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Effect of additives on the physical and chemical characteristics of
sugar cane silage

Efeito de aditivos sobre as caracteristicas fisicas e quimicas de
silagens de cana de acgucar

Patricia do Rosario Rodrigues'”; Antonio Delunardo Pandolfi Filho?;
Braulio Pégo de Faria®; Guilherme Santos Freitas?; Rodrigo Santos Freitas®;
Bruno Borges Deminicis’

Abstract

The objective of this study was to verify the efficiency of different additives on chemical composition,
pH, ethanol production, content of volatile fatty acids (VFAs), nutritional losses during fermentation, and
changes in fibrous fractions, in the levels of non-fibrous and total carbohydrates during the sugar cane
silage fermentation process with different additives. The treatments consisted of control (no additive);
corn meal, at 10% of natural matter; molasses, at 10% of natural matter; urea, at 2% of natural matter;
and microbial inoculant for sugarcane silage (Lactobacillus plantarum, Kera-Sil®) in a proportion of
2 g L' of water using a 2 liter solution per ton of ensilage. The experimental design was a completely
randomized design with five treatments and five replications. The urea treatment provided the best
preparation of silage, taking into account the pH and bromatological composition when compared to
silages made with the other tested additives, and the control. The sugarcane silage showed a loss of
5.86% on average of dry matter, not differing from others additives used. There was an increase in crude
protein content when urea was used. There was no difference between the treatment for fiber losses in
neutral detergent and total digestible nutrients.
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Resumo

Objetivou-se com o presente estudo verificar a agao de diferentes aditivos sobre a composi¢ao quimica,
pH, produgio de etanol, teor de Acidos Graxos Volateis - AGV’s, perdas nutricionais durante a
fermentacdo, as alteragdes nas fragdes fibrosas, nos teores de carboidratos nao fibrosos e totais durante o
processo fermentativo das silagens de cana de agucar com diferentes aditivos. Os tratamentos consistiram
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em controle (sem aditivo); fuba de milho, a 10% da matéria natural; melago, a 10% da matéria natural;
ureia, a 2% da matéria natural e inoculante microbiano para silagem de cana de agucar (Lactobacillus
plantarum - Kera-Sil®), na propor¢ao de 2g L' de agua, utilizando 2 litros da solugdo por tonelada
ensilada. O delineamento experimental utilizado foi o inteiramente casualizado com 5 tratamentos
e 5 repeti¢cdes. O tratamento com ureia proporcionou a confecgdo da melhor silagem, levando em
considera¢do o pH e composi¢do bromatoldgica quando comparadas as silagens confeccionadas com
os outros aditivos testados e a silagem controle. A cana de acticar ensilada apresentou perda de matéria
seca de 5,86% em média, ndo diferindo quanto aos aditivos utilizados. Houve acréscimo no teor de
proteina bruta quando utilizado o aditivo ureia. Nao houve diferenga entre os tratamentos para perdas
de fibra em detergente neutro e nutrientes digestiveis totais.

Palavras-chave: Composi¢do quimica, conservagio de forragem, ensilagem, estabilidade aerdbia

Introduction

Sugar cane is widely used in the feeding of
ruminants due its high potential production of
dry matter (DM) and energy per unit area, being
used mainly in in natura and silage forms (PIRES
et al.,, 2010). It has great forage potential for its
cutting coincide with the period of low forage
production (dry), being well used as a supplement
in winter because of its low production cost and
high efficiency, as it keeps its nutritional value
(BALIEIRO NETO et al., 2007).

Currently, the conservation of cane sugar in
the form of silage has aroused great interest of
both producers and researchers, by virtue of its
benefits on logistics and operational readiness. The
silage is based on natural fermentation of forage,
in which bacteria convert sugar that is soluble in
organic acids: acetic, lactic, propionic and butyric
acid (SCHMIDT et al., 2007). On the other hand,
the sugar cane silage has also been used because
it has the main prerequisites: dry matter content
around 25-30% (ideal 35%) and the low buffering
capacity, which allows the fall of pH to levels close
to 3.5 (ideal 3.8-4.2). (PADUA et al., 2014). This
process has excelled in the feeding of ruminants,
with the objective of minimizing the operation of
machines in the field for sugar cane cutting and
transport; also, it results in increasing productivity
and life of the plantations due to greater efficiency
in post-harvest care. The biggest obstacle for
using silage consists of high ethanol production.
Due to the high content of soluble carbohydrates,

silage presents a rapid proliferation of yeasts,
since these microorganisms are in anaerobiosis,
ferment carbohydrates, and produce ethanol. The
vast majority of what is employed in ruminant
feed fodder during droughts has a high content of
fiber and low content of crude protein (CP), which
consequently will result in low digestibility of
dry matter (DM). This situation can be mitigated
through the use of additives in the silage process,
i.e. use of physical, chemical, or biological
treatments, which promote high nutritional value
in forage making it more digestible to the animal,
especially because of changes in the cell wall.

Urea and inoculants are additives already widely
used in silage processes; in addition, a sustainable
option might be the use of molasses by-products.
Molasses can be employed in silage as a substrate
rich in sugars and minerals (manganese, sodium,
phosphorus, zinc, potassium), being an excellent
substrate for the cultivation of acid lactic acid
bacteria (DELGADO, 1975).

The aim of this study to verify the efficiency of
different additives on the chemical composition, pH,
ethanol production, content of VFAs, losses, and
changes in levels of fiber fractions in non-fibrous
and total carbohydrates during the fermentation
process of sugar cane silage with different additives.

Material and Methods

The experiment was conducted on private
property—Olho d’agua, geolocation coordinates
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-20° 45 35.82”, -41° 25’ 37.64” in Alegre-ES, and
qualitative characteristics analyses were performed
at the food science laboratory in the Department
of Animal Science Federal University of Espirito
Santo (UFES).

The material was ensiled in laboratory bag
silos with a capacity of approximately 10 kg per
experimental unit, totaling 25 experimental units.
The crushed material compression was performed
with iron canes aiming to reach 1 ton m~ density
of forage. After compression of the forage, the
silos were sealed with tape, weighed, and stored.
The bag silos were kept in the laboratory of forage
production and pastures, in the shade, and at an
ambient temperature.

The design used in this study was a completely
randomized design, with five treatments (control,
ground corn, molasses, urea, and inoculant) and
five repetitions. The treatments consisted of control
(without additive); corn meal, 10% natural matter;
molasses, 10% natural matter; urea, 2% natural
matter; and microbial inoculant for silage sugar
cane (Lactobacillus plantarum, Kera-Sil ®), at a
rate of 2g L-1 of water, using 2 liters of solution

per clamped ton, i.e. 4 g of inoculant per ton, with
the inoculant dissolved in clean water and chlorine-
free. The additives were added in forage mass,
homogenously.

At the moment silage was performed withdrew
aliquots of 600 grams (previously processed on
forage chopper, with adjustment of the blades to
obtain particles of size 1.5 cm) to determine the
chemical composition of the natural material. By
following were placed in plastic bags and stored in
the refrigerator for five days.

Once the material was removed from the
refrigerator and exposed on countertops at room
temperature, the thawing was done in trays.
After thawing, it was withdrawn at a sub-rate of
approximately 300 grams for drying. Drying was
done in greenhouses with forced ventilation at 55
°C for 72 hours.

After drying, the samples were ground with a
knife mill with 1 mm sieve for the determination of
the levels of dry matter (DM), crude protein (CP),
neutral detergent fiber (NDF), ether extract (EE),
ashes (ASH) and total digestible nutrients (TDN)
(Table 1).

Table 1. Chemical composition, dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), ether extract
(EE), ash (ASH) and total digestible nutrients (TDN) of the masses to be ensiled with different additives.

Treatments DM% CP% NDF% EE% ASH% TDN%
Control 28,43 1,41 49,01 1,70 3,44 63,35
Corn meal 34,11 1,37 37,75 0,82 5,71 68,04
Molasses 29,10 1,07 46,84 0,37 2,29 64,25
Urea 33,68 1,78 49,11 1,03 2,09 63,30
Inoculant 28,29 1,85 47,93 0,45 2,02 63,80
*CV% 2,20 12,89 6,70 61,24 12,15 5,05

* Coefficient of variation.

The silages were sampled 30 days after ensiling. Following this procedure, samples were taken
In the collection of the samples, the 15 cm of the from each experimental unit, and a hydraulic press
upper and lower portion of the silos were discarded ~ was used for extraction from the separated samples.
after this procedure, the silage was homogenized. The juice from the silages were used to determine
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the levels of volatile fatty acids (acetic acid,
propionic, butyric and lactic) and the concentration
of ethanol as methodology described by Palmquist
and Conrad (1971).

The analyses were performed at the Animal
Nutrition Laboratory of the Federal University
of Vigosa, with a high performance liquid
chromatography (HPLC), SHIMADZU brand,
SPD-10A VP model coupled to the ultraviolet
detector (UV) using a wavelength of 210 nm.

A second sample of approximately 600 grams
was weighed and packaged in paper bags, placed
in an oven with forced ventilation at 55 °C for
72 hours. Then, the samples were removed
from the oven, kept at room temperature for one
hour and weighed to determine the dry matter.
Subsequently, the samples were pounded in a
Willey mill with 1 mm mesh sieve, and packed in
glass with a lid for further analyses of CP, ether
extract (EE), ashes (ASH), neutral detergent fiber
(NDF), hemicellulose (HEM), acid detergent
fiber (ADF), lignin (LIG), and cellulose (CEL),
according to the technique described by Silva and
Queiroz (2009).

A third aliquot (50 grams) was withdrawn
to perform the determination of pH in water
for each silage. Non-fibrous carbohydrate
levels (CNF) and total carbs (CHOT) were
estimated using the following equations:
CNF = 100-(CP+NDF+ASH+EE) ¢ CHOT =
100-(CP+ASH+EE). The levels of total digestible
nutrients (TDN) were obtained using the equation:
TDN = 83.79 - 0.4171 NDF proposed by Cappelle
etal. (2001).

The nutrient losses of nutrients were expressed
by the difference in gradients between original
material and the ensiled material, associated with
the weight of “bags” during the ensiling process
and after opening the silos, according to the
methodology described by Neumann et al. (2007),
which considers the difference in nutrients found in
dry matter lost, i.e. what was lost in emptying the
silo get the percentage points that were in CP, NDF
and ADF.

Data were subjected to analysis of variance, and
when there was no significant effect for the factors
assessed, as an average comparison test we used
the Tukey Test, 5% level of significance, using the
statistical package SISVAR (FERREIRA, 2000).

Results and Discussion

The chemical composition and pH of silage
are shown in Table 2, and according to the data
presented, no significant effects were verified
(P>0.05) for additives for NDF and TDN. However,
significant effects (P<0.05) were observed for DM,
CP, ASH and pH. The sugar cane used for silage
showed average levels of DM (30.72), CP (1.49)
and NDF (46.12). Significant differences were
observed in DM content between treatments, and
the highest were obtained in silages with urea and
cornmeal. Treatment with molasses was no effect,
but relatively low compared to other silages. The
greatest losses occurred in fermentative DM silage,
inoculant added. Some factors may interfere with
greater or lesser fermentative loss, among them, the
mincing of the material to be silage, since particles
that are too small can cause increased production
of wastewater (RIBEIRO et al., 2010).
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Table 2. Chemical composition, dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), ether extract
(EE), ash (ASH), total digestible nutrients (TDN) and pH of sugar cane silage with different additives.

Treatments DM% CP% NDF% ASH% TDN% pH
Control 22,35 AB 1,94 B 65,17 A 3,50B 56,61 A 3,40 C
Corn meal 28,68 A 2,05B 60,44 A 6,69 A 58,58 A 393A
Molasses 2447 B 1,58 B 61,81 A 2,99 C 58,01 A 3,66 B
Urea 28,05 A 21,56 A 56,28 A 2,66 C 60,32 A 3,50 C
Inoculant 20,59 C 1,74 B 66,23 A 2,98 C 56,16 A 341C
**CV% 7,26 19,40 11,69 10,10 5,05 6,96

* Means followed by the same capital letter in the same column do not differ by Tukey test (P> 0.05)

** Coefficient of variation.

The largest concentrations of CP were obtained
with the addition of 2% of urea (21.56% CP), which
differed from the CP 1.74% in DM of the silages
with the addition of inoculants or 2.05% CP in DM
of the silage added 10% of cornmeal. In turn, silages
with the addition of 10% of molasses, showed the
lowest levels of CP (1.58%), when compared to
other silages produced with the addition of several
additives. You can justify this fact, the urea is a
source of non-protein nitrogen, thereby raising
crude protein food.

In a survey of sugar cane silage with different
levels of babassu bran added, Rezende et al. (2011)
observed that the silage with a greater concentration
of bran presented the highest content of CP (8.9%),
and in lower concentrations, protein levels reached
7% CP. According to Silva and Ledo (1979), this
would be the minimum needed to keep the rumen
properly functioning, due to the intake of protein for
microorganisms.

Despite the treatments that do not present a
significant difference, there was decrease in NDF
content using urea as an additive; this is due to the
fact that the use of this in treatment bulky promotes
changes in the fibrous fraction (SULIVAM, 1966)
with partial solubilization of hemicellulose,

resulting in a decrease in NDF content.

The average content of ash of silages containing
added molasses, urea and inoculant showed a
reduction in mineral fraction compared to the
control, corroborating with a study conducted by
Schmidt et al. (2007). This has possibly elapsed from
effluent production and leaching, which, however,
have not been quantified in this study. According to
Valeriano et al. (2009), the levels of ash in sugar
cane are usually low, and the oscillations in gray
levels can be used to estimate values of DM loss
during fermentation.

Teixeira et al. (2008) found pH variation of 3.7
to 4.1 for elephant grass silage; and as observed
in this study, where the pH was 3.4 to 4.0, the
variation and the silage additive with cornmeal
presented the best pH, 3.93, when compared
to other additives. These data corroborate with
what was recommended by McDonald (1981),
who states that the pH range great for adequate
fermentation lies between 3.6 and 4.2.

No significant effects were verified (P>0.05) for
additives for values of NDF and HEM. However,
significant effects were verified (P<0.05) for DM,
LIG, CEL, CNF and CHOT (Table 3).
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Table 3. Average percentage of dry matter content (DM), neutral detergent fiber (NDF), hemicellulose (HEM), lignin
(LIG), cellulose (CEL), non-fiber carbohydrates (NFC) and total carbohydrates (CHOT) in sugar cane silages with

different additives.

Treatments DM% NDF% HEM LIG CEL NFC CHOT
Control 22,35 AB 65,17 A 14,88 A 6,08 AB 4421 A 28,39 A 93,57 A
Corn meal 28,68 A 60,44 A 20,58 A 6,59 A 29,96 BC 32,72 A 89,85 A
Molasses 24,47 B 61,81 A 21,23 A 2,64 C 37,94 ABC 3291A 94,73 A
Urea 28,05 A 56,28 A 24,08 A 426 ABC 2794C 17,82 B 74,09 C
Inoculant 20,59 C 66,23 A 23,61 A 3,21 BC 39,41 AB 27,93 A 94,16 A
**CV% 7,26 11,69 20,91 54,44 7,9 27,99 1,35

* Means followed by the same capital letter in the same column do not differ by Tukey test (P> 0.05).

** Coefficient of variation.

In relation to levels of NDF, a small decrease
was observed when urea was used as silage additive,
although a significant effect was not verified. This
fact can probably be explained by the action of
ammonia to solubilize cell wall components. Results
similar to those of NDF were found by Zanine et
al. (2007); they obtained values of NDF equal to
62.37% after addition of urea, showing a reduction
when the initial value NDF was 67.4%.

Anincrease in levels of NDF was verified, as well
as a reduction of the levels of CNF during anaerobic
and aerobic phases. The CNF concentration was
greater in silage with molasses than silage without
additive. Balieiro Neto et al. (2009) found that
concentrations of CNF silage inoculant were larger
when compared to silage without additives. Schmidt
et al. (2007) observed elevation in the levels of NDF
in silage plus urea and a reduced content of soluble
carbohydrates after the silage in relation to sugar
cane in natura.

Before the silage, the value of NDF medium in
all treatments was 46.12%, after silage this value
went up to 62.77%. This increase in the levels of
NDF after silage corroborates with the results
obtained by Santos et al. (2006), who evaluated the
chemical composition of sugar cane, and verified the
content of NDF of 56.88 to 70.36%. The increase
in the levels of NDF is justified by the decrease in
levels of soluble carbohydrates during the process

of alcoholic fermentation, proportionally increasing
the levels of cell wall constituents (BERNARDES
et al., 2007).

According to Pedroso et al. (2007), the levels
of NDF of silage treated with urea at 1 and 1.5
suffered small additions during the conservation
of silage and approximately 10 were lower than
those of control silage. In the literature, studies are
found (BALIEIRO NETO et al., 2007; SIQUEIRA
et al., 2007) that show the efficiency of the use of
chemical additives to reduce the concentrations of
lignin, since these are phenolic compounds and act
as the main limiting factor of the degradation of
fibrous fraction of fodder plants.

According to the results presented in Table
4, no significant effects were verified (P>0.05)
of additives on losses of DM, NDF and TDN.
However, significant effects were observed for CP
loss and ASH.

Clamped sugar cane presented a loss of 5.86%
average dry matter, independent of the use of
additives. The CP content differed only when
additive with urea the 2% natural matter, where
there has been an increase of 19.78% of CP in DM,
corroborating with results found by Pedroso et
al. (2007) who found that DM loss of 6.56% and
additions of 19.5% to CP when they made the use
of urea (1.5% in DM) as a feed additive for sugar
cane silage.
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Table 4. Dry matter losses (DML%), crude protein losses (CPL%), neutral detergent fiber losses (NDFL%), ash losses
(AL%), total digestible nutrients losses (TDNL%) in sugar cane silage with different additives.

Treatments DML% CPL% NDFL% AL% TDNL%
Control 6,078 A 0,53 B 16,17 A -0,06 C 6,74 A
Corn meal 5,32 A 0,74 B 19,37 A -1,58 A 8,08 A
Molasses 4,63 A 0,50 B 1498 A -0,70 BC 6,25 A
Urea 5,63 A -19,78 A 7,16 A -0,57 BC 2,99 A
Inoculant 7,69 A 0,11 B 18,30 A -0,96 AB 7,63 A
***CV% 35,66 26,53 46,60 44,62 46,60

* Means followed by the same capital letter in the same column do not differ by Tukey test (P> 0.05)
** Medium preceded by a negative sign indicates increase in the percentage.

**% Coefficient of variation.

The increase in CP of dough before being
compared to clamped silage material, is probably
related to the use of soluble carbohydrates, causing
a percentage increase in levels of CP (VALERIANO
et al., 2009). The losses of NDF, TDN and ASH
showed no statistical differences among treatments.

Losses of dry matter silage in our study did not
differ among treatments, unlike the result found by
Pedroso et al. (2007) who observed losses of DM
18.3%, and Freitas et al. (2006b) who found even
greater value (31%) for losses of DM.

Balieiro Neto et al. (2009) studied fermentative
losses in silage with added lime, concluded that the
additive did not reduce dry matter losses during
sugar cane silage; however, Freitas et al. (2006b)
proved that the inclusion of soybean residue
(additive) in sugar cane silage, smaller losses of
DM when compared to the control and treatment
with microbial additives, and compared to results
verified by Kung Junior and Stanley (1982) and DM
losses equivalent to 29% for rod clamped.

When evaluating characteristics of fermentation
of sugar cane silage treated with urea, Freitas et

al. (2006b) concluded that the sugar cane silage
was characterized by loss of dry matter and
soluble carbohydrates, and additives evaluated
were not efficient in preventing the losses during
fermentation. Siqueira et al. (2007) concluded that
the treatment of sugar cane with Lactobacillus
buchneri and NaOH minimizes quantitative losses
during fermentation.

There was a difference for contents of volatile
fatty acids in silage (Table 5), where the average
value for lactic acid was 0.33% DM acetic acid and
0.36% DM representing the relationship: lactic :
acetic 0.91:1. The lactic relationship: acetic verified
in a study conducted by Schmidt et al. (2007) was
0.43:1, and according to the author, these values
are considered abnormal for silage sugar cane. The
values found in this study were lower than those
reported by Kung Junior and Stanley (1982), who
found that levels of 5.6 and 1.9% DM to lactic and
acetic acids, which represent a relationship of lactic:
acetic 2.95:1:0 cane silage. This can be justified by
the low production of lactic acid, due to the smaller
population and/or lactic acid bacteria activity in
silages.
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Table 5. Levels of volatile fatty acids and the production of ethanol from sugar cane silage with different additives.

Treatments , " - ; DM% ; ; :
Butyric acid Acetic acid Propionic acid Lactic acid Ethanol
Control 0,0045 A 0,31 A 0,02 A 0,29 A 1,91 B
Corn meal 0,01 B 0,63 B 0,063 B 0,35 AB 1,50 B
Molasses 0,0035 A 0,29 A 0,018 A 0,37B 1,50 B
Urea 0,0035 A 0,34 A 0,02 A 0,30 AB 1,53 B
Inoculant 0,0044 A 0,27 A 0,019 A 0,34 AB 0,86 A
***CV% 2,25 17,13 24,43 10,65 22,69

* Means followed by the same capital letter in the same column do not differ by Tukey test (P> 0.05)
** Medium preceded by a negative sign indicates increase in the percentage

*** Coefficient of variation.

The levels of butyric acid found can be
considered negligible within all treatments, and
this corroborates with de Andrade et al. (2000)
who researched cane silages subjected to different
treatments. This correlation of results between the
different experiments can probably be explained
by the rapid drop in pH in silage materials. This
fact would cause inhibition of the development of
clostridium in silages, thus limiting the production
of butyric acid (MUCK, 1993; VAN SOEST, 1994).
A low production of butyric acid was observed in
this study. According to Schmidt et al. (2007) this
indicates that undesirable changes did not occur
inside the clamped batter, except for high ethanol
production.

For propionic acid (Table 5), the levels are
considered low, with an average of 0.028% DM.
Schmidt et al. (2007) pointed out that there are few
studies reporting on the VFA composition in sugar
cane silage.

The lowest concentrations of lactic acid observed
in sugar cane silage may be related to the ability
of yeasts to use this acid as an energy source. The
present work verified the highest content of lactic
acid in silage added molasses 10%. Freitas et al.
(2006a) when using L. plantarum; L. buchneri; L.
plantarum + residue; L. buchneri + residue, and soy
residue, concluded that the highest concentrations
of lactic acid were found in silage added with

plantarum  and  Lactobacillus
buchneri, i.e. microbial inoculants, discarding the

hypothesis that waste is responsible for the increase

Lactobacillus

of lactic acid content.

According to Alli et al. (1983), high ethanol
production means that there has been significant
development of yeasts, which in addition to
increasing the loss of DM and ADF levels,
contributes to the low production of lactic acid.

Preston et al. (1976) and Kung Junior and
Stanley (1982) suggested values for ethanol sugar
cane clamped without the use of additives, as
between 5.5 and 15.5%; the data found in this work
can be considered very low, since the value found
for silage was 1.91% control, which is interesting,
because it implies a lower presence of yeasts in
silage material.

In studies on the effects of aeration on the
characteristics of sugar cane silage, Silva et al.
(2009) observed the occurrence of high ethanol
production, independent of the time of airing, and
concluded that the difference in handling (aeration)
silage did not alter the development of yeasts,
and managed to produce high amounts of ethanol,
having an average of 22.20%. Andrade et al. (2001)
observed levels of ethanol from 7.8 to 17.5% DM in
sugar cane silage with no additives, which resulted
in losses of up to 29% of the DM of silage, while
Castrillon et al. (1978) observed concentrations
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of ethanol from 5.1% in sugar cane silage without
using additives.

Conclusions

The use of additives does not promote the
reduction of losses of DM, NDF, TDN, but promotes
improvements in fermentation of carbohydrates and
fibrous fraction of sugar cane silage. Urea proved
to be an interesting alternative to increase the
nutritional value of sugar cane silage.
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