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1. VARIAN, Caryl00 UV-Vis spectrophotometer,
Australia
2. JENWAY, 350 pH meter manual, England.
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5. Macrogen (Seoul, South Korea)

6. BioEdite

7. Basic Local Alignment Search Tool (BLAST)
8. NCBI: (http://www.ncbi.nlm.nih.gov/BLAST).
9. MEGA
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1. HPLC, Shimadzu model LC-10Ai

2. Polymerase chain reaction (PCR)

3. Wizard_ Genomic DNA Purification kit, Promega,
Madison, WI, USA

4, Thermo Scientific 2000, Waltham, MA, USA
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Table 1. Molecular identification of LAB strains
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INational Center for Biotechnology Information (http://www.nchi.nlm.nih.gov/).
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Table 2. Growth of strains and changes in pH of growth media after 12 h and at the end of the growth
period, initial pH =5.20
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Table 3. Chemical composition, fermentation characteristics and microbial composition of fresh maize and
maize silage inoculated with lactic acid bacteria strains after 105 d of fermentation in silo

Lne oLl Treatments® (sl cols o) 'l oo ; ,
L;J-bd:;ucla.ﬂ ’F /.‘ sl sbasde) bk, 4 0}{} [EYERW
P-value ke EF LF PA LS el 3t (Parameters)
SEM Control  Forage
(K osle p SAS 20 5) ol oS5
Chemical composition (g kg DM)
Dry ix osle
0.005 2.03 345.00°  338.34% 337.03® 34337° 335.07° 350.02 y
matter
53 Jsloel S
0.0001 1.30 435.00°  447.00° 451.00®° 446.00° 456.00°  480.00 st
Neutral detergent
fiber
53 Jsloal S
0.0001 0.87 24500%  263.00° 257.00° 250.00° 260.00®° 265.00 Sl 0y 52
Acid detergent
fiber
[
0.0001 0.35 86.33 85.40%°  84.46° 8564 8254°  80.04 7 oin
Crude protein
K CERPNPICHIE
0.0001 0.35 977.20°  958.48° 954.93% 973.21° 950.16° - Dry Matter
recovery
0.0001 0.00 3.76° 3.81° 3.77° 3.76° 3.74° 5.20 pH
53 sl S S
0.0001 0.07 9.36" 5.70° 7.27¢ 7.78¢  10.01* 97.16 <!
Water soluble
carbohydrates
sy |
0.0088 0.77 73.13® 71.70°  7490° 73.98® 75637 - =3
Lactic acid
Sl |
0.0001 0.41 35.67¢ 50.06°  37.39°  40.66°  30.89° - e
Acetic acid
S |
0.0001 0.82 0.97° 1.86° 1.31° 1.37° 0.96° - G
Propionic acid
K5 g
0.0001 0.00 0.018° 0.018°  0.015° 0.017° 0.033? - R
Butyric acid
1,2-0 45 0Ls 5 Y
0.0001 0.00 1.50° 6.00° 1.50° 450° 0.00¢ - I A
propanediol
0.0001 0.40 10.32° 10.70°  11.92° 1050°  15.02% - Ethanol J su!
dogscfu gt FM) s oo S 5
Microbial composition
Lol slags S
0.0001 0.02 8.84° 9.27° 883 895" 801 573 Sy
Lactic acid
bacteria
0.0001 0.02 1.98° 1.47¢ 2.11° 1.57¢ 2.92° 5.57 Yeasts L s
- - ND ND ND ND ND 3.20 Molds Lz s

(P<0.05) ool Jls sme sl (ghyls clial oy, b cony o 5s b, Sle
abedeThe means within the same row with different letter have significant difference (P < 0.05)
N5y s bt LB oo ND (EF) el o555 57 (LF) i 3 s sl sV APA) oS stbo s 3Sde dLS) sl sl SY

Lactobacillus salivarius (LS), Pedicoccus acidilatici (PA), Lactobacillus fermentum (LF), Enterococcus faecium (EF), ND: non-
detectable (dilution 107%).
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Figure 1. Variation in temperature during aerobic exposure of silages; control and inoculated silage with
strains of lactic acid bacteria.
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Table 4. Dynamics of temperature during aerobic exposure of maize silages without inoculants and
inoculated with strains of lactic acid bacteria (LAB)

(cels) s3lsn sl (cel) Ol ©C) b ;Sla (L] o) s o
Aerobic Time to reach Maximum Treatments
stability (h) maximum temperature (h) temperature (°C)
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Lactobacillus fermentum
120° 232° 32° (BF) ot oo sl
Enterococcus faecium
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Abstract

Background and objectives: The effects of lactic acid bacteria as a microbial additive on the
fermentation properties of silage are mainly due to the production of beneficial metabolites that
can inhibit the growth of pathogenic and destructive microorganisms. Therefore, the ability of a
strain to use numerous substrates in forage plants and produced different metabolites can be
useful in competition with other microorganisms. This ability can be used as a principle for
selecting inoculants. Nevertheless, research has shown that published articles on inoculant
selection to limit the growth of these destructive and pathogenic microorganisms are still scarce.
Some researchers have reported the effects of microbial inoculants on silage fermentation.
However, despite numerous articles on the effects of inoculants on silage fermentation, there are
few descriptions for the systematic selection of strains. The aim of this study was to isolate,
identify, and select strains of lactic acid bacteria with the ability to improve fermentation
properties and prevent the growth of pathogenic and destructive microorganisms and evaluate
the effect of inoculation of these strains on the nutritional value and aerobic stability of maize
silages.

Materials and methods: This study was performed to select the lactic acid bacterial (LAB)
strains isolated from different sources and evaluate their effect on the quality of maize silage.
Lactic acid bacteria strains were inoculated to evaluate metabolite production and pH reduction
in the aqueous extract obtained from maize forage. One hundred and twenty-one strains were
isolated from various sources in the laboratory. All isolated strains were gram-positive, catalase-
negative, and mainly lactic acid-producing, which were considered lactic acid bacteria. 16S
ribosomal DNA sequence analysis of 22 representative strains was used to confirm the presence
of dominant groups. The sequences of different isolates of lactic acid bacteria had a high degree
of similarity to the GeneBank type strains, which showed between 99 and 100% similarity. Four
strains of lactic acid bacteria that showed the best results were evaluated in experimental silos.
This experiment was performed in a completely randomized design with five treatments (four
strains of lactic acid bacteria and one control without inoculum) and nine replications.
Inoculants were used in 10° colony forming units/g of fresh forage to chopped maize forage,
which was then ensiled for 105 days. After opening the silos, silages were sampled for analysis
of chemical compositions and fermentation products.

Results: Inoculation of lactic acid bacterial strains affected the chemical composition,
fermentation properties, and microbial population. Inoculation of lactic acid bacterial strains
significantly affected the chemical composition and concentration of lactic and acetic acids,
ethanol, and 1,2-propanediol of silage. Among all treatments, silages inoculated with
Lactobacillus fermentum had higher acetate concentration (P<0.0001), but lactate concentration
(P<0.008) and yeast counts (P<0.0001) were lower than other silages. Also, inoculation of
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silage with L. fermentum (strain 16) resulted in silage with a higher lactic acid bacterial
population and improved aerobic stability after air exposure (P<0.0001). Silages inoculated with
L. fermentum and fallowed by Lactobacillus salivarius contained the lowest number of yeasts
(P<0.0001) and filamentous fungi during fermentation. Between silages, silage inoculated with
L. fermentum showed higher aerobic stability (P<0.0001).

Conclusion: The pre-selection method based on the production of metabolites was efficient in
selecting new inoculation strains along with good correlation with experiments in laboratory
silos. Inoculation of lactic acid bacterial strains in maize silage resulted in differences in
nutritional value or population of pathogenic and destructive microorganisms. Strains 16 and 7,
identified as L. fermentum and L. salivarius, were considered promising sources for use as
inoculants in maize silages because they provide silages with better fermentation properties and
improve aerobic stability after exposure to air.

Keywords: Acetic acid, Aerobic stability, Gram positive, Lactobacillus fermentum,
Lactobacillus salivarius, Propanediol
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