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Abstract

This study examines the fermentation characteristics of silage of pearl millet (Pennisetum glaucum)
cultivars (BRS 1501, ADR 500, ADR 8010) harvested at 65 days of vegetative growth with the inclusion
of levels of soybean (Glycine max (L.) Merr.) hulls (0, 3, 6 and 10%). Millet was harvested and ensiled
in small silo (mini silo) and kept for 30 days. The laid out in a completely randomized design with a
3 x 4 factorial arrangement with three replicates, where the mini silo was considered an experimental
unit. Characteristics such as effluent losses, gas losses, dry matter recovery index and silage
composition were evaluated. The highest soybean hull inclusion level (10%) resulted in the lowest
gas and effluent losses. Silage dry matter recovery did not differ in response to the inclusion of
soybean hulls or between cultivars. Silage pH values ranged from 4.07 to 4.85. Mean buffering
capacity ranged from 10.82 (ADR 8010) to 30.19 (ADR 8010) mEq NaOH/100 g DM among treatments.
Mean soluble carbohydrate content differed according to the soybean hull inclusion levels and
cultivars. Lactic acid content was influenced by the soybean hull inclusion levels, ranging from 5.07%
(ADR 8010; at 10% inclusion) to 7.10% (BRS 1501; in control treatment). The inclusion of soybean
hulls in the silage of pearl millet cultivars promoted the production of good-quality silage with lower
gas and effluent losses. Therefore, the maximum recommended level to include is 10%.

Keywords: Ammoniacal nitrogen, buffering capacity, conservation, pH, organic acid.

Introduction

Silage, the feed produced from anaerobic fermentation, is
very important for the preservation of forage plants to be
used as feed in periods of forage shortage in tropical regions,
which are affected by production seasonality during the dry
season (Andriarimalala et al., 2019).

Ensiling is a complex process that involves several
microorganisms of different species and genera and their
interrelationships. This forage preservation method is based
on the conversion of soluble carbohydrates into organic acids
such as lactic, butyric, propionic and acetic acids, and the
production of each of them is related to the species and
genus of microorganisms that predominate during the
fermentation process (Bernardes et al., 2018).

Maize and sorghum are considered “standard” silage crops
due to their ideal characteristics for silage production, e.g.,
dry matter (DM) contents between 30 and 35%, water-soluble
carbohydrate contents above 13%, as well as low buffering
capacity (Caetano et al., 2011). According to Neres et al.
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(2014), other tropical grasses do not have adequate DM or
soluble-carbohydrate contents to allow an efficient
fermentation process, resulting in losses from secondary
fermentation, effluent production and aerobic deteriorations,
which  ultimately  compromise silage  production.
Nonetheless, the high buffering capacity of these grasses
prevents the pH from dropping to adequate values, allowing
the development of spoilage microorganisms, mainly
bacteria of the genus Clostridium. These bacteria, in turn,
produce ammonia nitrogen and butyric acid, which are
detrimental to the preservation process, resulting in high
losses of DM and energy from the ensiled material
(Bernardes et al., 2018).

Despite its limitations for silage production, pearl millet
(Pennisetum glaucum (L.) R. Brown) stands out among
tropical grasses due to its adaptability to the most diverse
types of soil, satisfactory nutritional value and good biomass
production capacity (Silva et al., 2020). In this context,
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Figure 1. Representative graph of the equations of gas losses % DM in the silages of pearl millet cultivars with levels of inclusion

of soybean hulls.
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Figure 2. Representative graph of the regression equations of pH values in the silages of pearl millet cultivars with levels of inclusion

of soybean hulls.

soybean (Glycine max (L.) Merr.) hulls represent an
alternative absorbent additive to be included in the ensiling
of non-standard tropical forage grasses to circumvent these
limitations.

Despite their high cell wall content (over 70%), the high
rumen degradability of soybean hulls allow them to partially
replace energy feedstuffs and roughages in ruminant diets
(Valadares Filho et al., 2010). In addition, the high nutritional
value, approximate chemical composition of 90.3% DM and
12.4% crude protein and high moisture-absorption capacity
of soybean hulls make this by-product also a good option for
use as a moisture-absorbing additive for ensiled materials
with a low DM content.

In view of the above considerations, this study was
undertaken to examine the fermentation characteristics of
silage of three cultivars of pearl millet with the inclusion of
soybean hulls.

Results

Effluent losses and dry matter recovery index

Soybean hulls showed a five-fold DM content than pearl
millet. However, the soluble carbohydrate contents of both
ingredients were very similar (Table 1). Cultivar ADR500
exhibited the highest effluent losses when no soybean hulls
were added to the ensiled mass. However, when soybean
hulls were included in the silage, this cultivar also showed
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the greatest reduction in effluent losses (Table 2). Dry matter
recovery index was not influenced by any of the evaluated
factors.

Gas production and fermentation profile

Gas production was influenced by the interaction between
soybean hull inclusion levels and pearl millet cultivars,
ranging from 2.43 to 4.87%. The mean content of ammonia
nitrogen relative to total nitrogen (N-NH3/TN) determined in
the pearl millet silages at the end of 30 days of fermentation
differed (p < 0.05) according to the soybean hull inclusion
levels and between cultivars, ranging from 3.08% (BRS 1501)
to 7.18% (ADR 8010), both values found in control treatment.
The mean soluble carbohydrate content also differed (p
<0.05) between the inclusion levels and between cultivars,
ranging from 5.17% (ADR 500) to 9.73% (BRS 1501), at the
soybean hull inclusion level of 10%. Lactic and propionic acid
contents were only significantly influenced (p < 0.05) by the
soybean hull inclusion levels (Table 3).

Among the evaluated cultivars, ADR500 and BRS1510
showed the lowest gas losses when 10% soybean hulls were
included in the ensiled mass. However, gas losses differed
between each cultivar (Figure 1).

Cultivars ADR 500 and BRS 1501 showed increasing pH
values (Figure 2), unlike cultivar ADR 8010, whose pH
decreased slightly with the increasing soybean hull inclusion
levels. However, cultivar ADR 8010 exhibited the highest



Table 1. Mean values of dry matter (DM) and soluble carbohydrates (SC) determined in the original matter of pearl millet cultivars

and soybean hulls.

BRS 1501 ADR 500 ADR 8010 soybean hulls
DM (%) 18.31 17.79 18.23 94.47
SC (%) 7.53 7.38 8.46 9.97

Table 2. Mean values of effluent losses (Efl) in kg/t green mass, dry matter recovery index (DMRI (% DM)), ammonia nitrogen
(NH3-N (% total N)) and soluble carbohydrates (SC (%)) determined in the silage of pearl millet cultivars with the inclusion of levels

of soybean hulls.

Inclusion of soybean hulls (%) P Value
Cultivars SEM
0 3 6 10 C | Cxl
BRS 1501 13.74Ab 4.70Aa 10.44Aa 9.41Aa
Efl (%) ADR 500 32.09Aa 12.55Ba 10.92Ba 14.25Ba 2.913 0.001 0.028 <0.001
ADR 8010 4.38Ab 13.21Aa 14.74Aa 5.80Aa
BRS 1501 91.51Aa 93.46Aa 90.64Aa 92.99Aa
DMRI (%) ADR 500 93.77Aa 92.51Aa 90.14Aa 92.97Aa 1.908 0.303 0.341 0.988
ADR 8010 94.54Aa 94.91Aa 92.49Aa 94.42Aa
NH3-N (% BRS 1501 3.08Ab 3.50Ab 3.93Aa 3.70Ab
total N) ADR 500 4.04Bb 3.79Bb 4.76ABb 6.15Aa 0.424 <0.001 0.278 0.007
ADR 8010 7.18Aa 6.98Aa 6.98Aa 5.93Aa
BRS 1501 7.72Ba 8.81ABa 9.34Aa 9.73Aa
SC (%) ADR 500 5.17Cb 6.88Bb 7.81ABb 8.78Aa 0.3306  <0.001 <0.001 0.194
ADR 8010 7.10Ba 8.09ABab 8.57Aab 8.91Aa

Different letters in the row (caps lock) and in the column (lower case) differ statistically from each other by the Tukey test at the
5% probability level (p <0.05). C: Cultivars; I: Inclusion of soybean hulls (%).

mean pH values among the evaluated cultivars. This result
may be associated with the buffering capacity of this
cultivar, which decreased as the inclusion levels were
elevated.

Buffering capacity differed significantly (p < 0.05) between
pearl millet cultivars ADR 500 and ADR 8010 (25.04 vs. 17.38
Eqm NaOH 100 g DM, respectively). In cultivar BRS 1501, the
highest buffering capacity values were observed between the
soybean hull inclusion levels of 2 and 4%, which decreased as
the inclusion levels were raised. In cultivar ADR 500,
buffering capacity increased with the soybean hull levels. In
cultivar ADR 8010, the lowest buffering capacity value was
found between the inclusion levels of 6 and 10% (Figure 3).
The increasing levels of soybean hulls added in the ensiling
process caused the lactic acid content of the silage to
decrease from 7.10 to 5.07%. This response is in agreement
with the pH results, which overall increased with the levels
of soybean hulls included in the ensiled forage mass. As a
consequence, higher amounts of lactic acid were required to
maintain the pH values until the end of the fermentation
process (Figure 4).

Discussion

Losses occurring during ensiling and fermentation are
difficult to measure and are correlated with the
microorganisms involved in the fermentation process as well
as with fermentable substrates (Bernardes et al., 2018). Thus,
factors such as adequate compaction density, supply of
soluble carbohydrates and adequate moisture content of the
ensiled material (achieved with the inclusion of moisture
scavengers) favor the action of lactic acid-producing
bacteria, resulting in reduced gas losses (Yitbarek and Tamir,
2014; Trevisoli et al., 2017). The gas loss values observed in
this study were higher than the 1.77 to 7.35 kg/t fresh matter
reported by Rezende et al. (2008) in elephant grass silage with
7% inclusion of various absorbent additives. In their
experiment, control silage, which included no additives,
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showed a DM content of 23.76% and an effluent loss of 24.89
kg/t fresh matter.

The gas losses observed in the present study were lower than
the 4.63 to 7.38% described by Pinho et al. (2013) in silages of
pearl millet harvested at 48 days in the semi-arid region of
Brazil. Those authors found silage DM contents that varied
between 17.95 and 22.73%. On the other hand, Silva et al.
(2012) evaluated the inclusion of crushed maize cob and
straw (CMCS) in the silage of three pearl millet cultivars and
obtained similar gas loss values, which ranged from 6.10 to
3.48%, demonstrating the efficiency of the additive.

Effluent losses are influenced by factors such as forage DM
content, type of ensiled material and compaction density,
but the most important of these is the DM percentage of the
forage plant to be ensiled. In forages with low DM contents,
effluent losses may exceed 10%, whereas less effluent is
produced in crops ensiled with DM contents between 31 and
35% (McDonald, 1981).

Despite the observed high coefficients of variation, in mean
values, the effluent losses found in this study were lowest in
the silages with 10% soybean hull inclusion, confirming the
ability of soybean hulls to increase the DM content and
reduce effluent losses in the silage. Silva et al. (2012)
evaluated the inclusion of CMCS in the production of silage
of pearl millet cultivars and obtained effluent losses of 17.28
to 9.05 kg/t of silage, which agrees with the results obtained
in the present study.

The DM recovery indices determined in this study were
similar to the 94.5% found by Andrade et al. (2010) in
elephant grass silages with 10% inclusion of agricultural by-
products. According to McDonald (1981), the pH of well-
preserved silages ranges between 3.8 and 4.2. However,
higher pH values (above 5.0) have been commonly reported
in silages of tropical forages, especially in grasses with low
soluble carbohydrate contents and high buffering capacity.
The pH values found in the present study ranged from 4.07
to 4.85, which are slightly higher values than those
recommended for maize and sorghum; the 3.87 found by
Costa et al. (2012) in millet ensiled at 65 days of vegetative
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Figure 3. Representative graph of the regression equations of buffering power in the silages of pearl millet cultivars with levels of

inclusion of soybean hulls.
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Figure 4. Representative graph of the regression equations of lactic acid values in the silages of pearl millet cultivars with levels of

inclusion of soybean hulls.

growth; and the 3.93 observed by Monteiro et al. (2011) in
elephant grass silages with inclusion of soybean hulls. Silva
et al. (2012) evaluated the inclusion of CMCS in pearl millet
silage and observed pH values that ranged from 3.67 to 3.92.
The lower pH values found in the current study can be
explained by the higher soluble carbohydrate content of
CMCS, which results in increased lactic acid production and,
consequently, a greater pH decline. The observed pH values
may also be related to the increased buffering capacity of the
raw material in response to the increasing levels of soybean
hulls, whose composition includes organic acids such as
malic, citric, phosphoric, and glyceric acids, which contribute
to increasing buffering capacity.

Buffering capacity refers to the ability of forage components
to resist pH decline, which may prolong the fermentation
process and give the opportunity for bacteria (e.g.,
enterobacteria and clostridia) to develop, thereby promoting
undesirable fermentation and the production of acetic and
butyric acids, mainly. The buffering capacity values
determined in this study are similar to the 22.20 to 17.60 meq
NaOH/100 g DM found by Silva et al. (2012) in millet silage
with the inclusion of CMCS. Each cultivar exhibited a
different behavior according to the soybean hull inclusion
levels, which is likely due physiological characteristics of
each genotype.

Only cultivar ADR 500 showed increasing ammonia nitrogen
values in response to the increasing soybean hull inclusion
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levels. However, these values did not exceed the maximum
limit of 8% (NH3-N/TN) established by Henderson (1993) for
silage to be considered of good quality. Similar values were
found by Monteiro et al. (2011), who observed a NH3-N/TN
percentage of 3.80% in elephant grass silages with inclusion
of 10% soybean hulls. In contrast, Silva et al. (2012) evaluated
the inclusion of CMCS in millet silage and reported NH3-
N/TN percentages of 3.31 to 4.72%, demonstrating the
efficiency of this type of additive for non-standard forage.
The increase in the soluble carbohydrate content at the end
of the fermentation process may be due to enzymatic action
or the acid hydrolysis of hemicellulose, which releases
soluble carbohydrates for fermentation. During the stable
phase of fermentation, hemicellulose may undergo chemical
lysis, releasing sugars for fermentation (Bolsenm et al., 1996).
According to Winters et al. (1987), during the early ensiling
period, a small amount of nutrients is available for
fermentation to take place. These can be converted to
organic acids, which cause the rupture of mesophyll cell
membranes, releasing nutrients for fermentation. It is also
possible that, in anaerobic conditions, the action of auto-
catalytic enzymes of plant cells contributes to the disruption
of the cellular structure, reducing the availability of nutrients
for fermentation. According to the same authors, it is
probable that both mechanisms act on the disruption of the
cellular structure due to the complexity of the fermentation
occurring in the ensiling process.



Table 3. Mean contents (%) of lactic acid (LA), acetic acid (AcA), propionic acid (PA) and butyric acid (BA) determined in the silage

of millet cultivars with soybean hulls.

Cultivars Inclusion of soybean hulls (%) SEM P Value
0 3 6 10 C | Cxl
BRS 1501 7.10Aa 6.30Aba 5.95Ba 5.61Ba
LA ADR 500 6.22Aa 5.96Aa 5.63Aa 5.35Aa 0.268 0.210 <.0001 0.586
ADR 8010 6.81Aa 5.77ABa 5.18Ba 5.07Ba
BRS 1501 1.22Aa 1.25Aa 1.36Aa 1.23Aa
AcA ADR 500 1.70Aa 1.65Aa 1.20Aa 1.13Aa 0.153 0.153 0.158 0.226
ADR 8010 1.64Aa 1.40Aa 1.57Aa 1.31Aa
BRS 1501 0.11Ba 0.13ABa 0.14Aa 0.14Aa
PA ADR 500 0.13Aa 0.14Aa 0.15Aa 0.14Aa 0.009 0.160 0.013 0.137
ADR 8010 0.12Aa 0.11Aa 0.12Aa 0.13Aa
BRS 1501 0.04Aa 0.03Aa 0.03Aa 0.03Aa
BA ADR 500 0.04Aa 0.03Aa 0.03Aa 0.03Aa 0.003 0.832 0.300 0.673
ADR 8010 0.04Aa 0.03Aa 0.03Aa 0.03Aa

Different letters in the row (caps lock) and in the column (lower case) differ statistically from each other by the Tukey test at the
5% probability level (p <0.05). C: Cultivars; I: Inclusion of soybean hulls (%).

The mean lactic acid contents determined in this study are
close to the 4.82 to 6.86% found by Guimaraes Janior et al.
(2005) in silages of three millet cultivars at 28 days of
fermentation. This range, in turn, is higher than the 1.4 to
2.4% observed by Hassanat et al. (2007) in millet silages
ensiled at 45 days of vegetative growth with and without
inoculants based on homofermentative bacteria. Conversely,
lower lactic acid values (1.74 to 1.96%) were reported by Silva
et al. (2012), who examined the inclusion of CMCS in forage
millet silage and obtained lactic acid values consistent with
the quality of the silage.

The acetic acid contents obtained in the current study were
within the range of 0.5-6.3% described by Yan and Agnew
(2004) in an experiment evaluating 136 temperate-grass
silages. The acetic acid content is inversely related to the rate
of pH decline in silages. Acetic acid is produced mainly from
the prolonged action of enterobacteria, heterofermentative
lactic bacteria and, to a lesser extent, the action of clostridia.
In addition to negatively affecting the pH decline,
fermentations promoted by these microorganisms lead to
higher DM and energy losses from the ensiled material
(Fahey et al., 1994). Therefore, to be considered well-
preserved, silage must have a low acetic acid content.
According to Tomich et al. (2003), this variable can be used
as a parameter to evaluate the quality of the fermentation
process and should be less than or equal to 2.5%.

Clostridial proliferation negatively affects silage quality due
to butyric acid production, which limits voluntary intake by
animals. Low butyric acid concentrations indicate that
clostridial activity during fermentation was not sufficient to
generate significant losses. Nevertheless, despite the small
linear increase in the levels of these acids, all organic acid
and volatile fatty acid values were within the expected range
even for well-preserved maize silage, e.g., 4 to 6% lactic acid,
2% or less acetic acid and 0.5% butyric acid (McDonald, 1981).
The butyric acid contents determined in this study are also
in agreement with the 0 to 0.1% recommended by Tomich et
al. (2003) for the silage to achieve optimum quality. Silva et
al. (2020) evaluated the inclusion of CMCS in the ensiling of
three millet cultivars and obtained lower acetic (0.65 to
0.70%), butyric (0.003 to 0.004%) and propionic (0.048 to
0.056%) acid values, which demonstrates the higher
efficiency of the additive in fermentation for silage
production. It should be noted, however, that the additive
used in the present study is the by-product of a legume.

Materials And Methods

Experiment location
The experiment was conducted in the Department of Animal
Science, School of Veterinary and Animal Science, Federal
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University of Goias (UFG), located in the municipality of
Goiania - GO, Brazil (16°35°00” S, 49°16’°00” W, 727 m
altitude). The soil of the experimental area is classified as
typic dystrophic Red Latosol of clayey texture and medium
fertility.

The climate of the region is an Aw type. Climatic data during
the experimental period (November and December 2014 to
January 2015) obtained from the weather reports of the first-
class evaporation station of the Biosystems Engineering
Section of the School of Agronomy - UFG, located near the
experimental area, revealed the following variations:
temperature — 20 to 32 °C; rainfall per month (mm) — 262.2
to 309.9 mm; insolation — 121.4 to 136.3 h; relative humidity
- 76 to 80%.

To characterize the soil in the experimental area, a sample
was collected at a depth of 0-0.20 m for physical and
chemical analyses, which were performed at the Laboratory
of Soil and Leaf Analysis, School of Agronomy, UFG. The
following results were obtained: Ca -3.4; Mg — 1.1; H+Al —
2.8; Al = 0.0 and CEC - 7.5 cmol/dm3; P (Mehl) - 3.8 and K -
69 mg/dm3; base saturation — 62.5%; OM - 1.8 %; clay - 35.0
%; sand — 46.0%; and silts — 19.0%.

Implementation of culture

The soil was prepared conventionally, by two harrowing
operations: one with a disk harrow and another with a disk
plow, before planting. Based on the soil analysis data, no
liming was required, in accordance with the
recommendations of Martha Jdnior et al. (2007).

Sowing was done manually, using 20 pure live seeds (PLS)
per linear meter. The plots consisted of five 50 m rows spaced
0.30 m apart, making up a total area of 60 m? for each
cultivar. Phosphate and potassium fertilizer were applied
using 60 and 30 kg/ha P20s (SS) and KCI (KClI), respectively,
plus 50 kg/ha FTE BR-16, as recommended by Martha Janior
et al. (2007). The area was top-dressed 20 days after plant
emergence using 80 kg/ha de N (urea). During the growing
season, cultivation treatments such as weeding were carried
out to remove invasive plants from the experimental area.

Harvesting and preparation of mini-silos

The pearl millet cultivars ADR 500, ADR 8010, BRS 1510 were
harvested and ensiled on January 23, 2015, at 65 days after
seedling emergence. The grass was harvested using a
backpack brush cutter at 0.15 m from the ground and then
chopped in a forage harvester to particles of approximately 2
cm. Samples were homogenized manually and an aliquot of
approximately 1 kg of the chopped material was taken for
laboratory analysis and characterization of the plant.

The original material of each cultivar was divided into four
equal parts, followed by the inclusion of different levels of



soybean hulls, according to the proposed treatments.
Experimental silos (small silo or mini-silos) were made from
12 L plastic buckets equipped with Bunsen valves to release
the gases produced during the fermentation process. An
apparatus consisting of a 2 cm layer of coarse sand and two
layers of cotton fabric was placed at the bottom of each mini-
silo to collect and measure effluent losses. Before ensiling,
the silos were weighed with all apparatuses and lids. Silos
were filled manually. A manual hydraulic press was also used
to complete the compaction process, aiming at an average
density of approximately 545 kg m®. After compaction, the
silos were closed, sealed with adhesive tape and weighed.

Analyzed variables

Silos were opened exactly 30 days after ensiling and weighed
to determine gas losses by difference from the initial weight.
Subsequently, two sub-samples of approximately 500 g of
each treatment were collected to analyze the silage mass.
After complete removal of the ensiled mass, the experimental
silos were weighed with all apparatuses and lids to
determine effluent losses and calculate the dry matter
recovery index (DMRI). Gas losses (GL), effluent losses (EL)
and DMRI were calculated as proposed by Jobim et al. (2007),
as follows:

Wcl — Wop

6L = eMd —pMd

x1000

where GL = gas losses (% DM); Wcl = weight of the full
bucket at the time of closing (kg); Wop = weight of the full
bucket at the time of opening (kg); FMcl = forage mass at the
time of closing (kg); and DMcl = forage dry matter content
at the time of closing (% DM).

Wop — Wcl
TC] x 1000

where Efl = effluent production (kg/t of fresh mass); Wop =
weight of the empty set (bucket, lid, sand and cloth) at the
time of opening (kg); Wcl = weight of the empty set (bucket,
lid, sand and cloth) at the time of closing (kg); and FMcl =
forage mass at the time of closing (kg).

DMRI = -MopxDMop -y 55
~ FMcIxDMd
where DMRI = dry matter recovery index (%); FMop = forage

mass at the time of opening (kg); DMop = forage dry matter
content at the time of opening (%); FMcl = forage mass at the
time of closing (kg); and DMcl = forage dry matter content
at the time of closing (%).

The first sub-sample (approximately 500 g) was dried in a
forced-air oven at 65 °C for 72 h to determine the pre-dried
matter and ground in a Wiley knife mill (Tecnal - TE680,
Piracicaba, Sao Paulo, Brazil) using a 1 mm diameter sieve.
The material was then identified and stored in polyethylene
containers for chemical analysis. Dry matter, crude protein
(CP) and soluble carbohydrate contents were determined
according to methods recommended by Detmann et al.
(2012).

The second sub-sample was used to extract the silage juice
to determine the ammonia nitrogen (NH3-N) content and the
content of organic and fatty acids, namely, lactic acid, acetic
acid, propionic acid and butyric acid. Ten milliliters of 25%
phosphoric acid (w/v) were added to 50 mL of juice and
frozen at -17 °C for further analysis of organic and fatty
acids. The samples were centrifuged at 13,000 rpm for 15 min
and then analyzed in a high-performance liquid
chromatograph (HPLC) (SPD-10A VP, Shimadzu®, Kyoto,
Japan) coupled to an ultraviolet (UV) detector at a
wavelength of 210 nm, through a Biorad C18 (Reverse-Phase)
column at 168 kgf pressure and 1.5 mL/min flow, using
H2SO04 as the eluent (0.0025 mol L).

EL =
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Samples for the analysis of NH3-N were preserved in 1 mL of
50% sulfuric acid to 50 mL juice and frozen at -17 °C for
further analysis. Buffering capacity was measured, with
results expressed in mEq of alkali required to change the pH
from 4 to 6 in 100 g of sample DM. The pH and NH3-N values
were measured by following the methodology adapted by
Silva and Queiroz (2006).

Experimental design and statistical analysis
Treatments consisted of each level of soybean hull (0, 3, 6 and
10%) included in the ensiled mass of three pearl millet
cultivars (ADR 8010, ADR 500 and BRS 1501). The experiment
was laid out in a completely randomized design with a 3x4
factorial arrangement with three replicates, where the mini-
silo was considered an experimental unit. The means of the
variables were analyzed by the Shapiro Wilk test, followed
by a normal distribution test. Effluent losses, dry matter
recovery index, ammonia nitrogen, soluble carbohydrates
and lactic, acetic, propionic and butyric acid contents were
evaluated by analysis of variance and means were compared
by Tukey’s test at the 5% significance level using R software
(R Core team, 2015). Gas losses, buffering capacity, pH and
lactic acid content were subjected to regression analysis for
the soybean hull inclusion levels.

Conclusions

In addition to reducing gas and effluent losses and allowing
satisfactory dry matter recovery, the inclusion of soybean
hulls in the ensiling of pearl millet as evaluated in this study
maintained the pH value and the ammonia nitrogen content
within the accepted range for the characterization of good-
quality silage. Therefore, this is a viable alternative for the
production of preserved forage.
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