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In recent years, the use of microbial inoculants has been increasing in Brazil, although
the results have been conflicting. This study was conducted to evaluate the effects of adding
a by-product from amino acid production or biological inoculants on fermentative charac-
teristics, chemical composition and aerobic stability of corn silage. The treatments were:
Control (control silage without additive); BAP (silage with addition of 1% of by-product from
monosodium glutamate amino acid production); Pionner (silage with addition of bacterial
inoculant Pioneer 1174®, containing S. faecium and L. plantarum) and Mercosil (silage with
addition of bacterial inoculant Mercosil Mais 11C33®, containing L. buchneri, L. plantarum
and E. faecium). Silages were produced in laboratory silos, constituted of plastic buckets with
suitable lids for sealing. Silos were opened after 60 days of ensiling. The contents of DM,
WSC and IVDMD were not affected (p>0.05) by any of the additives. The BAP treatment
increased (p<0.05) CP content of corn silage in 23.0%, resulting in a drop (p<0.05) of
36.3% in ADIN content. Moreover, BAP treatment decreased (p<0.05) the concentrations of
ADF and NDF, while Mercosil decreased ADF and NIDA contents. The additives promoted
adequate fermentation pattern according to pH values (3.48 to 3.54) and ammonia nitro-
gen concentration (11.07 to 13.30% of total N) except that treatment with BAP increased
N-NH, in 88.30%. Low fermentation losses were observed in the treatments Control, BAP
and Pioneer when compared to Mercosil, so that Mercosil treatment increased in 49.70%
acetic acid concentration when compared to Control group. The additives had no effect on
the other fermentation characteristics (concentration of ethanol, propionic, butyric and lactic
acids) or aerobic stability. In conclusion, the additive BAP can be added to corn silage to
improve only its chemical composition. However, Mercosil and Pioneer produced limited
effects on improving the fermentation profile.
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O uso de inoculantes microbianos no Brasil vem aumentando nos Gltimos anos, embora
com resultados conflitantes. Obijetivou-se avaliar os efeitos da adigdo de um subproduto da
produgdo de aminodcidos ou inoculantes microbianos sobre as caracteristicas fermentativas,
bromatolégicas e estabilidade aerébia da silagem de milho. Os tratamentos foram: Controle
(silagem de milho sem aditivo), SPA (silagem de milho com adi¢cdo de 1% de subproduto da
producdo de aminodcidos), Pioneer (silagem com inoculante bacteriano Pioneer 1174®,
contendo S. faecium e L. plantarum) e Mercosil (silagem com inoculante bacteriano Mercosil
Mais 11C33®, contendo L. buchneri, L. plantarum e E. faecium). Os teores de MS, CHOs
e DIVMS nédo foram alterados (p>0,05) por nenhum dos aditivos. O tratamento com o SPA
aumentou (p<0,05) o teor de PB da silagem de milho em 23,0%, resultando em queda
(p<0,05) de 36,3 % nos teores de NIDA. Ainda, o SPA diminuiu (p<0,05) as concentracdes
de FDA e de FDN, sendo que o inoculante Mercosil diminuiu os teores de NIDA e FDA. Os
aditivos promoveram adequado padrdo de fermentagdo frente aos valores de pH (3,48 a
3,54) e de nitrogénio amoniacal (11,1 a 13,3% do N-otal) excetuando o tratamento com
SPA que aumentou o N-NH, em 88,3%. As menores perdas fermentativas foram observa-
das nas silagens controle, SPA e no Pioneer em relagcdo ao Mercosil, sendo que o Mercosil
aumentou em 49,7 % a concentracdo de dcido acético em relagdo ao grupo Controle. Os
aditivos ndo tiveram nenhum outro efeito sobre as caracteristicas fermentativas (etanol,
4cidos propidnico, butirico e latico) ou de estabilidade aerébia. Concluiu-se que o aditivo
SPA pode ser adicionada & silagem de milho para melhorar somente sua composicdo
bromatolégica. Mercosil e Pioneer tiveram limitados efeitos em melhorar as caracteristicas
fermentativas da silagem.
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INTRODUCTION

Silage is a good alternative for feed conservation
and can be composed by grasses, legumes, grains,
whole grains, tubers, feed industry residues and any
other material that has a free sugar component requi-
red for fermentation (Pinto et al., 2007).

When corn plant is used for ensilage, has several
characteristics that makes it different from other gras-
ses usually used for this process. Its widespread culti-
vation, high production per area, high energetic value
and its adequate content of dry matter and soluble
carbohydrates, combined to low buffering capacity, are
great incentives to indicate this plant as the best choice
for ensilage (Ramos ef al., 2002). The use of additives
aims to improve dry matter recovery of conserved
forage and mainly optimize fermentative process as
well as minimize losses during ensilage (Rodrigues
et al., 2004). The use of microbiological additives in
silage has been subject to several researches with the
objective to inhibit aerobic microorganism’s growth
(especially those associated to aerobic stability such as
yeasts, Listeria and others), to inhibit undesirable anae-
robic microorganism’s growth, such as enterobacter
and clostridium, and to inhibit protease and deaminase
activities of the plant and the microorganism.

Microbial inoculants commonly used as additives
include homofermentative and heterofermentative
bacteria, as well as, the combination of them. Homo-
fermentative strains are characterized by faster fer-
mentation rate, lower proteolysis, higher lactic acid
production, lower contents of acetate and butyrate,
lower content of ethanol and higher recovery of ener-
gy and dry matter. Lactic acid and glucose are used as
substrates by heterofermentative strains for acetic and
propionic acid production, which are effective in fungi
and yeast control under low pH conditions (Zopolatto
et al., 2009).

The success in the use of microbiological additives
in silages depends on the ability of inoculated bac-
teria to quickly grow in ensiled forage mass, on the
presence of adequate substrate and on the inoculated
bacteria population in relation to epiphytic population
of the forage. Therefore, the use of microbial additives
consists in an important resource, once it contributes
to enzymatic proteolysis reduction, as a result of the
quick pH reduction of ensiled mass, promoting great
quantities of lactic acid production, which represents
the possibility of higher recovery of ensiled dry matter
(Henderson, 1993).

Although the effects of several microbial additives
have been tested, it is necessary to study the use of new
residues or industry by-product in order to reduce ani-
mal feeding costs and improve performance. As a rich
in nitrogen content product, the addition of by-product
from amino acid production (BPA) can increase the
ammonia nitrogen content of the ensiled mass, con-
trolling fungi and yeast growth which results in lower
ethanol production. As information about by-products
from amino acids production are scarce, this trial was
designed to evaluate the effects of adding microbial
inoculants and by-product from amino acids produc-
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tion on nutritive composition, fermentation profile and
aerobic stability of corn silage.

MATERIAL AND METHODS

MAKING OF SILAGES

The trial was carried out at Department of Animal
Nutrition and Production of the College of Veterinary
Medicine and Animal Science of University of Sao Pau-
lo (Pirassununga City, Sao Paulo State, Brazil). Regar-
ding ethic aspects, this paper did not use living animals.

For ensiling, the hybrid corn Ag 1051 with high
grain productivity was used (Agroceres). Corn plants
were harvested with 96 days of growth, 50 % milk line,
in farinaceous state. After manual harvesting, corn
plants were chopped (Chopper Nogueira, model EM-
9F3B) to obtain average fragments of 1.43 cm. The eva-
luation of mean theoretical particle size was performed
according to the sieves methodology Penn State Particle
Size Separator proposed by Lammers et al. (1996). Chop-
ped material was separated on a plastic packing-sheet
and the treatments were applied on it using a manual
spray. Each treatment had its own plastic packing-sheet
and spray. Inoculants were diluted with distilled water
(with no chloride), dosed according to the recommen-
dations of each manufacturer and manually mixed to
material to be ensiled.

The treatments were:
a) Control: Corn forage without additive.

b) BAP (By-product from Amino acid Production):
Corn forage with addition of 1% of by-product from
monosodium glutamate amino acid production. This
product contains 55.2% of dry matter and 80.7 % of
crude protein at DM basis. The natural basis product
was used at dose of 10.0 mL/kg of forage (1 %).

c) Pionner: Corn forage with addition of bacterial
inoculant Pioneer 1174®. Each gram of this product has
1.0x10" colony-forming units (CFU) of Streptococcus
faecium and Lactobacillus plantarum. The commercial
product was used at dose of 1.0 mg/kg of forage.

d) Mercosil: Corn forage with addition of bacterial
inoculant Mercosil Mais 11C33®. Each gram of this pro-
duct has 1.0x10™ CFU of Lactobacillus buchneri, 8.0x10°
CFU of Lactobacillus plantarum and 2.0x10° CFU of En-
terococcus faecium. The commercial product was used at
dose of 1.0 mg/kg of forage.

A completely randomized experimental design was
adopted with four repetitions per treatment. Sixteen
plastic buckets (12 liters of capacity each) were used as
experimental silos. The respective forage masses were
placed inside each silo and compacted to the density
of 500 kg of corn plant/m?®. Silos were sealed with
lids, weighed and vertically stored in a covered area
at room temperature and only opened after 61 days
of storage.

LABORATORY ANALYSIS
BEFORE ENSILING

After applying microbial inoculants or by-product
from amino acids production to the fresh chopped
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material, one sample of each treatment was obtained
and stored at -20°C for later determination of dry mat-
ter (DM), crude protein (CP), acid detergent insoluble
nitrogen (ADIN), acid detergent fiber (ADF), neutral
detergent fiber (NDF), water soluble carbohydrates
(WSCQ), in vitro dry matter digestibility (IVDMD), and
buffer capacity (BC) according to methodologies des-
cribed below. After thawing, this fresh material was
analyzed at the same time with the silages in order to
avoid analytical source of variation, especially for dry
matter losses data.

AFTER ENSILNG

Prior to opening, silos were weighed to later de-
termination of dry matter (DM) losses during fermen-
tation. After opening silos, the mass was homogeni-
zed and a fraction was separated for determination of
dry matter (DM) and crude protein (CP), according to
AOAC (1995); neutral detergent fiber (NDF), acid de-
tergent fiber (ADF) and lignin, according to Van Soest
et al. (1991). In the determination of DM, the final dry
weight of the sample after 48-72 h at 55°C and 4 h at
105°C in oven with forced-air circulation is divided by
the initial wet weight and multiplied by 100. Water so-
luble carbohydrates (WSC) were determined according
to methodology proposed by Johnson et al. (1966) and
the acid detergent insoluble nitrogen (ADIN), accor-
ding to Van Soest and Robertson (1985). One fraction
was immediately frozen for future counterproof and
another was placed in hydraulic press for extraction of
silage juice. Buffer capacity is measured by the quanti-
ty in meq of H* that is spent to decrease pH values of
forage from 6.0 to 4.0, indicating the resistance of orga-
nic and inorganic components to acidification, during
preservation (Playne and McDonald, 1966; McDonald
etal., 1991).

Immediately after material pressing during the ope-
ning, 50 mL of silage juice were used for pH determina-
tion with a portable digital pH meter (Procyon, model
310), calibrated with pH buffer solutions of 4.0 and
7.0. Moreover, 2 mL of silage juice was collected and
added to 0.4 mL of formic acid and frozen at -20 °C for
further determination of organic acids and ethanol con-
centration. Determination of organic acids and ethanol
concentration was done by gas chromatography, ac-

IVDMD-=

aiming to avoid possible deviations of readings due
to column contamination. Organic acids concentration
calculations were performed in a computer by the com-
parison of samples with the standard solution.

Another silage juice subsample of 2 mL was added
to 1 mL of sulfuric acid 1 N and frozen at -20 °C until
analysis of ammonia nitrogen (NH,-N) concentration
by colorimetric assay, according to methodology pro-
posed by Kulasek (1972) and adapted by Foldager
(1977). Absorbance measurements were performed in
spectrophotometer (Beijing Rayleigh AIC model VIS-
7220) set in 630 nm. Values of absorbance were used to
calculate NH,-N concentrations in mg of NH,-N /100
mL, by linear regression equation obtained by the ca-
libration of the equipment with standard solution in
different concentrations. Ammoniacal nitrogen-free
protein (NH,-FP) was also calculated discounting CP
content from ammonia nitrogen.

Dry matter (DM) losses during fermentation were
calculated as the difference between the weights of
masses obtained at the moments of filling up and ope-
ning silos, multiplied by the respective dry matter
contents. Losses were transformed in percentage of
initial mass.

In vitro dry matter digestibility (IVDMD) was deter-
mined according to Tilley and Terry (1963). Duplicate
samples from oven-dried forage (0.5 g) were weighed
in test tubes, which were previously dried and calibra-
ted. In the test tubes, 40 mL of McDougall solution (ar-
tificial saliva) was added to 10 mL of rumen inoculum
of animals kept grazing Brachiaria decumbens pasture,
supplemented with 3.0 kg of DM of sugarcane with
ad libitum mineral salt. Tubes were sealed with rubber
corks containing a Bunsen valve (immediately after
flushing out with CO,) and incubated in oven for 48
h in controlled temperature (39 °C), where they were
agitated at least 3 to 4 times during fermentation. The
second phase occurred after centrifugation and discard
of supernatant. Pepsin solution (1:10.000) at 0.2 % (50
mL) was added to each tube, followed by agitation at
39°C for another 48 hours. After washing, drying and
weighing the tubes, calculations were performed as the
formula below:

100 x g of DM in sample — (g of residual DM — g of DM of inoculum without sample)

g of DM in sample

cording to the methodology proposed by Erwin et al.
(1961), using a gas chromatographer (Finnigan, model
9001), equipped with silica glass column MEGABOR
(Ohio Valley, model OV-351) of 30 m x 0.53 mm and
stationary phase of 1.0 micron. The determinations
were performed injecting 1.0 uL of the sample in the
chromatographer, which was integrated to a computer
that processed the quantification calculations through
the software Borwin (version 1.21) for chromatography,
using a standard solution as basis for organic acids
concentrations in the sample. The number of repeti-
tions done per sample was the one needed to achieve
a difference between readings below 5 %. The standard
solution was injected every ten successive injections

For silage aerobic stability determination, subsam-
ples of roughly 3.0 kg of fresh silage were taken from
each bucket, placed in Styrofoam boxes (12 liter capa-
city) and stored in controlled temperature room (25 °C).
Silage temperatures were monitored every 30 min,
during seven days, using the Monitoring and Acquiring
Data System (SIMAD), with 16 temperature sensors, 2
data acquiring modules, 1 net converter and 1 software
for monitoring, acquiring and controlling environ-
mental variables (MACVA version 1.2 from AUTSENS
— Industry and Trade Electronic Devices). Maximum
temperatures (°C), time to reach the maximum tempe-
rature (h) and time to raise the temperature in 2°C (h)
were recorded. Aerobic stability was calculated as the
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Table I. Nutritive composition and buffer capacity
of ingredients used for ensiling (Composiggo nutritiva e
capacidade tampao de ingredientes utilizados para ensilagem).

Item DM CP ADIN ADF NDF WSC IVDMD BC

Cornplant 229 7.2 208 36.8 578 165 59.0 16.8
BAP 56.2 80.7 00 0.0 0.0 00 — 839

BAP= by-product from amino acids production; DM= total dry matter
(%); CP=crude protein (% DM); ADIN= acid detergentinsoluble nitro-
gen (% of total N); ADF= acid detergent fiber (% DM); NDF= neutral
detergent fiber (% DM); WSC= water soluble carbohydrates (% DM);
IVDMD= in vitro dry matter digestibility (% DM); BC= buffer capacity
(meq/100 g DM of forage).

temperature rise rate (°C/h), dividing the maximum
temperature by the time to reach it (Ruppel et al., 1995).

STATISTICAL ANALYSIS

Results were analyzed by Statistical Analysis Sys-
tem software (SAS, 2002), after verifying normality of
residues by Shapiro-Wilk test (PROC UNIVARIATE).
Data (dependent variable), which did not attend to this
premise, were subjected to logarithmic [Log (X+1)] or
by square root [RQ (X+1/2)] transformation. Original
or transformed data, when this procedure was neces-
sary, were submitted to variance analysis by GLM pro-
cedure. Differences between treatments were separated
by Tukey test. Significance level adopted was 5 %.

RESULTS AND DISCUSSION

Nutritive composition and buffer capacity of corn
plant and by-product from amino acids production
used for ensiling are presented at table I. Nutrient
content of corn plant was compatible with the expec-
ted, except from dry matter content that was below
the expected. The low dry matter content observed in
corn silage could be attributed to strong rain that anti-
cipated crop harvesting at the moment of ensiling. The
by-product from amino acid production used in this
experiment had high dry matter (55.2% DM) and crude
protein (80.7 % DM) content. Macitelli ef al. (2003) eva-
luated monosodium glutamate, as a feed additive for
corn silage, and observed higher values of DM (62.5 %

DM) and lower of CP (42.0% DM), compared with
product used in the present study.

Data of silage fermentative pattern treated with
different additives are shown at table II. All additives
(BAP, Pioner and Mercosil) slightly increased silage
pHin 1.7%, 0.8 % and 1.4 %, respectively, in relation to
control group. The BAP group showed higher pH than
the other treated silages and control group, but Mer-
cosil treatment did not differ from the other groups.
The higher pH value of silage treated with BAP could
be related to higher crude protein content, especially
non-protein nitrogen.

Acidity is a critical point while evaluating the pro-
cess of silage quality. Butyrate-producing bacteria are
very susceptible to acid environment. So the faster
the pH drops down to values close to 4.0, the more
they will be inhibit, resulting in greater conservation
of ensiled material and lower losses by protein frac-
tion transformations. According to Muck and Shinners
(2001), silages that underwent appropriate fermen-
tation had pH values between 3.8 and 4.2. No silage
had pH higher than 4.2, what would classify them as
good fermentative quality. Similar results were found
by Rodrigues et al. (2004) who evaluated corn silages
treated with microbial inoculants.

By-product from amino acids production increased
(p<0.05) in 88.30% the ammonia nitrogen concentra-
tion of silage when compared to control group. This
effect is explained by the fact that the product is rich
in nitrogen compounds (protein, amino acids and am-
monium). Rodrigues et al. (2004) studied corn silages
treated with different microbial additives and observed
values of 6.50 % of NH,-N /TN, which were lower than
the values observed in the present study. It is important
to highlight that NH.-N concentration found in Mer-
cosil group is below 12% that allows classifying it as
good quality silage (Fahey, 1994). The quick drop in pH
and its maintenance at low values limit the occurrence
of high proteolysis rates, resulting in better protein
conservation of ensiled forage.

No effect of treatment (p>0.05) was observed on
ethanol, propionic, butyric or lactic acid concentra-
tions. These results show the limit capacity of BAP and

Table II. Fermentative patterns of corn silage treated with additives (Padrées fermentativos de silagens de milho tratadas

com aditivos).

) Treatment
Varianie Control BAP Pioneer Mercosil SEM Prob.
pH 3.48¢ 3.542 3.51° 3.53% 0.007 0.0001
NH,-N (% of total N) 12.51° 23.56° 13.03° 11.07° 1.317 0.0001
Ethanol (% DM) 0.44 0.52 0.52 0.43 0.020 0.2583
Acetic acid (% DM) 1.91° 1.90° 2.10° 2.86° 0.113 0.0001
Propionic acid (% DM) 0.02 0.02 0.02 0.03 0.002 0.2922
Butyric acid (% DM) 0.02 0.03 0.02 0.03 0.002 0.3610
Lactic acid (% DM) 7.97 7.76 8.01 7.89 0.081 0.7570
Lac: Ace ratio 4172 4112 3.832 2.78° 0.155 0.0001
DM loss (% DM) -1.42° -1.70° -2.09° 7.722 1.297 0.0034

BAP= by-product from amino acid production; Ethanol (% DM); Acetic acid (% DM); Propionic acid (% DM); Butyric acid (% DM); Lactic acid
(% DM); Lac: Ace ratio= lactate:acetate ratio; NH,-N= ammonia nitrogen (% of total N); DM Loss= dry matter loss (% DM); SEM= standard
error of mean; Prob.= probability of treatment effect. @°Rows with superscript letters differ by Tukey test (p<0.05).
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Table III. Nutrient composition of corn silage treated with additives (Composic&o nutricional da silagem de milho tratada

com aditivos).

Treatment

Variable Control BAP Pioneer Mercosil SEM Prob.

DM 23.38 23.88 23.23 22.95 0.164 0.2533
CP 7.56¢¢ 9.302 7.46°¢ 7.84° 0.198 0.0092
NH,-FP 6.62% 7112 6.49° 6.97% 0.091 0.0272
ADIN 21.89° 13.95° 17.332 16.35° 0.892 0.0002
ADF 38.502 35.68¢ 37.40%® 36.87 0.297 0.0010
NDF 57.712 54.56° 57.95° 56.572 0.406 0.0001
WSC 7.96 8.63 8.00 6.48 0.345 0.1476
BC 49.422 35.14b 37.10% 46.15% 2.097 0.0206
IVDMD 50.32 50.27 47.37 49.87 0.955 0.6998

BAP= by-product from amino acids production; DM= total dry matter (%); CP= crude protein (% DM); NH,-FP= ammoniacal nitrogen-free
protein (% DM); ADIN= acid detergent insoluble nitrogen (% of total N); ADF= acid detergent fiber (% DM); NDF= neutral detergent fiber (%
DM); WSC= water soluble carbohydrates (% DM); BC= buffer capacity (meq/100 g DM of forage), IVDMD= in vitro dry matter digestibility
(% DM); SEM= standard error of mean; Prob.= probability of treatment effect. 2*°Rows with superscript letters differ by Tukey test (p<0.05).

Pionner in substantially improve corn silage quality,
especially when it is produced in good conditions, as
observed in the present experiment. Mercosil additive
increased acetic acid concentration of silage (p<0.05),
as it was expected, once this product has the heterofer-
mentative bacteria Lactobacillus buchneri in its compo-
sition. This microorganism is known to produce this
organic acid, which was considered the responsible to
improve aerobic stability of silages. Control silage pre-
sented acetate concentration below 2.0 %, butyrate be-
low 0.2 %, lactate:acetate ratio above 3.0 and pH below
4.0. Regarding the treatments effect, Mercosil increased
in 49.7 % acetate concentration (p<0.05) when compa-
red to control silage. This effect resulted in a decrease
of 33.3% of lactate:acetate ratio by Mercosil (p<0,05),
although Pioneer and BAP did not show significant
effect on any of these parameters.

Mercosil treatment showed the highest dry mat-
ter losses when compared to control, BAP and Pion-
ner treatments (p<0.05). It is important to point out
that Mercosil altered dry matter losses, in spite of not
showing any alteration on ethanol concentration. Ac-
cording to McDonald ef al. (1991), significant increase
in dry matter loss occurs when ethanol is produced due
to the action of yeasts and bacteria like heterofermen-
tative, enterobacteria and Clostridium spp. Therefore,
this effect might be associated to organic acids concen-
trations, once Mercosil increased acetic acid concentra-
tion and, consequently, decreased lactate:acetate ratio.
The treatments control, BAP and Pionner showed dry
matter losses slightly negative. It means that more dry
matter was observed at the silos opening. However,
when these data were submitted to T test for mean
equal to zero, they presented p value higher than 0.05,
which means that these negative averages did not differ
from zero. This suggests that this negative value is due
to small variation in the technique of dry matter deter-
mination and average losses were very close to zero.

At evaluating the nutritive composition of silages
(table III), differences for dry matter, water soluble
carbohydrates and in vitro dry matter digestibility of
corn silages treated with different additives were not
observed when compared with control group. A higher

DM content in BAP treatment was expected as this
additive already had high DM content before ensilage.
In vitro dry matter digestibility varied from 50.3% in
control silage to 50.3; 47.4 and 49.9 % in silages treated
with BAP, Pioneer and Mercosil, respectively.

The BAP treatment increased (p<0.05) CP content
of corn silage in 23.0 %, resulting in drop of (p<0.05)
36.3 % in ADIN content. The raise of CP content caused
by BAP is due to high concentrations of nitrogen sou-
rces in this product, although higher protein content
was also observed even when CP was discounted from
ammonia nitrogen content. ADIN decrease is compa-
tible to dilution effect, observed when this variable is
expressed in relation to total nitrogen. Higher CP con-
tents in Mercosil silage were also observed when com-
pared to Pioneer treatment. This fact suggests lower
proteolysis in silage treated with this additive, therefo-
re, resulting in better preservation of protein content of
this silage. Ammoniacal nitrogen-free protein content
in these silages also supports this observation. Howe-
ver, these results differed from those observed by Gi-
menes ef al. (2006), who did not find effect of bacterial
inoculants on CP content of corn silage. Average crude
protein content in the experiment was 7.6 % for control
silage, which is close to values cited by Erdman (1993)
and Rodrigues et al. (2002), who observed average cru-
de protein content of 8.0 and 9.4 %, respectively.

The additive BAP decreased (p<0.05) ADF and NDF
concentrations in 7.3 % and 5.3 %, respectively, possibly
due to dilution effect (inclusion of additive practically
free of fiber) or due to a direct effect on fiber degra-
dation, because of its chemical composition or due to
both. The inoculant Mercosil also decreased (p<0.05)
ADF concentrations in 4.2 %, when compared to con-
trol silage, but the inoculant Pioneer did not alter any
of these variables. Diverging from the present study,
Ruiz ef al. (2009) found increments of fiber content of
silage inoculated with lactic acid bacteria when some
corn hybrids were used, but no response was observed
when the same inoculants were used with others corn
hybrids.

The additive BAP decreased (p<0.05) silage buffer
capacity in 28.9% compared with control silage. La-
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Table IV. Aerobic stability of corn silage treated with additives (Estabilidade aerébia de silagem de milho tratada com

aditivos).

Treatment
Variable Control BAP Pioneer Mercosil SEM Prob.
Max (°C) 29.57 30.14 29.85 31.75 0.524 0.2689
Time (h) 85.88 81.50 91.38 123.00 8.674 0.3415
Rate (°C/h) 0.118 0.143 0.108 0.093 0.010 0.3960
Time 2°C (h) 9.50 18.88 19.25 11.25 1.719 0.0685

BAP= by-product from amino acids production; Max= maximum temperature reached (°C); Time= time spent to reach maximum temperature
(hours); Rate= temperature rise rate (°C/hour); Time 2°C= time to raise the temperature in 2°C; SEM= standard error of mean; Prob.= pro-
bability of treatment effect. @**Rows with superscript letters differ by Tukey test (p<0.05).

vezzo et al. (1997) observed low buffer capacity (15.88
eq.mg HC1/100 g DM) for corn silage (28.65 % of DM).

Data of aerobic stability of corn silage treated with
different additives are presented at table IV. No effect
of treatment was observed on maximum temperature
reached, time spent to reach maximum temperature,
temperature raise rate and time spent to raise tempe-
rature in 2°C. It is well known the fact that the acetate
has an inhibitory effect on yeast population of silages,
especially when the material is exposed to atmospheric
oxygen at the moment the silo is opened. Currently,
it is accepted that this is the effect responsible for ae-
robic stability of silages with high concentrations of
this acid (Matos et al., 2006). Although the inoculant
Mercosil had increased acetate concentration in si-
lage, this increase was not sufficient to alter aerobic
stability parameters, even though this inoculant has
numerically increased time spent to reach maximum
temperature in 43.2% (equivalent to 37 hours) when
compared to control (figure 1). Although this desirable
effect was not statistically significant, probably due
to high variability of this kind of data (SEM= 8.67 h),

is also compatible with heterofermentative bacteria
Lactobacillus buchneri in its composition. These results
contrast with those found by Rodrigues ef al. (2004)
who worked with three commercial inoculants and did
not observe effect of these additives on maximum tem-
perature and time to reach the maximum temperature.
In their work, Martinez-Fernandez et al. (2010) clearly
discus the desirable effects of heterofermentative Lacto-
bacillus in improving aerobic stability of silages (Kung
and Rajit, 2001). This effect is due the presence of acetic
acid (Kung et al, 2003), as this acid passively penetrate
cells responsible for heating after opening (as yeast),
decreasing cellular pH of these undesirable microor-
ganisms, and resulting in their death (Ruser and Klein-
mans, 2005). However, according to Guim et al. (2002),
the use of microbial additives should be followed by
appropriate silage management, from ensiling up to
feeding the animals. So, the present experiment is more
compatible with this last idea.

The results obtained in the present study suggest
that more research are necessary for new products
formulation, such as BAP, aiming to increase aerobic
stability and maintain fermentative characteristics of
ensiled forage for the success of its application.
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Figure 1. Silage temperature along time after opening (Temperatura da silagem ao longo do tempo apés a abertura).
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EFFECTS OF MICROBIAL INOCULANTS AND BY-PRODUCT FROM AMINO ACIDS PRODUCTION ON CORN SILAGE

CONCLUSIONS

The additive BAP increased crude protein content
of corn silage and can be used to improve its nutrient
composition but not its fermentative pattern or aero-
bic stability. The microbial additives did not promote
consistent alterations on nutrient composition, fer-
mentation profile and aerobic stability of corn silage.
Although Lactobacillus buchneri containing additives
increase acetic acid concentration, questionable impro-
vement was observed at aerobic stability of corn silage.
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