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Probiotic characteristics of lactic acid bacteria isolated from feces of breast-fed infant

S. Boycheva*

Department of Biochemistry and Microbiology, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

* e-mail: boycheva@uni-sz.bg

Abstract.  Six strains lactobacilli - L. reuteri (3), L. plantarum (2) and L. brevis (1), and five strains enterococci - E. faecalis (3) and E. faecium (2) were tested for 
their inhibitory activity against some enteropathogenic bacteria and their tolerance to unfavorable conditions of life in the upper alimentary tract. Two tested 
strains of lactobacilli and three strains of enterococci repressed most strongly the growth of enteropathogenes. All three strains of L. reuteri showed high 
percentage of survival after treatment with gastric juice and bile (from 66.45% to 88.66%). The strain of L. plantarum 113-3 survived 62.15% and all tested 
enterococci – over 75%. All tested strains of lactobacilli and enterococci except L. brevis 129-3 (25.41% surviving) could successfully pass through the stomach 
and duodenum and reach the small intestine and colon. They contribute the balance of intestinal microflora.
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previous study Boycheva (2003) have been isolated 78 strains of Introduction
LAB from feces of 4 to 30 days old breast-fed infants. Eleven of them 
have been identified like lactobacilli (6 strains) and enterococci (5 In recent years different investigations support the importance 
strains).of probiotics as a part of healthy diet for humans and animals and as 

The aim of the present study was to screening probiotic a way to provide a natural, safe and effective barrier against 
properties of the above lactobacilli and enterococci, isolated from microbial infection (Parvez  et al., 2006; Denev, 2000, 2002, 2006, 
breast-fed infants.2007; Denev et al., 2009). According to the definition by the World 

Health Organization, probiotics are “live microbial food supplements 
which, when administered in adequate amounts confer a health 
benefit on the host” (FAO/WHO, 2001). Among the usually used Material and methods
microorganisms, lactic acid bacteria (LAB) are regarded as a major 
group of probiotic bacteria (Collins and Gibson, 1999; Denev, 1996, 1.   Bacterial strains
1997, 2006, 2007). They are non-pathogenic, technologically The 6 strains lactobacilli and 5 strains enterococci, used in this study 
suitable for industrial processes, acid fast, and bile tolerant, adhere were isolated from feces of healthy breast-fed infants aged from 4 to 
to the gut epithelial tissue and produce antimicrobial substances 30 days, born in Stara Zagora, Bulgaria.
(Denev et al., 2000; Dunne et al., 2001). More often included species - Lactobacilli (6 strains): L. plantarum 113-2 and 113-3; L. reuteri 
in the probiotics are L. acidophilus, L. casei, L. reuteri, L. fermentum, 117-2, 127-17 and 130-3; and L. brevis 129-3.
L. plantarum. They inhibit enteropathogenic bacteria, stimulate the - Enterococci (5 strains): E. faecalis 101-17, 101-48 and 113-5; 
immune system, possess anticarcinogenic effect, control serum E. faecium 113-7 and 129-2. Lactobacillus spp. were subculture 
cholesterol level and improve lactose digestion (Aso et al., 1995; twice in MRS broth, added with 0,4% L-cysteine hydrochloride and 
Kim and Gilliland , 1984; Liong and Shan , 2005; Matsuzaki ,1998; enterococci - in hydrolyzed milk added with 5% yeast extract and 

oPerdigon and Alvarez, 1992; Perdigon et al., 1995; Denev, 2006). cultivated at 37 C for 24 h.
Ecological studies have demonstrated that Lactobacillus and 2.   Determination of inhibitory activity (IA) of tested strains
Enterococcus spp. are important part of the intestinal microflora in Three strains E. coli (10C – O C ; 12C – O :K:2 :H  and 8C – 142 771 6 a1c2 1
the gastrointestinal ecosystem (Yasio and Watanable, 1980; Denev, O :K B); three  Salmonella spp. (S. gallinarum, S. typhimurium 20 842007).

8279 and  S. enteritides 4125) and some Pseudomonas spp. were 
A number of requirements have been established for strains to 

used like test cultures. The strains were maintained in nutrient broth, 
be effective probiotic microorganisms (Denev, 1996, 2000, 2007). ousing 1% inoculum and incubation for 24 h at 37 C. At least three 
They must be of human origin and be able to survive through the 

successive transfers were made prior to examination. For 
gastrointestinal tract (Maruo et al., 2006). Required characteristics 

determination of IA the examined strains was cultivated in 
include inhibition of enteropathogenic bacteria, adherence to 6hydrolyzed milk, previously inoculated with 10  cells of test 
intestinal epithelial cells and stability to conditions of industrial 

organisms. The tube with the same inoculated media without strains 
processes ((Schilinger et al., 2005; Denev, 1996, 2006, 2007). In 

of LAB was used as a control sample. All tubes were incubated at 
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o Aliquots were analyzed for viable organisms according to standard 37 C. The number of test microorganisms was determined after 6 
procedures before and after treatment with gastric juice and bile. hours by preparation of dilutions and triplicate plates for each 
Lactobacilli were plated on MRS agar added with 0.4% L-cysteine dilution. Endo agar was used for numeration of coli bacteria, Brilliant 
hydrochloride, enterococci – on hydrolyzed milk agar and incubated green phenol red agar – for Salmonella spp. and Pseudomonas agar 

o– for Pseudomonas spp. Percent of inhibition was calculated at 37 C for 72 h. The samples were diluted in 0.1% peptone water. 
according Gilliland and Speak (1977). Experiment was carried out Each dilution was plated in duplicate and the standard enumeration 
with three repetitions. procedure was used. Bacterial growth was expressed in colony 

3 33.   Treatment of bacteria with gastric juice and bile forming units per cm  (cfu/cm ) and the survival percentage of strains 
The gastric juice and bile were obtained by probing of patients in to gastric juice and bile was calculated. Reported data are means for 

hospital. pH was measured with pH-meter, which electrode was threefold samples and analyses. The differences were compared by 
previously sterilized with ethanol.  30% gastric juice (pH 2.0-2.3) Least Significant Difference (LSD) test (P<0.05). 
was added to active cultures of tested lactobacilli and enterococci. 

oThe mixture was well mixed and incubated at 37 C for 3h and 
continual agitation to simulate gastric peristalsis was provided. After Results and discussion
3 hours the mixture was neutralized to pH 6.9 by addition of 1M 
NaOH and then bile was added at the rate of 1 ml per 6.5 ml of The data for inhibitory activity of tested lactobacilli and cocci 

osample (1:7.5 dilutions) and incubated at 37 C for 3 h (Kilara, 1982). and the differences between the strains were compared by Duncan's 
4.   Enumeration of viable organisms tests and are presented on Table 1. Highest IA against E. coli strains 

Table 1. Inhibitory activity of tested lactobacilli and enterococci strains (%), n = 9

*Differences among the tested variants and variables are statistical signifficant at P<0,05 if the values have not equal - 
capital letters by rows and small letters by columns

 

Strains

Lactobacilli
1. 113-2
2. 113-3
3. 117-2
4. 127-17
5. 129-3
6. 130-3
Enterococci
7. 101-17
8. 101-48
9. 113-5
10. 113-7
11. 129-2

Aa75,72 
Ab90,33 

bc88,5 
Ad59,99 

72.33
Ae80,25 

Aae78,91 
Ab90,06 
Ac86,27 
Ac86,74 
Ad57,57 

Ba72,25 
Bb86,66 
A81,25 
B50,25 

61.99
67.94

Bac73,26 
Bb87,66 
ABb85,71 

Bac75 
A56,28 

BCa73,15 
ABb89,52 
Bc85,66 
Bd53,18 
a70,25 
Ba74,58 

ACa75,29 
ABb89,51 
Bce82,98 
Ce80,50 
Ad55,78 

Da60,33 
Cb72,35 
a60,55 
Bc48,66 
Acd51,25 
Ca57,94 

D66,16 
Cb71,39 
cd53,18 
Bb72,45 
Bcd48,75 

Ba71,25 
Cb75,15 
c67,52 
Ad58,22 
Ae52,41 
Ddf60,56 

Dac68,59 
79.07

f63,22 
Bb75,15 
Be50,28 

Da64,75 
a63,33 
a63,27 
Bb51,28 
Ab52,66 
Cdc59,25 

BCd72,77 
Cd70,25 
c58,03 
Bd72,45 
Bb49,44 

ACa75,96 
b84,44 
ABb82,85 
A62,61 
A50,58 
Aba75,87 

BCac73,33 
A89 

c71,67 
ACb83,45 
A55,89 

E.coli 8C E.coli 10C E.coli 12C S.enterit S.typh S.gallin Pseud.sp

were showed by strains L. plantarum 113-3 (90.33% - against strain value of 3 determine acid resistance, as this simulates residence 
8C; 86.66% - against strain 10C; 89.52% - against 12C) and L. time in the stomach. Khalil et al. (2007) consider that resistance to 
reuteri 117-2 (88.50% against 8C; 81.25% against 10C and 85.66% bile salts is an essential property for probiotic strains to survive the 
against 12C). The differences among these two strains and the other conditions in the small intestine because the presence of bile salts in 
tested lactobacilli are statistical significant at P<0.05. Strain 101-48 the environment of bacterial cultures is much more detrimental than 
of  Enterococcus repressed most strongly E. coli strains. IA was the effect of low pH.
87.66% against E. coli 10C; 90.06% against E. coli 8C and 89.51% The data about survival of tested strains of lactobacilli after 
against E. coli 12C. The differences among IA of E. faecalis 101-48 treatment with gastric juice and bile are showed on the Table 2. 
and the other tested enterococci are statistical significant at P<0.05. Lactobacillus brevis 129-3 was the more sensitive strain with 
Highest IA against S. enteritides have showed strain 113-3 of survival percentage 25.41%. Respectively Lactobacillus reuteri 127-
lactobacilli and 113-7 of enterococci – 71.25% and 72.45% 17 strain showed the highest tolerance to the effect of gastric juice 
respectively. S. typhimurium was inhibited most strongly from strain and bile – 88.66% survival. The other strains of L. reuteri have 
113-3 of lactobacilli and 101-48 of enterococci – 75.15% and 79.07% showed variable survival percentage - 81.16% and 66.45% 
respectively. IA against S. gallinarum was highest for strain 113-2 of respectively. The strains of Lactobacillus plantarum survived the 
lactobacilli – 64.75% and strain 101-17 of enterococci – 72.77%. unsuitable conditions too. L. plantarum 113-3 was found more 

Before reaching the intestinal tract probiotic bacteria must first tolerant with 62.15% survival percentage. These results are similar 
survive transit through the stomach where pH can be as low as 1.5 to to obtained from the other authors (Dunne et al., 2001; El-Naggar, 
2 (Dunne et al., 2001) and duodenum where they are subject to the 2004; Daniel et al., 2006; Mourad and Nour-Eddine, 2006). They 
effect of bile salts. According to Olejnik et al. (2005) three hours at pH reported a high percentage of surviving for strains of L. plantarum, 
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all tested strains of enterococci present high inhibitory activity 
against enteropathogenic bacteria and high percentage of surviving 
under treatment of gastric juice and bile. They are able to pass 
through the upper alimentary tract and adhere to the intestinal 
mucosa, improving the balance of intestinal microbiota. These 
strains of lactobacilli and enterococci are suitable to use as food 
supplements and especially for probiotic yoghurt-like products.
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L. plantarum   113-2     

L. plantarum   113-3                                 

L. reuteri   117-2                                       
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L. reuteri   130-3

L. brevis   129-3

E. faecalis   101-17
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E. faecalis   113-5

E. faecium   113-7

E. faecium   129-2

% of survival

48.49

62.15

66.45

88.66

81.16

25.41  

85.75

87.73

76.29

85.69

88.45
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