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  ABSTRACT 

  The objective of this study was to select lactic acid 
bacteria (LAB) strains isolated from silage and assess 
their effect on the quality of maize silage. The LAB 
strains were inoculated into aqueous extract obtained 
from maize to evaluate their production of metabolites 
and pH reduction. The ability to inhibit the pathogenic 
and silage-spoilage microorganisms’ growth was evalu-
ated. Nine LAB strains that showed the best results 
were assessed in polyvinyl chloride experimental silos. 
The inoculation of the LAB strains influenced the con-
centration of lactic and acetic acids and the diversity of 
Listeria. The inoculation of silages with Lactobacillus 
buchneri (UFLA SLM11 and UFLA SLM103 strains) 
resulted in silages with greater LAB populations and 
improvements after aerobic exposure. The UFLA 
SLM11 and SLM103 strains identified as L. buchneri
showed to be promising in the treatment of maize silage. 
  Key words:    inoculant ,  lactic acid bacteria ,  silage , 
 acetic acid 

  INTRODUCTION 

  Traditionally, the most widely used forage for ensil-
ing is the maize plant (Zea mays L.). In addition to 
its nutritional quality, maize has desirable features for 
ensiling, such as a high production of DM per area 
unit, an adequate fermentation pattern in the silo due 
to DM content between 28 and 40%, an adequate con-
centration of soluble carbohydrates, and low buffering 
capacity (Nussio et al., 2001). Maize silages, however, 
are susceptible to aerobic deterioration (Siqueira et al., 
2005). Thus, the use of microbial inoculants in these 
silages has been recommended, with the primary goal 
of reducing aerobic deterioration and preserving the 
silage’s nutritional value (Kung et al., 2003). 

  Spoilage and pathogenic microorganisms can be a 
problem in maize silages. Bacteria of the genera Clos-

tridium, Listeria, and Bacillus, and the family Entero-
bacteriaceae have been reported in maize silages (Rossi 
and Dellaglio, 2007; Dunière et al., 2011; Konosonoka 
et al., 2012). Nevertheless, studies in the selection of 
inoculants aimed at inhibiting the growth of these 
deteriorating and pathogenic microorganisms are still 
scarce (Saarisalo et al., 2007; Marci áková et al., 2008). 
Yeasts and filamentous fungi are the main microorgan-
isms involved in the aerobic deterioration process of 
silages. Studies have shown that some lactic acid bac-
teria (LAB) strains can exhibit antimicrobial activity, 
thereby affecting many pathogenic and deteriorative 
microorganisms (Gollop et al., 2005). 

  Some authors have reported the effects of microbial 
inoculants on the fermentation of silages; however, few 
descriptions of the selection process of bacteria strains 
are used for this purpose. The purpose of the present 
study was to select LAB strains with the potential to 
improve the fermentative characteristics and inhibit the 
growth of pathogenic and spoilage microorganisms and 
to assess the effect of the inoculation of these strains 
on the nutritional value and aerobic stability of maize 
silages. 

  MATERIALS AND METHODS 

  Selection of Bacterial Strains for Inoculants 

  Lactic acid bacteria strains were originally isolated 
in sugar cane silage (Ávila et al., 2010a) and were 
preselected based on the assessment of growth and pro-
duction of metabolites in the aqueous extract obtained 
from maize plants and their ability to inhibit the growth 
of pathogenic and silage-spoilage microorganisms. The 
aqueous extract for fermentation was obtained through 
chopping and grinding the entire maize plant according 
to Saarisalo et al. (2007). Seventy-five LAB strains were 
cultivated in de Man, Rogosa, Sharpe broth (M369; Hi-
media, Mumbai, India) for 24 h at 30°C. Subsequently, 
a standardization of the inoculum was performed using 
the number 1 standard of the McFarland scale. Then, 
400 μL of each inoculum was added to 200 mL of aque-
ous extract from the maize plant, which was incubated 
at 30°C and 120 rpm for 48 h. 
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To evaluate inoculum growth, decreases in pH value, 
and metabolite production, samples were collected im-
mediately after inoculation and after 3, 6, 12, 24, and 48 
h of fermentation. Growth was assessed by turbidimetry 
in a spectrophotometer at 600 nm (Shimadzu model 
UV-2501; Shimadzu Corp., Tokyo, Japan); a digital 
potentiometer was used to measure the pH, and HPLC 
was used to analyze metabolite production. The me-
tabolite analysis was conducted with 24 h of fermenta-
tion in liquid phase chromatography (Shimadzu model 
LC-10Ai) equipped with refractive index detectors (for 
ethanol; model RID-10A) and UV detectors (for lactic, 
acetic and propionic acids; model SPD-10Ai). A cation 
exchange column (Shimadzu Shim-pack SCR-101H; 
30 cm of length and 7.9 mm of diameter) was used, 
and the temperature of the column oven was 30°C for 
ethanol readings and 50°C for acid readings. Ultra-pure 
water, with its pH adjusted to 2.1 with perchloric acid, 
was used in the mobile phase, and the flow rate was 0.6 
mL/min.

The 65 LAB strains that exhibited the best growth 
and efficiency in the reduction of pH were evaluated ac-
cording to their ability to inhibit the growth of patho-
genic and spoilage microorganisms. The pathogenic 
strains tested were Clostridium perfringens (ATCC 
3624) and Listeria monocytogenes (ATCC 19117), and 
the deteriorative microorganisms were Escherichia coli 
(ATCC 11229), Bacillus cereus (ATCC 11778), and 9 
yeast strains isolated from sugar cane silage (Ávila et 
al., 2010b).

Inhibition tests were performed using an agar-diffu-
sion method according to the methodology described 
by Weese and Rousseau (2005), with some modifica-
tions. Pathogenic and deteriorative microorganisms 
were reactivated in brain heart infusion (Himedia) 
medium and incubated for 24 h at 37°C, except for 
C. perfringens, which was incubated under anaerobic 
conditions in an anaerobic chamber (Thermo Scientific, 
model 1025; Ottawa, Canada) for 7 d. The yeast and 
LAB species assessed were reactivated, respectively, on 
yeast extract peptone glucose (YEPG) medium [0.3% 
of yeast extract (Merck, Darmstadt, Germany); 0.3% 
malt extract (Merck); 0.5% peptone (Himedia); 1.0% 
glucose (Merck); 2.0% agar (Merck) per liter, contain-
ing 100 mg of chloramphenicol (Sigma-Aldrich, Milan, 
Italy)] and de Man, Rogosa Sharpe medium (M641I, 
Himedia) and incubated for 24 h at 30°C. Standard-
ized suspensions of the growth of the deteriorative and 
pathogenic microorganisms assessed were prepared and 
compared with the McFarland 0.5 standard (approxi-
mately 1.5 × 108 cfu/mL), whereas LAB growth was 
standardized by comparing it with the McFarland 1 
standard (approximately 3 × 108 cfu/mL).

On plates containing Mueller Hinton medium (Hi-
media), a superficial spread was performed using a 
sterile swab soaked in a suspension of the pathogenic 
or deteriorative microorganism to be analyzed. Subse-
quently, using sterile tweezers, filter-paper disks of ap-
proximately 5 mm in diameter were placed in triplicate 
on the medium with the suspension, to which 50 μL of 
the LAB suspension was added to be tested for its abil-
ity to inhibit growth of pathogenic and deteriorative 
microorganisms. Plates were incubated at 35°C for 24 h 
in aerobiosis, except for plates on which the inhibition 
of C. perfringens was assessed, which were incubated 
under anaerobic conditions at 35°C. Inhibition was as-
sessed by the formation of halos around the disks, with 
no growth of reference pathogenic and deteriorative 
microorganisms. The readings of the inhibition halos 
were measured in millimeters using a caliper.

Molecular Identification of Selected Bacterial Strains

The strains selected for evaluation in the polyvinyl 
chloride (PVC) experimental silos were identified by 
DNA sequencing. Bacteria cultures were grown under 
appropriate conditions and collected from MRS agar 
plates with a sterile pipette tip and resuspended in 40 
μL of PCR buffer. The suspension was heated for 10 min 
at 95°C and 2 μL was used as a DNA template in PCR 
experiments to amplify the full-length the 16S region. 
An approximately 1,500 bp fragment of the 16S rDNA 
was amplified using forward primer 27f (5 -AGAGTTT-
GATCCTGGCTCAG-3 ) and reverse primer 1512r 
(5 -ACGGCTACCTTGTTACGACT-3 ; Devereux and 
Wilkinson, 2004). The PCR products were sequenced 
using an ABI3730 XL automatic DNA sequencer. The 
sequences were then compared with the Gen-Bank da-
tabase using the BLAST algorithm (National Center for 
Biotechnology Information, Bethesda, MD).

Maize Ensilage in Experimental Silos

The LAB strains that exhibited the best results, 
including greater growth rates during fermentation, ef-
ficiency in reducing the pH, an ability to inhibit yeasts, 
E. coli, B. cereus, and the reference pathogens (C. per-
fringens and L. monocytogenes), had the best profile of 
VFA and lactic acid production, and the lowest ethanol 
production, were selected for evaluation on maize silage 
in PVC experimental silos. The maize, approximately 
102 to 119 d old, was harvested in the rainy season us-
ing a self-propelled harvester with the particle size set 
to 10 mm. Inoculants were previously prepared accord-
ing to Ávila et al. (2009), mixed with 80 mL of distilled 
water, and homogenized on 3 kg of forage to be ensiled, 
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resulting in an inoculant application rate of 6 log cfu/g 
of forage. In the control treatment, only distilled water 
(80 mL) was added to the forage.

Forage was ensiled in experimental PVC silos 10 cm 
in diameter and 60 cm in height, adapted with Bunsen-
type valves with an average compaction density of 628 
kg of forage/m3. Forage was manually compacted in 
the silos, which were sealed, weighted, and stored in a 
covered area. After 60 d of ensiling, the full silos were 
weighed and opened. The loss of DM was calculated 
using weights of the DM content of the fresh forage and 
silage.

Chemical Analyses

Samples were removed from fresh forage and from si-
lages after 60 d of fermentation. One of the samples was 
weighed and dried in a fan-assisted oven at 55°C for 72 
h; another sample was used to make a water extract to 
determine the pH value, evaluate the microbial popula-
tion, and detect fermentation end products. The dried 
samples were ground in a Willey-type grinder using a 
30-mesh sieve and stored in labeled plastic containers. 
The samples were analyzed for DM content (AOAC, 
1990), water-soluble carbohydrates (WSC) by the phe-
nol method (Dubois et al., 1956), CP (AOAC, 1990), 
and NDF according to Pell and Schofield (1993).

A 25-g sample of fresh forage or maize silage was 
blended in 225 mL of 0.1% sterile peptone water and 
homogenized in an orbital mixer for 20 min; the pH of 
each sample was then determined. Water extracts (2 
mL) were acidified with 10μL of 50% H2SO4 (vol/vol) 
and frozen before analysis for fermentation end prod-
ucts (Canale et al., 1984). Water-acidified extracts were 
analyzed for lactic acid, acetic acid, propionic acid, acid 
butyric, 1,2-propanediol, and ethanol by HPLC (Shi-
madzu model LC-10Ai; Shimadzu Corp.) as described 
before.

Microbiological Analyses

The other portion of water extracts was used for enu-
meration of microorganisms. Sequential 10-fold dilutions 
were prepared to quantify the microbial groups. Yeasts 
and filamentous fungi were enumerated on dichloran 
rose bengal chloramphenicol medium (Difco; Becton 
Dickinson, Sparks, MD). The plates were incubated at 
28°C for 72 h. Yeasts were distinguished from filamen-
tous fungi by colony appearance and cell morphology. 
For enumeration of LAB, pour plating onto de Man, 
Rogosa, Sharpe agar (M641I, Himedia) plus nystatin 
(4 mL/L) was used. The plates were incubated at 30°C 
for 72 h. Colonies were counted on plates containing a 
minimum of 30 and a maximum of 300 cfu.

The quantification of Clostridium spp. was performed 
in reinforced clostridial agar (Himedia) medium, and 
the plates were incubated for 7 d at 37°C in an anaero-
bic chamber. The nutrient agar medium (Himedia) was 
used for counting Bacillus spp., and the plates were 
incubated at 37°C for 24 h under aerobic conditions. 
Samples for counting Bacillus spp. and Clostridium 
spp. were previously pasteurized at 80°C for 10 min to 
kill vegetative bacterial cells leaving only endospores.

To evaluate the presence of Listeria spp., Oxford me-
dium (Himedia) was used after a primary enrichment of 
samples in a buffered Listeria-enrichment broth (M569, 
Himedia), and the plates were incubated at 30°C for 24 
h. The verification of the presence of Listeria spp. was 
performed according to Unites States FDA methods 
(Hitchins and Jinneman, 2011), and the confirmation 
of the genus was performed using a Gram stain prelimi-
nary test, with catalase and motility tests using an API 
Listeria Kit (bioMérieux, Marcy l’Etoile, France) for 
the final confirmation. The count of microorganisms of 
the family Enterobacteriaceae was performed through 
violet red bile glucose agar (Difco), and quantification 
was conducted after 24 h of incubation at 37°C.

Aerobic Stability

After silo opening, samples of approximately 3 kg 
were removed from each minisilo and placed in plastic 
buckets to assess the aerobic stability. Temperatures 
were measured each 30 min using data loggers (model 
MI-IN-D-2-L; Impac, São Paulo, Brazil) inserted into 
the silage mass at a depth of 10 cm. The aerobic sta-
bility was defined as the number of hours the silage 
remained stable before rising more than 2°C above the 
ambient temperature (25.6°C; Kung et al., 2003).

Statistical Analyses

The metabolite production data of 65 strains that 
showed better growth and efficiency in reducing the pH 
of the aqueous extract were evaluated by the principal 
component analysis using the XL Stat software (version 
7.5; Addinsoft, New York, NY). The experiment was 
carried out in a completely randomized design with 10 
treatments (9 LAB strains and a control without in-
oculants) and 3 replicates. The statistical analysis was 
performed using the SISVAR (Lavras, Brazil) software, 
version 4.5.

RESULTS

Selection of Bacterial Strains for Inoculants

At 48 h, the growth of LAB strains (measured in ab-
sorbance units) and decrease in the pH values in maize 
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extract varied between the different strains from 0.135 
to 0.423 and from 1.18 to 2.37, respectively. Of the 75 
LAB strains tested, 65 strains were assessed regard-
ing metabolite production. The UFLA SLM04, UFLA 
SLM05, UFLA SLM16, UFLA SLM17, UFLA SLM38, 
UFLA SLM109, UFLA SLM110, UFLA SLM111, 
UFLA SLM112, and UFLA SLM113 strains were dis-
carded in the selection process because their growth in 
the maize extract was less intense, resulting in greater 
pH values compared with other strains.

From the 65 total LAB strains, only the UFLA 
SLM12, UFLA SLM84, UFLA SLM85, UFLA SLM86, 
and UFLA SLM100 strains exhibited an antagonistic 
relationship with C. perfringens, causing the formation 
of a small inhibition halo with sizes between 3 and 5 
mm. For the other pathogenic or deteriorative microor-
ganisms tested, no inhibition halo was formed.

Differences regarding metabolite production in the 
maize extract were observed between the strains as-
sessed. The strains exhibited production of lactic and 
acetic acids ranging from 0.16 to 0.62 and from 0.10 to 
0.22 g/L, respectively. All LAB strains produced small 
quantities of propionic acid, which varied from 0.06 to 
0.12 g/L; however, the strain UFLA SLM06 stood out 
due to its greater production of this compound (0.22 
g/L) and acetic acid (0.25 g/L). All strains had low 
ethanol production (from 0.02–0.05 g/L), with the ex-
ception of UFLA SLM100, which exhibited an ethanol 
productivity of approximately 0.81 g/L. None of the 
assessed strains produced 1,2-propanediol.

In the principal component analysis (Figure 1), the 
first 2 components (PC1 and PC2) explain 54.03% of 
the total variance. The strains that correlated with ace-
tic acid, in the left upper quadrant, also correlated with 
propionic acid. Some strains correlated only with lactic 
acid (right lower quadrant), and others with ethanol 
(left lower quadrant). Strains present in the right upper 
quadrant did not correlate with any of the metabolites 
desired in the silage and were discarded in the selection 
process. Strains related to an increase in the production 
of lactic acid (UFLA SLM08, UFLA SLM41, UFLA 
SLM46, and UFLA SLM105), acetic acid (UFLA 
SLM06, UFLA SLM11, and UFLA SLM103), propionic 
acid (UFLA SLM06, UFLA SLM11, UFLA SLM45, 
UFLA SLM46, UFLA SLM103, UFLA SLM105, and 
UFLA SLM108), and those that produced lower levels 
of ethanol (UFLA SLM08, UFLA SLM46, and UFLA 
SLM108) were selected to be evaluated in PVC experi-
mental silos.

Molecular Identification of the LAB

The results of the sequencing of the 16S region of 
rRNA of the LAB species selected to be evaluated in 

experimental silos identified Leuconostoc mesenteroides, 
Lactobacillus plantarum, and L. buchneri (Table 1).

Maize Ensilage in Experimental Silos

The DM, CP, and NDF content, as well as the DM 
loss, were not influenced (P > 0.05) by the inoculation 
of LAB strains and showed similar values in the differ-
ent silages (Table 2). During the fermentation process, 
a reduction was observed in the DM content, from 
355.94 to 342.30 g/kg. Conversely, the NDF content 
and DM loss increased, from 569.20 to 585.61 g/kg of 
DM and from 0 to 5.53% (Table 2).

Differences were observed for pH value and WSC 
among the silages (P < 0.01). Silages inoculated with 
UFLA SLM11 and UFLA SLM103 strains identified as 
L. buchneri showed a smaller reduction in pH values, 
with values of 4.16 and 4.14, respectively; whereas the 
other silages inoculated and the control treatment pre-
sented pH values below 4.09. Silages inoculated with 
the UFLA SLM 46 and 105 strains identified as L. 
plantarum and with strain UFLA SLM108 (L. buch-
neri) presented the lowest concentrations of WSC, with 
values of 4.28, 4.53, and 3.51 g/kg of DM, respectively. 
Concentrations of WSC were higher than 6.12 g/kg of 
DM for the other silages evaluated (Table 2).

A significant difference of lactic acid concentration 
was observed among the silages analyzed (P = 0.02) 
(Table 2); however, using the Scott-Knott test, it was 
not possible to detect these differences. This can be 
explained by the high coefficient of variation (21%) 
found for this variable. The lactic acid concentration 
at the end of the 60 d of fermentation ranged from 
29.72 g/kg of DM for the silage control to 69.49 g/kg 
of DM in silage inoculated with the UFLA SLM08 (L. 
plantarum) strain.

A significant difference was found between treat-
ment for the concentration of acetic acid (P < 0.01) 
and 1,2-propanediol (P < 0.001; Table 2). The silage 
inoculated with UFLA SLM11 (L. buchneri) showed 
greater concentrations of acetic acid, followed by si-
lages inoculated with UFLA SLM08 (L. plantarum), 
UFLA SLM103, and UFLA SLM108 strains (identified 
as L. buchneri). The other treatments presented similar 
results for acetic acid (Table 2). The concentration of 
1,2-propanediol was observed only in silages inoculated 
with the UFLA SLM11, UFLA SLM103, and UFLA 
SLM108 strains, identified as L. buchneri, with greater 
concentrations in silage inoculated with UFLA SLM11.

No significant differences were found between treat-
ments for the concentration of propionic (P = 0.27) 
and butyric (P = 0.36) acids of the silages, with mean 
values of 3.96 and 1.37 g/kg of DM for fresh forage and 
4.56 and 0.99 g/kg of DM for silage after 60 d of fer-
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mentation, respectively. The ethanol concentration was 
not different among the silages evaluated (P = 0.21), 
which presented an average concentration of 29.61 g/
kg of DM.

No differences were found (P > 0.05) among in-
oculated silages for the counts of yeasts, filamentous 

fungi, enterobacteria, Bacillus spp., or Clostridium spp. 
(Figure 2). However, the yeasts, filamentous fungi, and 
Enterobacteriaceae population was numerically greater 
in forages than silages, and the Bacillus spp. and Clos-
tridium spp. populations was numerically greater in 
silages than forages.

Figure 1. Principal component (PC) analysis of the products of metabolism of lactic acid bacteria evaluated.
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The LAB population after fermentation was different 
(P < 0.001) for silages without inoculants and those 
inoculated with different strains (Figure 3). In fresh 
forage, the LAB population was 100 times greater 
than the application rate (6 log cfu/g), which could 
be explained by the interval between inoculation and 
microbiological analysis (6 h). However, after 60 d of 
fermentation, the LAB population was greater in silages 
inoculated with the UFLA SLM11 (L. buchneri), then 
silages inoculated with UFLA SLM06 (Leuconostoc 
mesenteroides), UFLA SLM103, and UFLA SLM108 
(L. buchneri) strains. In all silages assessed and in the 
control treatment, a reduction in the LAB population 
with fermentation was observed, with the exception of 
the treatment inoculated with the UFLA SLM11 (L. 
buchneri) strain, in which the opposite result was found.

The presence or absence of Listeria spp. was assessed 
according to resolution number 12 of the Collegiate 
Board of Directors of the Brazilian Health Surveillance 
Agency – Agência de Vigilância Sanitária (Ministério da 
Saúde, 2001). The presence of Listeria spp. was detected 
in fresh forage, control silages, and silages inoculated with 
L. buchneri (UFLA SLM11, UFLA SLM103, and UFLA 
SLM108 strains) and L. plantarum (UFLA SLM41, 
UFLA SLM46, and UFLA SLM105 strains). The pres-
ence of Listeria spp. was not found in other silages.

Isolates that exhibited characteristics inherent to the 
genus Listeria—gram positive, catalase activity, and 
positive motility—were subjected to biochemical iden-
tification using an API Listeria kit (BioMeriéux). On 
fresh forage and on silages inoculated with the UFLA 
SLM46 and UFLA SLM105 (L. plantarum) strains, the 
nonpathogenic species Listeria seeligeri and Listeria 
welshmeri were identified. The species L. monocy-
togenes and Listeria innocua were identified on fresh 
forage, control silages, and on silages inoculated with 
the UFLA SLM11, UFLA SLM103, UFLA SLM108 (L. 
buchneri), and UFLA SLM41 and UFLA SLM46 (L. 
plantarum) strains. However, it was not possible to dif-
ferentiate between L. monocytogenes and L. innocua. In 
silage inoculated with the UFLA SLM108 (L. buchneri) 
strain, the species Listeria ivanovii was identified.

Evaluation of Aerobic Stability

The increase in temperature in the experimental si-
lages began after approximately 6 h of air exposure, and 
inoculated silages showed a slower temperature increase 
than the control silage during the initial evaluation pe-
riod (Figure 4). In silage inoculated with the UFLA 
SLM103 (L. buchneri) strain, a dramatic increase in 
temperature occurred only after approximately 25 h 
of aerobic exposure (Figure 4). No differences (P > 
0.05) were found between the maximum temperatures 
reached and the time required achieving this tempera-
ture (Figure 5) and for data on the loss of aerobic sta-
bility in the different treatments (Figure 6).

DISCUSSION

For most of the strains assessed, it was possible to ob-
serve a correlation between growth, through absorbance 
readings, and the reduction in the pH of the medium. 
The correlation between these 2 factors is explained 
by the production of acids by LAB (McDonald et al., 
1991). Saarisalo et al. (2007), selecting LAB strains for 
the ensiling of meadow fescue (Festuca pratensis) and 
timothy (Phleum pratense), found results contrary to 
the present study, in that strains that showed rapid 
growth were not the most effective in pH reduction, 
although the growth rate at the end of the fermentation 
period was satisfactory. Therefore, besides the decrease 
in pH, the evaluation of the metabolites formed is a key 
for selecting inoculants.

The assessment of antibacterial activity as a way to 
select strains for ensiling was not efficient. The UFLA 
SLM12, UFLA SLM84, UFLA SLM85, UFLA SLM86, 
and UFLA SLM100 strains demonstrated antimicrobial 
activity against Clostridium spp. However, these strains 
were not selected for the ensilage process because they 
did not have good growth in maize aqueous extract, 
had lower metabolite (volatile fat and lactic acids) pro-
duction, and higher ethanol concentrations.

The antimicrobial activity of LAB is primarily related 
to the production of organic acids. The antimicrobial 

Table 1. Molecular identification of lactic acid bacteria (LAB) strains 

LAB strain BLAST alignment Code at NCBI Identity (%)

UFLA SLM 06 Leuconostoc mesenteroides HQ450732.1 97
UFLA SLM 08 Lactobacillus plantarum AB617650.1 97
UFLA SLM 11 Lactobacillus buchneri HM162412.1 98
UFLA SLM 41 L. plantarum HM218291.1 99
UFLA SLM 45 L. plantarum HM218291.1 98
UFLA SLM 46 L. plantarum HM218291.1 98
UFLA SLM 103 L. buchneri HQ711363.1 98
UFLA SLM 105 L. plantarum HM218291.1 98
UFLA SLM 108 L. buchneri CP002652.1 98
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Table 2. Chemical composition of fresh maize and maize silage inoculated with lactic acid bacteria strains after 60 d of fermentation 

Variable Forage
Average  
silages

Silages

P-valueControl
UFLA  
SLM 06

UFLA  
SLM 08

UFLA  
SLM 11

UFLA  
SLM 41

UFLA  
SLM 45

UFLA  
SLM 46

UFLA 
SLM  
103

UFLA 
SLM  
105

UFLA 
SLM  
108

pH 4.19 4.07 4.06b 4.04b 4.02b 4.16a 4.05b 4.03b 4.09b 4.14a 4.03b 4.06b <0.01
DM (g/kg) 355.94 342.30 341.16 342.01 342.94 332.62 343.13 342.53 344.77 346.14 343.92 343.76 0.97
Loss of DM (% of DM)  5.53 6.09 4.58 4.84 7.89 4.67 5.64 4.42 4.58 6.21 6.39 0.86
Concentration (g/kg of DM)              
 CP 69.15 69.87 67.09 65.89 70.19 66.07 71.35 68.98 76.69 70.87 66.49 75.04 0.39
 Water-soluble carbohydrates 68.17 6.34 6.76a 6.12a 6.17a 7.77a 9.09a 7.43a 4.29b 7.68a 4.53b 3.51b <0.01
 NDF 569.20 585.61 561.07 569.92 564.87 610.45 594.97 581.40 595.32 620.01 574.67 583.40 0.50
 Lactic acid 8.93 47.88 29.72 47.18 69.49 41.21 55.11 47.37 50.83 30.80 62.99 44.13 0.02
 Acetic acid 2.10 6.15 3.25c 5.83c 7.20b 10.47a 5.12c 4.62c 4.95c 7.29b 5.78c 7.07b <0.01
 Propionic acid 3.96 4.56 2.61 3.78 6.19 4.49 5.40 4.60 4.50 4.36 5.88 3.79 0.27
 Butyric acid 1.37 0.99 0.78 0.58 2.22 2.19 1.16 0.44 0.41 0.56 0.84 0.74 0.36
 1,2-propanediol ND1 0.004 NDc NDc NDc 0.02a NDc NDc NDc 0.01b NDc 0.01b <0.001
 Ethanol 10.16 29.61 18.39 26.60 42.38 27.48 31.84 29.32 33.33 23.12 38.26 25.42 0.21
a–cMeans in columns with different letters differ (P < 0.05) statistically by Scott-Knott test.
1Not detected.
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the bacteria. Lactic acid bacteria can be classified as 
homofermentative, producing almost exclusively lactic 
acid on hexoses, and heterofermentatives that, besides 
lactic acids, also produce acetic acid, ethanol, and car-
bon dioxide as products of the fermentation of hexoses 
and pentoses (Axelsson, 2004). Fermentation of pen-
toses results in both lactic and acetic acids in equal 
molar proportions by both facultative and obligate 
heterofermenters. Obligate homofermenters cannot fer-
ment pentoses, but those species are much less common 
in silages.

Strains that exhibited high production of lactic acid 
were identified as facultative heterofermentatives be-
longing to the species L. plantarum (UFLA SLM08, 
UFLA SLM41, UFLA SLM46, and UFLA SLM105 
strains), whereas strains that produced acetic acids 
were obligate heterofermentatives of the species L. 
buchneri (UFLA SLM11 and UFLA SLM103 strains) 

and Leuconostoc mesenteroides (UFLA SLM06). Leu-
conostoc mesenteroides (UFLA SLM06) produced high 
concentrations of propionic and acetic acids. According 
to Moon (1983), propionic and acetic acids show a syn-
ergistic effect that is able to reduce the growth of yeasts 
and filamentous fungi and can increase the aerobic sta-
bility of silage. When silage pH is below 4.73, acetic 
acid is primarily in its undissociated form. In this form, 
the membranes of yeasts and filamentous fungi become 
permeable to the acetic acid. Within the cell, the acid 
is dissociated (RCOO− + H+) due to the pH being close 
to 7.0, releasing H+ ions, which reduce the intracellular 
pH (McDonald et al., 1991; Davidson, 2007).

After fermentation, reduction in pH values and in 
DM and WSC contents were observed, primarily due 
to LAB metabolism, which consumes carbohydrates 
and produces lactic acid, thus contributing to the de-
crease in pH values in addition to the production of 

Figure 4. Variation in temperature during aerobic exposure of silages; control and inoculated silage with strains of lactic acid bacteria.

Figure 5. Maximum temperature achieved (black bars) and the 
time required to achieve it (gray diamonds) for different treatments 
after 7 d of aerobic exposure.

Figure 6. Aerobic stability of maize silages inoculated with strains 
of lactic acid bacteria.
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CO2 (McDonald et al., 1991). The intensity with which 
these alterations occur is an indication of the fermenta-
tion quality of the silage. The lower concentrations of 
residual WSC in the silage inoculated with the UFLA 
SLM46 and UFLA SLM105 strains identified as L. 
plantarum and with the UFLA SLM108 (L. buchneri) 
strain showed that these strains were less efficient in 
the utilization of carbohydrates because they did not 
produce higher lactic and acetic concentrations. The 
smaller reductions in pH values were observed in silages 
inoculated with the UFLA SLM11 and UFLA SLM103 
strains, identified as L. buchneri. This result was ex-
pected due to the metabolism of the microorganism 
that produces the lactic acid, acetic acid, ethanol, and 
CO2 from hexoses and pentoses. These metabolites con-
tribute to a smaller reduction in pH values; however, 
under the experimental conditions, the final pH values 
were considered adequate for good quality silage (Nkosi 
et al., 2009; Li and Nishino, 2011).

The NDF contents obtained in the present study in-
creased after 60 d of fermentation, with values similar 
to those obtained by Filya and Sucu (2010). According 
to Ávila et al. (2008), increases in the fibrous fraction 
of the ensiled material in relation to the original mate-
rial can be observed as a result of DM losses in the 
form of gases, which proportionately increases the fiber 
content of the silages.

The average DM losses in silages were low (5.53%), 
which is a characteristic of maize silages. The majority 
of these losses were most likely due to the fermentation 
process, with the remainder due to plant and microbial 
respiration (McDonald et al., 1991). While reviewing sci-
entific studies published between 1990 and 1995, Kung 
(2009) found that DM losses were reduced with the use 
of additives in only 35% of the studies. Kleinschmit and 
Kung (2006), evaluating the effects of the combined 
inoculation of L. buchneri 40788 and Pediococcus pen-
tosaceus, found DM losses of approximately 5.3% for 
inoculated silages; whereas, in the control treatment, 
those authors found DM losses of 2.3%, showing that 
the additive effects on DM losses are variable.

Inoculants did not significantly affect the chemi-
cal composition, as can be seen in the DM, CP, and 
NDF contents. Rodrigues et al. (2004) and Nkosi et 
al. (2009) found similar results in maize silage using 
different microbial inoculants. The effect of inoculants 
was more pronounced on the microbial population and 
on the metabolites produced during fermentation, as 
can be observed by significant differences among the 
silage evaluated for the concentrations of lactic and 
acetic acids, 1,2-propanediol, pH values, and for the 
LAB population.

Under the present experimental conditions, the 
concentrations of lactic, acetic, propionic, and butyric 

acids, as well as the ethanol content in fresh forage, 
were above the levels reported by Filya (2004). Silages 
inoculated with the UFLA SLM11, UFLA SLM103, 
and UFLA SLM108 strains, identified as L. buchneri, 
produced high concentrations of acetic acid; however, 
the lactic acid concentration was not greater than that 
of the other silages. These results were expected, as 
the aforementioned strains were classified as obligate 
heterofermentatives. In a selection process based on 
metabolite production in the maize extract, the UFLA 
SLM11, UFLA SLM103, and UFLA SLM108 strains 
correlated with the production of acetic or propionic 
acid and were, therefore, selected, and showed similar 
results in silages from experimental silos. Bach et al. 
(2005), evaluating the effects of inoculation of maize 
silage with L. buchneri, found an increase in the con-
centration of acetic acid, whereas the concentration of 
lactic acid was concomitantly reduced.

According to Elferink et al. (2001), the increase in 
acetic acid content can also be a result of anaerobic 
conversion of lactic acid into acetic acid and 1,2-pro-
panediol, usually associated with the L. buchneri spe-
cies. The production of 1,2-propanediol is triggered by 
the conversion of lactate to lactaldehyde by a lactalde-
hyde dehydrogenase. The second step of 1,2-propane-
diol formation is the conversion of lactaldehyde into 
1,2-propanediol, which is catalyzed by a putative lact-
aldehyde reductase (Heinl et al., 2012). According to 
the proportions of lactic and acetic acids and 1,2-pro-
panediol found in silages inoculated with the UFLA 
SLM11, UFLA SLM103, and UFLA SLM108 strains, 
we can infer that such conversion does occur.

The average concentrations of propionic acid in all 
inoculated silages were greater than those reported 
by Filya (2004) and Filya and Sucu (2010), but were 
similar to the results found by Li and Nishino (2011) 
in maize silages inoculated with L. buchneri after 120 d 
of fermentation. In silages, the 1,2-propanediol can be 
converted into propionic acid by Lactobacillus dioliv-
orans LAB (Krooneman et al., 2002); however, silages 
inoculated with the UFLA SLM11, UFLA SLM103, 
and UFLA SLM108 strains did not exhibit the greatest 
content of propionic acid, likely due to the absence of 
the association between L. buchneri and L. diolivorans. 
The strains evaluated in the present study were not 
efficient in reducing the butyric acid content of silages 
compared with the control; however, all silages showed 
butyric acid concentrations below 2.2 g/kg of DM. This 
value was above the value normally observed in maize 
silages (Saarisalo et al., 2007; Tabacco et al., 2009), but 
reflects Clostridium activity during fermentation.

The presence of ethanol in silage is undesirable be-
cause it is an indicative of yeast growth and DM loss. 
The use of inoculants did not alter significantly any of 
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these characteristics. Despite this compound being an 
energy source for ruminants (Kristensen et al., 2007), 
yeasts compete with LAB for substrates, and the etha-
nol formed does not contribute to silage preservation, 
contrary to that provided by lactic, acetic, and propi-
onic acids.

Of the 9 strains tested in experimental silos, a cor-
relation between the metabolites produced in the pre-
selection and silage was observed for 5 of them. The 
strains related to the increased production of lactic 
(UFLA SLM08, UFLA SLM41, and UFLA SLM105) 
and acetic acids (UFLA SLM11 and UFLA SLM103) 
in aqueous extracts also showed greater concentrations 
of these acids after the ensiling process. A correlation 
between the concentrations of ethanol and propionic 
acid in the preselection process and after ensiling was 
not observed; thus, strains that produce a particular 
metabolite do not always show the same characteristics 
during ensiling.

In the process of preselection, the UFLA SLM06 (Leu-
conostoc mesenteroides) strain was the most correlated 
with the production of acetic acid; however, it was not 
observed in the silage. This low acetic acid production 
by the UFLA SLM06 strain may have contributed to 
the lower aerobic stability observed. The strain UFLA 
SLM108 (L. buchneri) was selected based on high pro-
duction of propionic acid, its effectiveness in reducing 
the pH of the medium, and good growth in the maize 
aqueous extract. However, during the fermentation pro-
cess, this strain did not stand out compared with the 
other strains of the same species (UFLA SLM11 and 
UFLA SLM103), as it did not present high yields of the 
metabolites in the silage, which contributed to a lower 
aerobic stability. A probable explanation is the strains’ 
ability to adapt to substrates, exhibiting different phe-
notypic expressions from a single genome from which 
bacteria of the same species can express different enzy-
matic activities, which can influence the ability to use 
different substrates (Sohier et al., 1999). Furthermore, 
using the classical microbiological methodology, it was 
not possible to know if the inoculated LAB survived the 
ensiling process and if they effectively used the avail-
able substrate and produced the expected metabolites.

The addition of inoculants significantly affected the 
LAB population, but not the other group of microor-
ganisms assessed. Lactic acid bacteria are the micro-
organisms that most affect silage fermentation by pro-
ducing the major acids responsible for its preservation. 
The largest LAB populations were observed in silages 
inoculated with the UFLA SLM11 strain. These results 
might have been due to the ability of this strain to 
survive during the fermentation process, as an increase 
in the population of LAB in silage was observed com-
pared with the forage. In the present study, a difference 

was noted between the concentrations of acetic acid in 
silages with different inoculants, but this result was not 
reflected in the population of undesirable microorgan-
isms. A possible explanation is that the evaluation was 
only performed at the beginning of the process and 
after 60 d of fermentation, when the silage was already 
stable.

The reduction in the yeast, filamentous fungi, and 
enterobacteria populations throughout the fermenta-
tion process of the ensiled mass are likely due to the 
environmental conditions becoming less favorable for 
the development of these microorganisms. The con-
centrations of acetic and propionic acids observed 
after fermentation were greater than the minimum 
inhibitory concentration against these microorganisms. 
Nishino (2011) reported that the minimum inhibitory 
concentration of lactic acid against yeasts and filamen-
tous fungi is 50 g/L, which is equivalent to 115 g/kg of 
DM in silages with a DM content of approximately 300 
g/kg. The minimum inhibitory concentration of acetic 
and propionic acids against yeasts and filamentous 
fungi was approximately 10 to 20 times lower than that 
of lactic acid, thus showing a greater antagonistic effect 
due to acetic and propionic acids compared with lactic 
acid.

The increases in the populations of Bacillus spp. and 
Clostridium spp. during the fermentative process pos-
sibly occurred because they are facultative aerobic and 
anaerobic microorganisms, respectively. Therefore, the 
growth of the previously mentioned microorganisms 
is more intense when these conditions are established 
inside the silo. Moreover, Bacillus spp. and Clostridium 
spp. can sporulate under adverse conditions, surviving 
the process. Bacillus spp. are able to ferment a wide 
variety of carbohydrates into organic acids, ethanol, 
2,3-butanediol, and glycerol. In addition to these com-
pounds having no effect on silage preservation, these 
bacteria compete with LAB for substrates (Giffel et al., 
2002). The presence of Clostridium spp. in the evalu-
ated silages possibly occurred in areas with the onset of 
aerobic deterioration, as the chemical conditions of the 
silage (DM above 30% and reduced pH) were unfavor-
able for the growth of this microorganism according to 
Borreani et al. (2002). No data were found on the spore 
count of Clostridium and Bacillus in maize silage in a 
tropical climate. Rossi and Dellaglio (2007), analyzing 
the quality of silage in Italy, also verified the presence 
of Clostridium spp. in maize and alfalfa silages.

In all silages assessed and in the control treatment, we 
found a reduction in the LAB population after the fer-
mentation period, with the exception of the treatment 
inoculated with L. buchneri (UFLA SLM11 strain). 
In the selection process of inoculant strains, it is very 
important to consider the survival of the selected strain 
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until the end of the fermentation process, which can 
also improve the aerobic stability of silages.

The growth and survival of Listeria spp. in silage 
are determined by the degree of anaerobiosis and the 
pH of the silage (Elferink et al., 2001). These bacteria 
can tolerate pH values ranging from 3.8 to 4.2 for long 
periods if oxygen is present, even at low levels, which 
may have contributed to the survival of Listeria spp. in 
the treatments in which they were found. Vilar et al. 
(2007) detected Listeria spp. in 33.7% of maize silage 
samples, whereas L. monocytogenes species was present 
in 6% of these samples, and the species L. innocua, L. 
welshimeri, and L. seeligeri were found in 19.3, 4.8, and 
1.2% of the samples assessed, respectively.

Both L. monocytogenes and L. ivanovii are associated 
with infections in humans and animals and can cause 
abortions in ruminants and are capable of being trans-
mitted to humans through milk (Czuprynski et al., 
2010). According to the literature, the present study 
is the first to report the presence of these bacteria in 
maize silages in a tropical climate. Silages inoculated 
with Leuconostoc mesenteroides (UFLA SLM06) and 
L. plantarum (UFLA SLM08 and 45) did not present 
Listeria.

The increase in the temperature of the ensiled mass 
and its maintenance over time are key indicators of 
aerobic deterioration, reflecting yeast and filamen-
tous fungi growth (Taylor and Kung, 2002). Silages 
inoculated with L. buchneri (UFLA SLM11 and 103 
strains) exhibited the best results after aerobic expo-
sure, indicating less deterioration by microorganisms. 
The greater aerobic stability may be due to the greater 
concentrations of acetic acid observed (Moon, 1983). 
Acetic acid was able to reduce the growth of yeasts and 
filamentous fungi, thereby providing a greater aerobic 
stability to silage. It should be noted that treatments 
inoculated with LAB strains had greater aerobic stabil-
ity than those observed in the control treatment, thus 
emphasizing the importance of inoculation with LAB 
in maize silages.

The addition of L. buchneri bacteria promoted an 
increase in aerobic stability in the silage, as was previ-
ously found (Muck, 2004). Another important fact was 
the survival of the strain until the end of the fermenta-
tion process. The UFLA SLM11 strain provided silages 
with a greater count of LAB until the end of fermen-
tation, and it is possible that this strain survived for 
longer in the fermentation process.

CONCLUSIONS

The UFLA SLM11 and UFLA SLM103 strains, iden-
tified as L. buchneri, are considered to be promising 

sources for use as inoculants in maize silages because 
they provide silages with better fermentative charac-
teristics and improvements after aerobic exposure. The 
inhibition of pathogenic and deteriorative microorgan-
isms was not a good parameter for LAB selection. The 
preselection method based on metabolite production 
was efficient in the selection of new inoculant strains, 
with a good correlation with assays in experimental 
silos. The inoculation of LAB strains in maize silage 
did not result in differences in the nutritional value 
or in the population of pathogenic and deteriorative 
microorganisms. However, further studies are needed 
to evaluate the efficiency of these strains in large-scale 
silos.
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