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ABSTRACT - The present experimental assay evaluated the effect of lab silo sealing methods on the ensilage of the

sugarcane, with or without microbial additives (Lactobacillus plantarum and Propionibacterium acidipropionici). Twenty-

liter plastic buckets were used as experimental silos, which were sealed with either a polyethylene sheet (silo cover with a mesh

size of 200 pm) or an appropriate plastic lid equipped with Bunsen valve. Silos were stored for 30, 60, or 90 days. Fermentative

losses, chemical composition, organic acids, ethanol and aerobic stability were evaluated. The sealing method employed did

not influence most of evaluated variables, showing a small decrease of effluent production in silos covered with polyethylene

sheet. The microbial additive did not avoid dry matter (DM) fermentative losses in sugarcane silages (216 g kg'1), nor affected

aerobic stability (44.6 hours). The levels of neutral and acid detergent fiber of fresh sugarcane increased after ensiling due to

DM losses as gases and effluent. The ethanol content of silages was not influenced by treatments (mean 146 g kgl of DM).

The sealing methods of experimental silos were not affected by the evaluated variables; polyethylene sheet and plastic lid show

the same performance on the fermentative model and both methods represent well the conditions of large scale farm silos.
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Introduction

Research on ensilage in Brazil has progressed
considerably following the frequent use of experimental
silos (lab silos), including the widespread usage of PVC
pipes (Avilaetal., 2010), plastic drums (Amaral et al., 2009),
plastic buckets with a capacity of five liters (Balieiro Neto
etal.,2009) or 20 liters (Pedroso et al.,2007), as well as other
methods. The use of lab silos allows for measuring the
quality and fermentation losses in the form of gases and
effluents (Jobimetal., 2007).

A recurring criticism to the use of lab silos involves
their optimized sealing conditions, which might not be
representative of the conditions of large-scale ensilage,
particularly with respect to the effects of additives in the
ensiling process. Bernardes etal. (2010) assessed the effect
of different plastic covers on silos and concluded that
sealing with a plastic film of lower permeability to oxygen
improved the fermentative potential and reduced
deterioration in corn ensilage.

According to Schmidt et al. (2007), losses from the
yeast metabolism on sugarcane can reach up to 490 g kg-!
of the dry matter (DM). Avila et al. (2010) assessed the
microbial population dynamics in sugarcane ensilage and
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concluded that the growth of yeast populations depends
on the sugarcane variety and the time of fermentation, and
that the predominant species in sugarcane are different
from those yeast species present in other forages.

The implications of the use of additives on sugarcane
ensilage remain poorly understood and experimental results
are still inconclusive. In a literature review, Schmidt (2009)
detected considerable variation on the efficiency of
additives among different experimental conditions and
suggested that such variation stems from differences in the
epiphytic populations of the forage, which would affect the
action mechanism and the magnitude of the response to the
application of an additive. Siqueiraetal. (2010) showed that
the change in the epiphytic population due to burning the
sugarcane cause a shift in the response pattern to the
applied additives.

Theuse ofadditives based on heterolactic microorganisms
during ensilage of sugarcane is based on the assumption
that they will produce either acetic or propionic acids,
which are potential inhibitors of yeast fermentation
activity (Danner et al., 2003). The objective of this study
was to evaluate the ensilage of sugarcane with and without
microbial additive under two methods of sealing the lab
silos.
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Material and Methods

The trial was carried out in a rural property in Santo
Antonio da Platina, state of Parana, Brazil, and data collection
and analysis were done at the Centro de Pesquisa em

Forragicultura (CPFOR) of the Departamento de Zootecnia
ofthe Universidade Federal do Parana (UFPR), in Curitiba,
Parana, Brazil.

The variety of sugarcane used in the study was RB72-
454, harvested in November 11, 2009, when it was at an
appropriate stage of maturation (21.1° Brix), using forage
harvester coupled to a tractor and set up to chop length of
10mm.

The lab silos used were 20-L plastic buckets equipped
with an apparatus to measure losses by effluents according
to the protocol described by Jobim et al. (2007). Two sealing
methods were used: Lid - alid equipped with a Bunsen valve
to allow for the release of gases; and Sheet - sealing with a
polyethylene film (200 pm black sheet), suitable for silo
sealing, attached to the silo with adhesive tape.

Microbial inoculation was assessed according to
the following categories: Control — without additive;
Additive — commercial additive containing strains of
Lactobacillus plantarum and Propionibacterium
acidipropionici (2.4 x 103 Colony Forming Units - CFUs/g
of fresh natter - FM). The additive was applied using the
dosage recommended by the manufacturer (4 gt! of FM),
diluted in distilled water (4 L/t of FM) and uniformly
pulverized on the forage immediately prior to filling the
silos. The control group received the same amount of
water. Later, the material in the lab silos was compacted
to reach a bulk density of 600 kg m™.

Three storage periods (30, 60, and 90 days) were used,
with four replicates per treatment, where each silo was
considered an experimental unit, in a 2 x 2 x 3 factorial
experimental design (two sealing methods, with or without
additive, and three storage periods), for a total of 48
experimental units.

Silos were weighted before and after being filled. They
were then closed, sealed with adhesive tape and placed in a
covered barn until opening. After the storage periods (either
30,60, or 90 days), silos were weighted again and opened. The
upper 5-cm layer was discarded and the silage was removed
and homogenized in plastic bags for collection of samples.
The remaining forage was used to assess aerobic stability.

Losses of DM in the form of gases were calculated
based on the difference between initial and final absolute
weights of DM in lab silos, and effluents, according to the
difference between initial and final weight of silos containing
the apparatus for collecting effluents (Jobim et al., 2007).

The total loss of DM was calculated by the difference
between the DM weight of the forage placed in each silo and
the silage obtained at the opening, not considering the
produced effluent.

Three samples were obtained from each silage. One of
the samples was oven-dried (55 °C, 72 h) and then processed
in a Wiley stationary mill with a I-mm mesh size sieve for
chemical analyses. Other sample was used to measure the
pH inwater extract. Finally, the third aliquot was pressed to
obtain the silage juice used to determine its volatile organic
compounds.

Chemical analyses were carried out at the Laboratorio
de Nutricdo Animal of the Departamento de Zootecnia,
Universidade Federal do Parana. The content of DM, ash
and crude protein (CP) were determined according to the
methods described by Silva & Queiroz (2002), and the levels
of neutral detergent fiber (NDF) and acid detergent fiber
(ADF) were assessed using the ANKON sequential method
according to Holden (1999).

Fresh samples of sugar cane from each treatment
were used to determine the level of DM and the chemical
composition, which showed, on average (DM basis):
287 g kg'! of DM; 27.1 g kg'! of CP; 585 g kg'! of NDF;
327 gkg'! of ADF, and 54.6 g kg'! of ash.

In order to assess the pH, 25 g of silage were added to
225 mL of deionized water, and the pH value measured
directly with a digital potentiometer model WTW 330i
according to Kung Junior et al. (1984).

The silage juice was acidified (1 mL of formic acid PA:
5 mL of juice), frozen and sent to the the Laboratério de
Analise de Alimentos of the Faculdade de Medicina
Veterinaria e Zootecnia of the Universidade de Sao Paulo
(FMVZ-USP), in Pirassununga, Sao Paulo, to determine the
organic acids (lactic, acetic, propionic, and butyric acids)
and ethanol using gas chromatography.

The aerobic stability was assessed by monitoring the
temperature of silages exposed to air, according to the
methodology described by Kung Junioretal. (2000). Three
kgofsilage from each experimental unit were placed in open
plastic buckets and kept in a temperature-controlled room
at 25+1 °C for 120 h. Temperature was measured using
thermometers inserted in the center of the mass, with
temperature recordings atevery 6 h. A sample was removed
from each experimental unit at the beginning and the end of
the evaluation period to determine the DM content. The
variables measured were: aerobic stability, defined as the
time in hours to elevate the temperature by 2 °C in relation
to the room; Maximum temperature reached by the mass, in
°C; Time (hours) to reach maximum temperature; dry matter
losses from zero to 120 h.
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A completely randomized experimental design was
adopted in every assessment. The results were subjected
to analysis of variance, and comparisons between means
were conducted using the Tukey test, with a 5% significance
level, using the PROC GLM routine in the SAS statistical
package (Statistical Analysis System, version 9.1.3).

Results and Discussion

The chemical composition of sugarcane before ensilage
was similar to that observed by Balieiro Neto etal. (2009),
although the CP level was below the one recorded in that
study (36 g kg'! DM). Likewise, silage composition was
similar to the values obtained by Pedroso et al. (2007) for
sugarcane silage with or without additives, and by Avila
et al. (2010) for silage of the same variety of sugarcane
(RB72-454).

There was no interaction between storage period and the
assessed treatments for any of the studied variables, except
for the content of propionic acid in the silage (Table 4).

There was no statistically significant effect (P>0.05) of
the additive on the chemical composition and fermentative
loss variables. The sealing methods (Lid or Sheet) influenced
only the effluents production, indicating that the fermentative
process was similar in either type of silo sealing, producing
silages with similar characteristics (Table 1).

There was an average decrease of 47 g kg'! in the
content of DM in silages in relation to the fresh sugarcane.
Likewise, the content of cell wall components of the silages
(NDF and ADF), as well as the content of CP and ash
increased after the ensiling process. These effects are
probably due to the loss of soluble carbohydrates during
the fermentative phase, as indicated by the high loss of DM
(217 gkg™!). Pedroso et al. (2007) also found an increase in
the NDF and ADF in sugarcane silages using chemical and
biological additives. Although the increase in the fiber

content is also related to the consumption of soluble
carbohydrates, the correlation between this effect and the
decrease in the nutritional value cannot be precisely
determined, because of the transformation of the soluble
carbohydrates into volatile fatty acids without generating
energetic losses to the animals, but with the loss of DM due
to drying the samples in the oven.

The total DM losses are consistent with the results
from most of the studies that assessed losses in these
materials. In a literature review, Schmidt (2009) asserted
that out of 12 studies that evaluated dry matter losses in
sugarcane silage with L. plantarum, 10 found evidence that
inoculation increased losses, at an average of 128 g kg™l
According to this author, average losses in 19 trials with
sugarcane silage without additives are 267 g kg™! of DM,
higher than that observed in the present assay.

These losses are caused by the metabolism of yeast,
which consumes great part of the soluble carbohydrates
and lactate and produces CO,, water, ethanol, and energy
(Moon, 1983; McDonald et al., 1991). Due to the high
growth of yeast on sugarcane, fermentative losses of DM
during ensilage are higher than all other forage species
conserved using this method. Avila et al. (2010) isolated
nine distinct species of yeast from samples of five sugarcane
silages and observed that most of them assimilated lactate
and all species grew well in a pH lower than 3.3. The RB72-
454 variety, the same used in this study was noticed by
the authors as with higher occurrence of Torulaspora
debrueckii and Pichia anomala, which, under conditions
of anaerobiosis, obtain energy from the fermentation of
sugars, producing 2 moles of CO, and two molecules of
water for each mol of glycose that is fermented into ethanol
(McDonaldetal., 1991).

The production of effluent in silages can be related to
the level of DM of the plant, the cell wall rupture and bulk
density (Allietal., 1985), as well as to the formation of water

Table 1 - Fermentative losses, pH, and chemical composition of sugarcane silage according to the sealing method of lab silos

Sealing! Effects?
Variables Lid Sheet Mean SEM S TxS
Dry matter, g kg! 240 241 240 0.5 0.262 0.753
Crude protein, g kg'! of DM 30.9 30.8 31.0 0.4 0.246 0.732
NDF, g kg'! of DM 719 721 720 3.0 0.356 0.381
ADF, g kg'! of DM 419 419 419 2.2 0.063 0.420
Ash, g kg'! of DM 70 69 69 0.6 0.0006 0.396
pH 3.41 3.41 3.41 0.01 0.0005 0.059
Effluents, kg t'! FM 27.3b 33.3a 30.3 0.86 0.014 0.071
Gases, g kg'! DM 193 189 191 17.3 0.081 0.981
Total DM losses, g kg! 216 217 217 17.2 0.137 0.989

SEM - standard error of the mean; S - storage period; T x S - interaction between storage period and treatment; DM - dry matter; NDF - neutral detergent fiber; ADF - acid

detergent fiber; FM - fresh matter.

! Means followed by different letters on the same row are statistically different (P<0.05) according to Tukey test.

2 Probability of error.
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during the fermentation of glycose into ethanol and the
decrease of DM content due to losses (McDonald et al.,
1991). In this paper, the silos sealed with plastic sheet
showed the highest production of effluents, although the
levels of DM and the fermentative losses were very similar
to silos sealed with lids. The average production of 30.3 kg
of effluent/t FM is consistent with the values observed by
Santos et al. (2008), of 31.2 kg t!, although the values
described in the literature show considerable variation in
magnitude, from 0.6 kg t! FM (Pedroso et al., 2008) to
115.6kgt! FM (Siqueiraetal.,2010).

Although effluent loss is visibly significant in large-
scale silos, fermentative losses as gases accounted for, on
average, 88% of the dry matter losses. In silos sealed with
sheets, although there was no escape valve, the gases
probably diffused to the environment through the porosity
of the plastic sheet, without any bulging or sealing
detachment in any experimental unit. Bernardes etal. (2010)
found air permeability of 722 mL m-2 day™! for the 200-um
polyethylene sheet.

The levels of volatile organic compounds in the silages
were not influenced by the method of sealing the lab silos
(P>0.05). The inoculation with the additive shifted the level
of lactic and acetic acids in the silage in relation to the
control group (Table 2).

Silages with additive showed the highest concentration
of lactic acid due to the population of L. plantarum,
which is a potenthomofermentative bacterium. Inoculation
decreased the acetic acid content in relation to the control
silage, probably due to the competitive advantage and
the rapid acid production of homolactic bacteria in
relation to the heterolactic ones. Thus, the population of
P.acidipropioniciinoculated in the ensilage does not seem
to have been efficient in growing, once there was no
increase in propionic acid content in the silage with the
additive. Propionibacterium is characterized by slow
metabolism and growth inhibition at pH lower than 4
(Filya etal., 2004). In this trial, the propionic acid content
remained close to those reported by Schmidt et al. (2007),

atan average of 2.1 g kg and below the 12 g kg™! level of
DM verified by Freitas et al. (2000).

Only traces of butyric acid were found in silages that
did not show clostridic fermentation due to the rapid
decrease in pH and adequate content of DM in the forage.

The ethanol content was fairly high for either silages,
with a tendency (P = 0.08) towards a higher concentration
in inoculated ensilage (156 g kg'! of DM) in comparison
with the control ensilage (137 gkg™! of DM). However, this
effect did notinfluence the gas production or the dry matter
losses, which were similar in both silages.

The assessment of volatile compounds allows for
inferring a predominance of a typically homolactic
fermentation in the silages, particularly in the inoculated
ones, which disfavored microorganisms that generate acetic
and propionic acids and stimulated the growth of yeasts.
Yeasts are capable of growing under reduced pH conditions
and convert carbohydrates and lactate into ethanol
(McDonaldetal., 1991; Avilaetal., 2010).

Schmidtetal. (2011) evaluated an additive composed of
the homolactic L. plantarum and Enterococcus faecium,
and the heterolactic L. brevis in sugarcane ensilage, and
showed a predominance of homolactic fermentation, with
an increase in lactic acid and ethanol content, and dry
matter losses (43 g kg'! of DM; 186 g kg'! of DM, and
272 gkg!, respectively), in relation to the control (36 g kg™!
of the DM; 144 g kg'! of the DM, and 144 g kgl
respectively). Although the additives in both trials are
totally different, the recorded effect was similar and
consistent with other results available in the literature, thus
reinforcing the idea that homolactic fermentation in
sugarcane silages is deleterious to the quality of the product.

There was no statistically significant effect of the
additive and sealing method (Sheet or Lid) on the measured
aerobic stability variables (Table 3). However, there were
effects of storage period over the most studied measures of
stability (Table 4).

Although Filya et al. (2004) asserted that inoculation
with P. acidipropionici elevates aerobic stability, this

Table 2 - Composition of short-chain fatty acids (acetic, propionic and butyric), lactic acid and ethanol in sugarcane silages

Treatment! Effect?
Variable Control Additive Mean SEM S TxS
Lactic acid, g kg DM 63b 68a 65 0.8 0.045 0.058
Acetic acid, g kg'! DM 14a 11b 12 0.6 0.307 0.554
Propionic acid, g kg! DM 2.0 1.1 1.5 0.4 0.0001 0.043
Butiric acid, g kg'! DM 0.0 0.0 0.0 0.0 0.889 0.972
Ethanol, g kg'! DM 137 156 147 7.0 0.164 0.154

Means followed by different letters on the same row are statistically different (P<0.05) according to Tukey test.
SEM - standard error of the mean; S - storage period; T x S - interaction between storage period and treatment; DM - dry matter.
! Control - without additive; Additive - Lactobacillus plantarum + Propionibacteruim acidipropionici (2.4 x 10° CFUs/g).

2 Probability of error.
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effect was not confirmed in the present study, probably
due to the limited development of this microorganism in
sugarcane silages. The same effect was observed by
Siqueira et al. (2010), when the additive composed of L.
plantarum and P. acidipropionici did not improve aerobic
stability of sugarcane silage.

Both of the sealing methods adopted produced silages
with very similar characteristics (Table 1), as reflected in the
aerobic stability measures, which showed similar values for
all studied variables.

The average level of aerobic stability (45 hours) in this
trial is similar to the 56 hours recorded by Mendes et al.
(2008) and 39 hours recorded by Schmidt et al. (2011), but
lower than the 90 hours of stability obtained by Amaral
et al. (2009b), for sugarcane without additives. However,
the dry matter losses for 120 h (59 gkg™!) were similar to that
observed by Amaral et al. (2009b) of 51 gkg™! in the same
period. This indicates that acrobic stability is not a good
indicator of losses by aerobiosis, when assessed during a
long period of time (120 h).

Silages stored for 60 days showed the lowest values
of pH (Table 4). This effect coincides with the lower
production of effluents after 60 days, which could have led
tolower acid leaching. Haigh (1999) investigated effluent
composition produced by 45 grass silages and showed
lactic acid content in the effluent varying between 9.8 and
19.0mgmL"!.

Methods of lab silos sealing and fermentation characteristics and aerobic stability of...

The content of propionic acid was markedly reduced in
relation to the increase in storage period. This effect suggests
the use of this acid in secondary fermentation and in the
metabolism of other microorganisms. A similar effect was
detected by Avila et al. (2009), assessing the fermentative
performance of lactic bacterial strains on sugarcane juice
inoculated with yeasts as a function of the increase in
storage period, for 11 out of 13 investigated strains. McDonald
etal. (1991) indicated that, under acrobic conditions, yeasts
are capable of using organic acids such as lactate, acetate,
citrate, malate and propionate, but under anaerobic
conditions they only obtain energy from sugar fermentation.
Thus, the fate of this acid during sugarcane ensilage is still
unknown.

Silos opened after 30 days of storage showed lower
aerobic stability, with 35 h necessary to disrupt stability
(elevation in 2 °C in mass temperature). Heat production is
the result of microbial activity, which oxidates dry matter,
leading to losses in the form of carbon dioxide. Materials
that remained stored longer (60 and 90 days) showed higher
stability (50.5 and 48.5 hours, respectively), possibly as a
result of increased loss of carbohydrates during the
fermentative phase.

The number of hours necessary to reach maximum
temperature increased with storage time, indicating that
mass warming was slower in silages stored for a longer
period of time, probably due to the lower availability of

Table 3 - Aerobic stability of sugarcane ensilages according to the method of sealing the experimental silos

Sealing! Effects?
Variables Lid Sheet Mean SEM S TxS
AE, hours 43 46 45 2.0 0.0001 0.972
HTMax, hours 69 74 71 2.2 0.0001 0.794
TMax, °C 40.9 41.1 41.0 0.2 0.0002 0.270
DML 0 - 120 hours, g kg'! 56 63 59 12 0.454 0.775

SEM - standard error of the mean; S - storage period; T x S - interaction between storage period and treatment; AE - aerobic stability; HTMax - hours to reach maximum
temperature; TMax - maximum temperature reached; DML 0-120 hours - dry matter losses during the aerobic exposition.
! Means followed by different letters on the same row are statistically different (P<0.05) according to Tukey test.

2 Probability of error.

Table 4 - Chemical composition, pH and aerobic stability of sugarcane silages as a function of storage period

Storage period (days)!

Variable 30 60 90 Mean SEM
Ash, g kg'! DM 65b 71a 70a 68 8.0
pH 3.42a 3.39b 3.41a 3.4 3.1
Effluents, kg t! FM 31.9a 28.1b 30.8ab 30.2 0.9
Lactic acid, g kg'! DM 66ab 65b 67a 65 1.4
Propionic acid, g kg'! DM 4.0a 1.0b 0.5b 2.0 0.

AE, hours 35.0b 50.0a 48.5a 44.7 2.03
HTMax, hours 58.5b 62.0b 93.5a 71.3 2.74
TMax °C 39.8b 41.4a 41.7a 41.0 0.27

AE - Aerobic stability; HTMax - hours to reach maximum temperature; TMax - maximum temperature reached; SEM - standard error of the mean; DM - dry matter; FM - fresh matter.
! Means followed by different letters on the same row are statistically different (P<0.05) according to Tukey test.
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residual carbohydrates for the growth of spoiler
microorganisms. By day 90, the ensilage took 93.5 hours to
reach41.7 °C, which was similar to the maximum temperature
reached by the ensilage stored for 60 days (41.4 °C).
Balieiro Neto etal. (2009) assessed the stability of sugarcane
silages inoculated with L. buchneri and recorded 76.8
hours to reach the maximum temperature of 39 °C.

The consumption of soluble carbohydrates during
fermentation can explain the effect of storage period over
variables aerobic stability and hours to reach maximum
temperature. However, this effectis not clear when observing
pH or the content of organic acids over the investigated
periods. According to Muck et al. (1991), several factors
interfere directly on the silage instability, such as pH, the
content of organic acids, the epiphytic populations of yeast
and multicellular fungi, as well as the level of residual
carbohydrates.

Although bacteria of the genus Propionibacterium are
classified as potential agents for improving the aerobic
stability of silages (Filyaetal.,2004), the responses of these
microorganisms to sugarcane silages are still poorly
understood (Siqueiraetal., 2010). In this trial, silages with
the highest content of propionic acid (30 days) were more
unstable under aerobiosis.

Conclusions

The method of sealing lab silos does not influence
fermentative losses or silage quality. Lactobacillus
plantarum and Propionibacterium acidipropionici are
not efficient in avoiding losses, neither in the anaerobic
phase nor in the aerobic exposure of the silages. Increasing
storage period does not avoid fermentative losses, but
improves aerobic stability of sugarcane silages.
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