg DM 33.70°4  22.50%B  42.10**  19.10°®  27.80** 26.30°44 1.17 <0.001 <0.001  <0.001

90
Ammoniacal nitrogen, % TN  65.35**  57.06°* 58.91°A  48.10°*  45.04%A 13.71¢A 3.91 <0.001 <0.001  <0.001
Gas loss, % of DM 17.97*4  9.02°A  9.85bA  g2QPAB g 44bA 6.30°A 1.10 <0.001 <0.001 0.001
Lactic acid, g/lkg DM 0.538"  0.507°®  0.609"®  2.69°®  0.757*® 12.69®8  0.885  <0.001 <0.001  <0.001
Acetic acid, g/lkg DM 17.484  13.77°B  13.54°A  15.25%B 152738 4,70 0.825  <0.001 <0.001 <0.001

Propionic acid, g’lkg DM 5.128% 500  3.02°4 2114 2114 0.965%  0.166  <0.001 <0.001  <0.001
Butiric acid, g/lkg DM 33.50**  27.20°4  29.60°°®  34.00* 29.50%A 21.20°8 1.17 <0.001 <0.001 <0.001
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Note: Lower case letters comparing additives at 30, 60, and 90 d and capital letters comparing
30, 60, and 90 d for each additive by the Tukey test (P<0.05).

INI- No inoculant.

2LBUps-0.5 g/ton of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels
of 1.0 x 10" CFU/g.

SLBU; - 1 g/ton; of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels
of 1.0 x 10" CFU/g.

“LPP; - 1 g/ton of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels
of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x 10'° CFU/g.

SLPP; - 2 g/ton; of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels
of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x 10'° CFU/g.

8IGCG - inclusion of 8% of ground corn grain (cornmeal).

"TA- Additives.
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Table 6. Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on in

situ degradation parameters of DM, OM and NDF of elephant grass silages cv. BRS Capiacu.

ltems Additives SEM P-value
NI' LBUps* LBU, LPP* LPPy’ IGCG® 1A’

DM parameters
a%, g/kg 224°¢ 248° 222° 243 232b¢ 419? 4.87 <0.001
b, g/kg 4512 436° 4518 440° 457 361° 6.37  <0.001
¢!, %/per h'! 0.0191 0.0197 0.0208 0.0182 0.0194 0.0244 0.00191 0.32
OM parameters
ab, g/kg 179%¢ 197° 166° 188% 175% 400? 5.42 <0.001
b, g/kg 474% 464° 4817 470° 491 370° 7.51 <0.001
¢!, %/per h'! 0.0193 0.0199 0.0211 0.0186 0.0195 0.0246 0.002 0.37
NDF parameters
DY, g/kg 5402 528° 530° 535% 559 578* 10.2 0.029
C'2, %/per h’! 0.0183 0.0189 0.0196 0.0182 0.0182 0.0217 0.00197 0.79
13, g/kg 385 384 387 3717 369 357 6.56 0.050

Note: Means with superscript letters on the lines differ additives by the Tukey test (P<0.05).
NI- No inoculant.

2LBUps-0.5 g/ton of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels
of 1.0 x 10" CFU/g.

SLBU; - 1 g/ton; of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels
of 1.0 x 10" CFU/g.

4LPP; - 1 g/ton of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels
of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x 10'° CFU/g.

SLPP; - 2 g/ton; of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels
of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x 10'° CFU/g.

SIGCG - inclusion of 8% of ground corn grain (cornmeal).

"IA- Additives.

8a- Is the water soluble fraction of the feed at time zero (g/kg DM).

°b- Potentially degradable fraction in the rumen (g/kg DM)

10¢c- Is the degradation rate of the potentially degradable fraction in the rumen (b) (%/per h™').
""D- NDF fraction potentially degradable in the rumen (g/kg DM).

12C- Degradation rate of the fraction D (%/per h").

BI- Non-degradable fraction of the NDF (g/kg DM).
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Table 7. Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on

potential degradability of DM, OM and NDF of elephant grass silages cv. BRS Capiacu.

Additives P-value
Items SEM

NI! LBUos> LBU;® LPP* LPP?’ IGCG® IA7

Potential degradability ~ 675° 684° 673°  682°  689° 780 477  <0.001
of DM, g/kg

Potential degradability ~ 653° 661° 647° 658° 666° 770 479  <0.001
of OM, g/kg

Potential degradability =~ 584 579% 578° 587 603 618  8.45 0.034
of NDF, g/kg

Note: Means with superscript letters on the lines differ additives by the Tukey test (P<0.05).
NI- No inoculant.

2LBUps-0.5 g/ton of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels
of 1.0 x 10" CFU/g.

SLBU; - 1 g/ton; of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels
of 1.0 x 10" CFU/g.

4LPP; _ 1 g/ton of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels
of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x 10'° CFU/g.

SLPP; - 2 g/ton; of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels
of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with minimum guarantee levels of 1.5 x 10'° CFU/g.

*IGCG - inclusion of 8% of ground corn grain (cornmeal).

"TA- Additives.
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Table 8. Effect of levels of bacterial additives or inclusion of ground corn grain (IGCG) on effective degradability of DM, OM and NDF of ele-

phant grass silages cv. BRS Capiacu.

Items Additives SEM P-value
NI! LBUos> LBU;® LPP* LPP,’  IGCG® 1A7

Effective DM degradability, g/kg
Passage fee (%/h™")
2 443 463° 450° 451° 457° 616* 10 <0.001
5 348° 371° 354° 360° 360° 5372 8.73 <0.001
8 310° 334° 315° 3240 321° 5032 7.41 <0.001
Effective OM degradability, g/kg
Passage fee (%/h™!)
2 411° 427° 411° 413 418° 603*  10.60 <0.001
5 311° 328° 308° 315° 313° 522 933 <0.001
8 271° 289° 266° 277° 272° 487*  17.93 <0.001
Effective NDF degradability, g/kg
Passage fee (%/h™)
2 278 279 284 277 287 320 1340 0.26
5 156 157 162 155 161 186 11.10 0.40
8 108 110 113 108 112 131 8.72 0.44

Note: Means with superscript letters on the lines differ additives by the Tukey test (P<0.05).

INI- No inoculant.

2LBUps-0.5 g/ton of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels of 1.0 x 10'! CFU/g.

SLBU; - 1 g/ton; of a commercial product composed of Lactobacillus buchneri, with minimum guarantee levels of 1.0 x 10'! CFU/g.

4LPP; - 1 g/ton of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with mini-

mum guarantee levels of 1.5 x 10'° CFU/g.

SLPP; - 2 g/ton; of a commercial product composed of Lactobacillus plantarum, with minimum guarantee levels of 5.0 x 10'° CFU/g and Pediococcus acidilactici, with min-

imum guarantee levels of 1.5 x 10'° CFU/g.



8IGCG - inclusion of 8% of ground corn grain (cornmeal).

"TA- Additives.
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Figure 1. Total degradability of dry matter of elephant grass silages with doses of bacterial

additives or inclusion of ground corn grains. Estimated by the equation:
Deg(t)=a+b (1 —e ),

* Deg (t)= represents the degradability or disappearance of the constituent (DM) of the feed; a
= is the water-soluble fraction of the feed at time zero; b = is the fraction insoluble in water,
but potentially degradable in the rumen at a given time; ¢ = is the degradation rate of the po-

tentially degradable fraction in the rumen (b); t = is the incubation time (h).
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Figure 2. Total degradability of organic matter in elephant grass silages with doses of bacteri-

al additives or ground corn grain. Estimated by the equation:
Deg(t)=a+b (1 —e ),

* Deg (t)= represents the degradability or disappearance of the constituent (OM) of the feed; a
= is the water-soluble fraction of the feed at time zero; b = is the fraction insoluble in water,
but potentially degradable in the rumen at a given time; ¢ = is the degradation rate of the po-

tentially degradable fraction in the rumen (b); t = is the incubation time (h).
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Figure 3. Total degradability of neutral detergent fiber of elephant grass silages with doses of
bacterial additives or ground corn grain. Estimated by the equation:

R =D (e') + L.

*R(t)= 1is the incubation residue at time t (h); D= is the fraction of potentially degradable NDF

in the rumen; c= is the rate of degradation of fraction D; I= is the non-degradable fraction of

NDF.



