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Abstract The enormous health benefits associated with

probiotics has resulted in an increased consumption of

probiotic supplements. Several factors like regular sub-

culturing, storage, unfavourable conditions etc. might

compromise the efficacy and/or safety of lactic acid bac-

teria which are the major components of many probiotic

preparations available in the market. The present study

evaluated the probiotic characteristics and safety of pro-

biotic bacteria isolated from two preparations available

commercially in India. The products did not specify the

genera, species or strains of the bacteria used. These were

cultured using standard microbiological methods for cul-

tivation of lactic acid bacteria. Bacteria were identified by

PCR amplification and sequence analysis of 16S rRNA

gene. Microbiological and molecular analyses revealed that

both preparations contained homogenous population of

Enterococcus faecium and Pediococcus acidilactici

respectively. Assessment for several essential and desirable

probiotic properties revealed that both the probiotic strains

were safe and resistant to salt, lysozyme, bile salt and

common antibiotics. The probiotic preparation containing

P. acidilactici was better than that containing E. faecium as

it survived in low pH and showed bile salt hydrolase

activity. The probiotic preparation containing P. acidilac-

tici also exhibited cholesterol-lowering activity.
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The World Health Organization defines probiotics as viable

microorganisms which when consumed in adequate

amounts confer health benefits on the consumer. Bacteria

which are used as probiotics include lactic acid bacteria

(LAB), Streptococcus, Weissella, Lactococcus, Entero-

coccus, Pediococcus and yeast like Saccharomyces bou-

lardii [1]. As in other developing economies, the probiotic

industry in India has experienced a great expansion with

newer probiotic supplements being added every year in the

market. Various global studies have reported a mismatch

between the information on the label and laboratory safety

assessment of many commercial probiotic products

[2–4].Very few studies have correctly evaluated the quality

and safety standards of probiotic products available in

India [5]. For any probiotic to deliver beneficial effects to

the consumer it should adhere to the gut epithelial cells,

show resistance to common antibiotics, tolerance to lyso-

zyme, low pH, gastric juice, bile and should be safe for

human use. Also, certain characters like cholesterol

assimilation and production of bacteriocins confer selective

advantage to certain probiotics over the others. Thus, the

present study was conducted to identify, characterize and

assess probiotic characteristics of strains present in the

commercial probiotic products marketed in India.

Two commercial probiotic preparations which claimed

to contain LAB were collected from the local retailers and

analysed separately using standard microbiological and
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molecular criteria, prior to their expiry date. Since, the

labels on both the commercial probiotics did not specify

actual identities of the bacterial species; hence in our lab-

oratory these were assigned names as Probiotic LAB

1(PLAB1) and Probiotic LAB 2 (PLAB2). These were

propagated and maintained in MRS broth (HiMedia, India)

at 37 �C. The isolates were biochemically characterized

and identified by PCR-amplification and sequencing of 16S

rRNA gene using universal eubacterial primers as descri-

bed earlier [6].The isolates were assessed for several

desirable and essential probiotic characteristics. Survival at

different pH and temperatures was studied by incubating

the isolates in MRS broths of pH 1–10 and MRS broth at

16 �C, 28 �C, 37 �C, 45 �C and 60 �C, respectively. Sur-
vival in salt was assessed by incubating the isolates in MRS

broth containing increasing concentrations of NaCl (0.5%,

2%, 3%, 4%, 5%, 7% and 10%) at 37 �C. Resistance to

lysozyme was determined following a published protocol

[5]. Phenol tolerance was determined by incubating the

LAB in MRS broth containing 0.4% phenol for 24 h. Acid

tolerance was determined by incubating LAB in three

separate flasks of MRS broth at pH 1.5, 2 and 3 at 37 �C.
Bile tolerance was determined by incubating isolates in

MRS broth containing increasing amounts of bile salts—

0.06%, 0.125%. 0. 25%, 0. 5% and 1% (w/v), at 37 �C.
Resistance to gastric juice was determined by incubating

the isolates in simulated gastric juice (pH 3.0) prepared by

dissolving pepsin (0.3%, w/v) in saline (0.5%, v/v) and

determining the viable cell counts at 0, 2 and 4 h at 37 �C.
For determining bile salt hydrolase (BSH) activity LAB

were grown in MRS plates supplemented with 0.5% bile

salts at 37 �C for 24–48 h and visually checked for white

zones of precipitation. The cell surface hydrophobicity and

auto-aggregation capabilities were assessed following the

published protocols [7, 8]. The co-aggregation capability of

PLAB1 and PLAB2 was determined by examining their co-

aggregation with E.coli NG9 following the method

described by Golowczyc et al. [9]. Antibiotic susceptibili-

ties were assessed by antibiotic disc diffusion method.

Results were interpreted as per the guidelines of Clinical

Laboratory Standards Institute [10]. Antagonistic/antimi-

crobial activity of PLAB1 and PLAB2 against other bac-

teria viz. E.coli NG9, Bacillus subtilis, B.

amyloliquefaciens and B. pseudomycoides was assessed by

agar well diffusion method [11]. The isolates were inves-

tigated for their ability to assimilate cholesterol in MRS

broth with and without bile salts using the protocol of

Rudel and Morris [12]. Haemolytic activity and DNase

production was determined using published protocols

[13, 14].

The results of morphological, biochemical and 16S

rRNA gene sequencing of PLAB1 and PLAB2 are sum-

marized (Sup Table 1). 16S rRNA gene sequencing and

BLAST analysis confirmed that PLAB1 was Enterococcus

faecium and PLAB2 was Pediococcus acidilactici. Both, E.

faecium and P. acidilactici could grow well in the tem-

perature range of 28–45 �C, however, optimum growth was

observed at 37 �C (Fig. 1). Both isolates thrived in

increasing salt concentrations, but growth decreased as the

concentration of salt increased from 0.5 to 10% (Fig. 2).

Both isolates showed high tolerance for lysozyme. Survival

percentage of E. faecium and P. acidilactici were * 80%

and * 93% respectively, even after 120 min of incuba-

tion. Both isolates could not survive at pH 1.5 and 2.0. E.

faecium survived at pH 3.0 for only 1 h but, P. acidilactici

survived at pH 3.0 even after 3 h. The number of colonies

of both E. faecium and P. acidilactici decreased as the

concentration of bile salts increased from 0.06 to 1%,

although both isolates survived in 0.5% bile salts even after

2–4 h (Sup Table 2). P. acidilactici produced BSH while

E. faecium did not, as evident from the white zone of

precipitation around the wells in MRS supplemented with

bile. Both P. acidilactici and E. faecium displayed a higher

adherence for chloroform (35.53% and 25.87%, respec-

tively) than iso-octane (16.47% and 15.04%, respectively).

P. acidilactici showed lower auto- and co-aggregation

capabilities, about 9 percent each. However, E. faecium

showed higher auto-aggregation (29.93%) and co-aggre-

gation (10.30%) than P. acidilactici.

The viable cell count (log10 cfu/ml) for E. faecium

reduced from 5.01 ± 0.038 (mean ± SEM) to

3.04 ± 0.049 (mean ± SEM), while for P. acidilactici it

increased from 5.65 ± 0.06 (mean ± SEM) to

6.98 ± 0.11 (mean ± SEM) indicating P. acidilactici was

resistant to phenol even after 24 h. Both E. faecium and P.

acidilactici were resistant to most of the common antibi-

otics, whereas sensitive to gentamicin, sparfloxacin, nor-

floxacin and ampicillin/sulbactam (Sup Table 3). E.
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Fig. 1 Survival of E. faecium and P. acidilactici at different

temperatures
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faecium showed a zone of inhibition only against E.coli

NG9 but not against B. subtilis, B. amyloliquefaciens, and

B. pseudomycoides. However, P. acidalacti displayed

zones of inhibition against all the tested bacteria, except B.

pseudomycoides (Sup Table 4). P. acidilactici showed

more cholesterol removal in both bile and non-bile medium

i.e. 93.63% and 66.01% respectively. However, E. faecium

assimilated only 56.82% and 30.64% of the cholesterol

from bile and non-bile containing media, respectively.

Both E. faecium and P. acidilactici did not show hemolytic

and DNAse activities.

The study confirmed that the two probiotic preparations

PLAB1 and PLAB2 available in the market contained

homogenous populations of E. faecium and P. acidilactici

respectively. Assessment of the probiotic isolates for sev-

eral essential and desirable probiotic properties revealed

some interesting observations. It was observed that both E.

faecium and P. acidilactici were resistant to lysozyme,

however, P. acidilactici survived well ([ 90%) even after

2 h of contact with lysozyme. Another attribute important

for probiotics to sustain inside the human gut, is survival in

the low pH of the stomach (pH 1.5–2.0) and gastric acid

(pH 3.0) for at least 3–4 h. Though, E. faecium could not

survive at pH 3.0[ 3 h, but P. acidilactici maintained its

viability even after 3 h, at pH 3. It also showed greater

survival in simulated gastric juice experiment even after

24 h. Following their passage through the stomach, in the

intestine, probiotic bacteria have to counteract the effect of

bile juices. Both E. faecium and P. acidilactici showed

good survival in 0.5% bile salts even after 2–4 h of

exposure. P. acidilactici tested positive for BSH activity

implying that it might survive better in the host GI tract,

because bacterial BSH mediates deconjugation of bile salts

which improves the intestinal viability of probiotics

[15].Thus, the probiotic preparation containing P.

acidilactici seemed to possess an edge over that containing

E. faecium as it survived better in the harsh conditions of

the human GI tract and possessed an added advantage as a

cholesterol-lowering bio-therapeutic.
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