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ABSTRACT

Aims: To inhibit of bacterial growth of three important phyto-pathogenic bacteria: Erwinia
carotovora, Clavibacter michiganensis sp. michiganensis and Xanthomonas axonopodis
by cell-free extracts from submerged cultures of two strains of Enterococcus sp. was
tested.
Study Design: A complete randomized experimental design with factorial fix was used to
evaluate the efficiency of growth inhibition against the phytopathogenic bacteria.
Place and Duration of Study: Laboratory of Bioprocesses, Department of Food Science
and Technology, School of Chemistry, Universidad Autonoma de Coahuila, Mexico,
between December 2011 and July 2012.
Methodology: Enterococci strains were isolated from goat milk, buttermilk and whey by
typical microbiological procedures and primarily identified based on biochemical tests.
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Strains were subsequently activated in MRS broth and cells were separated by
centrifugation and filtration. Cell-free extracts were tested against plant pathogenic
bacteria to determine their growth inhibition potential.
Results: Strains of Enterococcus MII-1 and MIV-2 were able to inhibit the growth of three
pathogenic bacteria, demonstrating to be an attractive alternative for biological control
assays.
Conclusion: The cell-free extracts of Enterococcus spp. show inhibition potential to
inhibit phytopathogenic bacteria that cause diseases in horticultural crops. Further studies
are needed to completely evidence the high potential of use of cell-free extracts from
Enterococcus MII-1 and MIV-2.

Keywords: Growth inhibition; Erwinia carotovora; Clavibacter michiganensis sp.
Michiganensis; Xanthomonas axonopodis.

1. INTRODUCTION

Currently, there are important economic losses in the Mexican agricultural sector and the
rest of Latin-American Countries. Particularly, the losses are caused by diseases provoked
by plant pathogenic bacteria in wheat, one of the four most important crops around the world
[1-4]. Dry matter production and crop yield can significantly decrease, from the seedling
stage to harvest, by presence of foliar diseases caused by fungi, viruses and/or bacteria,
which can also affect seed viability and quality [5-7]. Worldwide, these losses range from 5
to 50% [5,8-10], and between 5 and 20% in Mexico (9). Phytopathogenic bacteria produce
spots and leaf blights, soft rots of fruits, roots of storage organs, wilting, overgrowth, scabies,
tumors and other symptoms [11]. Trying to reduce and control crop diseases (fungi, viruses
and bacteria), different methods and combinations of them have been used to control of
phytophatogens, including use of synthetic chemicals, however this methods is
controversial, especially in orchards, where some synthetic chemicals may be harmful to
health, so use of these chemical should be diminish to a minimum and if necessary, use of
the least toxic synthetic chemical [12].

Antagonistic microorganisms (bacteria, yeasts and fungi) are able to exert an effect on
biological control of different pathogens of agronomical interest and have been used for
controlling various plant diseases of fruit []13,14]. The mechanisms by which antagonistic
microorganisms affect pathogen populations are not always clear, but usually are attributed
to the following effects: direct parasitism and death of pathogen; competition with pathogens
for space or nutrients; direct toxic effects on the pathogenic agent for antibiotic substances
released by the antagonist and toxic effects on pathogens by volatile compound such as
ethylene released as result of metabolic activities of the antagonist [11]. This paper
describes the isolation of Enterococcus strains, and the evaluation of the growth inhibition
potential of their cell-free extracts on three important phytopathogenic bacteria (Clavibacter
michiganensis, Erwinia carotovora and Xanthomona axonopodis).

2. MATERIALS AND METHODS

2.1 Isolation of Enterococcical strains

Samples of goat milk, whey and buttermilk were used as sources for isolation of
Enterococcus strains, codes in Table 1. The samples were provided by the Laboratory of
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Food Technology at the Universidad Autónoma Agraria Antonio Narro (UAAAN). Samples
were inoculated onto Man, Rogosa & Sharpe (MRS) agar plates for isolation Enterococcus
sp strains. In this case, plates were incubated at 37ºC for 24h. For morphological analysis a
US Micro-optical solution microscope Model 0827769 was used. All Samples were analyzed
at 100x with immersion oil. Enterococci are Gram-positive cocci that often occur as
diplococci or short chains. After biochemical characterization of microorganisms,
subsequently 4 bacterial strains were selected from each sample according to cell
morphology belonging to the Enterococcus genus, and then strains were inoculated on MRS
agar plates.

Table 1. Codes of the isolated strains from the samples on MRS agar plates

Sample Strains (codes)
Whey (MI) MI-1

MI-2
MI-3

Buttermilk (MII) MII-1
MII-2
MII-3

Goat´s milk (MIII) MIII-1
MIII-2
MIII-3

Goat´s milk (MIV) MIV-1
MIV-2
MIV-3

2.2 Biochemical Characterization of Enterococcus strains

MRS agar contains selective components which inhibit the growth of the most of
microorganisms, permitting the selective growth of lactobacilli and enterococci after isolation
of the selected strains, they were biochemically characterized, including growth on bile
esculin agar, highly selective for these microorganisms; other considered tests were
catalase test, 6.5% of NaCl medium and bile salts.

2.3 Phytopathogenic Bacteria

Phytopathogenic microorganisms used in this project were Erwinia carotovora, Clavibacter
michiganensis sp. michiganensis and Xanthomonas axonopodis. The pathogenic strains
were obtained from the Culture Collection of the Centre for Applied Microbiology, Greencorp
Biorganiks de Mexico SA de CV. Saltillo, Coahuila, Mexico. These bacteria were activated in
250 ml Erlenmeyer flasks with 100 ml of nutrient broth supplemented with potato infusion at
30ºC for 24h.

2.4 Growth Conditions of Enterococci

For production of cell free extracts, two culture media were compared. Potato broth which
was formulated with glycerol (10g), potassium dibasic phosphate (1.5 g), magnesium sulfate
(1.5 g) enriched with potato 20g, and MRS Broth which is a commercial medium. Cell
concentration was assessed by counting in a Neubauer chamber after 24 h of incubation at
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37ºC. Influence of initial pH (6.0, 6.5 and 7.0) and temperature (30, 37 and 39ºC) on
Enterococci culture were determined.

2.5 Preparation of Cell-Free Extract

Selected strains of Enterococcus sp. were cultivated at appropriate conditions according to
results of the analysis described above. After obtaining the cultures, samples were
centrifuged in conical tubes at 4467 g for 15 min at 4ºC. Supernatant was carefully
separated, to completely remove the cells. Extracts were filtered through 0.2 m sterile nylon
membranes (Millipore®). The filtered extracts were used to assess their potential for plant-
pathogenic bacterial growth inhibition.

2.6 Potential Inhibition of Cell-Free Extract

Nutritive agar plates were completely inoculated with each phytopathogenic bacterium. Four
small holes of 5 mm diameter were made on the surface of agar plates and filled with 60 L
of each cell-free extracts and then, plates were incubated at 28ºC for 24h. After that, the
formed inhibition zones were measured with a vernier.

2.7 Experimental Design and Data Analysis

Two complete randomized experimental designs with factorial fix were used, the first design
to evaluate the inhibition potential of free-cell extracts against phytopathogenic bacteria; and
the second for determination of sensitive of phytopathogenic bacteria against free-cell
extracts. In each case, a Tukey-Kramer test (P = 0.05) was carried out for mean
comparisons.

3. RESULTS AND DISCUSSION

In this document we describe the isolation of Enterococcus strains, and the evaluation of the
growth inhibition potential of their cell-free extracts on three important phytopathogenic
bacteria (Clavibacter michiganensis, Erwinia carotovora and Xanthomona axonopodis).

3.1 Isolation and Identification of Enterococcus spp

Enterococci strains were isolated using MRS agar supplemented with sodium acetate for
growth inhibition of other bacteria promoting the development of lactic acid bacteria [15].
Three strains were isolated from each sample (Table 1) and the results of the Gram staining
corresponded to typical morphology expected for enterococci (Table 2); the Fig. 1 shows
Gram-positive cocci (MII-1 strain) that often occur in pairs (diplococci) or short chains.
Enterococcus spp. is microorganism negative catalase, which grew in 6.5 % NaCl and bile
salts; the results are shown in the Table 2. All the strains were negative catalase; the three
strains of whey and the third strain of buttermilk do not shown grow in NaCl 6.5 % medium
and bile salts, therefore these strains were discarded as enterococci.

3.2 Growth Conditions of Enterococcus sp.

Enterococcus family includes 28 species with facultative anaerobic metabolism unable to
develop spores or any visible capsule [16]. The cultivation of the these microorganisms is
easy because they can grow on basic substrates used in microbiological laboratories at 10–
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45ºC, with the optimum temperature of about 37ºC. The microorganism can tolerate
increased concentrations of NaCl (up to 6.5%) and bile salts (up to 40%), as well as higher
substrate pH values (up to pH 9.6). The microorganism can withstand heating to 60ºC for 30
minutes. Most enterococci proliferate under common aerobic conditions. In the present
study, growth conditions of enterococci were determinant in the selection of two strains,
because only these strains showed inhibition potential against the phytopathogenic bacteria.
Comparison was conducted primarily in potato broth (described above) and MRS broth,
showing the strains greater growth on the last culture medium. Strains showed better growth
at 37ºC and pH = 7.0.

Table 2. Results to the biochemical tests performed for Enterococcical identification

Strains (codes) Biochemical tests
Morphology Catalase Growth in 6.5 %

NaCl médium
Growth in
bile salts

MI-1 Cocci, Gram (+) (-) (-) (-)
MI-2 Cocci, Gram (+) (-) (-) (-)
MI-3 Cocci, Gram (+) (-) (-) (-)
MII-1 Cocci, Gram (+) (-) (+) (+)
MII-2 Cocci, Gram (+) (-) (+) (+)
MII-3 Cocci, Gram (+) (-) (-) (-)
MIII-1 Cocci, Gram (+) (-) (+) (+)
MIII-2 Cocci, Gram (+) (-) (+) (+)
MIII-3 Cocci, Gram (+) (-) (+) (+)
MIV-1 Cocci, Gram (+) (-) (+) (+)
MIV-2 Cocci, Gram (+) (-) (+) (+)
MIV-3 Cocci, Gram (+) (-) (+) (+)

(+), positive result, (-) negative result

Fig. 1. Morphological evaluation from US M.O.S microscope of a gram stain of
Enterocoocus spp. MII-1 strain
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3.3 Potential Inhibition of Cell-Free Extract

Enterococci are part of enteric commensal microbiota with a widespread occurrence in the
different ecosystems. They have the ability to produce the antimicrobial substances with an
antagonistic effect against the various bacteria, spoilage species including. Many of them
also exert beneficial (probiotic) influence on host organisms [17]. To evaluate the inhibition
capacity of cell-free extracts from Enterococcus spp. strains. Inhibition zones were
measured and only two Enterococcus strains (MII-1 and MIV-2) showed inhibition potential
against three plant pathogenic bacteria (Table 3). A 2x3 factorial treatment arrangement was
used with two factors strains with two levels (MII-1 and MIV-2 strains) and  plant pathogenic
bacteria with three levels (Clavibacter michiganensis sp. michiganensis, Erwinia carotovora
and Xanthomona axonopodis). The results showed that MIV-2 strain inhibition potential
against plant-pathogenic bacteria is greater than MII-1 strain (Table 4). Furthermore, the
phytopathogenic bacteria showed no significant difference among themselves, as regards
sensitivity to each treatment (Table 5).

Table 3. Inhibition halos of phytopathogenic bacteria by cell-free extracts from two
Enterococcus spp

Strain vs Inhibition halo (mm)
1 2 3 4 Mean value

MIV-2 Xanthomonas  axonopodis 3.5 3.0 2.5 3.5 3.1
Clavibacter michiganensis 5.0 4.0 3.0 3.0 3.8
Erwinia carotovora 2.0 2.0 2.5 4.0 2.6

MII-1 Xanthomonas axonopodis 3.0 2.5 3.5 3.5 3.1
Clavibacter michiganensis 2.0 2.0 1.5 2.0 1.9
Erwinia carotovora 2.0 2.0 2.5 2.0 2.1

Table 4. Inhibition potential by cell-free extracts from two Enterococci against
phytophathogenic bacteria

Strain Inhibition (mm) Group
MII-1 2.38 1
MIV-2 3.17 2

Table 5. Inhibition of phytopathogenic bacteria by cell-free extracts from two
enterococci

Phytopathogenic bacteria Sensitivity
(mm)

Difference among groups

Clavibacter michiganensis 2.375 1
Erwinia carotovora 2.813 1
Xanthomonas Axonopodis 3.125 1

There are reports that show the ability of certain lactic bacteria like Enterococcus spp to
produce final fermentation products and these has been characterized as microbial growth
inhibitory substances, among them are bacteriocins which represent a topic of strong
research [18-19]. Studies with lactic acid bacteria have been demonstrated to produce
substances called bacteriocins with antimicrobial activity, and these are used in the food
industry for control of microorganisms potentially pathogens for humans. On the other hand,
bacteriocins do not modify food properties [20].
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Stromptová V, Lauková [21] determined bacteriocin production in Enterococcus spp. isolates
of chicken origin and in vitro properties of bacteriocin- producing strain E. faecium EF55 that
could be promising as a probiotic. Moreover, reduction effect of EF55 strains towards poultry
Eimeria spp. Oocysts was achieved. Currently, more attention has also attracted
bacteriocins as the possible antimicrobial agents for reduction or elimination of certain
pathogens [17,22-24]. Although in this study was observed the inhibition capacity of the
enterococci after fermentation, it is important to note that would be very interesting research
the chemical analysis of the products formed by enterococci to determinate what is inhibiting
the phytopathogenic bacteria. Moreover, identify and characterize the products into the
extracts would be a great complement for this work.

4. CONCLUSION

Cell-free extracts of Enterococcus spp. MIV-2 and MII-1 strains isolated from goat´s milk and
buttermilk, respectively; show inhibition potential against phytopathogenic bacteria
evaluated, promising to be a great alternative to prevent various diseases in horticultural
crops, which can be useful to avoiding economic losses in this sector. Further research is
needed in order to improve and optimize the culture conditions to obtain extracts with high
activity for the inhibition of the phytopathogenic bacteria.
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