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This study aimed at isolating and identifying lactic 

acid bacteria (LAB) with probiotic potential from fermented 

evaluating their probiotic and safety attributes in vitro. 

Ten lactic acid bacteria were isolated from six varieties of 

kolikuttu seeni parakum ambul 

nadee ambum seeni and anamalu. The isolates were screened 

for phenotypical and biochemical characteristics. The 

 

Enterococcus durans E. gallinarum E. hirae

E. faecium  Lactobacillus plantarum  L. curieae

Weissella cibaria and Pediococcus acidilactici and their partial 

were selected based on the results of in vitro safety attributes 

E. durans E. faecium

L. curieae kolikuttu seeni parakum 

and ambul nadee

E. durans 

demonstrated the highest hydrophobicity and auto-aggregation 

highest adhesion to both HCT116 and HT29 cell lines 

kolikuttu seeni parakum ambul nadee ambum seeni and 

anamalu grown in Sri Lanka.  

probiotics.

INTRODUCTION

when administered in adequate amounts confer health 

non-digestible food components that are utilised by 

that include reduction of non-communicable diseases 

of gastro intestinal diseases (such as irritable bowel 

Helicobacter 

pylori
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neurological disorders and pregnancy and childhood 

associated disorders (Felley et al

et al

et al et al

potential probiotic candidates should possess a number 

to epithelial cells  and be free from virulence causing 

factors.  These characteristics facilitate smooth transition 

of probiotics through the gut and enable colonisation 

probiotic foods have gained a high market revenue 

(Sharma et al

USD by 2022 (rnrmarketresearch.com). Majority of 

known health risks associated with the consumption of 

content in the milk has led scientists to pursue alternative 

substrates to produce non-dairy probiotics (Kumar et al

 Banana (Musa species) is cultivated abundantly in 

tropical and subtropical regions and contributes to the 

(Rayo et al

preserved (Ekanayaka et al

varieties such as seeni parakum, kandula, ambul nadee, 

nethrappalam, ambum, kolikuttu, seeni, anamalu and 

rathkesel

is an ideal substrate for the non-dairy probiotic food 

industry. Several authors have successfully proved 

development (Alves et al et al

Segundo et al

et al

of banana varieties grown in Sri Lanka as a potential 

the objective of this study was to isolate and identify 

lactic acid bacteria (LAB) with probiotic potential from 

Sri Lanka and evaluate the in vitro probiotic and safety 

attributes.

METHODOLOGY

Nine banana varieties were selected for the study 

kolikuttu, ambul nadee

Embum                                       Seeni                                         Seeni parakum 

Ambul  nadee                           Anamalu                                     Kandula 

Rath kesel                                   Kolikuttu                                   Nethrappalam 

 Banana varieties used in the study
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kandula, rath kesel and anamalu were collected from 

seeni seeni parakum and 

nethrappalam were collected from the Agriculture 

Ambum was 

collected from the Regional Agriculture Research and 

year 2014 and the fruits were completely matured and 

green in colour at the time of harvesting. The fruits were 

2 o

sodium metabisulphite for 10 min to avoid enzymatic 

browning.  Soaked banana pieces were dried in a tray 
oC till the 

slices were ground in a variable speed rotor mill (Fritsch 

stored at 4 o

of banana (n = 6) was transferred into pre-sterilised glass 

beakers covered with aluminum foil.

sterilised tap water and left to ferment in a biological 

safety cabinet at 26–28 °C for 18 h. Each fermented 

sample was serially diluted up to 106 in sterilised saline 

et al

for 48 h.

Culture plates were observed for colonies with typical 

LAB morphology and the isolated colonies were further 

streaked on fresh MRS agar at 37 °C to determine the 

LAB isolates were evaluated as per the standard protocols 

(Kunchala et al

(Collee et al

according to the methods given in Collee et al. (2006). 

Sugar fermentation pattern of LAB isolates were 

investigated according to Nazari et al. (2012) for sugars 

Ten isolates that exhibited phenotypical and biochemical 

characteristics similar to LAB were selected for molecular 

into MRS broth and incubated at 37 °C for 18 h. From 

2 min) pellet was mixed with Tris EDTA buffer (200 µL) 

of proteinase K (100 µgµL-1

a vortex mixture and incubated in an ice bath for 1 h. 

dissolved in ultra pure PCR grade water (40 µL) and 

stored at -20 °C (Shahriar et al

extracted DNA was analysed for its quantity and purity 

using Dr. Max DNA Polymerase in a DNA Engine 

were used in PCR (Doi et al

using Bioedit sequence alignment editor 7.0.2 software 

for homologous sequences was performed by basic local 

alignment tool of the National Center for Biotechnology 
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to the same species (Altschul et al

sequences of 16S rRNA gene of LAB isolates were 

conducted according to neighbour-joining method 

In vitro

The LAB isolates were investigated for safety attributes 

(in vitro

tryptone neopeptone dextrose agar (TND) was prepared 

2
HPO

4

manufacturer’s instructions. The enzyme activities were 

performed by inoculating the LAB isolates (10 cfumL-1) 

into the respective agar as described above and incubated 

plates were observed for the presence of hemolysis 

ammonium sulfate and observed for clear zones around 

the inoculated area. DNase agar plates were observed for 

thick plaque of growth around the colonies. The controls 

used were Streptococcus pyogenes

Serratia marcescens ATCC 13880 for hemolysis and 

to in vitro 

were inoculated into tubes containing sterile MRS broth 
o

 at 4 o

oC for 

8 cfumL-1). From each bacterial suspension 

100 µL was inoculated into MRS broth adjusted as per 

the gut conditions (in vitro

-1  porcine 
-1 -1 pepsin) according 

to the method given by Aswathy et al. (2008). All the 

attribute tests were performed in triplicate and repeated 

twice.

The LAB isolates that survive in gastric conditions 

were selected for investigating the susceptibility/

resistance to antibiotics. Agar disc diffusion method 

susceptibilities of LAB using commercially available 

vancomycin (30 µg) and erythromycin (30 µg). Cells 

were prepared as mentioned in the attribute tests. LAB 

8 cfumL-1). From each bacterial 

oC for 

24 h. The experiment was performed in triplicate and 

repeated twice.

The LAB isolates that survive in gastric conditions were 

selected for investigating the auto-aggregation ability. 

Auto-aggregation of LAB strains was investigated in 

vitro according to the method of Kos et al. (2003) with 

 Test isolates were inoculated into sterile MRS broth 
o

 at 4 o

oC 

8 cfumL-1). The cell suspensions 

(3 mL-1

the upper suspension of each reaction mixture was 

transferred to 96 well plates. Absorbance was measured 

expressed as a function of time using the following 

 

 (Absorbance at time t =  (absorbance 

at t = 0)
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Cell surface hydrophobicity was measured according 

to the method given by Kos et al. (2003). LAB isolates 

were inoculated into sterile MRS broth and incubated 

 o

twice with phosphate buffered saline (PBS). The cells 

were adjusted to 108 cfumL-1 and re-suspended in KNO
3 

solution (0.1 Moldm-3

0
). 

Each LAB strain was investigated for adhesion with 

(non-polar and basic solvent) and chloroform (non-polar 

and acidic solvent). One milliliter of each solvent was 

added separately to 3 mL of each cell suspension and 

was removed and absorbance was measured at 620 nm. 

Controls (LAB cells 108 cfumL-1 suspended in KNO
3 

solution) were prepared without adding the solvents and 

were measured parallel to tests. The percentage of LAB 

cell adhesion to solvents was calculated using following 

 
 = Absorbance 

of control 

The ability of the selected LAB strains to adhere to 

Homo sapiens colon 

colorectal adenocarcinoma ATCC HTB-38 (HT-29) 

and Homo sapiens colon colorectal carcinoma ATCC 

CCL-247 (HCT-116) in vitro was performed according 

to Duary et al

DMEM) supplemented with 

NaHCO
3

oC until use. Monolayer of cell lines with 

8 cfumL-1) as described 

earlier. LAB cells were further serially diluted in tubes 

containing sterilised PBS and the cell concentration 
2 cfumL-1

106 cellsmL-1

o C for 24 h in 

2

and HCT-116 were discarded and new media were added 

every other day. After 14 days of incubation (14 days 

with sterile PBS. One milliliter of LAB strain and 1 mL 

of DMEM media were added into the wells containing 

monolayers (n = 9). The plates were further incubated 
o

CO
2

counted and the adhesion ability was expressed as the 

percentage ratio of the LAB cells initially inoculated and 

the LAB cells remained attached after washing with PBS. 

All experiments were conducted in triplicate and 

repeated twice. The mean and standard error of the data 

obtained from parallel experiments were calculated using 

Minitab 14. One-way ANOVA (unstacked) followed by 

multiple comparisons using tukey’s family error rate 

RESULTS AND DISCUSSION

ambul nadee 

ambum seeni parakum (26), kolikuttu (16), kandula 

 seeni (27) and anamalu (22). No bacteria were 

isolated from rathkesel and nethrappalam varieties. 

have typical LAB colony morphology on MRS agar as 

described by De Man et al.

Gram positive cocci/bacilli that are non-spore forming 

and non-motile organisms isolated from ambul nadee

ambum kandula seeni parakum kolikuttu 

seeni (9) and anamalu (13). LAB are usually 

characters exhibited. 
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and SP13 were positive for H
2

and orinithine. None of the LAB isolates hydrolysed 

lysine. LAB usually show negative reactions to some 

(Chowdhary et al
2
S production protects 

the bacterial cells from oxidase stress and antibiotics 

LAB strains to counteract acid stress during fermentation 

during growth provides energy to LAB for their metabolic 

further studies.

LAB represents a group of microorganisms that are 

functionally related by their ability to produce lactic 

acid during fermentation. The ability to ferment different 

carbohydrates is one of the important characteristics that 

makes LAB ideal for fermentation. All 10 selected LAB 

K08 + + + + + - - - - + - - + - - +

K14 + + + + + - - - - + - + + + - +

K16 + + + + + - - - - + - - + - - +

SP13 + + + + + - - - - + - + + - - +

SP26 + + + + + - - - - + - + + - - +

AN18 + + + + + - - - - + - + + - - +

AM22 + + + + + - - - - + - - + + - +

S27 + + + + + - - - - + - + + - - +

A29 + + + + + - - - - + - - + - - +

kolikuttu seeni parakum ambul nadee  ambum seeni 

and anamalu

Summary of the carbohydrate fermentation pattern of isolated lactic acid bacteria

  bank accession 

K08 Enterococcus durans

K14 Enterococcus gallinarum  MF480436.1

K16 Lactobacillus plantarum

SP13 Weissella cibaria

Enterococcus hirae  MF480429.1

SP26 Enterococcus faecium

AN18 Lactobacillus curieae

AM22 Enterococcus durans 

S27 Pediococcus acidilactici  MF480433.1

A29 Enterococcus faecium  MF480430.1

from banana varieties kolikuttu seeni parakum ambul nadee ambum

seeni and anamalu

lactic acid 

bacteria

Similar observations on sugar fermentation have been 

was isolated from grass silage. All the LAB isolates were 

observed to be hetero-fermentative producing lactic acid 

and CO
2
.

partial sequences with those present in NCBI gene bank. 
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Sequences 

species. The accession numbers obtained after depositing 

partial sequences in NCBI gene bank are presented in 

Table 2.

 

Out of the 10 LAB strains isolated from fermented 

DNase and gelatin hydrolysis activity and possess 

safety attributes (Table 3). 

gelatin hydrolysis activity contribute to the incidence of 

candidates should be free from these virulence factors 

(Halder et al

in vitro

stay viable for 4 hours or more before they move to the 

that may affect commercial probiotics are the elevated 

levels of acidity in the proventriculus and ventriculus. 

important criterion to be considered throughout the 

selection of potential probiotic isolates to assure their 

viability and functionality (Dunne et al

et al

as the  type and amount of food ingested (Bakari et al

et al

et al

commercial probiotic bacteria need to tolerate at least up 

et al

isolates grew at temperature between 30–42 oC (Table 6). 

LAB isolates Hemolytic DNase   Gelatin

 activity activity hydrolysis

Streptococcus  pyogenea

Serratia  marcescensb

kolikuttu seeni parakum ambul nadee ambum

seeni and anamalu

hemolytic. n = 9.  a b positive control of 

DNase and gelatin hydrolysis

Safety attributes of isolated lactic acid bacteria (in vitro)

LAB isolates        Survival of LAB in pH after 6 h (OD at 620 nm)

 a b c d

 a b c d

 a b c d

 a a b c

 a b c d

 a b c d

S display lactic acid bacteria isolated from banana varieties kolikuttu  seeni parakum  

ambul nadee  ambum and seeni

Acid tolerance of isolated lactic acid bacteria 
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LAB isolates   Survival of LAB in bile after 6 hours (OD at 620 nm)

a b c d e f

a b c d e f

a b c d e f

a b c d e f

a b c d e f

a b c d e f

kolikuttu  

seeni parakum  ambul nadee  ambum  seeni respectively. Control-isolates in MRS broth without bile salts.

Bile tolerance of isolated lactic acid bacteria

LAB isolates  Survival of LAB at different temperatures

  after 6 hours (OD at 620 nm)

 30 oC 37 oC 42 oC

b a c

b a c

b a c

c b a

c a b

c a b

from banana varieties kolikuttu  seeni parakum  ambul nadee ambum 

and seeni

Temperature tolerance of isolated lactic acid bacteria

LAB isolates                         Survival of LAB in NaCl after 6 hours (OD at 620 nm)

a b c d e

a b c d e

a b c d e

a b c d e

a b c d e

a b c d e

banana varieties kolikuttu, seeni parakum, ambul nadee, ambum and seeni .

Salt tolerance of isolated lactic acid bacteria

The ability to tolerate normal body temperature enables 

the probiotics to have an active metabolism in the gut. 

enables a better rate of growth as well as a high yield of 

lactic acid production during fermentation and reduces the 

contaminations in fermentation processes (Ibourahema 

et al

osmo-tolerant. This osmo-tolerant characteristic of LAB 

enables them to carry out metabolism and lactic acid 

production even in the presence of high concentrations 

of salts in the gut (Menconi et al
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potential probiotic strains to survive in the human gastric 

juice is the key indication that displays the ability of the 

strains to survive passage through the stomach (Shewale 

et al

in the intestines by gut bacteria that deaminate various 

aromatic amino acids delivered by the diet or produced 

by endogenous proteins. These phenol compounds 

phenol tolerance is essential for their survival in the 

gastrointestinal tract (Yadav et al 2016). The results 

of this study indicated that not all desirable probiotic 

where many isolates displayed varying but promising 

capabilities. LAB isolates E. durans E. faecium 

(SP26) and L. curieae (AN18) demonstrated superior 

studies.

LAB isolates Survival of LAB in simulated gastric juice 

 after 6 hours (OD at 620 nm)

 Control Simulated gastric 

c

b

d

a

e

b

from banana varieties kolikuttu  seeni parakum  ambul nadee ambum 

and seeni . Control - LAB in MRS broth.

Simulated gastric juice tolerance of isolated lactic acid 

bacteria

LAB isolates   Survival of LAB in phenol after 6 hours (OD at 620 nm)

a b c d e f

a b c d e

a b c d e f

a b c d e f

a b c d e f

a b c d e

kolikuttu

seeni parakum  ambul nadee  ambun and seeni .

Phenol tolerance of isolated lactic acid bacteria

concentrations. Isolates K08 and SP26 were susceptible 

to all the antibiotics at tested concentrations (Table 10). 

Isolate AN18 was susceptible to all the antibiotics at 

tested concentrations except chloramphenicol at 

30 µgmL-1 concentration. Resistance or susceptibility 

to antibiotics alone will not cause risk in probiotic 

LAB candidates. Their ability to transfer the respective 

antibiotic resistance encoding genes is the real cause of 

risk (Gueimonde et al

need to investigate prior to commercial applications.

Probiotics that are able to auto-aggregate have the 

aggregation is considered as a prerequisite of an ideal 

probiotic candidate (Kos et al

isolate K08 (E. durans) demonstrated highest auto-

by previous authors. Jeevaratnam and Nallala (2017) 

E. durans at the end 

in auto-aggregation were observed among the LAB 

strains (Table 11). Auto-aggregating ability of the LAB 
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LAB isolates  Auto-aggregation percentage of LAB with time (hours)

a a a b a

d a c

c d d f e

kolikuttu, seeni 

parakum and ambul nadee

Auto-aggregation percentage of isolated lactic acid bacteria with time

LAB isolates Diameter (in mm) of the inhibition zone of the LAB strains

  K08 SP26 AN18

b b b

c a

a c c

b a c

c c a

b c b

d c

f c g

a c b

a d

c

a a b

c d e

a a a

lactic acid bacteria isolated from banana varieties kolikuttu, seeni parakum and ambul 

nadee

Antibiotic susceptibility/resistance pattern of isolated lactic acid bacteria

increment of auto-aggregation was observed with the 

increase of incubation period.

Probiotics should exhibit hydrophobic surfaces for 

better adherence to cells and solid materials in the gut 

(Del-Re et al

(E. durans) and SP26 (E. faecium

 

these strains have elevated hydrophobic properties 

(Giarous et al., 

strains demonstrated the highest auto-aggregation ability. 

Del-Re et al. (2000) suggested that hydrophobicity 

improves the auto-aggregation and observations of this 

study completely agree with the statement. Isolate AN18 

(L. curieae)

(Figure 2).
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K08

K16

SP13

SP26

AN18

S27

LAB isolates  Genus /species identification

K08 Enterococcus durans

K16 Lactobacillus plantarum

M
ic

ro
b

ia
l 

ad
h
es

io
n
 t

o
 s

o
lv

en
ts

 (
%

)

LAB isolates

Figure 2 Cell adhesions of LAB isolates 

 Cell adhesions of LAB isolates 

and AN display lactic acid bacteria isolated from banana 

varieties kolikuttu, seeni parakum and  ambul nadee.

strains to HCT-116 and HT-29 cell lines were observed. 

The results revealed that isolate KO8 (E. durans) exhibited 

respectively. The lowest cell adhesion was observed in 

isolate AN18 (L. curieae)

Results of this study completely agree with Reid et al. 

(1988) on the relationship of auto-aggregation and cell 

adhesion (Figure 3).

CONCLUSION

E. durans 

E. faecium L. curieae 

isolated from banana var. kolikuttu seeni parakum 

and ambul nadee

probiotic characteristics. Isolates K08 (E. durans) and 

SP26 (E. faecium) demonstrated superior hydrophobic 

study provides evidence on the potential application 

dairy probiotic food. It is recommended to investigate 

including frizzy drinks and confectionaries that can be 

developed into commercial products.

Authors acknowledge the Indo-Sri Lanka Inter-

Governmental Science and Technology Cooperation 

Divisekera.
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