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Frutobacillus spp. strains (Fs) were isolated from honeybee larvae to evaluate their functionality and
potential use as probiotics. Anti-microbial activity was generally observed in F strains against
Gram-negative, Gram-positive, and yeast strains, with F2 and F3 being superior, particularly F2.
Kerosene emulsification was similarly observed in strains other, except for F4. Emulsification analysis
based on carbon sources showed that F2 had high emulsification in the presence of fructose but lower
than the standard strain and 16S rDNA sequence analysis revealed that the F2 was identified as
Fructobacillus fructosus. The growth curve of F2 showed maximum growth at 18 hr, followed by
a slight increase. Furthermore, antimicrobial activity and pH showed maximum and minimum values
at 18 hr, respectively, and remained constant thereafter. Lactic acid content showed a slight decrease
after reaching its maximum value at 24 hr of culture. Acid resistance was observed up to pH 2.5,
but completely lost at pH 2.0. Bile acid resistance was generally strong. F2’s adhesion to mucin
was higher compared to S. Typhimurium, which increased until 18 hr of culture and then decreased.
Enzyme activity according to anaerobic culture time was high for carboxymethylcellulase (CMCase),
avicelase, and mannase, regardless of the presence of fructose. Auto- and co-aggregation were higher
compared to the standard strain, and surface hydrophobicity was high for chloroform, which indicates
electron donor properties. Therefore, the Fructobacillus fructosus F2 can be considered a potential
probiotic due to its excellent anti-microbial, emulsification, acid resistance, bile resistance, CMCase,

mannase, and auto- and co-aggregation properties.
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Fig. 1. Antimicrobial activities of Fructobacillus spp. strains. (A) Gram positive and negative strains (B) Yeast. The applied
bacterial strains, such as E. coli, S. Typhimurium, B. cereus, S. aureus, and C. albicans, were precultured for the assays
of antibacterial activity. The cell-free supernatants originated from Fructobacillus spp. strains were added into a microtiter
plate with the indicated amounts, and incubated by 37 or 30C. The incubated cultural broths were measured at 600
nm in wavelength and compared with relative growth inhibition. F1, F2, F3, and F4; Fructobacillus spp. strains, EC,
E. coli ATCC10536; ST, S. Typhimurium KCTC12401; BC, B. cereus ATCC11778; SA, S. aureus ATCC6538; CA,
C. albicans KCTC7122. Data are presented as mean + standard deviation (SD).
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Fig. 2. Evaluations of emulsification. (A) Kerosene emulsification and (B) emulsification of Fructobacillus fructosus F2 grown
according to carbon sources. For kerosene emulsification, the cell-free supernatant originated from Fructobacillus strains
were strongly mixed with kerosene, and then left for 24 hr at room temperature. The evaluation of emulsification was
indicated by emulsified percent. For emulsification of the extracts from Fructobacillus strains grown according to carbon
sources, the cultural cells were re-suspended with PBS buffer, and then extracted for 24 hr at room temperature. After
the supernatants were recovered from the treated cells, the supernatants were strongly mixed with toluene, and then sepa-
rated for 1 hr at 30°C. The water phases were separated from organic solvent, and measured at 400 nm in wavelength.
FF, F. fructosus KCTC3544; F2, Fructobacillus fructosus F2. Data are presented as mean + standard deviation (SD).
Different capital letters (A-D) among the groups and small letters (a—d) within the group indicate statistically significant

differences at p<0.05.)
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were applied for measurements of pH, bacterial growth inhibition, and lactic acid content. Data are presented as mean
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Acid and bile acid tolerances (A), and mucin adhesion (B). For acid tolerance assay, the adjustment of pH was done
from 4.0 to 2.0 by hydrogen chloride solution, and then the cells were re-suspended with the pH adjusted solutions.
The treated solutions were reacted for 4 hr at 30°C, and then examined for survival cells. The bile acid tolerance assay
was done by procedure similar with acid tolerance assay. For mucin adhesion assay, mucin was treated in a microtiter
plate, and then the attached mucin was reacted with bacterial strains. The reacted plate was stained with crystal violet,
and then measured at 570 nm in wavelength. ST, pathogenic S. Typhimurium ¢3339; FF F2, F. fructosus F2. Data are
presented as mean + standard deviation (SD). Different small letters (a-d) within the group indicate statistically significant

differences at p<0.05.)
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