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Abstract: The antimicrobial activity of Lactobacillus delbrueckii ssp. bulgaricus B1 and Lactobacillus
delbrueckii ssp. bulgaricus TAB2 against Candida albicans NBIMCC 74 in co-culture and at single strain
culture at a temperature of 37+1°C was examined. During co-cultivation an increase in the concentration of
viable lactobacilli cells by the 24™ hour was established and it reached above 1.10”cfu/cm3, and then
remained relatively constant. The number of viable cells of Candida albicans NBIMCC 74 in co-cultivation
with each of the two Lactobacillus delbrueckii ssp. bulgaricus strains, was greatly reduced and by the 72"
hour it reached 1.10°cfu/cm’. The observed antimicrobial activity was due to a great extent to the
acidification of the medium because of the production and accumulation of lactic acid. The demonstrated
antimicrobial activity is a prerequisite for further research on the probiotic potential of the two Lactobacillus
delbrueckii ssp. bulgaricus strains for their inclusion in the composition of probiotic preparations.
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INTRODUCTION

Lactic acid bacteria are Gram-positive, nonmotile, nonsporeforming and rod- and
coccus-shaped organisms that can ferment carbohydrates mainly producing lactic acid.
Probiotic lactic acid bacteria show attractive therapeutic properties and technological
applications, such as proteolytic activity; lactose and citrate fermentation; production of
polysaccharides; high resistance to freezing and freeze-drying; capacity for adhesion and
colonization in digestive mucosa; production of vitamins; and production of antimicrobial
compounds [1, 5, 7].

The probiotic lactic acid bacteria could be present in the spontaneous fermentation of
different foods [4]. They have been used as starter cultures, and they have become
widespread in the manufacture of fermented vegetables and dairy and meat products [3,
6].

The purpose of the present work was to study the antimicrobial activity of
Lactobacillus delbrueckii ssp. bulgaricus B1 and Lactobacillus delbrueckii ssp. bulgaricus
TAB2 against Candida albicans NBIMCC 74.

MATERIALS AND METHODS

Microorganisms

Lactobacillus delbrueckii ssp. bulgaricus B1 and Lactobacillus delbrueckii ssp.
bulgaricus TAB2, isolated from salad dressings;

test microorganism Candida albicans NBIMCC 74

Media

- MRS - broth medium

Composition (g/dm®): peptone from casein - 10; yeast extract - 4; meat extract - 8;
glucose - 20; KoHPO4 - 2; sodium acetate - 5; diammonium citrate - 2; MgSO, - 0.2;
MnSOy, - 0.04; Tween 80-1 cm®/dm?®; pH = 6.5. Sterilization - 15 minutes at 118°C.

- LAPTg10 — agar medium

Composition (g/dm?®): peptone - 15; yeast extract - 10; tryptone - 10; glucose — 10;
Tween 80-1 cm®/dm?, agar - 15. pH=6.6 - 6.8. Sterilization - 20 minutes at 121°C.

- LBG - agar medium

Composition (g/dm®): tryptone - 10; yeast extract - 5; NaCl - 10; glucose - 10; agar -
15; pH = 7,5. Sterilization - 20 minutes at 121°C.

Determination of the antimicrobial activity against pathogenic microorganisms
- by co-culturing

To determine the antimicrobial activity of the studied strains of lactobacilli against
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Candida albicans NBIMCC 74 a 48 hour cultural suspension of each Lactobacillus
delbrueckii ssp. bulgaricus strain was used. Separate cultivation of the two Lactobacillus
delbrueckii ssp. bulgaricus and Candida albicans NBIMCC 74 strain as well as co-
cultivation of each of the two Lactobacillus delbrueckii ssp. bulgaricus strains with Candida
albicans NBIMCC 74 included in the study were conducted. For the examination of the co-
cultivation 0.5 cm? of the suspension of the Lactobacillus delbrueckii ssp. bulgaricus strain,
0.5 cm?® of the suspension of Candida albicans NBIMCC 74 strain and 9 cm® of culture
medium (MRS-broth medium) were mixed. In the control of each Lactobacillus delbrueckii
ssp. bulgaricus and in the control of Candida albicans NBIMCC 74 9.5 cm?® of the MRS-
broth medium were mixed with 0.5 cm3 of the suspension of the Lactobacillus delbrueckii
ssp. bulgaricus strain or of the suspension of Candida albicans NBIMCC 74 strain,
respectively, under static conditions in a thermostat at 37+1°C for 72 hours, taking
samples at 0, 12, 24, 36, 48, 60 and 72 h and monitoring the change of the titratable
acidity and the concentration of viable cells of both the pathogen and the Lactobacillus
delbrueckii ssp. bulgaricus strains was performed. Determination of the number of viable
cells was done by the spread plate method on LAPTg10-agar (for the enumeration of
lactobacilli), on LBG-agar (for the enumeration of pathogen). The titratable acidity was
determined according to a standard protocol [2].

Modeling of kinetics

For the modeling of the kinetics of growth of the Lactobacillus delbrueckii ssp.
bulgaricus strains and the pathogen the logistic curve equation (Verhulst equation) was
used. The kinetics of dying were defined according to the exponential equation:

XH e"m(l’llag)

ax

T = BXIX =X=—7W p—
—_H — eMtm(T—Tq,
1 XKp(l e 9)

dx »
= kX =X=Xe

Wherein: X, 1 X, are the starting concentration and the final concentration of cells,
cfu/cm?; pm is the maximum specific growth rate, h™'; B - coefficient of internal competition
population, cfu/cm®.h; k — dying rate, s™; Tiog — duration of the lag-phase, h; 7 - time, h.

The kinetic parameters in the model were determined by analogy with [Kostov, 2015],
after linearization of the equation under the condition that At = const:

X 1—[1 —;] exp(- 4, A1)

t+At K

y=1-

RESULTS AND DISCUSSION

In a study of the antimicrobial activity of lactic acid bacteria against pathogenic
microorganisms by the method of co-cultivation it is important to identify the specific
growth rates of both the Lactobacillus strain and the pathogen. Thus the dynamics of the
change in the number of viable cells and in the titratable acidity were monitored (Fig. 1,
Fig. 2, Fig. 3, Fig. 4).

In the co-cultivation of both Lactobacillus delbrueckii ssp. bulgaricus strains and
Candida albicans NBIMCC 74 strain, the Lactobacillus strains were not significantly
influenced by the presence of Candida albicans NBIMCC 74. But the number of viable
cells of the pathogens was greatly reduced in a strain-specific manner.

In single-strain cultivation of the two Lactobacillus delbrueckii ssp. bulgaricus strains
high concentrations of viable cells were achieved by the 24™ hour and they were
maintained by the end of the cultivation. In single-strain cultivation of Candida albicans
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NBIMCC 74 high concentration of viable cells was achieved by the 48 - 72™ hour. In co-
cultivation inhibition of the growth of Candida albicans NBIMCC 74 was observed, the
reduction of the concentration of viable cells of the pathogen being greater in co-cultivation
with Lactobacillus delbrueckii ssp. bulgaricus TAB2. The number of viable cells of Candida
albicans NBIMCC 74 in co-cultivation with both Lactobacillus delbrueckii ssp. bulgaricus
strains reached 1.10%fu/cm® at the end of the process (Fig. 1, Fig. 3). The observed
antimicrobial activity was due to a great extent to the acidification of the medium because

of the production and accumulation of lactic acid. (Fig. 2, Fig. 4).
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Fig. 1. Survival of Lactobacillus delbrueckii ssp. bulgaricus B1 and Candida albicans
NBIMCC 74 in single-strain culture and in a mixed population at 37+1°C
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Fig. 2. Changes in the titratable acidity of the medium in single-strain culture and in a
mixed population of Lactobacillus delbrueckii ssp. bulgaricus B1 and Candida albicans

NBIMCC 74 at 37+1°C
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Fig. 3. Survival of Lactobacillus delbrueckii ssp. bulgaricus TAB2 and Candida albicans
NBIMCC 74 in single-strain culture and in a mixed population at 37+1°C
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Fig. 4. Changes in the titratable acidity of the medium in single-strain culture and in a
mixed population of Lactobacillus delbrueckii ssp. bulgaricus TAB2 and Candida albicans
NBIMCC 74 at 37+1°C

The maximum specific growth rates of the two Lactobacillus delbrueckii ssp.
bulgaricus strains and Candida albicans NBIMCC 74 as single-strain cultures and in a
mixed population were calculated by the equation of the logistic curve (Table 1).

In the co-cultivation of Candida albicans NBIMCC 74 and Lactobacillus delbrueckii
ssp. bulgaricus TAB2 high maximum specific growth rate (0,105 h™') was observed, which
was the cause of the increase in the concentration of the pathogen cells in the beginning
of the process. In the co-cultivation of Candida albicans NBIMCC 74 and Lactobacillus
delbrueckii ssp. bulgaricus B1 was observed lower growth rate (0,06 h™') was established.
The coefficient of internal population competition of Candida albicans NBIMCC 74 is
higher in co-cultivation with Lactobacillus delbrueckii ssp. bulgaricus B1 (0,39 cfu/cm?®.h),
as compared with that in co-cultivation with Lactobacillus delbrueckii ssp. bulgaricus TAB2
(0,13 cfu/lcm®.h). The pathogen was more sensitive to the conditions created by
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Lactobacillus delbrueckii ssp. bulgaricus B1. The values of the rate constant of dying were
comparable g0,147 s in co-cultivation with Lactobacillus delbrueckii ssp. bulgaricus B1
and 0,139 s™ in co-cultivation with Lactobacillus delbrueckii ssp. bulgaricus TAB2). The
high values of the reciprocal of the rate constant of dying of Candida albicans NBIMCC 74
(6.80 and 7.19, respectively) indicate that it has a considerable resistance to the conditions
created by the two lactobacilli strains.

Table 1.
Kinetic parameters of the processes of single-strain culture and in a mixed population of
the two Lactobacillus delbrueckii ssp. bulgaricus strains and Candida albicans NBIMCC 74

. 1 B, 1
Strain M, h cm®/(cfu.h) k,s- | 1/k,s
L. delbrueckii ssp.bulgaricus B1 blank 0,224 0,060 -
L. delbrueckii ssp. bulgaricus TAB2 blank 0,187 0,050 - -
C. albicans NBIMCC 74 blank 0,223 0,017 -

L. d. ssp. bulgaricus B1

(L. d. ssp. bulgaricus B1+ C. albicans NBIMCC 74) 01251 0,011 ) )

C. albicans NBIMCC 74

(L. d. ssp. bulgaricus B1+ C. albicans NBIMCC 74) 0,060 0,390 0,147 | 6,800

L. d. ssp. bulgaricus TAB2

(L. d. ssp. bulgaricus TAB2+ C. albicans NBIMCC 74) 01571 0,060 ) )

C. albicans NBIMCC 74

(L. d. ssp. bulgaricus TAB2+ C. albicans NBIMCC 74) 0,105 0,130 0,139 ] 7,190

CONCLUSION

As a result of the experimental studies the following important conclusions can be
resumed:

1. Lactobacillus delbrueckii ssp. bulgaricus B1 and Lactobacillus delbrueckii ssp.
bulgaricus TAB2 maintain high concentration of viable cells in single-strain culture and in
co-culture at a temperature of 37+1°C

2. Both Lactobacillus delbrueckii ssp. bulgaricus strains inhibited significantly the
growth and development of Candida albicans NBIMCC 74. The observed antimicrobial
activity was due to a great extent to the acidification of the medium because of the
production and accumulation of lactic acide.

3. The demonstrated antimicrobial activity is a prerequisite for further research on the
probiotic potential of the two Lactobacillus delbrueckii ssp. bulgaricus strains for their
inclusion in the composition of probiotic preparations.

REFERENCES

[1] Annou S., Maqueta M., Martinez-Bueno M., Valdivia E. (2007) Biopreservation, an
ecological approach to improve the safety and shelf-life of foods. Appl Microbiol 1:475-
486.

[2] Denkova Z. (2005). Production and application of probiotics. DSc thesis.
University of Food Technologies, Plovdiv, Bulgaria.

[3] Devlieghere F., Vermeiren L., Debevere J. (2004) New preservation technologies:
possibilities and limitations. Int Dairy J 14:273-285.

[4] FAO/WHO (2002) Food and Agriculture Organization of the United Nations, FAO,
World Health Organization, WHO, Guidelines for the evaluation of probiotics in food.

-24 -




HAYYHU TPYOOBE HA PYCEHCKWUA YHUBEPCWUTET - 2015, Tom 54, cepus 10.2

[5] Kostov G. (2015). Intensification of the fermentation process with immobilized
biocatalysts. DSc thesis. University of Food Technologies, Plovdiv, Bulgaria.

[6] LeBlanc J.G., Laino J.E., Juarez V.M., Vannini V., Van Sinderen D., Taranto M.P.,
Font V.G., Savoy G.G., Sesma F. (2011) B-Group vitamin production by lactic acid
bacteria — current knowledge and potential applications. J Appl Microbiol 111:1297-1309.

[7] Lozo J., Jovcic B., Kojic M., Dalgalarrondo M., Chobert J.M., Haertle T.,
Topisirovic L. (2007) Molecular characterization of a novel bacteriocin and an unusually
large aggregation factor of Lactobacillus paracasei subsp. paracasei BGSJ2-8, a natural
isolate from homemade cheese. Curr Microbiol 55:266-271.

[8] Oliveira R.P., Oliveira A.L., Gloria MB.A. (2008) Screening of lactic acid bacteria
from vacuum packaged beef for antimicrobial activity. Braz J Microbiol 39:368-374.

About the authors:
Desislava Georgieva Teneva, PhD student, University of Food Technologies,
Department of "Microbiology" Plovdiv. Tel: 0899723874. E-mail:

desislava_gerinska@yahoo.com

This paper has been reviewed

-25-



