
The Journal of Agricultural
Science

cambridge.org/ags

Animal Research Paper

Cite this article: Faria EFS, Silva TCda, Pina
DdosS, Santos EM, Araújo MLGMLde, Silva
LOda, Carvalho GGPde (2020). Do re-ensiling
time and application of Lactobacillus buchneri
alter the characteristics of sugarcane silage?
The Journal of Agricultural Science 158,
438–446. https://doi.org/10.1017/
S0021859620000751

Received: 13 August 2020
Accepted: 31 August 2020

Key words:
Additives; aerobic stability; fermentation;
losses

Author for correspondence:
G.G.P. de Carvalho,
E-mail: gleidsongiordano@ufba.br

© The Author(s), 2020. Published by
Cambridge University Press

Do re-ensiling time and application of
Lactobacillus buchneri alter the characteristics
of sugarcane silage?

E. F. S. Faria1, T. C. da Silva2, D. dos S. Pina1, E. M. Santos3,

M. L. G. M. L. de Araújo1, L. O. da Silva1 and G. G. P. de Carvalho1

1Universidade Federal da Bahia, Salvador, Bahia, Brazil; 2Universidade Federal Rural da Amazônia, Belém, Pará,
Brazil and 3Universidade Federal da Paraíba, Areia, Paraíba, Brazil

Abstract

This study aimed to examine the effects of re-ensiling time and Lactobacillus buchneri on the
fermentation profile, chemical composition and aerobic stability of sugarcane silages. The
experiment was set up as a repeated measure design consisting of four air-exposure periods
(EP)(0, 6, 12, and 24 h) microbial additive (A) (L. buchneri; or lack of there), with five repli-
cates. Sugarcane was ground through a stationary forage chopper and ensiled in four plastic
drums of 200-L capacity. After 210 days of storage, the drums were opened and half of the
silage mass was treated with L. buchneri at the concentration of 105 cfu/g of forage.
Subsequently, the silages were divided into stacks. The re-ensiling process was started imme-
diately, at 0, 6, 12 and 24-hour intervals, by transferring the material to PVC mini-silos. Silos
were opened after 120 days of re-ensiling. The use of L. buchneri reduced butyrate concentra-
tion but did not change ethanol or acetic acid concentrations and aerobic stability. An inter-
action effect between L. buchneri and re-ensiling time was observed for dry matter (DM)
losses and composition. Lactobacillus buchneri is not effective in improving aerobic stability
in re-ensiled sugarcane silages. However, less DM is lost in silages treated with L. buchneri
and exposed to air for 24 h. Re-ensiling sugar cane in up to 24 h of exposure to air does
not change final product quality.

Introduction

The re-ensiling process encompasses the steps of unloading, transporting, compacting and
sealing silage into a new silo. This is a common practice on farms in several countries due
to the need for transporting the silage to other farms; bulk selling to other producers;
among other reasons (Chen and Weinberg, 2014). In some cases, silages are transported
over long distances or remain on the farm for an extended period before being re-ensiled,
which may increase dry matter (DM) losses due to exposure to air.

However, the impact of such alterations depends on the ensiled crop and the microbial
populations in the silage at the time of re-ensiling. Recent studies have shown that although
the corn, wheat and sorghum crops’ fermentation profile is not affected, their nutritional
value is, with reductions in in vitro DM digestibility (Chen and Weinberg, 2014; Michel
et al., 2017). Among the crops used for silage making, sugarcane is an important forage source
for ruminants in tropical regions because of its low nutrient requirements and elevated DM
yield (20–100 t/ha) (Siqueira et al., 2007).

The main characteristics of sugarcane silage are high ethanol levels produced by yeasts
that result from elevated concentrations of soluble carbohydrates in the plant, which cul-
minate in DM losses and decreased nutritional value (Pedroso et al., 2005; Oliveira et al.,
2015). The inoculant Lactobacillus buchneri has shown to be effective in controlling
yeasts and reducing the ethanol concentration in sugarcane silages and, in some cases,
improving aerobic stability (Ávila et al., 2012; Carvalho et al., 2012; Santos et al.,
2015). Nevertheless, the effect of applying this inoculant during the re-ensiling process
is unknown.

In this scenario, to maintain the quality and increase the nutritional value of sugar-
cane silage by mitigating the effects of aerobic exposure, it is necessary to understand
how the re-ensiling time affects its fermentation profile and chemical composition and
observe the responses to L. buchneri application at the time of re-ensiling. Thus, the pre-
sent study proposes to examine the effects of re-ensiling time and Lactobacillus buchneri
on the fermentation profile, chemical composition and aerobic stability of sugarcane
silages.
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Materials and methods

Experimental area and ensiling

Sugarcane (Saccharum officinarum) variety RB92579 was grown
on Muricy Farm, located in the municipality of São Gonçalo
dos Campos - BA, Brazil (12°23′49.5′′S and 38°52′43.5′′W; 234
m altitude). According to the Köppen classification, the region’s
climate is an As type (semi-humid tropical with dry summers)
with mean temperatures above 18°C and average annual precipi-
tation of 900–1200 mm, classified as semi-arid (Alvares et al.,
2014).

The sugarcane was harvested at 14 months after planting and
ground through a stationary forage chopper (EN93B,
NOGUEIRA MÁQUINAS AGRÍCOLAS, São João da Boa
Vista, SP, Brazil). Subsequently, the forage was ensiled in four
plastic drums of 200-L capacity each, aiming at a density of
700 kg/m3 of fresh matter (FM).

Experimental design and re-ensiling

The experiment was set up as a repeated measure design with a
4 × 2 factorial arrangement consisting of four air-exposure periods
(EP) (0, 6, 12 and 24 h) and use of microbial additive (A)
(Lactobacillus buchneri; or lack of there), with five replicates.

Drums were opened after 210 days of storage. A sample of
approximately 1 kg was collected, and the remaining material
was separated into two stacks, one of which was inoculated with
L. buchneri (105 cfu/g FM). Next, each replicate’s stacks were
re-ensiled at the pre-established re-ensiling times in PVC silos
(0.5 m height × 0.1 m diameter) with Bunsen valves on the lids
to allow gas outlet (average density 700 kg/m3 FM). One kilogram
of sand was placed at the bottom of each bucket and covered with
a screen to separate the ensiled material to capture fluids and
determine effluent losses. Silos were weighed on the day of filling
and at the opening.

The experimental silos were opened at 120 days after
re-ensiling, totalling 330 days from the moment the material
was first ensiled. Upon opening, FM samples of approximately
300 g were collected for laboratory analyses.

Fermentation parameters

The pH was measured in samples of fresh silage using a portable
digital pH meter, following the methodology described by Bolsen
et al. (1992). Fresh samples were also used to determine the buf-
fering capacity (BC), following the technique proposed by Playne
and McDonald (1966).

Organic acids and lactic acid were determined at the Federal
University of Viçosa (UFV) by high-performance liquid chroma-
tography (HPLC), using an Aminex® HPX-87H column (30 cm ×
4.5 mm, Bio-Rad Laboratories Ltd.) in a Thermo Scientific™
chromatograph, following the methodology described by Muck
and Dickerson (1988). A total of 20 μl of each sample was injected
and the acids were detected using water in 0.05 mmol/l sulfuric
acid (H2SO4) as a mobile phase with a column flow of 0.8 ml/
min, under 87 kgf pressure. The compounds were monitored
with a UV detector (model SPD10AVP) regulated at a wavelength
(λ) of 210 nm.

The ammoniacal nitrogen concentration (N-NH3) was deter-
mined by colorimetry, using the aqueous extract from the silage,
as described by Chaney and Marbach (1962).

Dry matter and effluent losses

Prior to being opened at 120 days after re-ensiling, the experimen-
tal silos were weighed and then opened and weighed again. Upon
opening, the weight of the silos with sand was also recorded to
calculate effluent losses. The parameters were estimated according
to equations described by Jobim et al. (2007).

Aerobic stability

Approximately 1 kg of silage was placed on an aluminium tray
and the temperature was recorded in triplicate, at 1-h intervals,
over 96 h (room temperature: 25°C). Aerobic stability was calcu-
lated as the time taken by the silage mass to reach a temperature
of 2°C higher than room temperature (Taylor and Kung Jr., 2002).

Chemical composition

Samples were pre-dried in a forced-air oven at 55 °C for 72 h and
ground through a Wiley mill with a 1-mm sieve. Next, the concen-
trations of DM (Method 934.01), organic matter (OM; Method
924.05), crude protein (CP; Method 920.87) and ether extract
(EE; Method 920.39) were determined by following the methodolo-
gies described by AOAC (1990). The concentration of neutral
detergent fibre (NDF) was determined as proposed by Van Soest
et al. (1991), using amylase and without using sodium sulphite.
Non-fibrous carbohydrates (NFC) were estimated according to
the equation proposed by Mertens (1997), while soluble carbohy-
drates (SC) were estimated as suggested by Dubois et al. (1956).

Statistical analyses

All variables were subjected to statistical analysis (PROC MIXED –
SAS), adopting a repeated measures design (Kaps and Lamberson,
2017) in which the following statistical model was employed:

Yijk = m+ Ai + Mij + EPj + Ai × EPj + 1ijk,

where Yijk = observed response to additive i at exposure time j, in
replicate k; μ = observed overall mean; Ai = fixed effect of additive i
(i =Without, With); ℧ik = random error associated with additive i;
EPj = fixed effect of air-exposure period j ( j = 0, 6, 12, 24 h); EPj ×
Ai = interaction effect between additive and exposure period; εijk =
random error associated with air-exposure period and interaction.

For the effect of the air-exposure period, the variables were eval-
uated by orthogonal polynomial trend test (POLYANOVA), the
coefficient for unequally spaced polynomial Linear (−0.592
−0.254 0.085 0.761) and Quadratic (0.564 −0.322 −0.645 0.403)
was estimated using PROC IML (SAS). For variables in which a
significant interaction effect was detected, the interaction effect
was decomposed (PROC MIXED – SAS), with the additive
effect being evaluated within each exposure time (F test) and the
effect of the air-exposure period within each additive was described
before (PROC MIXED – SAS). For all the evaluated models, a sig-
nificance level of 0.05 was considered for type-I error.

Results

Fermentation parameters

There was no interaction effect between L. buchneri and air expos-
ure time before re-ensiling (P < 0.05) for pH, N-NH3, acetate,
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propionate, or butyrate contents (Table 1). However, an inter-
action effect was detected for ethanol and lactate concentrations,
both of which responded quadratically. However, at 6 h of air-
exposure, the additive led to a reduction of ethanol levels, but
the opposite effect occurred in the other periods (Tables 1 and
2). The increasing air-exposure period to which the silages were
subjected before re-ensiling promoted a quadratic response on
propionate and N-NH3 contents.

The butyrate levels declined (P < 0.05) in the silages containing
L. buchneri as independently of re-ensiling times (Table 2).

The lowest ethanol concentration (148.64 g kg−1) was observed
in the silage without L. buchneri at 18.8 h of exposure to air before
re-ensiling. However, with the inclusion of the additive, the lowest
concentration (161.80 g kg−1) was detected at 11.6 h of air expos-
ure, before re-ensiling (Table 2).

When the interaction effect was decomposed into separate fac-
tors, the lactate content in the silage treated with L. buchneri
reduced linearly as the air-exposure period increased.

Dry matter and effluent losses

There was an effect (P < 0.05) of microbial additive (L. buchneri)
and aerobic exposure time (0, 6, 12 and 24 h) before re-ensiling
for effluent losses in the sugarcane silages. The use of L. buchneri
also resulted in increased effluent losses (Table 3).

An interaction effect between the use of L. buchneri and
re-ensiling time was observed (P < 0.05) for DML (Fig. 1).

Aerobic stability

The use of L. buchneri did not influence (P < 0.05) the aerobic sta-
bility of the sugarcane silages. The silages treated with L. buchneri
lost stability at 41.98 h of air exposure. However, those without
inoculant had their stability disrupted at 42.26 h of air exposure
(Table 4).

There was a linear decrease in the time for disruption of aer-
obic stability (P < 0.05) in the silages as the re-ensiling time pro-
gressed. The longest time for the disruption of stability was at 0 h

of exposure to air. The worst result was seen in the silages exposed
to air for 24 h before re-ensiling.

Chemical composition

An interaction effect was observed for all chemical composition
variables, except the CP and SC concentrations (Table 5).

The silage DM content responded quadratically in the silages
without microbial inoculant and linearly in those with the addi-
tive, with the increasing re-ensiling periods (Fig. 2).

For the NFC concentration, a linear effect was observed in the
silages inoculated with L. buchneri. However, no regression equa-
tion was fitted for the non-inoculated silages regarding the NFC
(Fig. 3).

Decomposing the interaction effect observed for the silages’
NDF content into separate factors revealed a quadratic response
of this variable to the re-ensiling times in the silages with L. buch-
neri. The highest concentration of NDF (755.35 g kg−1) was
observed at 14.3 h of air exposure when the inoculant was not
used (Fig. 4). Besides, a linear effect was observed in the NDF
content of silages inoculated with L. buchneri.

The silage MM content responded quadratically in the silages
without microbial additive, with the increasing re-ensiling peri-
ods. However, no regression equation was fitted for the inoculated
silages regarding the MM content (Fig. 5).

Discussion

At 24 h of air exposure, additive use had reduced the DM content
in the silage, although the opposite effect was found at 8 h of
exposure. This can be explained by the increasing effluent losses
observed, which followed the same trend.

The increase observed in the NDF content of the silages with
L. buchneri as the air-exposure time progressed may be related to
NFC’s reduction. Freitas et al. (2006), Pedroso et al. (2008),
Mendes et al. (2008) and Valeriano et al. (2009) also reported
an increase in the NDF content of sugarcane silages inoculated
with the same additive.

Table 1. Fermentation profile of sugarcane silages with and without L. buchneri re-ensiled after four air-exposure periods

Item

Additive Air-exposure period

SEM

P value*

Without With 0 6 12 24 L Q A A × EP

pH 3.3 3.3 3.3 3.3 3.3 3.3 0.02 0.324 0.238 0.545 0.408

N-NH3
a 6.8 6.1 5.2 7.3 6.3 7.0 0.32 0.001 0.027 0.115 0.968

Ethanolb 165 175 192 156 167 165 4.1 0.003 0.001 0.048 <0.001

Lactateb 22 17 18 22 17 19 1.4 0.822 0.773 0.008 0.004

Acetateb 37 37 37 29 43 40 4.1 0.443 0.989 0.993 0.174

Propionateb 3.7 3.3 4.6 2.3 3.5 3.6 0.53 0.638 0.034 0.578 0.450

Butyrateb 7.8 6.6 7.1 7.2 7.4 7.3 0.49 0.722 0.735 0.042 0.398

Regression equation

N-NH3 ŶN−NH3 = 5.48 + 0.1748 × EP− 0.0048 × EP2 (R2 = 49.00)

Propionate ŶPROP = 3.31 –0.1749 × EP + 0.0062 × EP2 (R2 = 41.27)

a% of total nitrogen.
bg kg−1 DM; A = additive effect; EP = effect of air-exposure period; A × EP = interaction effect between additive use and air-exposure period. SEM = standard error of the mean. L = linear effect
of air-exposure period; Q = quadratic effect of air-exposure period. *Significance level of 5% for the F test and regression models.
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Erickson et al. (2012) also described a lack of statistical differ-
ences in pH and acetate and propionate levels in the silage regard-
less of the air-exposure time before re-ensiling. Those authors
evaluated corn silages treated with a commercial microbial addi-
tive containing lactic acid bacteria (L. plantarum, Pediococcus
pentosaceus and Enterococcus faecium) that were exposed to air
for seven different periods (0, 24, 48, 72, 120, 240 and 336 h)
and observed no differences between the silages with and without
inoculant. They also reported that the pH values remained close
to 3.8 for up to 72 h of exposure.

The silages treated with L. buchneri showed no reduction (P >
0.05) of N-NH3 levels. In both silages with or without the inocu-
lant, the N-NH3 levels were below the threshold of 10% of the
total nitrogen proposed by Woolford (1984), McDonald et al.
(1991) Van Soest (1994). This result should not be evaluated sep-
arately as an indicator of silage quality because sugarcane has a
low protein content. This fact was observed in the current trial,
in which the CP content of fresh sugarcane was 21.2 g/kg DM.

The decreasing butyrate levels observed in the silages with
L. buchneri might have been a consequence of the improved
fermentation environment. However, no such finding was reported
by Silva et al. (2018), who evaluated the effect of additives containing
five strains of this heterofermentative lactic bacteria isolated from
corn silages, in a tropical environment, in the making of sugarcane
silages.

When the interaction effect between the bacterial additive and
air-exposure time before re-ensiling was decomposed into factors,
lower value to ethanol and lactate were observed in the silages
enriched with L. buchneri in the periods of 12 h and 24 h of air
exposure, respectively. The average ethanol content in the silages
with inoculant was 175.1 g/kg, whereas the non-enriched silages
averaged 164.6 g/kg for this variable. The present values are
lower than those described by Freitas et al. (2006), who reported
the same trend, in which the silages with and without the micro-
bial additive exhibited ethanol contents of 193 and 178 g/kg,
respectively. Pedroso et al. (2011), on the other hand, added an
L. buchneri-based additive (5 × 104 cfu/g) in the ensiling of sugar-
cane and obtained an 18% reduction in ethanol concentration.

According to Ranjit and Kung Jr. (2000), inoculants contain-
ing L. buchneri induced a fermentation profile that produces
acetic acid over lactic acid, inhibiting yeasts’ growth, which is
responsible for alcoholic fermentation. The lack of differences
(P > 0.05) in the concentration of acetic acid between the silages
with and without microbial additive explains the unchanged etha-
nol contents in the silages with additive, which might have been
due to the characteristics of the material used in ensiling.

At the air-exposure time of 0 h, no differences were detected in
ethanol content between the silages with and without L. buchneri.
The additive effectively reduced the ethanol concentration in the
silages re-ensiled after 6 h of aerobic exposure, which had the low-
est concentration of the alcohol (143.7 g/kg). However, these
values can still be considered high when compared with those
reported by Ávila et al. (2012). They inoculated sugarcane with
a strain identified in sugarcane silage (UFLA SL 72) before ensil-
ing and obtained a significant reduction in ethanol content, which
decreased from 61.4 g/kg, in the control treatment to 21.1 in the
silages with the additive.

Another possible explanation for the elevated ethanol levels
observed in the present experiment is the fact that the sugarcane
used contained a large amount of SC (up to 70.0 g/kg DM).
Additionally, its BC (2.59 meq100/g DM) was much lower than
the 7.0–10.8 meq.100/g described in the literature for sugarcane
(Siqueira et al., 2007; Silva et al., 2008; Valeriano et al., 2009).
This elevated sugar content associated with low BC contributes
to a rapid pH decline, favouring the growth of ethanol-producing
yeasts (Driehuis and Wikselaar, 2000).

The lowest effluent losses were recorded at the air-exposure
time of 0 h before re-ensiling. This was an expected finding
since exposure to air causes water to be lost to the environment,
which was verified by the increase in this parameter up to 6 h of
air exposure. However, the reduction in effluent losses observed
between 12 and 24 h of aerobic exposure was because the effluent
amount had already decreased as the aerobic exposure time
progressed.

The slight reduction in DM losses in the silages with L. buch-
neri from 0 to 6 h of air exposure and the occurrence of the

Table 2. Decomposition of the interaction effects on the fermentation profile of sugarcane silages with and without L. buchneri, re-ensiled after four air-exposure
periods

Item Additive

Air-exposure period P value*

0 6 12 24 Linear Quadratic

Ethanola Without 186a 168a 153b 152b 0.004 0.019

With 198a 144b 182a 178a 0.607 0.003

P value to F test 0.164 0.007 0.003 0.005 – –

Lactatea Without 18a 26a 17a 26a 0.166 0.374

With 19a 19b 17a 12b 0.004 0.009

P value to F test 0.750 0.020 0.942 <0.001 – –

Regression equation

Ethanol (without additive) ŶET = 186.88 –4.0607 × EP + 0.1078 × EP2 (R2 = 99.51)

Ethanol (with additive) ŶET = 183.78 –3.7807 × EP + 0.1626 × EP2 (R2 = 24.65)

Lactate (without additive) ŶLACT = 21.60

Lactate (with additive) ŶLACT = 19.61 –0.2897 × EP (R2 = 90.29)

a(g/kg−1 DM); *Means in the same column followed by different lowercase letters differ significantly according to the F test at the 5% significance level.
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Table 3. Mean values of dry matter losses (DML) and effluent losses (EL) in sugarcane silages with and without L. buchneri, re-ensiled after four air-exposure periods

Additive Air-exposure period P value*

Item Without With 0 6 12 24 SEM L Q A A × EP

DML 210 212 233 216 205 190 10.9 0.010 0.578 0.886 0.003

EL 12.5 14.8 7.4 19.3 15.0 13.0 0.74 0.006 <0.001 0.035 0.176

Regression equation

EL ŶEL = 8.90 + 1.3668748 × EP – 0.0504 × EP2 (R2 = 62.17)

Item Additive Air-exposure period P value

0 6 12 24 Linear Quadratic

DML Without 243a 220a 164b 213a 0.137 0.007

With 222a 212a 245a 167b 0.024 0.040

P value to F test 0.353 0.730 0.001 0.048 – – - -

DML Without ŶDML = 250.18 –10.3165 × EP + 0.3609 × EP2 (R2 = 81.52)

DML With ŶDML = 214.92 + 4.4442 × EP –0.2640 × EP2 (R2 = 79.33)

A = additive effect; A × EP = interaction effect between additive use and air-exposure period. SEM = standard error of the mean. *Means in the same column followed by different lowercase letters differ significantly according to the F test at the 5%
significance level. DML in g kg−1 DM and EL in kg t −1 FM. L = linear effect of air-exposure period; Q = quadratic effect of air-exposure period.
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Fig. 1. Decomposition of the interaction for dry matter
losses in sugarcane silages subjected to different air-
exposure periods (EP), with or without L. buchneri.

Table 4. Aerobic stability (AS), maximum temperature achieved (maxT), time to reach maximum temperature (HT) and difference between maximum and minimum
temperatures (D) in sugarcane silages with and without L. buchneri, re-ensiled after four air-exposure periods

Item

Additive Air-exposure period

SEM

P value*

Without With 0 6 12 24 L Q A A × EP

ASa 42 42 46 45 43 35 1.2 0.007 0.166 0.908 0.926

maxTb 32.8 31.5 31.7 31.9 31.9 33.1 0.27 0.096 0.376 0.024 0.744

HTmaxc 56.1 51.2 55.9 54.7 53.5 50.5 0.88 0.018 0.561 0.004 0.057

Db 10.3 8.7 8.9 9.9 8.8 10.4 0.29 0.178 0.621 0.007 0.693

N = without additive; Y = with additive.
aTime when aerobic stability was disrupted (silage temperature 2°C above room temperature).
bTemperature in °C.
cTime in hours; A = additive effect; A × EP = interaction effect between additive use and air-exposure period before re-ensiling. SEM = standard error of the mean. *Significance level of 5% for
the F test and regression models.

Table 5. Chemical composition (g/kg DM or otherwise stated) of re-ensiled sugarcane silages as a function of air-exposure period and use of microbial additive
(L. buchneri)

Item

Additive Air-exposure period

SEM

P value*

Without With 0 6 12 24 L Q A A × EP

DMa 206 208 200 208 210 210 4.0 0.013 0.127 0.788 <0.001

MMb 31.5 31.2 32.7 32.0 30.8 29.8 0.72 0.008 0.679 0.710 0.011

CPc 36.4 36.7 36.7 36.7 36.6 36.1 0.62 0.471 0.699 0.632 0.123

NFCd 174 167 183 166 170 164 3.1 0.001 0.078 0.021 0.002

NDFe 748 757 739 754 755 763 2.9 <0.001 0.054 0.005 0.007

SCf 73.8 73.6 86.5 68.6 68.8 70.9 0.90 <0.001 <0.001 0.858 0.151

Regression equation

SC ŶSC = 85.06 –3.4143 × EP + 0.1182 × EP2 (R2 = 88.65)

ag/kg (as-is basis); DM = dry matter.
bMM =mineral matter.
cCP = crude protein.
dNFC = non-fibrous carbohydrates.
eNDF = neutral detergent fibre.
fSC = soluble carbohydrates. A = additive effect; A × EP = interaction effect between additive use and air-exposure period before re-ensiling; SEM = standard error of the mean; L = linear effect
of air-exposure period; Q = quadratic effect of air-exposure period.*Significance level of 5% for the F test and regression models.
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opposite effect from 6 to 12 h of exposure is explained by the
effluent losses, whose results are inversely proportional.

The lack of effects of inoculation in the sugarcane silages
before re-ensiling on aerobic stability conflicts with literature
findings in that, by inducing an increase in acetic acid, L. buch-
neri should inhibit mold and yeast growth and improve silage
preservation. Positive results from the use of L. buchneri in
the ensiling of sugarcane were reported by Siqueira et al.
(2007), who observed an increase of 32–60 h in the time before
stability was disrupted.

However, L. buchneri did not increase acetic acid production
in the present study, which may explain the lack of significant
effects on the stability of the produced silages. Similar results
were found by Michel et al. (2017), who used other heterofermen-
tative microorganisms (L. plantarum and Propionibacterium

acidipropionici) in the inoculation of sorghum silages and did
not observe influences on their aerobic stability.

The reduction of 10.5 h in the time before stability was dis-
rupted and was expected, since, as stated by Wilkinson and
Davies (2012), the presence of oxygen in the ensiled material
favours the growth of aerobic microorganisms (yeasts and
molds), which use soluble carbohydrates and lactic acid, increas-
ing the temperature and pH.

Conclusions

Lactobacillus buchneri is not effective in improving aerobic stabil-
ity in re-ensiled sugarcane silages. However, less DM is lost in
silages treated with L. buchneri and exposed to air for 24 h.

Fig. 2. Dry matter (DM) content of re-ensiled sugarcane
silages as a function of air-exposure periods (EP) with
or without microbial additive (L. buchneri).*Differ sig-
nificantly within air-exposure periods according to
the F test (P < 0.05).

Fig. 3. Non-fibrous carbohydrates (NFC) content of
re-ensiled sugarcane silages as a function of
air-exposure periods (EP) with or without microbial
additive (L. buchneri). *Differ significantly within
air-exposure periods according to the F test (P < 0.05).
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Re-ensiling sugar cane in up to 24 h of exposure to air does not
change final product quality.
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