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In the present work, five hundred and sixty-seven isolates of lactic acid bacteria were recovered from raw bee pollen 
grains. All isolates were screened for their antagonistic activity against both Gram-positive and Gram-negative 
pathogenic bacteria. Neutralized supernatants of 54 lactic acid bacteria (LAB) cultures from 216 active isolates 
inhibited the growth of indicator bacteria. They were phenotypically characterized, based on the fermentation of 39 
carbohydrates. Using the simple matching coefficient and unweighted pair group algorithm with arithmetic averages 
(UPGMA), seven clusters with other two members were defined at the 79% similarity level. The following species 
were characterized: Lactobacillus plantarum, Lactobacillus fermentum, Lactococcus lactis, Pediococcus acidilactici, 
Pediococcus pentosaceus, and unidentified lactobacilli. Phenotypic characteristics of major and minor clusters were 
also identified. Partial sequencing of the 16S rRNA gene of representative isolates from each cluster was performed, 
and ten strains were assigned to seven species: Lactobacillus plantarum, Lactobacillus fermentum, Lactococcus lactis, 
Lactobacillus ingluviei, Pediococcus pentosaceus, Lactobacillus acidipiscis and Weissella cibaria. The molecular method 
used failed to determine the exact taxonomic status of BH0900 and AH3133.
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Beehive products (honey, pollen, propolis and royal 
jelly) are natural functional foods that have gained 
increased attention in society [1]. Pollen, the male 
gametophyte of flowering plants, is a high-energy 
material collected by honeybees and other insects and 
stored as a food reserve. Pollen has been used traditionally 
by humans as a supplementary food and in alternative 
medical treatments. It has been used medically in 
prostatitis, bleeding stomach ulcers and some infectious 
diseases [2].

Because of its complex content, bee-pollen has a very 
important nutritional value in the human diet [3]. Since the 
middle of the last century, the bee-pollen microflora has 
been investigated [4–10]. However, little is known about 

the occurrence of lactic acid bacteria (LAB), and the roles 
they play, in pollens. Only a few reports are available in the 
literature considering this field. Occurrence of lactobacilli 
in pollens was reviewed by Gilliam [7]. In another study, 
Vásquez and Olofsson [11] identified lactobacilli isolated 
from pollen grains. These isolates were identified based 
on PCR and 16S rRNA gene sequencing. Other LAB 
representative genera (Lactococcus, Lactobacillus, 
Pediococcus, Enterococcus and Leuconostoc) were 
recovered and identified based on phenotypic traits [4]. 
In the latter investigation, in vitro studies indicated that 
several strains inhibit Gram-positive and Gram-negative 
pathogenic bacteria. Additionally, several members of 
LAB are known to produce antibacterial substances such 
as organic acids and bacteriocins. Antagonism towards 
undesirable microorganisms is an important criterion for 
LAB being used as bio-preservations or biocontrol agents. 
It seems that pollens are a suitable ecological niche for 
various microorganisms and an important source for the 
isolation of new strains belonging to the LAB group with 
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antagonistic activity against harmful bacteria. Species or 
subspecies identification of such strains is recommended. 
In fact, physiological and biochemical criteria used for 
LAB identification are often ambiguous because most of 
the bacteria have very similar nutritional requirements and 
grow under similar environmental conditions. Therefore, 
clear identification to the species level by simple 
phenotypic tests may sometimes be difficult [12]. Indeed, 
additional molecular-based characterization approaches 
such as 16S rRNA gene sequencing, 16S-ARDRA, PFGE 
and other methods are used for assignment of a given 
LAB strain to its taxonomic status.

The present work describes isolation and phenotype-
based numerical clustering of LAB isolated from pollen 
grains collected in some Algerian areas; 16S rRNA 
gene sequencing-based characterization of selected 
strains was investigated. Also, their antagonistic activity 
against Gram-positive and Gram-negative bacteria was 
evaluated.

EXPERIMENTAL

Isolation of LAB from pollen
Previous studies [4] indicate that pollen samples taken 

from pollen traps are highly contaminated, especially by 
enterococci. Furthermore, dilution-based LAB isolation 
is not a sufficient manner for the recovery of these 
bacteria from pollen grains, and full negative results are 
unavoidable with this method. Hence, a simple technique 
is used for the efficient isolation of LAB. In the field 
during flowering seasons, honey bee foragers are kinched 
(catched) by a sterile stainless steel or plastic forceps. 
The pollen pellets (60 samples from 10 clean regions; 

six subsamples from each sampling site; in Bordj Bou 
Arreridj and Sétif) are then collected by a humidified 
sterile cotton swab by gently touching the pollen pellets 
attached to the posterior legs of the bee. At this time, 
we can discuss the facts regarding bee-collected pollen 
from a microbiological point of view. The swabs were 
transported to the laboratory at low temperature (5°C) 
and analyzed or further maintained with refrigeration 
until use. Because LAB isolation is enrichment-based 
method, the quantity of pollen recovered is not important. 
Each swab was then introduced into a capped glass 
tube containing 15 mL Elliker broth pH 6.5 [13], and 
incubated anaerobically at 30°C for at least two days. 
Afterwards, serial dilutions were prepared from each tube 
in peptone water (0.1% peptone and 0.1% of Tween 80), 
and from the appropriate dilution, aliquots (100 µL) were 
spread and cultured on the following media: M17 agar 
(Fluka) incubated for 72 hr at 30°C for lactococci and 
streptococci, LBS agar [14] after anaerobic incubation 
(BBL GasPack System) at 30°C for 72 hr for lactobacilli, 
Glucose Yeast Extract Agar [15] incubated at 30°C 
for 48 hr to isolate leuconostocs and pediococci, and 
D-MRS agar [16] incubated at 25°C for 72 hr to isolate 
carnobacteria. Enterococci were treated in a separate 
study. From each culture, 10–30 colonies were randomly 
picked up and further purified on MRS agar (pH 6.5). 
Pure isolates were maintained at –20°C in MRS broth 
containing glycerol (20%, v/v final concentration).

Screening for antagonistic activity
For detection of antagonistic activity, an agar well 

diffusion assay was used according to Schillinger 
and Lucke [17]. Bacterial species used as indicator 

Table 1. Indicator bacteria used and their growth conditions

Indicator species Strain no. Origin Growth 
medium

Incubation 
conditions

Gram-positive bacteria
   Bacillus subtilis 20302 CLAMa BHIc 37°C
   Enterococcus faecium H421 CLAM MRSd 30°C
   Listeria innocua 3030 CLAM BHI 37°C
   Staphylococcus aureus 25923 ATCCb BHI 37°C

Gram-negative bacteria
   Escherichia coli 25922 ATCC BHI 37°C
   Salmonella typhimurium 1717 CLAM BHI 37°C
   Pseudomonas aeruginosa 27853 ATCC BHI 37°C
   Shigella sp. 96415 CLAM BHI 37°C
a Collection of Laboratory for Applied Microbiology
b American Type Culture Collection
c Brain heart infusion broth
d De Man, Rogosa and Sharpe broth
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microorganisms were listed in Table 1. LAB isolates 
were subcultured twice (1% inoculums, 24 hr, 30°C) 
in 10 mL MRS broth (Fluka). The non-LAB were 
subcultured twice (1% inoculum, 24 hr, 37°C) in 10 mL 
BHI broth (Fluka) and kept frozen at –20°C in BHI broth 
supplemented with 20% glycerol. Cell-free supernatants 
from LAB cultures were obtained by centrifuging the 
cultures (8,000 g/10 min at 4°C), and then the pH of each 
supernatant was adjusted to 6.5 using 5N HCl followed 
by filtration through a cellulose acetate filter with a pore 
size of 0.2 µm. Before supernatant neutralization, an 
antimicrobial assay was performed for all isolates. All 
experiments were performed in duplicate, and the results 
were displayed as the mean value of the experiments. 
Isolates showing antagonistic activity against one or 
more indicator bacteria (with an inhibition zone diameter 
of more than 5 mm) were subjected for phenotypic 
characterization.

Phenotypic identification of bioactive isolates
Isolates exhibiting antagonistic activity were selected 

on the basis of Gram staining, morphology, tetrad 
formation and catalase activity. Catalase-negative and 
Gram-positive rods and cocci were selected and screened 
for the production of CO2 from glucose (in MRS broth, 
containing Durham inverted tubes, without beef extract 
and citrate). Ability to grow at 10 and at 45°C was 
evaluated in MRS broth after incubation for 7 days and 48 
hr, respectively. Growth in MRS containing 6.5 or 18% 
NaCl, as well as growth in MRS with pH 4.4 and 9.6, was 
studied. Acid production from carbohydrates (glycerol, 
erythritol, D-arabinose, L-arabinose, ribose, D-xylose, 
L-xylose, adonitol, galactose, D-glucose, D-fructose, 
D-mannose, L-sorbose, rhamnose, dulcitol, inositol, 
mannitol, sorbitol, amygdalin, arbutin, salicin, cellobiose, 
maltose, lactose, melibiose, saccharose, trehalose, 
inulin, melezitose, D-raffinose, starch, glycogen, 
xylitol, gentiobiose, D-lyxose, D-tagatose, D-arabitol, 
L-arabitol, and gluconate) was evaluated by miniaturized 
assay in 96-well flat-bottom microtiter plates [18]. Sterile 
carbohydrate solutions (Institut Pasteur, France) were 
added to the basal medium (MRS without glucose and 
meat extract and with 0.16 g/L bromocresol purple, pH 
7.0) at a final concentration of 1%. Cells were harvested 
from overnight cultures by centrifugation (10,000 g, 
5 min, 4°C), washed twice in sterile phosphate buffer 
(pH 7.0) and suspended in sterile saline (0.85% NaCl). 
This suspension was used to inoculate sterile microtiter 
plates (96 flat-bottom wells), which were incubated in 
anaerobiosis for 7 days at 30°C. Esculin hydrolysis was 
assessed by adding 2 g/L esculin (Sigma) and 5 g/L ferric 

ammonium citrate (Sigma) to the basal medium.
Fermentation of each of the 39 carbohydrates was 

interpreted as follows: positive (+), complete change 
to yellow; weakly positive (w), change to green; and 
negative (-), no change at all. Esculin hydrolysis (revealed 
by a change to a darker color) was interpreted as positive 
(+), while no change was negative (-). Strains were tested 
in duplicate to determine the test reproducibility.

Genotypic identification of selected LAB strains
Sample preparation prior to PCR amplification
As described by Rodas et al. [19], selected LAB 

isolates (10 strains displaying a remarkable assimilatory 
pattern) were grown in MRS agar at 30°C for 2 days. One 
single colony was picked up from plates and suspended 
in 20 µL of sterile distilled water. These suspensions 
were used for PCR reactions without further processing.

Amplification and sequencing of 16S rRNA gene
The protocol of Rodas et al. [19] was used for 

16S rRNA gene amplification using primers pA 
(8-AGAGTTTGATCCTGGCTCAG-28) and pH 
(1542-AAGAGGTGATCCAGCCGCA-1522) [20]. 
DNA amplification was carried out in a 50 µL PCR 
mixture containing 200 µM dNTP, 1 µM of each 
primer, 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 2 mM 
MgCl2, 6 U of Taq DNA polymerase and 1 µL of the 
cell suspension. Each PCR cycle consisted of an initial 
denaturation time of 5 min at 94°C followed by 35 cycles 
of amplification comprising a denaturation step for 30 
sec at 94°C, annealing at 56°C for 30 sec, and extension 
at 72°C for 1 min. Reactions were completed with 5 min 
elongation at 72°C followed by cooling to 10°C. PCR 
products were resolved by electrophoresis at a constant 
voltage (200 V) in 1.2% (w/v) agarose in 0.5 x TBE 
(45 mM Tris-HCl, 45 mM boric acid and 1 mM EDTA 
pH 8.0), gels were stained with ethidium bromide (0.5 
µg/mL). Amplification products were purified using a 
PCR purification kit (Qiagen, Germany) and sequenced 
using the BigDye® Terminator v3.1 Cycle Sequencing 
Kit and an automated DNA sequencer (ABI Prism® 
3100 Avant Genetic Analyzer, Applied Biosystems). The 
nucleotide sequences of the 16S rRNA gene of all the 
isolates were analyzed and determined by the BLAST 
program on the NCBI website (http://www.ncbi.nlm.
nih.gov/). The alignments were analyzed to construct a 
phylogenetic tree and to compare similarities among the 
sequences by the neighbor-joining method [21] using 
MEGA software version 4.0. Bootstrap analysis was used 
to evaluate the tree topology of the data by performing 
1,000 resamplings. The sequences were deposited in the 
GenBank database using the web-based data submission 
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tool Sequin (http://www.ncbi.nlm.nih.gov/Sequin).
Statistical analysis
Hierarchical cluster analysis was carried out with 

Statistica 6 software (Statsoft Italia, Padua, Italy). The 
Euclidean distance, unweighted pair group method with 
arithmetic mean (UPGMA) and an index of similarity 
were used for the analysis of carbohydrate fermentation. 
A two-way ANOVA test was used for comparing 
antimicrobial activity of LAB.

RESULTS

Isolation and antagonism among LAB strains
From the ten sampling zones, distributed across two 

provinces, six samples were collected from each zone. 
However, a total of 567 isolates were recovered from 
pollen grains. Growth of yeasts and molds on isolation 
agar media was observed and confirmed by microscopic 
examination. Also, catalase-positive bacterial colonies 
were encountered. Presumptive LAB cells were carefully 
selected based on catalase reaction, cell shape, motility 
and Gram staining. All Gram-positive, catalase-negative 
cocci and rods were purified on suitable agar media to 
homogeneity. The 567 pure LAB strains were screened 
for their antagonistic activity by agar well diffusion 
assay against eight undesirable bacteria belonging to 

Gram-positive and Gram-negative ranks (Staphylococcus 
aureus ATCC 25923, Bacillus subtilis CLAM 20302, 
Enterococcus faecium CLAM H421, Listeria innocua 
CLAM 3030, Shigella sp. CLAM 96415, Escherichia coli 
ATCC 25922, Salmonella typhimurium CLAM 1717, 
and Pseudomonas aeruginosa ATCC 27853). After a 
random screening process, using neutralized supernatant 
cultures, 216 stains found to potentially inhibit at least 
one indicator bacteria, whereas 351 were not. Statistical 
analysis indicated that total percentage of potent strains 
(40.74 ± 6.31) was significantly different (p=0.003 < 
0.05) from that of non-potent strains (59.26 ± 6.31). 
From all sampling zones, except zones Sz48 (62.06%) 
and Sz54 (80.00%), the percentage of antagonistic LAB 
strains was below 46 (Fig. 1).

The 216 LAB strains showing inhibition zones against 
at least one indicator bacterium (without pH neutralization 
of spent cultures), according to the first antimicrobial 
screening assay, were further subjected to determination 
of the antibacterial activity of neutralized cell-free 
supernatants obtained by centrifugation. Neutralization 
of culture supernatant pH (6.5) eliminates the effect of 
acidity on the target bacteria. Furthermore, incubation 
of LAB under anaerobic conditions minimizes hydrogen 
peroxide production. Following the second screening 
assay using eight indicator bacteria (four Gram negative 

Fig. 1. Percent distribution of antagonism among 567 LAB strains isolated from pollen 
samples. Samples Sz06, Sz18, Sz30, Sz36 and Sz54 were from BBA, whereas samples 
Sz12, Sz24, Sz42, Sz48 and Sz60 were from Sétif. Statistical analysis indicates that 
the total percentage of potent strains (40.74 ± 6.31) is significantly different (p=0.003 
< 0.05) from that of non-potent strains (59.26 ± 6.31). Percent distributions of potent 
strains were extremely different from each other (p<0.0001) except for sampling 
zones Sz36 and Sz60 (p<0.01). Also, there were no statistical differences between the 
percentage of potent strains of sampling zones Sz06 and Sz30 (p>0.05) or sampling 
zones Sz18 and Sz60 (p>0.05). Percent distributions of non-potent strains among 
sampling zones were significantly different from each other (p<0.05) except for 
sampling zones Sz06 and Sz30, Sz12 and Sz42 and Sz18 and Sz24 and Sz18 and 
Sz60, which do not differ statistically (p>0.05).
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and four Gram positive), 54 potent LAB strains were 
obtained (Fig. 2). Figure 2A. presents the variation in the 
antagonistic activity against Gram-negative human and 
animal pathogenic bacteria. The activity was measured 
from the zone of inhibition (mm) around the well. This 
quantified activity varied from 10 to 27 mm for the 
majority of LAB strains studied (Fig. 2). Furthermore, 
only two strains (strains 43 and 54) could not inhibit E. 
coli ATCC 25922, two other strains (strains 30 and 36) 
were inactive against Salmonella typhimurium CLAM 
1717, and strain 46 was inactive against Shigella sp. 
CLAM 96415 (Fig. 2A). In addition, only five strains 
were able to produce a zone of inhibition in between 29 
and 35 mm against indicator strains, for example, strains 
12 and 41 against E. coli ATCC 25922 and strains 14, 
46 and 47 against Salmonella typhimurium CLAM 1717 
(Fig. 2A). However, it was observed that Pseudomonas 

aeruginosa ATCC 27853 resisted the inhibitory potential 
as compared with the other indicator bacteria (Fig. 2A).

For Gram-positive indicator bacteria, the majority 
of inhibition diameters were between 10 and 20 mm 
for Staphylococcus aureus ATCC 25923 and Bacillus 
subtilis CLAM 20302 and between 10 and 30 mm for 
Enterococcus faecium CLAM H421 and Listeria innocua 
CLAM 3030 (Fig. 2B). However, 14 strains were inactive 
against indicator bacteria. Strains 5, 21, 22, 37, 43 and 
49 were inactive against Bacillus subtilis; strains 16 and 
22 were inactive against Staphylococcus aureus; strains 
34, 35, 36 and 38 were inactive against Listeria innocua; 
and strains 5 and 37 were inactive against Enterococcus 
faecium. In addition, it was noted that Listeria innocua 
and Enterococcus faecium were more susceptible to 
the action of LAB strains than Bacillus subtilis and 
Staphylococcus aureus. For the latter bacterium, the 

Fig. 2. Antibacterial activity (inhibition zone diameter, mm) of 54 pollen residing lactic acid bacterial strains against Gram-
negative and Gram positive indicator bacteria (A) Escherichia coli ATCC 25922, Salmonella typhimurium CLAM 1717, 
Pseudomonas aeruginosa ATCC 27853 and Shigella sp. CLAM 96415. Significant statistical differences were observed 
(p=0.0071, p<0.05) among antimicrobial potential of LAB strains, whereas indicator pathogenic bacteria themselves could not 
affect the variation in antimicrobial activity (p=0.1033, p>0.05) as determined by two-way ANOVA test. (B) Staphylococcus 
aureus ATCC 25923, Bacillus subtilis CLAM 20302, Enterococcus faecium CLAM H421, and Listeria innocua CLAM 3030. 
Two-way ANOVA analysis indicated that there were no significant statistical differences among the antimicrobial actions of 
LAB strains (p>0.05), but is resulted from the indicator pathogenic bacteria themselves and extremely significant differences 
were obtained (p<0.0001).
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inhibition diameters were between 10 and 33 mm (Fig. 
2B).

Clustering structure and analysis
Fifty-four bacteriocin-like producing isolates of 

LAB obtained from different raw pollen samples were 

characterized according to the method of Axelsson 
[22], Bergey’s Manual [23] and the prokaryotes [24]. 
Preliminary, the diversity was studied based on a 
phenotypic approach. Microplates containing 39 different 
carbon sources and 10 other physiological traits were used 
to determine the phenotypic profiles of the 54 isolates of 

Fig. 3. Dendrogram of combined phenotype profiles of 54 potent antagonistic lactic acid bacteria isolates as determined by 
carbohydrate fermentation and physiologic traits. Cluster analysis was carried out based on the simple matching coefficient 
and unweighted pair group algorithm with arithmetic averages (UPGMA). Codes of strains and clusters are indicated on the 
left hand side of the figure.
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LAB. The reproducibility of the fermentation tests was 
100%. The similarity coefficient cluster analysis resulted 
in five major clusters (A, C, E, F and I, containing three 
or more strains) defined at the 79.0% similarity level (Fig. 
3). The following four other minor clusters were defined 
at the 79% similarity level (B, D, G and H, two 2-member 
cluster and two 1-member clusters).

Major clusters (A, C, E, F and I)
Cluster A), Lactobacillus plantarum, Lactobacillus 

paraplantarum and Lactobacillus sp., comprised 18 
isolates from Bordj Bou Arreridj (BBA) (33.33% 
of the total isolates). The cluster contained eight 
other Lactobacillus plantarum strains, one strain of 
Lactobacillus paraplantarum and eight Lactobacillus sp. 
strains. All strains were homofermentative, and 55.5% of 
the isolates in this cluster fermented L-arabinose. They did 
not ferment xylose, adonitol, β-methyl-xyloside, starch, 
arabitol and rhamnose. Alpha-methyl-D-mannoside was 
variously fermented. The same pattern was noted for 
gluconate, lactose and sorbitol. Members of this cluster 
grew at 10 and 45°C in the presence of 6.5% NaCl and 
at pH 4.4.

Cluster C), Lactobacillus plantarum, Lactococcus 
lactis subsp. lactis, and Lactobacillus sp., contained three 
Lactobacillus sp. members, one strain of Lactococcus 
lactis subsp. lactis and two Lactobacillus plantarum 
strains. All were homofermentative and grew well at 
10 and 45°C, in the presence of 6.5% NaCl and under 
alkaline conditions (pH, 9.6). They all fermented 
ribose, hexoses, cellobiose, lactose, saccharose, 
trehalose and B-gentiobiose, but they did not ferment 
erythritol, D-arabinose, xylose, adonitol, β-methyl-
xyloside, dulcitol, α-methyl-D-glucoside, starch, xylitol, 
L-arabitol, D-lyxose, D-tagatose, D-fucose and L-fucose. 
They variously fermented L-arabinose, rhamnose, 
inositol, mannitol, sorbitol, α-methyl-D-mannoside, 
melibiose, melezitose, D-raffinose, D-arabitol, gluconate 
and amygdalin.

Cluster E), Lactococcus lactis, Pediococcus 
pentsaceus and Pediococcus acidilactici, contained five 
strains of Lactococcus lactis subsp. lactis (AH3030, 
AH3031, AH3032, AH3333 and AH3533), six strains 
of Pediococcus pentosaceus (AH3233, AH3233 L, 
AH3233 M, AH3233 N, AH3233 and AH5655), and 
one strain of Pediococcus acidilactici (AH5255). All 
strains of this group were homofermenters and grew well 
at 45°C. The strains AH3030, AH3031, AH3032 and 
AH3333 did not grow at 10°C or in the presence of 6.5% 
sodium chloride. They did not ferment D-arabinose, 
β-methyl-xyloside, rhamnose, dulcitol, inositol, 

sorbitol, α-methyl-D-mannoside, α-methyl-D-glucoside, 
melibiose and melezitose, but they did ferment ribose, 
galactose, D-glucose, D-fructose, N-acetyl-glucosamine, 
amygdalin, arbutin, esculin, salicin and cellobiose. 
Furthermore, L-arabinose, D-xylose, D-mannose, 
mannitol, lactose, B-gentiobiose, maltose and saccharose 
were variously fermented. In addition, only the strain, 
Lactococcus lactis AH3533, was able to ferment starch 
and gluconate.

Cluster F), this cluster contained four strains of 
Lactobacillus sp., BH1611, BH1711, BH181 and 
BH1911. They grew at pH 4.4, at 10 and 45°C and in 
the presence of 6.5% sodium chloride, but they did 
not grow at pH 9.6. They fermented ribose, xylose, 
hexoses, α-methyl-D-mannoside, N-acetyl-glucosamine, 
amygdalin, arbutin, salicin, cellobiose, maltose, lactose, 
melibiose, saccharose, trehalose and D-raffinose. They 
did not ferment melezitose, gluconate, inositol, mannitol, 
rhamnose, D-arabinose and β-methyl-xyloside.

Cluster I), contained strains of Pediococcus 
pentosaceus and Lactobacillus plantarum. Members of 
this cluster (seven strains of Pediococcus pentosaceus 
and one strain Lactobacillus plantarum BH1010) were 
homofermenters. All strains were able to grew at 10 
and 45°C, at pH 4.4 and in the presence of 6.5% NaCl. 
However, D-arabinose, L-arabinose, β-methyl-xyloside, 
galactose, D-glucose, D-fructose, α-methyl-D-glucoside, 
N-acetyl glucosamine, amygdalin, arbutin, salicin, 
saccharose, xylitol and D-lyxose were fermented by 
members of this group. Adonitol was fermented by all 
strains except Pediococcus pentosaceus AH7777 and 
Lactobacillus plantarum BH1010. In addition, none of the 
strains fermented ribose, xylose, D-mannose, L-sorbose, 
rhamnose, dulcitol, sorbitol, α-methyl-D-mannoside, 
trehalose, D-raffinose, starch, gentiobiose, gluconate and 
D-arabitol. Melezitose, inositol, mannitol, maltose and 
lactose were fermented only by Lactobacillus plantarum 
BH1010.

Minor clusters and stragglers (B, D, G and H)
Cluster B contained one strain of Lactobacillus 

fermentum; cluster D contained two strains, Lactobacillus 
fermentum and Lactobacillus sp. One strain identified 
as Lactobacillus plantarum was assigned to cluster G. 
However, two other strains, L. fermentum, were grouped 
in cluster H. All strains were heterofermenters and grow 
at 45°C and in the presence of 6.5% of sodium chloride 
with the exception of strain BH2422. Members of cluster 
H were able to grow at pH 9.6 compared with strains 
of the other clusters. None of the strains fermented 
erythritol, adonitol, β-methyl-xyloside, D-lyxose, 
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D-tagatose, D-fucose, L-arabitol and 2-keto-gluconate. 
However, strain BH2422 (cluster H) was also unable 
to ferment D-arabinose. Table 2 highlights the different 
carbohydrates variously fermented by members of the 
clusters obtained at the similarity level of 79% (A-I).

Genotypic characterization of selected LAB strains
Sequences of the 16S rRNA gene (approximately 

1,500 bp) of ten LAB isolates, BH0900, BH1511, 
AH3133, BH0500, AH5655, AH3030, BH1711, 
BH0600, BH2422, and AH3433A, were determined. 
The 16S rRNA nucleotide sequences of the isolates 
were aligned with homologous regions from various 
LAB, and a phylogenetic tree was constructed by the 
neighbor-joining method (Fig. 4). The BLAST analysis 
of 16S rRNA gene sequences of the selected strains 
showed alignments of these sequences with reported 16S 
rRNA genes in the gene bank. The nucleotide sequences 
were deposited in GenBank, and accession numbers for 
strains BH0900, BH1511, AH3133, BH0500, AH5655, 
AH3030, BH1711, BH0600, BH2422 and AH3433A were 
obtained (KF178303, KF178304, KF178305, KF178307, 
KF178308, KF178306, KF178310, KF178311, 
KF178312 and KF178309, respectively). However, the 
10 isolates were assigned to seven species, Lactobacillus 

plantarum, L. fermentum, Lactococcus lactis, L. ingluviei, 
Pediococcus pentosaceus, L. acidipiscis and Weissella 
cibaria.

On the basis of phylogenetic data obtained, strain 
BH0900 showed similarity (99%) with Lactobacillus 
plantarum WCFS1 (075041.1) and Lactobacillus 
pentosus 124-2 (029133.1) as well as with Lactobacillus 
paraplantarum DSM 10667 (025447.1) and Lactobacillus 
plantarum NRRL B-14768 (042394.1). However, strain 
BH1511 shares 99% similarity with Lactobacillus 
fermentum IFO 3956 (075033.1) and 96% similarity 
with Lactobacillus gastricus Kx156A7 (029084.1). On 
the other hand, strains AH3133 and AH3030 share 99% 
similarity with Lactococcus lactis subsp. lactis NCDO 
604 (040955.1), Lactococcus lactis subsp. hordniae 
NCDO 2181 (040956.1), Lactococcus lactis subsp. 
cremoris SK11 (074949.1), Lactococcus lactis subsp. 
cremoris NCDO 607 (040954.1) and 92% similarity 
with Lactococcus plantarum DSM 20686 (044358.1). 
Furthermore, 99% similarity was shared between isolate 
BH0500 and Lactobacillus ingluviei KR3 (028810.1). 
In addition, two strains, AH5655 and AH3433A, were 
closely related (99%) to Pediococcus pentosaceus DSM 
20336 (042058.1) and showed more than 98% similarity to 
Pediococcus stilesii LMG 23082 (042401.1). One strain, 

Table 2. Phenotypic profiles of the 54 potent LAB isolates as determined by carbohydrate fermentation

Cluster A 
18 isolates

Cluster B 
(BH1511)

Cluster C  
6 isolates

Cluster D 
(BH0400 
BH0500)

Cluster E 12 
isolates

Cluster F  
4 isolates

Cluster G 
(BH0600)

Cluster H 
(BH2722 
BH2422)

Cluster I  
8 isolates

D-Arabinose 5.5 0 0 0 0 0 0 50 100
L-Arabinose 55.5 100 33.33 100 41.66 0 0 100 100
Ribose 44.5 100 100 50 100 100 100 100 0
Adonitol 0 0 0 0 0 0 0 0 75
β-M-xyloside 0 0 0 0 0 0 0 0 100
D-Mannose 100 0 100 50 58.33 100 0 0 0
Rhamnose 0 100 50 0 0 0 0 50 0
Inositol 0 0 33.33 50 0 0 0 0 12.5
Mannitol 100 100 83.33 50 41.66 0 0 50 12.5
Sorbitol 50 100 83.33 0 0 100 0 50 0
Alpha-M-D-mannoside 38.88 0 50 50 0 100 0 50 0
β-M-xyloside 0 0 16.2 50 0 50 0 0 100
Cellobiose 100 0 100 50 100 100 0 50 25
Maltose 100 100 100 50 91.66 100 100 100 12.5
Lactose 10 100 100 100 41.66 100 100 100 12.5
Melibiose 100 100 66.7 50 0 100 100 100 87.5
Saccharose 100 100 100 100 41.66 100 100 100 100
Trehalose 100 0 100 50 91.66 100 0 0 0
Melezitose 100 100 83.33 50 0 0 0 50 12.5
D-Raffinose 94.5 100 50 0 0 100 100 100 0
Starch 0 0 0 0 8.33 75 0 50 0
Gentiobiose 100 100 100 50 91.66 0 0 100 0

Numbers indicate the percent positive reaction of each test for the isolates of each cluster.
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BH1711, displayed 98% similarity with Lactobacillus 
acidipiscis FS60-1 (024718.1). Strain BH0600, 
which was phenotypically identified as Lactobacillus 
plantarum, was genotypically related (99%) to 
Lactobacillus ingluviei KR3 (028810.1). Finally, strain 
BH2422 was considered Lactobacillus fermentum based 
on phenotypic characterization; however, 16S rRNA 
gene sequence analysis revealed that this strain was 
related to Weissella and shared 99% sequence similarity 
with Weissella cibaria II-I-59 (036924.1).

DISCUSSION

Isolation of LAB and antagonistic activity
The effectiveness of LAB is a strain-dependant aspect. 

This trait may be obtained by genetic manipulation or, as 
is frequently the case, searching for new desirable strains 
in natural niches. Plants, foods, fermented products, 
animals and humans constitute natural ecological 

systems and good sources for LAB. To the best of our 
knowledge, antagonism of LAB against human bacterial 
gastrointestinal pathogens is the most important feature 
for selecting such a strain designed for the human gut.

Here, we described isolation of LAB from raw 
pollen grains showing antimicrobial activity against 
Gram-positive and Gram-negative pathogenic bacteria. 
The 54 LAB effective strains were characterized by 
means of phenotypic tests. The relationships among 
the phenotypically characterized strains of LAB were 
determined by cluster analysis. It is well known that 
pollen grains are sterile before anther opening. Flowers 
and their constituents are parts of the plant phylloplane. 
Stirling and Whittenburg [25] suggested that the LAB are 
not usually part of the normal microflora of the growing 
plant and indicated the role of insects in the spread of 
these organisms. LAB commonly found on fresh herbage 
and in silage have been investigated [26, 27]. Nilsson 
and Nilsson [28] were found that the predominant 

Fig. 4. Phylogenetic tree based on 16S rDNA sequence analysis, showing the phylogenetic placement of selected LAB strains isolated 
from pollen grains. The tree was constructed by the neighbor-joining method, and Pseudomonas syringae pv. syringae was used as the 
outgroup. Bootstrap values (expressed as percentages of 1000 replications) are shown at branch points.
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LAB during silage fermentation were streptococci 
and lactobacilli, with Lactobacillus plantarum the 
species most frequently recovered. Other studies 
[29, 30] reported the occurrence of pediococci and 
lactobacilli on leaving or decayed plants. Lactobacilli 
commonly share the habitat phyllosphere with species 
of the genera Leuconostoc, Pediococcus and Weissella. 
Species frequently recovered from the leaves include 
L. plantarum, L. paracasei, L. fermentum, L. brevis and 
L. buchneri [16], which is in line with our results. Part 
of the accumulated information about the occurrence 
of lactobacilli (and other LAB members) on plants is 
derived from microbiological studies of the fermentation 
process. Thus, the microbial population upon initiation of 
the process is known for several plants (grasses, cabbage, 
silage raw materials, carrots and beets, olives and fruits 
such as grapes and pears, etc.). But scarce information 
about the occurrence of LAB on flowers and pollens is 
available in the literature. Indeed, we report in this work 
the occurrence of LAB in pollen grains and for the first 
time the isolation and characterization of several species 
belonging to LAB. The results reported here indicate 
that 54 isolates (25%) of the total antagonistic isolates 
(216 strains) inhibit indicator bacteria. Inhibition caused 
by hydrogen peroxide and organic acids was ruled out, 
as the producer strains were cultured anaerobically and 
the culture supernatant was neutralized (pH 6.5) before 
assaying the antimicrobial activity. This study indicates 
that the compound inhibiting the microbial growth in the 
neutralized cell-free supernatant was not organic acid or 
hydrogen peroxide commonly produced by many LAB 
[31].

As reported by Daeschel et al. [32], certain LAB 
protect plants by producing antagonistic compounds 
[12] contributing to inhibition of the plant pathogens 
Xanthomonas campestris, Erwinia carotovora and 
Pseudomonas syringae. Furthermore, LAB are well 
known for their antagonism towards other Gram-
positive bacteria, especially taxonomically related 
species (Listeria spp., Bacillus spp. Micrococcus spp., 
etc.), and Gram-negative plant and animal pathogens, 
such as Escherichia coli, Salmonella spp., Helicobacter 
pylori and Pseudomonas aeruginosa. Contrary to what 
is believed, that LAB are more potent in inhibiting 
Gram-positive bacteria than Gram-negatives bacteria, 
which is claimed for the type of cell wall of the target 
microorganism, this study reveals that Gram-negative 
bacteria used in this study (E. coli, Salmonella 
typhimurium, Pseudomonas aeruginosa, and Shigella 
sp.) were susceptible to cell-free supernatants from tested 
LAB, especially the strains 9 (Pediococcus pentosaceus 

AH3433E), 12 (Lactobacillus plantarum BH1010), 14 
(Lactobacillus plantarum BH0600), 16 (Lactobacillus 
sp. BH1811), 19 (Pediococcus acidilactici AH5255), 29 
(Lactobacillus plantarum BH0800), 39 (Lactobacillus 
plantarum BH1411), 41 (Lactobacillus plantarum 
BH0104) and 47 (Lactobacillus plantarum BH0102). 
These results are in accordance with earlier results 
reported by Trias et al. [33], who showed that most LAB 
originating from fruits and vegetables displayed good 
antagonistic activity against foodborne pathogens, such 
as, Listeria monocytogenes, Salmonella typhimurium 
and Escherichia coli. Several indicator strains displayed 
different degrees of susceptibility towards antimicrobial 
compounds from a given producer strain; for example, 
strain 46 (Lactobacillus sp. BH2122) inhibits strongly 
E. coli, Salmonella typhimurium and moderately inhibits 
Pseudomonas aeruginosa but is inactive towards Shigella 
sp. The indicator strain L. innocua was used in this study 
instead of L. monocytogenes, as the two microorganisms 
show similar physiological properties with the difference 
that the former does not belong to the pathogenic species 
of Listeria. Moreover, some papers have reported a 
greater sensitivity of L. monocytogenes towards some 
antibacterial compounds than L. innocua [34, 35].

It is well known that the presence of lactobacilli is 
important for maintenance of the intestinal microbial 
ecosystem [36]. They have been shown to possess 
inhibitory activity toward the growth of pathogenic 
bacteria such as Listeria monocytogenes [37, 38], 
Escherichia coli and Salmonella spp. [39, 40]. This 
inhibition could be due to the production of inhibitory 
compounds such as organic acids, hydrogen peroxide, and 
bacteriocins. Our results agreed with the latter statements; 
therefore, our isolates are strong candidates for clinical 
use during gut treatment regimes. Furthermore, a major 
advantage of using LAB as biocontrol agents is that they 
are considered GRAS (generally recognized as safe) and 
usually comply with all recommendations for food and 
drug products [41]. Moreover, LAB are natural colonizers 
of fresh plant products and have been previously described 
as good antagonists of several bacteria and fungi [42, 43].

Siezen et al. [44] hypothesized that the fermentative 
profile reflects the original habitat and that lactose 
utilization is less prevalent in plant isolates with respect 
to those from cheese and the human gastrointestinal 
tract. Indeed, lactose was fermented by most isolates in 
the present study, except isolates of Pediococcus from 
clusters I and E and isolates of Lactobacillus sp. from 
cluster A. The inability of plant-related LAB to ferment 
lactose was presumably due to the relatively recent 
acquisitions, via horizontal gene transfer and subsequent 
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natural selection, of lactose metabolic genes, which are 
often plasmid encoded in dairy and human strains [45]. 
Contrary to the findings of Cagno et al. [46], who studied 
Lactobacillus plantarum from vegetables and fruits, all 
Lactobacillus plantarum isolates of this study used this 
carbon source.

Overall, all isolates fermented maltose and cellobiose 
except Pediococcus acidilactici AH5255 (cluster E) 
and Pediococcus pentosaceus AH3433, AH3433A, 
AH3433B, AH3433C, AH3433D and AH3433E (cluster 
I). Strain AH7777 (Pediococcus pentosaceus; cluster I) 
fermented cellobiose but not maltose. Also, cellobiose 
was not fermented by Lactobacillus fermentum BH0400, 
Lactobacillus sp. BH0500 (cluster D), members of 
cluster H (Lactobacillus fermentum BH2722, and 
BH2422) and members of clusters B and G. Arabinose, 
glucose, fructose, mannose, mannitol, B-gentiobiose, 
melezitose, melibiose, saccharose and trehalose were 
variously fermented. These carbon sources correspond 
mainly to those prevalent in the plant kingdom [47]. 
Similar phenotypic profiles were found for Lactobacillus 
plantarum isolated from Thai fermented fruits and 
vegetables [45, 47, 48]. Glycosides such as amygdalin 
were not used only by isolates of clusters H, D, B and C, 
salicin was not used only by eight isolates belonging to 
cluster A, (Lactobacillus sp. BH0700, 0701, 0702, 0703, 
0704, 0705, 0706 and 0707). On the other hand, arbutin 
was used by isolates of all clusters. These glycosides are 
typically found in vegetables.

Starch is a reserve polysaccharide in pollen grains, and 
starch-hydrolyzing strains belong to the clusters E, F, and 
H. According to the fermentation profile, it seems that 
the isolates assimilate variously a panel of carbohydrates 
that reflects their enzymatic and genetic potentials. 
Furthermore, these traits were shared with LAB of dairy or 
animal origin. Based on the limited number of tests used, 
phenotypic profiles did not cluster the isolates according 
to the original habitat. This was probably because the 
studied isolates were obtained from raw pollen samples 
having a very similar chemical composition. It could 
also have been because the pollen residing LAB were of 
animal as well as plant origin. Nevertheless, phenotypic 
profiling was useful to understand the manifestations of 
environmental adaptation, which will be reflected in the 
technological processes.

From the different phenotypic clusters, ten selected 
isolates (displaying a good assimilation activity) were 
identified by means of 16S rRNA gene sequencing. It 
is well known that the species Lactobacillus plantarum, 
Lactobacillus pentosus and Lactobacillus paraplantarum 
are genotypically closely related and show highly similar 

phenotypes. In the present results, misidentification of 
some isolates to defined species was encountered. More 
molecular techniques should be used for determination 
of the taxonomic status of these strains. The occurrence 
of Weissella cibaria, Lactobacillus ingluviei and 
Lactobacillus acidipiscis in pollen grains is in accordance 
with the ubiquity of these bacteria in nature [24]. In fact, 
insects, honeybees, soil, water and animal and human 
feces are main microbial contamination sources of pollens 
[4, 5]. From another point of view, misidentification of 
some isolates by phenotypic traits is probably due in 
part to the limited characters used for this purpose, or 
by the similarity of the metabolic patterns expressed by 
the isolates, even if they belong to different genotypic 
ranks. As reported elsewhere [19], physiological and 
biochemical criteria used for LAB strain identification 
are often ambiguous because most of the bacteria have 
very similar nutritional requirements and grow under 
similar environmental conditions. Therefore, a clear 
identification to species level by simple phenotypic 
tests may be troublesome and inaccurate. Molecular 
methods used for discrimination of LAB strains to genus 
and species level are more efficient than phenotypic 
approaches.

A preliminary study on LAB associated with pollens 
having remarkable antimicrobial activity is reported 
here. The uses of these strains for biocontrol or bio-
preservation purposes should be evaluated. Phenotypic 
traits do not reveal the real taxonomic position of some 
isolates; therefore, exploitation of other molecular 
methods for exact identification of these bacteria is of 
great scientific and practical interest. In addition, the 
search for new LAB exhibiting a wider spectrum of 
antimicrobial activities from pollen grains that can be 
used in human health, agriculture and the food industry 
is of great importance. Furthermore, studies on other 
biological and biotechnological criteria of these isolates 
as well as their safety aspects are necessary. Finally, it 
seems that pollens and possibly other beehive products 
are predominant sources for isolation of LAB with potent 
applications.

ACKNOwLEDGEMENTS

This work was supported by the Directorate General for 
Scientific Research and Technological Development, 
Ministry of Higher Education and Scientific Research, 
Algeria. The authors wish to thank Dr. Arun Goyal 
(Professor and Former Head, Department of Biotechnology, 
Indian Institute of Technology Guwahati, Guwahati-781039, 
Assam, India), for critical reading of the manuscript.



H. Belhadj, et al.22

REFERENCES

 1. Viuda-Martos M, Ruiz-Navajas Y, Andez-L’Ôpèz 
JF, Erez-Alvarez JAP. 2008. Functional properties of 
honey, propolis, and royal jelly. J Food Sci 73: R117–
R124. [Medline]  [CrossRef]

 2. Linskens HE, Jorde W. 1997. Pollen as food and 
medicine—a review. Econ Bot 51: 78–86.  [CrossRef]

 3. Gergen I, Radu F, Bordean D, Isengard H. 2006. 
Determination of water content in bee pollen samples 
by Karl Fischer titration. Food Contr 17: 176–179.  
[CrossRef]

 4. Belhadj H, Harzallah D, Khennouf S, Dahamna S, 
Bouharati S, Baghiani A. 2010. Isolation, identification 
and antimicrobial activity of lactic acid bacteria from 
Algerian honeybee collected pollen. Acta Hortic 854: 
51–58.

 5. Belhadj H, Bouamra D, Dahamna S, Harzallah D, 
Ghadbane M, Khennouf S. 2012. Microbiological 
sanitary aspects of pollen. Adv Environ Biol 6: 1415–
1420.

 6. Chevtchik V. 1950. Mikrobiologie pylového kvaslení, 
Publ Fac Sci. Univ Masaryk 323: 103–130.

 7. Gilliam M. 1979a. Microbiology of pollen and bee 
bread: the yeasts. Apidologie (Celle) 10: 43–53.  
[CrossRef]

 8. Gilliam M. 1979b. Microbiology of pollen and bee 
bread: the genus Bacillus. Apidologie (Celle) 10: 
269–274.  [CrossRef]

 9. Gilliam M, Prest DB, Lorenz BJ. 1989. Microbiology 
of pollen and bee bread: taxonomy and enzymology of 
molds. Apidology 20: 53–68.  [CrossRef]

 10. Gilliam M, Roubik DW, Lorenz BJ. 1990. 
Microorganisms associated with pollen, honey, and 
brood provisions in the nest of a stingless bee, Melipona 
fasciata. Apidologie (Celle) 21: 89–97.  [CrossRef]

 11. Vásquez A, Olofsson TC. 2009. The lactic acid bacteria 
involved in the production of bee pollen and bee bread. 
J Apic Res 48: 189–195.  [CrossRef]

 12. Visser R, Holzapfel WH, Bezuidenhout JJ, Kotzé 
JM. 1986. Antagonism of lactic acid bacteria against 
phytopathogenic bacteria. Appl Environ Microbiol 52: 
552–555. [Medline]

 13. Elliker PR, Anderson AW, Hannesson G. 1956. An 
agar culture medium for lactic acid streptococci and 
lactobacilli. J Dairy Sci 39: 1611–1612.  [CrossRef]

 14. Rogosa M, Wiseman RF, Mitchell JA, Disraily MN. 
1953. Species differentiation of oral lactobacilli from 
man. J Bacteriol 65: 681–699. [Medline]

 15. Holzapfel WH, Franz CMAP, Ludwig W, Back W, 
Dicks LMT. 2006. The Genera Pediococcus and 
Tetragenococcus. Prokaryotes 4: 229–266.  [CrossRef]

 16. Hammes WP, Hertel C. 2006. The genera Lactobacillus 
and Carnobacterium. In: The Prokaryotes 4: 320–403.

 17. Schillinger U, Lucke FK. 1989. Antibacterial activity 
of Lactobacillus sake isolated from meat. Appl Environ 

Microbiol 55: 1901–1906. [Medline]
 18. Parente E, Grieco S, Crudele MA. 2001. Phenotypic 

diversity of lactic acid bacteria isolated from fermented 
sausages produced in Basilicata (Southern Italy). J 
Appl Microbiol 90: 943–952. [Medline]  [CrossRef]

 19. Rodas AM, Ferrer S, Pardo I. 2003. 16S-ARDRA, a 
tool for identification of lactic acid bacteria isolated 
from grape must and wine. Syst Appl Microbiol 26: 
412–422. [Medline]  [CrossRef]

 20. Edwards U, Rogall T, Blocker H, Emde M, Bottger 
EC. 1989. Isolation and direct complete nucleotide 
determination of entire genes. Characterization of a 
gene coding for 16S ribosomal RNA. Nucleic Acids 
Res 17: 7843–7853. [Medline]

 21. Saitou N, Nei M. 1987. The neighbor-joining method: 
a new method for reconstructing phylogenetic trees. 
Mol Biol Evol 4: 406–425. [Medline]

 22. Axelsson L. 2004. Lactic acid bacteria: classification 
and physiology. In: Lactic acid bacteria microbiological 
and functional aspects, Salminen S, von Wright A, and 
Ouwehand A. (Eds), Marcel Dekker, Inc. New York. pp. 
19-85.

 23. Sneath A,  Mair SH, Sharp ME, Holt GR. (Eds) 1986. 
Bergey’s Manual of Systematic Bacteriology. Williams 
& Wilkins, Baltimore.

 24. Dworkin M, Falkow S, Rosenberg E, Schleifer KH, 
Stackebrandt E., editors. 2006. The Prokaryotes: a 
Handbook on the Biology of Bacteria. 3rd Edition, Vol. 
4, Springer, 1127p.

 25. Stirling AC, Whittenburg R. 1963. Sources of the lactic 
acid bacteria occurring in silage. J Appl Bacteriol 26: 
86–90.  [CrossRef]

 26. Weise F. 1973. Saurebildungsvennogen und Okonomie 
des Zuckerverbrauches von Lactobazillen aus Garfutter. 
Landbauforschung Volkenrode 23: 71–77.

 27. Woolford MK. 1975. Microbiological screening of 
the straight chain fatty acids (CC) as potential silage 
additives. J Sci Food Agric 26: 219–228. [Medline]  
[CrossRef]

 28. Nilsson PE, Nilsson PE. 1956. Some characteristics 
of silage microflora. Arch Mikrobiol 24: 396–411. 
[Medline]  [CrossRef]

 29. Mundt JO, Hammer JL. 1968. Lactobacilli on plants. 
Appl Microbiol 16: 1326–1330. [Medline]

 30. Mundt JO, Beatrie WG, Wieland FR. 1969. Pediococci 
residing on plants. J Bacteriol 98: 938–942. [Medline]

 31. Helander IM, von Wright A, Mattila-Sandholm T. 
1997. Potential of lactic acid bacteria and novel 
antimicrobials against gram-negative bacteria. Trends 
Food Sci Technol 8: 146–150.  [CrossRef]

 32. Daeschel MA, Andersson RE, Fleming HR. 1987. 
Microbial ecology of fermenting plant materials. 
FEMS Microbiol Rev 46: 357–367.  [CrossRef]

 33. Trias R, Bañeras L, Badosa E, Montesinos E. 2008. 
Lactic acid bacteria from fresh fruit and vegetables 
as biocontrol agents of phytopathogenic bacteria and 



POLLEN RESIDING ANTAGONISTIC LACTIC ACID BACTERIA 23

fungi. Int Microbiol 11: 231–236. [Medline]
 34. Con AH, Gokalp HY, Kaya M. 2001. Antagonistic 

effect on Listeria monocytogenes and L. innocua of 
a bacteriocin-like metabolite produced by lactic acid 
bacteria isolated from sucuk. Meat Sci 59: 437–441. 
[Medline]  [CrossRef]

 35. Mataragas M, Drosinos EH, Metaxopoulos J. 2003. 
Antagonistic activity of lactic acid bacteria against 
Listeria monocytogenes in sliced cooked cured pork 
shoulder stored under vacuum or modified atmosphere 
at 4 ± 2°C. Food Microbiol 20: 259–265.  [CrossRef]

 36. Sandine WE. 1979. Role of Lactobacillus in the 
intestinal tract. J Food Prot 42: 259–262.

 37. Ashenafi M. 1991. Growth of Listeria monocytogenes 
in fermenting tempeh made of various beans and its 
inhibition by Lactobacillus plantarum. Food Microbiol 
8: 303–310.  [CrossRef]

 38. Harris LJ, Fleming HP, Klaenhammer TR. 1992. 
Characterization of two nisin producing Lactococcus 
lactis subsp. lactis strains isolated from commercial 
sauerkraut fermentation. Appl Environ Microbiol 58: 
1477–1483. [Medline]

 39. Chateau N, Castellanos I, Deschamps AM. 1993. 
Distribution of pathogen inhibition in the Lactobacillus 
isolates of a commercial probiotic consortium. J Appl 
Bacteriol 74: 36–40. [Medline]  [CrossRef]

 40. Drago L, Gismondo MR, Lombardi A, de Haeň C, 
Gozzini L. 1997. Inhibition of in vitro growth of 
enteropathogens by new Lactobacillus isolates of 
human intestinal origin. FEMS Microbiol Lett 153: 
455–463. [Medline]  [CrossRef]

 41. Stiles ME, Holzapfel W. 1997. Lactic acid bacteria of 
foods and their current taxonomy. Int J Food Microbiol 
36: 1–29. [Medline]  [CrossRef]

 42. Batish VK, Roy U, Lal R, Grover S. 1997. Antifungal 

attributes of lactic acid bacteria – a review. Crit Rev 
Biotechnol 17: 209–225. [Medline]  [CrossRef]

 43. Sathe SJ, Nawani NN, Dhakephalkar PK, Kapadnis BP. 
2007. Antifungal lactic acid bacteria with potential to 
prolong shelf-life of fresh vegetables. J Appl Microbiol 
103: 2622–2628. [Medline]  [CrossRef]

 44. Siezen RJ, Tzeneva VA, Castioni A, Wels M, Phan 
HTK, Rademaker JLW, Starrenburg MJC, Kleerebezem 
M, Molenaar D, Van-Hylckama-Vlieg JET. 2010. 
Phenotypic and genomic diversity of Lactobacillus 
plantarum strains isolated from various environmental 
niches. Environ Microbiol 12: 758–773. [Medline]  
[CrossRef]

 45. Siezen RJ, Renckens B, van Swam I, Peters S, van 
Kranenburg R, Kleerebezem M, de Vos WM. 2005. 
Complete sequences of four plasmids of Lactococcus 
lactis subsp. cremoris SK11 reveal extensive adaptation 
to the dairy environment. Appl Environ Microbiol 71: 
8371–8382. [Medline]  [CrossRef]

 46. Cagno RD, Minervini G, Sgarbi E, Lazzi C, Bernini 
V, Neviani E, Gobbetti M. 2010. Plantaricin MG 
active against Gram-negative bacteria produced by 
Lactobacillus plantarum KLDS1.0391 isolated from 
“Jiaoke”, a traditional fermented cream from China. 
Food Contr 21: 89–96.  [CrossRef]

 47. Buckenhüskes HJ. 1997. Fermented vegetables, In: 
Food Microbiology: Fundamentals and Frontiers. 
Doyle PD, Beuchat LR, and Montville TJ, (Eds), 2nd 
ed. ASM Press, Washington, DC, 595–609 pp.

 48. Tanganurat W, Quinquis B, Leelawatcharamas 
V, Bolotin A. 2009. Genotypic and phenotypic 
characterization of Lactobacillus plantarum strains 
isolated from Thai fermented fruits and vegetables. J 
Basic Microbiol 49: 377–385. [Medline]  [CrossRef]


