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ABSTRACT  

 The study undertook screening of fermented bamboo shoot product from Assam for 

isolation of Lactic acid bacteria (LABs) and exploiting them for their probiotic potential. The 

LAB obtained from khorisa, a fermented product prepared indigenously by people in Assam 

was characterized for its antibacterial properties. The LAB from khorisa, an ethnic fermented 

bamboo shoot product of rural Assam, was identified as Lactobacillus plantarum by 

biochemical and molecular methods. The bacteria displayed antimicrobial activity against 

bacteria such as Staphylococcus aureus, Salmonella typhimurium, Shigella flexneri and 

Escherichia coli. Since strain has been isolated from food source that is most commonly 

consumed by people in North-eastern India on daily basis and can be further exploited as a 

probiotic.   
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INTRODUCTION  

 

In the era of increasing drug resistance among bacteria, Lactic acid bacteria (LAB) have gained 

importance as an alternate to antibiotics [1, 2]. These bacteria’s can easily serve as both 

prebiotic as well as probiotic supplements depending upon their properties [2-4].  LABs have 

been found to exert inhibitory effect against many of the food-borne and clinical pathogenic 

bacteria due to their ability to produce either bacteriocin or lactic acid [5]. Lactobacillus 

plantarum is one of the commonest Lactobacilli isolated from fermented food products, and it 
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has been shown to have many beneficial health effects [6-8]. It has been demonstrated that L. 

plantarum have the ability to protect against enteropathogenic and enteroinvasive, E. coli 

induced damage of epithelial monolayer thus proving its beneficial probiotic potential in 

diarrhoeal diseases which is one of the major killer disease in developing countries like India 

[9-13]. It has also been reported that L. plantarum administration leads to a reduction in 

cardiovascular disease risk factors and could be useful as a protective agent in the primary 

prevention of atherosclerosis in cigarette smokers [14].To identify as a probiotic certain 

characteristics are to be fulfilled including survival in the gastrointestinal (GI) tract, persistence 

in the host, and prove safety for consumer [15]. 

 

In the recent years there is an increase in exploration of novel probiotic strains in order to fulfil 

the commercial demands [16-18]. Thus many traditional food products are being investigated 

for isolation of probiotic strains. Such variations are commonly seen from region to region and 

therefore it is important to explore these strains from different regions of North East India and 

exploit their beneficial effects for the better of mankind. There exists insufficient information 

on the probiotic characteristics of traditional fermented food from North eastern regions of 

India.  

 

Here we report isolation, identification and characterization of Lactobacilli plantarum from an 

indigenous fermented food product khorisa prepared by the people from rural areas of Assam. 

It is prepared by cutting the tender shoots of bamboo into small pieces and leaving it to ferment 

in glass vessels for about a month at room temperature. 

  

MATERIALS AND METHODS  

 

Collection of fermented bamboo shoot samples  

A total of  thirty six samples of fermented bamboo shoot prepared locally were collected from 

different areas of Assam, in sterilized sample bottles and were transferred to laboratory for 

further analysis. 

 

Isolation of L. plantarum 

Selective media de Man, Rogosa and Sharpe (MRS ) agar (Himedia, India) was used for the 

isolation of Lactobacilli. The samples were first inoculated into MRS broth for enrichment and 

incubated at 37°C for 24 to 48 h and then sub-cultured using streak plate method on MRS-

BCP(de Man, Rogosa and Sharpe –Bromo cresol purple) agar plate .After incubation only acid 

producing yellow coloured colonies were selected. The colonies were purified by re-streaking 

the culture agar plate having the same medium. The selected isolates were maintained as 

glycerol stock cultures at -80°C with final glycerol concentration of 20% glycerol. 

 

Identification of L.plantarum 

The identification of the isolates were performed based on their morphological and biochemical 

characteristics following Bergey’s Mannual of Systematic Bacteriology with some 

modifications [19].  
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The antibiotic susceptibility test (AST)   
It was done by agar disc diffusion method using following antibiotics: vancomycin (30µg), 

penicillin G (10 IU), tetracycline (30µg), gentamicin (10 µg), chloramphenicol (30 µg), 

amoxicillin (30 µg), ciprofloxacin (5 µg), trimethoprim /sulphamethoxazole (23.75/1.25 µg), 

nalidixic acid (30 µg) and norfloxacin (10 µg).All antibiotics were procured from Himedia, 

India. Strains were grown on MRS broth for 24 hours, at 37°C. 100 μl of each overnight culture 

of the isolates which have been adjusted to 0.5 McFarland standards was spread on MRS agar 

plates and antibiotic discs were placed with a sterilized forceps.  After overnight incubation at 

37°C the diameters of inhibition zones were measured and results were recorded [19]. 

 

Screening of L plantarum Isolates for antimicrobial activity 

Each isolate was grown overnight in MRS broth at 37°C, cells were removed by centrifugation 

at 10,000×g for 15 min. The Cell free Supernatant (CFS) was divided into two parts, one part 

was kept as such and the pH of the other part was adjusted to 6.5 with 1 N NaOH. CFS was 

filtered through 0.45 μm membranes. These two filtrates were used to evaluate antimicrobial 

activity using agar well diffusion method. An overnight grown  culture of bacteria including 

Escherichia coli,  Proteus vulgaris, Salmonella enteritidis, , Edwardsiella tarda, Pseudomonas  

aeruginosa, , Shigella flexneri and Salmonella paratyphi in BHI (Brain Heart Infusion)  

medium at 37°C was diluted to a turbidity equivalent to that of  0.5 McFarland standard with a 

sterilized 0.85% saline (NaCl) solution. A lawn of an indicator strain was made by spreading 

the cell suspension over the surface of Mueller Hinton agar plates with a cotton swab. The 

plates were allowed to dry and a sterile cork borer of diameter 7.0 mm was used to cut uniform 

wells in the agar plates. Each well was filled with 100 μl of filter–sterilized supernatant 

obtained from culture grown in MRS medium. After incubation at 37°C for 24 hrs, the diameter 

of the inhibition zone around the well was measured as described by others [20].   

 

Polymerase Chain Reaction  
DNA extraction was done using pure link DNA extraction kit (Invitrogen, USA) as per  

manufacturer’s instructions. Each isolate was then identified to the species level by 

amplification with standard [21] species specific primer for L. plantarum namely Lfpr (ITS) 

5’GCCGCCTAAGGTGGGACAGAT3’ and PlanII (ITS) 

TTACCTAACGGTAAATGCGA using the following amplification profile: initial 

denaturation at 94
°
C for 5 min, followed by 35 cycles of denaturation at 94°C for 30 sec, 

annealing at 55°C for 30 sec and extension at 72°C for 30 sec and a final extension at 72°C for 

7 min. The amplification of the desired region of size 283 bp was checked on 2% agarose gel. 

 

RESULTS  

 

A total number of twenty three isolates of L. plantarum were obtained from thirty six bamboo 

shoot samples collected from different regions of Assam. The morphological, cultural and 

biochemical characteristics of all the isolates agreed with that of L. plantarum characteristics as 

reported previously [22]. For confirmation of species of isolated Lactobacilli the genomic DNA 

of the bacteria was amplified using standard reported species specific primers which confirmed 

that all the isolates were indeed L. plantarum as shown in Fig 1.  
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The L. plantarum isolates displayed antimicrobial activity against gram positive as well as 

gram negative bacteria (Table 1). Activity was seen against bacteria including Escherichia coli, 

Proteus vulgaris, Salmonella enteritdis,  Shigella  flexneri and Salmonella paratyphi A by all 

threeisolates tested while two of them also demonstrated activity against Pseudomonas 

aeruginosa,  Edwardsiella tarda and Staphylococcus aureus. (Table 1). 

 

DISCUSSION 

 

Different types of fermented foods and beverages are traditionally prepared in north eastern 

India. Many of these products have been investigated for isolation and screening of Lactic Acid 

Bacteria. L. plantarum has been also reported from traditional fermented food product or 

preparations from north eastern India viz., peruyyan, messu, ekung, hirring, ngari, gundruk, 

sinki, ziang-sang, goyang, khalpi, ipah to name some [23]. The technique of preparing 

fermented food products varies from region to region and is known by different traditional 

names like soibum or soidon in Manipur, lung-seij in Meghalaya, messu in Darjeeling and 

Sikkim, bas-tenga in Nagaland, ekung/hirring in Arunachal Pradesh, and named miya-mikhri 

by Dimasa tribe in Assam [23]. To best of our knowledge no previous study is available 

documenting the presence of any LAB in khorisa, hence this study was taken up.  

 

It has been previously documented that bamboo shoots are used for treating diarrhoeal diseases 

as well as skin infections [23]. Our results suggested that three isolates were active against all 

of the indicator strains included and rest of the isolates were effective against P. aeruginosa, E. 

tarda and S. aureus.  

 

The isolates in this study were totally resistant to nalidixic acid, norfloxacin and vancomycin. 

Similar resistance to nalidixic acid, norfloxacin and vancomycin among LAB isolates have 

been reported elsewhere by other researchers [20, 25, 26]. Vancomycin resistance, which is 

reported as intrinsic property of Lactobacilli, observed among the study isolates was similar to 

the observations made by others [27]. The resistance to chloramphenicol, ciprofloxacin, 

gentamicin and penicillin was also comparable to previous reports [20] but noted exception is 

the resistance towards amoxicillin. Similarly, susceptibility to tetracycline was also comparable 

with those of previous reports [28].
 

The resistance towards amoxicillin (44%) and co-

trimoxazole (79%) was a unique feature among our isolates since previous authors have 

reported them to be totally sensitive [29]. 

 

CONCLUSION  

 

In conclusion we can say that ‘khorisa’ can be the source for L.plantarum which can be further 

exploited as a probiotic. Especially three of the isolated strains displayed killer activity against 

all the common food-borne pathogens. Further studies, to explore and optimize the probiotic 

potential of these strains are required.  
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Table1. Showing antimicrobial effect of selected strains of L. plantarum against different 

bacteria 

 

S. No Control strains Source 
Inhibitory zone (mm) 

Isolate 1 Isolate 2 Isolate 3 

1 Escherichia coli 
ATCC 

25922 
10 10 12 

2 Proteus vulgaris 
ATCC 

8427 
8 10 10 

3 Salmonella enteritdis (D) 
ATCC 

13076 
8 12 13 

4 Staphylococcus aureus 
ATCC 

29213 
11 15 absent 

5 Edwardsiella tarda 
ATCC 

15947 
absent 14 13 

6 Pseudomonas aeruginosa 
ATCC 

27853 
12 10 Absent 

7 Shigella flexneri 
ATCC 

9799 
15 18 15 

8 Salmonella paratyphi A(A) 
ATCC 

9150 
12 15 14 

 

 

Table 2.Antibiotic sensitivity pattern of L.planatrum isolates from Khorisa. 

 

Antibiotic 

(µg/disc) 

Zone of inhibition (mm) Total no. of isolates (percentage) 

Min. Max. Average Sensitive Resistant 

Amoxycillin (30) 27 40 33.5 13 (56 %) 10(44 %) 

Chloramphenicol (30) 22 40 31 12 (52 %) 11(48%) 

Ciprofloxacin (5) 10 35 22.5 17 (73 %) 6 (27%) 

Co trimoxazole (25) 12 35 23.5 5 (21 %) 18 (79%) 

Gentamicin (10) 13 31 22 18 (78 %) 5 (22 %) 

Nalidixic acid (30) NZ NZ NZ NZ 23(100 %) 

Norfloxacin (10) NZ NZ NZ NZ 23 (100%) 

Penicillin G (10) 10 33 21.5 20 (86 %) 3 (14 %) 

Tetracycline (30) 17 36 26.5 13 (56 %) 10 (44%) 

Vancomycin (30) NZ NZ NZ NZ 23 (100 %) 

# NZ: no zone 
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Fig 1:  Species specific PCR products of L.plantarum isolates (Lane1-5); PC: positive control 

L.plantarum ATCC 8014; NC: negative control on 2 percent agarose gel. All 23 isolates gave 

283 bp amplicon. 
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