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The preliminary effect of Lactobacillus fermentum CRL2085, alone or in combination with the homofermentative
Pediococcus acidilactici CRL2043 on the fermentation and aerobic stability of corn and sorghum silages, was investigated. To
be used as silages inoculants, these lactic acid bacteria (LAB) were screened for fibrolytic, amylolytic and antifungal activities.
Laboratory silos were prepared, inoculated at 105 CFU/g and fermented during 45 days 25 ºC. At the end of fermentation,
Pediococcus acidilactici-inoculated corn and sorghum silages exhibited the lowest pH and high residual water-soluble
carbohydrates (WSC). Forage silages inoculated with Lactobacillus fermentum + Pediococcus acidilactici showed Lower Dry
matter (DM) losses and Neutral Detergent Fiber (NDF) values, while higher residual WSC concentration than Lactobacillus
fermentum-inoculated silages, thus silage digestibility must be improved. Yeast activity was impaired in silages inoculated
with Lactobacillus fermentum alone or combined with Pediococcus acidilactici and aerobic stability improved. The survival
of LAB used as inoculants during fermentation was suggested by PCR. Besides the good performance as silages inoculants,
LAB previously selected as having health benefits may be delivered to cattle in feedlot through fermented silage as a vehicle.

Introduction
Keywords
Maize; Sorghum Silages; Homolactic
and Heterolactic Lactic Acid Bacteria;
Fermentation; Aerobic Stability
Distributed under Creative Commons
CC-BY 4.0

Maize and sorghum are mostly used for silage in the world, their production leading by Unites States (US) with 370 and
9.3 million tons (MT) respectively, followed by China with 258 and 3.5 MT, European Union (EU) with 61 and 0.7 MT and
Argentina with 46 and 2.8 MT, respectively [1]. Whole-crop corn silage is the major source of forage in the US and EU for dairy
cows and beef finishing industry; corn destined to silage accounted for near 12 MT in Argentina [2]. Sorghum, as one of the
world’s crops adapted to a variety of agronomic and environmental conditions, is used more and more for silage. Compared to
corn, sorghum shows the advantage of lower production costs and higher production of dry matter [3,4]. In the last years, an
increase in both forages crop for milk and meat production occurred in Argentina, agreeing with the evolution towards more
intensive meat production systems [5]. These forages are commonly processed as silage for feedlot cattle and dairy cow diets
to improve their performance and efficiency by increasing energy density diets [5, 6]. However, depending on the climate, type
of soil, and growth conditions, crops can modify their dry matter (DM) content, the proportion and quality of grain in the
plant, and consequently the quality of silage. Both plant resources have common characteristics, such as energy concentration
that increases with the amount of grain in the plant, protein and water contents, and low digestibility of neutral detergent fiber
(NDF), as reported by Di Marco [5].
Preservation of plant material is based on the fermentation under anaerobic conditions by epiphytic and/or added
lactic acid bacteria (LAB) that convert water-soluble carbohydrates into organic acids, mainly lactic acid, and as a result the
pH decreases and the forage are preserved. Air is detrimental to the ensiling process allowing the activity of aerobic spoilage
microorganisms such as yeasts and molds [7]. However, silage is often fully exposed to air during unloading, causing an increase
in temperature and spoilage or aerobic deterioration [8, 10]. Inoculants addition to freshly harvested forage can increase the
likelihood of obtaining good quality silage, which must be viewed as an insurance policy for silage. Bacterial inoculants are used
to obtain more stable ensiling, by accelerating post-ensiling decline of pH and improving nutrient retention, aerobic stability,
and silage quality [8, 9, 11]. In addition to forage characteristics and practices at ensiling, inoculants effectiveness depends on the
type and viability of the microorganisms used. Thus, different inoculants categories were described according to fermentation
patterns [12]. Homolactic lactic acid bacteria (LAB) dominate the fermentation by the rapid production of lactic acid and pH
decrease, preventing growth of yeasts/molds helping preserve the forage mass [13, 15], Lactic acid utilization by yeasts/molds
during aerobic exposure increases silage pH with a reduction of nutrient value. To overcome this effect, the conversion of lactic
acid to acetic acid by heterolactic LAB would enhance yeasts/molds inhibition improving aerobic stability and silage life [9, 16,
18]. Several studies reported the effects of feruloyl esterase (FE)-producing Lactobacillus buchneri inoculant on the improvement
of silage aerobic stability and digestibility [11, 17, 19]. Moreover, antifungal activity of LAB [20] may also contribute to reduce
yeasts/molds during ensiling. Then, the combination of homo and heterolactic LAB strains, added to freshly harvested forage can
increase silages efficiency. In previous work, LAB strains isolated from a feedlot industry environment have been characterized
[21, 22]. The aim of this study was to use these LAB strains individually or in combination as silage inoculants, to ferment corn
and sorghum whole-plants in laboratory silages.

Materials and Methods
Bacterial strains and growth conditions
Thirty LAB strains previously isolated from feedlot environment and selected for their beneficial characteristics [21, 22]
were used including Enterococcus (E.) hirae (6), E. faecium (2), Lactobacillus (L.) acidophilus (3), L. amylovorus (4), L. plantarum
(3), L. rhamnosus (1), L. fermentum (1), L. mucosae (8) and Pediococcus (P.) acidilactici (2). Inoculum of strains were prepared
by transferring freezed-glycerol stock culture to MRS broth (Merck, Darmstadt, Germany) and sub-cultured twice in the same
media at 37 ºC for 16 h.
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Feruloyl esterase (FE) activity

Biochemical analysis

LAB strains were analyzed for their ability to hydrolyze ethyl-ferulate used as
substrate as previously described by Donaghy, Kelly, & McKay [23]. LAB strains were
grown overnight in MRS (Britania Lab, Buenos Aires, Argentina) broth at 37 ºC,
harvested by centrifugation (10000 g; 10 min) and washed twice with phosphate buffered
saline (PBS) pH 7.0. Freshly prepared cells were then resuspended in sterile water to 108109 cells/ml. Briefly, FE activity was determined in MRS modified by the replacement
of glucose by ethyl-ferulate in methanol 1% (w/v) added in a concentration of 1 g/l (4.5
mM). Plates containing MRS modified medium were streak-inoculated with LAB strains
and incubated (37 ºC, 72 h). FE activity was evidenced by the formation of clear zones of
hydrolysis around the LAB streaks.

Chemical-nutritional analysis of fresh forages (before ensiling), silages samples, and
uninoculated controls after 45 days-fermentation were performed and presented on a
DM basis. DM content of the fresh forages and silages was evaluated by drying at 60 ºC for
48 h in a fan-assisted oven. Crude protein (CP) was determined by the Kjeldahl method
[26]. Samples (5 g) were analyzed for neutral detergent fiber (NDF) using amylase [27]
and the acid detergent fiber (ADF) was analyzed without amylase [28]. In addition, ash
was determined by incineration of plant material at 550 ºC for 5 h [29]. For water-soluble
carbohydrates (WSC), wet samples stored at -20 ºC were subjected to extraction in
distilled water by heating (100 ºC). After 3 min, the suspension was filtered, precipitated
with ethanol 96º and maintained 15 min at 4 ºC. The extract is then centrifuged (8000 x
g, 10 min) and the supernatant was used to quantify total WSC using the phenol-sulfuric
acid method [30]. On the other hand, the precipitate after suspension in distilled water
was divided into two aliquots. One of them served to quantify free glucose using glucose
oxidase/peroxidase method [31] while the other was hydrolyzed with amylase for 30 min
a 37 ºC, precipitated with ethanol 96º, and total glucose (starch) was measured using the
same method.

Antifungal activity determination
Aspergillus oryzae and Penicillium roqueforti were used for antifungal activity assay
by the modified agar diffusion assay [24]. Petri plates containing Sabureaud agar plates
(Britania Lab, Buenos Aires, Argentina) were inoculated with the fungus and incubated
(25 °C, 48 h). After mycelial colonies development, spores were collected and adjusted
to 105 per ml of sterile saline solution (0.85% w/v). LAB strains were streak inoculated
on MRS agar plates and after incubation (30 °C, 48 h), plates were overlaid with 10 ml
of Sabureaud soft agar (0.7% agar) containing fungal spores suspensions (104 per ml)
and incubated aerobically (30 °C, 48 h). Then, examination for clear zones of inhibition
around the LAB streaks was carried out and scored as-(no growth suppression) and +
(1-5 mm growth suppression).

Amylolytic and cellulolytic activity
Starch degradation was examined by spot inoculation of active LAB strains (5 ml)
on plates containing MRS-starch medium in which glucose was replaced by starch (1%).
Inoculated plates were allowed to grow at 30 °C for 48 h and then stored at 4 °C during
24 h before being flooded with iodine solution (4%). Amylase production was indicated
by a clear zone around the colonies, while the rest of the plate stained blue-black.
Lactobacillus amylophylus CECT4133 was used as positive control. For cellulolytic activity
determination, LAB cultures were inoculated by a spot in Dubos agar supplemented with
cellulose 1.5% as the only hydrocarbon source. The plates were then incubated at 37 °C
for 4-5 days and checked for clear zones surrounding the colonies [25].

Forage materials, laboratory silage preparation and LAB inoculation
Whole corn plants of hybrid cultivar harvested at the 1/2 milk line stage (AG7004,
AGseed, Argentina) and whole sorghum plants of hybrid BMR cultivar (DK 72-10
VT3P, Bayer, Argentina) were chopped by a conventional forage harvester to 2.5 cm
of average size. Laboratory mini silos were prepared with chopped corn and sorghum
whole-plant harvested during the summer-autumn season February/March 2016 in
central Argentina (31°40′00″S 63°03′00″W; 156 m above sea level) and March/April 2017
northern Argentina (27° 1′ 44.04″ S, 64° 36′ 39.96″ W; 291 m above sea level), respectively.
Laboratory mini silos were prepared within 24 h after chopping (Figure 1). Chopped
material for each forage was divided into 1.5-kg lots to obtain four laboratory-scale
mini silos by packing plant material in tubular plastic structures (polyethylene 80-100
microns thick). Treatments applied to fresh material were (i) non inoculated control,
(ii) addition of homolactic LAB strain; (iii) addition of heterolactic FE-producing LAB,
and (iv) combined strains addition. Cell pellets (3 x 108 CFU) of previously selected LAB
strains were diluted in sterile water (30 ml) to 107 CFU/ml in sterile sprayer bottles and
used to inoculate chopped corn and sorghum whole-plant forages. A similar inoculation
level was used when combined LAB strains were inoculated; pellets from both strains
were separately diluted in 15 ml of sterile water in bottles at 107 CFU/ml each. Both
forage mini silos were inoculated with 30 ml suspensions (1 x 107 CFU/ml) to obtain
a final LAB application of approximately 106 CFU/g. The control received 30 ml sterile
water. The amount of chopped corn and sorghum for each laboratory mini silo was
weighed, uniformly sprayed with appropriate inoculant solution (one sprayer bottle for
each treatment), mixed by hand (using sterile gloves), and placed into a polyethylene
tubular structure with periodic tamping (using a sterile metal device). The mini silos were
then sealed (both sides) by folding the plastic edges and tape closed. To prevent crosscontamination, utensils in contact with inoculated corn and sorghum chopped forage was
washed and wiped with ethanol between treatments. The mini silos were weighted before
and after filling to determine the actual amount ensiled. Finally, mini silos were stored
in a barn at an average ambient temperature of 25 ºC to allow fermenting for 45 days.
Gas was not vented from the laboratory silos. The pH values were determined by using a
puncture electrode of a portable pH meter (Sartorius PT-10, Gottingen, Germany).

Microbiological analysis
Corn and sorghum laboratory silos samples were collected at 0, 10, 20, 30, and 45
days. Twenty-five grams of each silage content was diluted in 225 ml of sterile (0.85%/w/v)
saline solution, homogenized for 3 min (Stomacher 400, Seward, Worthing, UK) and
serially diluted. Decimal dilutions were plated by triplicate in Plate Count Agar (PCA;
Britania, Buenos Aires, Argentina) used for total bacteria (TB) and MRS (Biokar, France)
media supplemented with cycloheximide (0.1 g l-1) for LAB and incubated aerobically
(30 ºC, 48 h). In addition, molds and yeasts were determined on Saboureaud (Britania
Lab, Buenos Aires, Argentina) agar medium and incubated in aerobic environment (25
ºC, 3-5 days).

DNA extraction and PCR-based identification of inoculated LAB
To confirm the permanence of the inoculated strains during silages fermentation,
homogenized and diluted inoculated sorghum silage samples after 45 days of
fermentation (as previously described) were plated on LAPTg (15 g/L peptone, 10 g/L
tryptone, 10 g/L glucose, 10 g/L yeast extract, and 1 mL/L Tween-80, pH 6.5) [32]; agar
incubated at 37 ºC and 50 ºC to differentiate L. fermentum and P. acidilactici growth,
respectively. Isolated colonies (20) from different dilution plates (between 30 and 300) at
each incubation temperature were randomly picked from agar media and transferred to
individual tubes containing 5 ml of MRS broth. Cultures were re-streaked onto MRS agar
plates and incubated at 37 °C for 48 h until isolated colonies of the same-one morphology
were obtained. Pure colonies were preliminarily characterized as Gram positive and
catalase negative. Genotypic identification and comparison with a reference culture of
inoculated strains were performed by repetitive fingerprint (rep-PCR) using (GTG)5
primer [33]. Genomic DNA was extracted according to Pospiech and Neumann [34]. The
master mix contained 4 µl of 5X buffer (Inbio Highway, Argentina), 2 µl of 5mM dNTPs
(Promega, Argentina), 2 U of Taq polymerase (Inbio Highway, Argentina), 1 µl of DNA
template (50 ng), 2 μl of primer (GTG)5 10 μM (Sigma-Aldrich, Argentina) and 4 μl of
MgCl2 (25 mM). The PCR reaction was performed as described by Maldonado et al. [22].
Amplification reactions were carried out in a MyCycler thermocycler (Bio Rad) and the
PCR products were separated by electrophoresis in a 1.5% agarose gel.

Aerobic stability
After 45 days fermentation, laboratory mini silos were opened and portions of
fermented material were placed in trays (10 cm deep) and exposed to air (22-27 °C) by
inserting a thermometer in the geometric center of the silage mass. The temperature
was recorded every 12 h for 7 days. Each tray was covered with a double layer of
sterile cheesecloth to avoid contamination and drying of the silage, but allowing air to
infiltrate the silage mass. Aerobic stability was defined as the number of hours the silage
temperature remained stable before increasing more than 2 °C above room temperature
[35].

Statistics
The results are expressed as the mean value (or log values) ± standard deviation of
the data. All in vitro assays were performed in triplicate. Significant differences between
means were determined by Tukey’s test after analysis of variance (ANOVA) with
Minitab Statistic Program, release 16.1.0 for Windows. P value of <0.05 was considered
statistically significant.
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Results
LAB selection
Previously characterized LAB based on beneficial/probiotic features [21, 22] were
used in this study to select strains as silage inoculants. When they were analyzed for
cellulolytic, amylolytic and antifungal activity, L. mucosae, L. plantarum, E. hirae and
E. faecium were able to degrade cellulose, starch and exerted inhibitory activity against
the assayed fungus (Table 1). In addition, L. fermentum strain was the only showing FE
activity. From this results P. acidilactici CRL2043 (homolactic, high acid producer and
inhibitory to fungus) and L. fermentum CRL2085 (heterolactic, FE activity) were selected
to be used as inoculants.
Table 1: Fibrolytic, amylolytic and antifungal activity of LAB strains.
Antifungal Activity
LAB Strains

FE Activity

Cellulolytic
Activity

Amylolytic
Activity

A.
Oryzae

P.
Roquefortii

L. acidophilus

0/3

0/3

0/3

0/3

0/3

L. amylovorus

0/4

0/4

0/4

0/4

0/4

L. fermentum

1/1

0/1

0/1

0/1

0/1

L. mucosae

0/8

1/8

1/8

2/8

1/8

L. plantarum

0/3

0/3

0/3

3/3

2/3

L. rhamnosus

0/1

0/1

0/1

0/1

0/1

P. acidilactici

0/2

0/2

0/2

2/2

0/2

E. hirae

0/6

2/6

0/6

1/6

4/6

E. faecium

0/2

0/2

0/2

1/2

1/2

lower pH, WSC and NDF values compared with that of sorghum fresh material, whereas
DM, starch, and CP contents were higher. LAB and yeast/molds numbers were higher
for fresh corn. The effects of P. acidilactici CRL2043 (Pa), L. fermentum CRL2085 (Lf)
and their combination on the fermentation characteristics of corn and sorghum silages
after 45 days are shown in Table 3. Uninoculated (control) silages showed final pH values
between 4.05 and 4.15, whereas inoculated laboratory corn and sorghum silos reached
pH values in the range of 3.45±0.2 - 3.70±0.1 and 3.65±0.2 - 3.90±0.1 respectively, these
values reflecting a satisfactory fermentation with a pH reduction. However, Pa-inoculated
silages showed the lowest pH (3.45±0.2 and 3.65±0.2) for corn and sorghum respectively,
suggesting a higher capacity to restrict contaminants. As expected for carbohydratesrich crops, WSC concentration in both silages was reduced during the fermentation;
corn silage showed higher residual WSC for silos inoculated with heterolactic Lf and
its combination (Pa + Lf), suggesting that crop carbohydrates were less extensively
fermented by the homolactic LAB strain. When crude protein (CP) was analyzed, a slight
decrease was observed, values being less pronounced for Pa-inoculated silages, whereas
higher DM losses in silages inoculated with L. fermentum were produced. Fermentation
losses measured as silage weight loss were higher for Lf-inoculated silages than that
for control and Pa- or Pa + Lf-inoculated silages (data not shown). Moreover, NDF
(indigestible or slowly digested insoluble fiber), and ADF concentrations were lower for
corn and sorghum inoculated silages when compared to the control.

Chemical and microbiological changes during fermentation of inoculated
corn and sorghum laboratory silages
As major crops ensiled in Argentina, corn and sorghum laboratory silages were
prepared. After preparation/inoculation, silages fermented for 45 days at temperatures
between 22-27 ºC (Figure 1), were analyzed. The chemical and microbiological
composition of fresh crops are given in Table 2. Initially, chopped corn forage showed

Figure 1: Inoculation scheme of the preparation of silages at laboratory scale.

Table 2: Chemical and microbiological composition of corn and sorghum fresh forages.

DM (g/kg)

Log CFU/g

Forage type

pH

DM (g/kg)

WSC

Starch

CP

NDF

ADF

Ash

LAB

Yeasts & Molds

Corn

5.8±0.2

360±7

86.2±2

230±12

70.2±2

390±8

215±12

68±2

5.67

3.1

Sorghum

6.1±0.1

295±4

174±3

95±4

58.5±2

457±12

261±16

69±2

5.2

3.5

On the other hand, the microbiological composition of the final corn and sorghum silages showed similar cultivable LAB numbers than control silages (Table 3). Because of
bacterial growth during fermentation, inoculated silages reached higher LAB population at 45 days, these being higher for Pa-inoculated silos. When yeasts/molds were evaluated,
high counts were found in the presence of P. acidilactici CRL2043, while lower numbers were detected in the silages inoculated with L. fermentum CRL2085 and its combination with
CRL2043.

rep-PCR-based identification of inoculated LAB
Since silage fermentation is a complex process involving a different types of microorganisms, competitive relationships among natural microbiota and inoculated bacteria are
established. Although it is known that LAB differ in their crop preference and ability to ferment different substrates, sorghum as a major forage crop in northern Argentina was used
to check the permanence of the inoculated LAB strains during fermentation. Thus, the potential for their survival during 45 days of silage fermentation was investigated by rep-PCR
fingerprinting using (GTG)5 primer. Colonies from MRS plates and considered as presumptive LAB resulted in rep-PCR band patterns from four (C1-C4) and one (C5) showing to be
coincident with the inoculated L. fermentum CRL2085 and P. acidilactici CRL2043 strains, respectively used as reference (Figure 2).
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Table 3: Chemical and microbiological changes of laboratory corn and sorghum silages after 45 days of fermentation
Treatments

pH

DM (g/Kg)

g/Kg DM
WSC

Starch

CP

log CFU/g

NDF

ADF

LAB

Yeast &
molds

Corn Silage
Control

4.15±0.1

334±5

11.6±1

210±8

68.2±2

320±10

200±9

6.95

3.90

CRL2043 (Pa)

3.45±0.2

315±3

10.0±2

195±9

67.5±3

280±9

225±10

8.25

3.20

CRL2085 (Lf)

3.70±0.1

261±9

6.00±1

185±7

65.2±3

274±6

230±8

6.5

2.77

CRL2043 +
CRL2085

3.60±0.1

301±7

8.50±1

200±4

67.0±1

260±8

221±7

7.45

1.90

Control

4.05±0.1

281±4

101±6

66.2±2

56.2±1

392±10

ND

6.9

4.1

CRL2043 (Pa)

3.65±0.2

260±5

70.2±2

58.1±2

54.7±1

300±8

ND

7.86

3.78

CRL2085 (Lf)

3.90±0.1

228±7

51.2±2

62.5±1

53.4±2

295±9

ND

6.35

2.80

CRL2043 +
CRL2085

3.75±0.2

250±6

68.4±1

63.0±2

55.1±2

280±8

ND

7.15

2.00

Sorghum Silage

Figure 2: PCR amplification of repetitive bacterial DNA elements fingerprinting
using the (GTG)5 primer of lactic acid bacteria from inoculated sorghum silage.
Molecular weight marker (1 kb DNA ladder, Invitrogen). L. fermentum CRL2085
and P. acidilactici CRL2043 (GTG)5-RAPD profiles (controls) and colonies (C1-C5)
picked from silages samples.

Aerobic stability
After 45 days of storage, laboratory silos from each treatment were opened and each
samples exposed to air. Even when the ambient temperature was not stable, the aerobic
stability was significantly improved in corn and sorghum silages inoculated with Lf and
Pa+Lf; internal temperature remaining stable up to 168 h of exposure to air (Figures 3a
& 3b). On the contrary, uninoculated and Pa-inoculated silages exhibited a temperature
increase from 24 h onwards. Results showed that inoculation of corn and sorghum silages
with Lf alone or Lf + Pa was effective at improving aerobic stability.

Discussion
Previously selected beneficial LAB [21, 22] were used as inoculants in a preliminary
intend to improve silage fermentation and aerobic stability. In animal feeding, forage
inoculation with LAB strains possessing amylolytic and fibrolytic (FE and cellulolytic)
activities may render the fibrous component of the silage more susceptible to degradation
by ruminal polysaccharidases, increasing feeding efficiency [17, 19, 36]. Numerous plant
raw materials and agroindustry by-products contain hydroxycinnamates; phenolic acids
such as ferulic are found both covalently attached to the cell wall and solubilized in
the cytoplasm [37]. In coincidence, L. fermentum strain from ensiled corn stoved was
reported to hydrolyze ferulate esters [18]. Whereas cellulolytic ability showed by E. hirae

Figure 3: Effect of inoculation of corn (A) and sorghum (B) silages on changes in
the temperature after 7 d of aerobic exposure.
and E. faecium agrees with the carboxymethil-cellulase activity of Enterococcus from
bovine rumen [38]. Moreover, cellulose and starch hydrolysis showed by L. mucosae
strains are in correlation with the cellulose and maltoologosaccharides degradation
encoding genes reported for a strain from malnourished children stool [39]. On the
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other hand, the antifungal activity detected for L. mucosae, L. plantarum, P. acidilactici
and enterococci was also previously reported in lactic acid bacteria strains [24, 40, 41].
Silage inoculation with antifungal LAB strains would contribute both to improve aerobic
stability of ensiled forage during fermentation and storage by yeasts/molds reduction
or inhibition and to mitigate the risk of mycotoxin poisoning of animals. Based on this
characterization, P. acidilactici (Pa) CRL2043 and L. fermentum (Lf) CRL2085 were
selected as corn and sorghum silage inoculants. Chemical-nutritional analysis of fresh
forages showed differences in pH when compared to other reports [16, 42, 43]. The lower
pH in corn could be explained by its lower buffering capacity due to the higher content of
crude protein, a parameter highly dependent on plant constituents mainly attributed to
proteins [8]. The high DM, starch, and CP found for fresh corn material are in agreement
to that described by other authors [16, 43, 44]. However, wide changes within varieties,
maturity at harvest, climatic conditions, and agronomic practices have been reported
[5, 45, 46]. In this study, fresh corn forage showed DM, CP, starch, and NDF contents
as typical of whole forage harvested at 50% kernel milk line, whereas sorghum showed
higher WSC and low starch and CP compared to corn. Similar results were reported
for fresh corn and sorghum [16, 43, 47, 48]. The other fractions were observed to vary
according to the yield and percentage of grain in crops. CP may decrease with the increase
of forages biomass while NDF may rise by increasing the proportion of grain in the plant.
However, its value may be diluted by a higher starch content in the silage [5]. In both
trials, epiphytic LAB and yeasts/molds numbers in fresh corn were slightly higher than
that of fresh sorghum, but lower to that previously reported [16, 42, 49]. At the end of
fermentation, the reduction of WSC concentration was produced and consequently, a
decrease in pH occurred in LAB-inoculated silages compared to uninoculated controls.
Indeed, low pH stabilizes silage fermentation by inhibiting or killing the growth of acid
intolerant microbes such as enterobacteria, clostridia, and toxigenic molds [50]. The
lower pH for Pa-inoculated corn and sorghum silages compared to those inoculated with
the Lf alone or in combination with Pa may be assigned to the high acid production by the
homolactic LAB strain. In correlation, a highest residual WSC when Pa was inoculated
in both crop silages was found. These results are in agreement with that previously
reported using L. plantarum alone or in combination with Lactobacillus buchneri [43, 49].
Residual WSC concentration in silages are desirable for an efficient fermentation in the
silo and greater availability of energy-yielding substrates for ruminal microbes, although
such concentrations can induce spoilage yeast growth as was previously reported [13].
Indeed, silages treated with homolactic LAB inoculants are often lower in pH, acetic acid,
butyric acid, and ammonia-N, but higher in lactic acid content exhibiting lower DM loss
compared with untreated and heterolactic-inoculated silages [51, 52]. Low DM (< 400
g/Kg and < 300 g/Kg for corn and sorghum, respectively) is optimal for LAB growth
because more metabolic water would be available; as DM increases, water starts to
become a limiting condition [50].
On the other hand, even higher for corn silages the decrease of NDF may be due to a
considerable loss of hemicellulose due to the combination of fibrolytic enzymatic activity
and acid hydrolysis produced by the acidogenic Pa and the FE-producing Lf, respectively.
On the contrary, higher NDF values were reported for L. buchneri-inoculated corn
silages compared to the uninoculated control [53], while no effect on NDF was described
when L. buchneri alone or combined with L. plantarum were inoculated in corn and
sorghum silages [49, 54]. As far as WSC concentration decrease during fermentation,
the hydrolase activity is more likely to improve silage quality, positively affecting silage
digestibility [55]. The slight CP decrease here observed was more pronounced for Lfinoculated silages, presumably due to high proteolysis in this silage. Similarly, higher
ammonia concentration was reported for corn and sorghum silages inoculated with L.
buchneri than those inoculated with L. plantarum [43]. The combined effects of plant and
microbial enzymes resulted in changes in nitrogenous fractions during ensiling. Although
proteolytic activity was described for a dairy L. fermentum strain [56], an activity on
corn and sorghum proteins may be suggested. Although it is known that LAB are low
proteolytic organisms, heterolactic strains may generate environmental conditions that
benefit proteolytic bacteria (epiphytic and/or inoculated) by converting lactic acid into
acetic acid, with a consequent increase of pH [50]. Particularly for corn silages, Junges
et al. [57] reported that protein solubilization was mostly assigned to bacterial activity
(60%) followed by corn kernel enzymes (30%). During both silages fermentation and
under anaerobic conditions, homolactic LAB inoculant such as Pa, produced mainly
lactic acid, which can serve as substrate for lactate-assimilating yeasts that increase their
numbers, making silage temperature and pH to rise. Due to the lower pKa value of lactic
acid compared to acetic and propionic acids, a lower proportion of undissociated acid
is available to enter to the microbial cell [40], thus lactic acid by itself is not effective as
antimycotic agent. Heterofermentative LAB can ferment sugars and lactate to acetate and
propionate, these short-chain acids inhibiting the growth of yeasts/molds as fungicidal
agents [43]. However, the antifungal activity showed by P. acidilactici, could prevent
silages from higher yeast/molds growth during the fermentation.

In view to investigate the survival of L. fermentum CRL2085 and P. acidilactici
CRL2043 used as inoculants in sorghum silage as representative of common forage
crop ensiling in northern Argentina, their presence was evaluated by rep-PCR. The
band profiles amplified by the rep-PCR fingerprinting method in randomly isolated
colonies after the fermentation process were identical to the strains inoculated at the
beginning of the assay. This suggests the permanence of inoculated strains, thus the
ability of inoculated LAB to persist during 45 days of fermentation was confirmed. This
result indicated the high adaptation of selected LAB strains to ensiled forage matrix.
On the other hand, the length of silages preservation represent a critical point for their
quality and stability. A long conservation period in anaerobiosis determines a decrease
in yeasts/molds counts improving the aerobic stability of silages, whatever be the use of
inoculants or additives [11]. Because of the changes occurred in the silage, the forage is
preserved as long as air does not penetrate inside the silage. Air is a primary cause of
spoilage (aerobic deterioration) since it enables respiration and activity of undesirable
microorganisms such as yeasts and molds, which result in fermentative nutrients losses
[10]. During unloading, silage is normally fully exposed to air, resulting in an increase in
temperature due to microorganism’s growth. Yeasts are generally the initiators of aerobic
deterioration, consumption of sugars and acids produced by fermentation increases the
silage temperature and pH. These conditions allowing bacilli and other aerobic bacteria to
grow and then molds enhance silage deterioration [51]. In the current study, inoculation
with Lf alone or in combination with homolactic Pa improved the aerobic stability of
normal DM corn and sorghum silages reaching 168 h, this being in correlation with a
high yeasts/molds reduction at 45 days. The Lf- and Lf + Pa-inoculated silages improved
aerobic stability by an extensive heterolactic fermentation that resulted in high levels of
acetic and propionic acids as well as by the antifungal activity exerted by the homolactic
LAB, both causing a reduction of yeasts/molds numbers during the fermentation. Similar
results were reported for corn and sorghum silages when heterolactic L. buchneri and L.
hilgardii were used as inoculants, either alone [6, 10, 16] or combined with homolactic
LAB strains [9, 47, 58]. However, the fast temperature increase observed for Pa-inoculated
silages agrees to that reported for uninoculated and homolactic-inoculated forage silages
[8, 43, 59]. Recently, the relationship between yeast counts and aerobic stability has been
confirmed; the length of silage conservation increase as yeasts are inhibited or reduced
[16, 58].

Conclusion
Preliminary results from this study showed that FE-producer L. fermentum CRL2085
alone or in combination with antifungal and acid producer P. acidilactici CRL2043
can improve aerobic stability of corn and sorghum silages. Aerobic deterioration was
prevented by yeasts/molds reduction/inhibition during fermentation while digestibility
was increased. The combination of heterolactic CRL2085 + homolactic CRL2043
accelerates the initial lactic acid fermentation rate, reducing pH, avoiding fermentation
losses with lower protein degradation and improving aerobic stability. The survival
of LAB inoculants at 45 days of fermentation was suggested by rep-PCR analysis. In
addition, beyond their effect on silage conservation, LAB previously selected by their
survival and benefits in the gastrointestinal tract of ruminants may enhance animal
performance. Thus, the feasibility to use fermented silage as a vehicle for beneficial LAB
administration to cattle is under evaluation.
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