
Romanian  Biotechnological  Letters  Vol. 17, No.3, 2012 
Copyright © 2012 University of Bucharest  Printed in Romania. All rights reserved 

ORIGINAL PAPER 
 

 7245 

Isolation, identification and characterization of lactic acid bacteria from 
Polygonum minus 

 
Received for publication, January 10, 2010  

Accepted, June 11, 2011 
 
ALI BARADARAN1, HOOI LING FOO 2,4,  
CHIN CHIN SIEO3,4 AND RAHA ABDUL RAHIM1,4* 
1Department of Cell and Molecular Biology, 2Department of Bioprocess Technology, 
3Department of Microbiology, Faculty of biotechnology & Biomolecular science, 
4Institute of Bioscience, Universiti Putra Malaysia, 43300 UPM, 
 Serdang, Selangor, Malaysia 
Corresponding author: Raha Abdul Rahim 
Department of Cell and Molecular Biology , Faculty of Biotechnology and Biomolecular 
Sciences, Universiti Putra Malaysia  
43400 Serdang, Selangor, Malaysia.  
Email address: raha@biotech.upm.edu.my  
Phone Number: +603-89467513/7474 - Fax Number: +603-89467510 

 
Abstract 

Lactic acid bacteria (LAB) are microorganisms that have potential beneficial effects to be 
employed as host for industrial and medical application. LAB plays an important role in food 
fermentation, inclusive of the flavor, texture, vitamin production as well as preservation of fermented 
products. Over the last few decades, with the advancement of cell engineering, substantial efforts have 
been carried out for the improvement of wild bacterial isolates for specific biotechnological purpose. 
With the aim of screening for probiotic strains that have health profit and commercial potential, we 
have made an attempt to isolate LAB from the Malaysian herb Polygonum minus. The identification of 
LAB was carried out using physiological and biochemical tests such as growth temperature, pH 
condition, salt concentration; phenotype identification on the basis of carbohydrate fermentation 
pattern; and genotype-based method of 16s rDNA.  
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Introduction 
  
 Lactic acid bacteria (LAB) are predominantly represented as a non-taxonomic 
heterogeneous group of Gram-positive, low GC content and non-spore forming facultative 
anaerobic bacteria, which are widely used in the food industry, contributing to the flavor, 
texture and preservation of fermented products. They have a tremendous potential to be used 
as a live vaccine vehicle and for bioplastic production (Zhu et al., 2009; Taguchi et al., 2008; 
Klaenhammer et al., 2002; Mercenier et al., 2000). They are generally considered as 
fastidious organisms, since they require carbohydrates, amino acid, peptide, nucleic acid 
derivatives and vitamins for growth. Therefore they are usually present in the nutrient-rich 
niches such as plants, fermented foods and gastrointestinal tract (Makarova et al., 2006). In 
general, their abilities to survive during gastrointestinal passage, innate acid tolerance, 
production of organic / lactic acid and generally regarded as safe (GRAS) status are the key 
characteristics that position LAB significantly in fermentation, agriculture, food and 
pharmaceutical industries.   
 While LAB are phylogenetically related by their small genome (~2.4 Mb), they 
occupy diverse ecological niches, suggesting that considerable genetic transfer has occurred 
for the evolution that is essential during the niche adaptation. In general, specific species of 
LAB will become dominant in any particular ecological niche through the actions of specific 
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systems that senses the condition changes and expand coordinated response to adapt to the 
new conditions. In a natural ecosystem, LAB adapts to environmental niches by using the 
process of gene loss or decay, cross gene transfer and up-regulation or mutation (van 
Hylckama Vlieg et al., 2006) hence contributing to metabolic diversity of LAB isolated from 
a different environment. Different LAB possesses different gene and gene cluster set for the 
biosynthesis of biological active compounds involving in the physical interaction, biofilm 
formation and utilization of host polysaccharides for growth (Makarova et al., 2006).   
 Major revision of LAB taxonomy and nomenclature has been conducted recently due 
to the development in nucleic acid hybridization and sequencing techniques. LAB can be sub-
classified into seven phylogenetic groups which include: Lactobacillus, Leuconostoc, 
Enterococcus, Lactococcus, Pediococcus, Streptococcus and Oenococcus (Makarova et al., 
2006). The correct species-specific identification of LAB is very important from the 
technological, ecological and safety point of view. The identification of LAB based on the 
physicochemical and biochemical characteristics is often unreliable, because of similar 
morphological and nutritional requirements of different species. Apart from traditional 
identification methods, genotype-based methods such as 16S rDNA are robust to identify 
bacteria as a complement or alternative to phenotypic methods. Genotype methods are 
independent from variation of growth conditions. Notably, application of 16S rDNA sequence 
method could be linked to the databases that provide up to 100,000 sequences for the 
phylogenetic framework (Ben Amor et al., 2007). 
 Since antiquity, humankind has used plants as a traditional remedy, and believed that 
certain plants have the healing effect. In South East Asia, several types of indigenous 
vegetable and herbs are eaten raw, locally known as “ulam” or corresponding to salad in other 
countries. In Malaysia, this food is popular among the locals especially Malays. To the best of 
our knowledge, there are very few microbiological monitoring of these herbs. Most of the 
herbs are believed to be associated with antioxidant activities and have much beneficial 
cancer preventative effect. One of these herbs, Polygonum minus or locally known as 
“Kesum”, has been reported to have many phytochemical compounds with wide applications 
in the fields of medicinal, cosmetic, aromatherapy and perfumery (Faujan et al., 2007). 
Metabolite profile study revealed Polygonum minus produces useful secondary metabolites 
giving sweet and nice aroma. The main objective of the present study was to isolate and 
characterize LAB from the Malaysian herb, Polygonum minus.  
 
Materials and Methods 
 
Sample collection 
 Fresh Polygonum minus (Kesum) plant was obtained from the Herbal Garden of 
Universiti Putra Malaysia (UPM) and placed in a sterile plastic bag. Then the leaves of Kesum 
were washed with sterile distilled water and chopped into small pieces (5 mm). One-gram of 
samples that have been cut, were suspended in 9 mL of 0.85% (w/v) sterilized NaCl solution 
by shaking for several minutes. From the suspensions, 1 ml was inoculated in de Man, Rogosa 
and Sharpe (MRS) broth (Merck, Darmstadt, Germany) and incubated for 3 days at 30 oC and 
37 oC.  After that, aliquots of the culture were diluted 10 fold up to 106 with MRS broth and 
100 µL was spread on MRS agar (Merck, Darmstadt, Germany). The plates were incubated 
for 3 days at 30 oC and 37 oC. Bacterial colonies that grew on the plates were picked and 
streaked on new MRS agar (Merck, Darmstadt, Germany) plates to get pure culture. Isolated 
bacteria were stored at -80 oC in MRS broth containing 15 % (v/v) glycerol.  
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Morphological, physiological, and biochemical tests of LAB isolates 
Identification of LAB isolates was performed by examination for cell morphology using 
optical microscopy, Gram staining, catalase activity and gas production from glucose. The 
carbohydrate fermentation patterns were determined by using API 50 CHL test kit 
(bioMerieux, Marcy l’Etoile, France). Growth at different temperatures, pH and Salt 
concentrations was studied in MRS broth. An overnight culture was inoculated at 5 % (v/v) 
into MRS broth. Growth at different temperatures was observed in MRS broth after 
incubation at 10, 25, 30, 37 and 45°C for 3 days. Salt tolerance was determined in MRS broth 
containing 3.0, 4.5 and 6.5%. (w/v) NaCl at 30 °C for 3 days. Growth at pH of 3.0, 4.0, 5.0, 
6.0 and 7.0 was determined in MRS broth after incubation at 30°C for 7 days. Glucose 
fermentation and acid production was performed in Nutrient agar (Merck, Darmstadt, 
Germany) supplemented with 0.5 % (w/v) glucose and 0.005 % (g/L) bromocresol purple as a 
pH indicator. Ten µL of the overnight culture of LAB isolates were then dropped on the 
prepared agar. After overnight incubation, acid production was noted by the formation of 
yellow color zone around the drops of isolates due to acid production. 
Gas production of LAB isolates 
 Gas production is defined as the presence of gas in the inverted Durham tube with a 
corresponding effervescence produced. MRS broth was prepared in the glass test tube with 
Durham’s tubes submerged in the broth. The broth was inoculated with the overnight culture 
of LAB isolates (5 % v/v), and then over-laid with sterile oil to prevent oxidation before 
incubation at 30 oC for 48 h in anaerobic condition.  
Bile tolerance analysis of LAB isolates 
 Sterile bacto-oxgall (Sigma Aldrich, USA) was added to the sterilized MRS broth (4 
ml) to a final concentration of 0.3 % (v/v). Then, each broth was inoculated with 0.02 ml of 
overnight culture, and incubated at 37 oC for 24 h. The bacterial growth was studied by 
measuring the absorbance at 620 nm using spectrophotometer (Beckman, USA) against 
uninoculated broth as a blank (Kimoto-Nira et al., 2009). When the optical density of each 
isolate grown in the presence of bile was more than 50 % of the control, the strain was 
characterized as bile resistant.  
Carbohydrate fermentation profile of LAB isolates 
 The API 50 CHL strips (API systems, Biomerieux, France) consisting of 50 
microtubes were used to identify the LAB isolates based on carbohydrate fermentation 
profile. Bacterial cells were incubated according to the manufacturer's instructions and the 
bacterial suspension was prepared with the turbidity equivalent to McFarland 2 standard. The 
strips of the API 50 CHL test were filled with the inoculated API suspension and overlaid 
with mineral oil. The inoculated strips were incubated at 30 oC and 37 oC respectively and the 
reactions were observed after 24 and 48 h of incubations. The results were analyzed by API 
software (version 5.0).  
Genomic DNA extraction  
 Genomic DNA of LAB isolates was extracted using the conventional method 
described by Sambrook et al. (2001) with minor modifications. Briefly, 1.5 mL of overnight 
culture was harvested by centrifugation at 10,000 x g for 2 min and the pellet was washed 
with 1 ml of sterile distilled water. The cell was then resuspensed in 0.2 ml of solution Ι (10 
mM Tris-HCl, PH 8.0, 10 mM EDTA, pH 8.0, 20 mM glucose, 50 mM Sodium chloride) 
containing lysozyme (10 mg/ml) and incubated at 37 oC for 45 min. After that, 20 µL of 
proteinase K (20 mg/ml) and 100 µL of solution II (10 % SDS) were added and the mixture 
was inverted gently and incubated for 1 hour at 60 oC. Following that, a volume of 300 µl of 
ice-cold neutralizing solution (sodium acetate 3M pH5.2) was added and mixed by gentle 
inversion before placing on ice for 5 min to allow precipitation. The cell debris was pelleted 
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by centrifugation at 14,000 x g for 12 min at  
4 °C and the supernatant was transferred to a new micro-centrifuge tube. Equal volume of 
phenol-chloroform-isoamylalcohol (PCI; 25:24:1) was added and mixed gently. Next, the two 
phases were separated by centrifugation at 13000 x g for 10 min. The upper aqueous layer 
containing DNA was carefully transferred to a new 1.5 mL micro-centrifuge tube. This step 
was repeated once or twice. Then, the DNA was precipitated by the addition two volumes of 
cold absolute ethanol, followed by gentle mixing, incubated at 4 oC for 1 h, and centrifugation 
at 13000 x g at 4 oC for 15 min. The DNA pellet was rinsed with 70 % (v/v) cold ethanol; 
followed by air dried prior to dissolve in 50 µL of warm distilled water. Subsequently, 5 µL 
of 10 mg/mL RNase was added and incubated at 37 oC for 20 min. Finally, the DNA sample 
was kept at 4 oC for working use and at -20 oC for long term storage. 
PCR amplification of 16S rDNA gene sequence LAB isolates 
 The extracted DNAs were used directly in PCR reactions to amplify the 16S rDNA 
gene from LAB. The 16S rDNA region was amplified by using primers 27F 5'-
AGAGTTTGATCCTGGCTCAG-3' (8-28) and E. coli numbering 1542–1522 R 5'-
AAGGAGGTGATCCAGCCGCA-3' (Edwards et al., 1989; Weisburg et al., 1991). The PCR 
reaction mixture (25 μl) contained 2.5 μl PCR buffer (Fermentas, USA), 0.5 μl of 10 mM 
dNTPs (0.2 mM), 2.5 μl of 25 mM MgCl2 (1.5 mM), 0.5 μl of each primers; and 0.2 μl (1 
unit) of Taq DNA polymerase (Fermentas, USA). Some of the reactions were carried out with 
the same amount of Pfu DNA polymerase (Fermentas) and 1 x Pfu PCR buffer with MgSO4 
(Fermentas) in replace of the Taq DNA polymerase. The volume of the mixture was adjusted 
to 25 μl with 18.3 μl of sterile distilled water containing 100 ng of extracted genomic DNA. A 
positive control, consisting of 50 ng of Escherichia coli DNA and a negative control (no 
DNA) were included in each amplification. An aliquot (5 μl) of each amplification reaction 
was analyzed on 1 % (w/v) agarose gel in 1 × TBE buffer (pH 8). PCR was performed in a 
PCR master Cycler (Eppendorf, Germany) and the reaction parameters were 30 cycles of 
denaturation at 94 °C for 45 s, annealing at 56 °C for 60 s, and extension at 72 °C for 90 s.  
 
Results 
 
Morphological and biochemical characterization of LAB isolates 
 Preliminary characterization of the isolated LAB was carried out by observing their 
colony morphology on MRS agar. Cell morphology was studied with phase-contrast optical 
microscope (BIOLUX-12; Kyowa); and Gram staining method. Gas production was 
determined in MRS broth supplemented with 0.5 % (w/v) glucose. Twelve tentative LAB 
isolates were initially selected from the bacterial colonies isolated from the leaves of Kesum. 
Out of the twelve isolates, three were found to be Gram-positive and catalase negative. These 
three isolates designated as K1, K3 and K5, were observed to form colonies with creamy 
white color, round shape and none swarming with convex elevation. Table 1 and Figure 1 
show the biochemical and physiological characteristics and the ability to produce acid from 
carbohydrate fermentation of the three isolates.  
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Figure 1. Acid production from glucose fermentation by LAB isolated from Kesum Leaves  
 
Table 1. Morphological, culture and biochemical characteristics of LAB isolates from Polygonum minus 
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Positive reaction (+), negative reaction (-). Growth of lactococci was determined by 
measuring absorbance at a wavelength of 620 nm after 24-h incubation at 37 °C. All tests 
were performed in triplicate. 
Carbohydrate fermentation profile of LAB isolates 
 Carbohydrate fermentation patterns of the LAB isolates were studied by API 50 CHL 
test kit. Observation of result was carried out at 24 h and 48 h in which at both periods, 
similar profiles were obtained. Positive reaction was indicated by a color changed of media 
from violet to yellow. The carbohydrate fermentation patterns of the LAB isolates were later 
analyzed using API 50 CHL database (Table 2). Based on the analysis, the isolates K1, K3 
and K5 showed 97 %, 85 % and 99.9 %, homology to Pediococcus pentosaceus, Lactococcus 
lactis and Lactobacillus curvantus, respectively.  
 
Table 2. Carbohydrate fermentation profiles of LAB isolated from Polygonum minus leaves based on API 50 
CHL test kit 

        
 K1 K3 K5  K1 K3 K5 
Control - - -     
Glycerol - - - Salicin + + + 
Erythritol - - - Celiobiose + - - 
D-Arabinose - - - Maltose - - - 
L- Arabinose + + - Lactose - + + 
Ribose + + + Melibiose - + - 
D-Xylose + - - Sucrose - + - 
L-Xylose - - - Trehalose + - + 

LAB Isolate LAB Isolate 
Sugar Sugar

K1 K3

K5 
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Adonitol - - - Inulin - - - 
ß-Methyl-D-Xyloside + - - Melezitose - - - 
Galactose + - + Raffinose - - - 
Glucose + + + Starch - - - 
Fructose + + + Glycogen - - - 
Mannose - + + Xylitol - - - 
Sorbose - - + Gentibiose + + - 
Rhamnose - - - Turanose - - + 
Dulcitol - - - D-Lyxose - - - 
Inositol - - - D-Tagatose + - + 
Mannitol - - + D-Fucose - - - 
Sorbitol - - - L- Fucose - - - 
α-Methyl-D-
Mannoside 

- - - D-Arabitol - - - 

α-Methyl-D-
Glucoside 

- + - L- Arabitol - - - 

N-Acetyl-
Glucosamine 

+ - + Gluconate - - - 

Amygdalin + + - 2-Keto- Gluconate - - - 
Arbutin + + - 5-Keto- Gluconate - - - 
Esculin + + +     

 
PCR amplification of 16S rDNA gene fragment of LAB isolates 
 The genomic DNA of Pediococcus pentosaceus K1 was extracted using the 
conventional method. Amplification of 16S rDNA gene was carried out by PCR. The 
resultant 1.5 kb PCR product was analysed, run on the agarose gel and purified using Wizard 
SV Gel and PCR Clean Up Kit (Promega, Madison, Wi, USA) according to the 
manufacturer’s instructions (Figure 2). The 16s rDNA sequences were aligned using BLAST 
algorithm (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi), and compared with the published 
sequences of 16S rDNA gene of different LAB strains deposited in NCBI databases.  

 
Figure 2 PCR-amplification of 16S rDNA gene using 27F and 1540–1521 R primers; Lane M: GeneRuler 
DNA Ladder Mix; Lane 1: 16s rRNA gene fragment of K1 isolate; Lane 2: 16s rRNA gene fragment of K3 
isolate; Lane 3: 16s rRNA gene fragment of K5 isolate; Lane 4: negative control. 
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Discussion 
 
An attempt was made to isolate LAB from a type of Malaysian herb, Polygonum minus 
(Kesum) with the aim of screening for probiotic LAB that have a health benefit and 
commercial potential. We anticipate the presence of LAB species on Kesum due to its 
fragrance. Isolation and screening of LAB from natural sources have an advantage for 
obtaining genetically stable strains for industrially important products. LAB are becoming 
progressively more important in the food industry because of their ability to be used as natural 
preservative as well as texture and flavour enhancers. These bacteria are also generally 
regarded as safe, and certain strains can be used as probiotic. In general, specific species of 
LAB will become dominant in any particular ecological niche and based on the 
physicochemical niche diversity, exhibit metabolic diversity. 
 In Malaysia, various vegetables are produced and consumed in meals. The screening 
and analyzing of potential probiotic strains from different source that would be capable of 
performing effectively in the gastrointestinal tract is the aim of great research interest. This 
study investigates the isolation and characterization of LAB from Polygonum minus. From 
biochemical and sugar fermentation profile, three isolates out of twelve were identified as 
LAB, where they confirmed by molecular fingerprinting. Tolerance of the strains to pH 3.0 
and bile indicate that these strains most likely could survive in conditions associated to the 
stomach, before they reached the large intestine, therefore, further studies on their probiotic 
properties are recommended. 
 The identification of LAB based on the physicochemical and biochemical 
characteristics are often considered as unreliable, since different species may have similar 
morphological and nutritional requirements (Ben Amor et al., 2007). Therefore, the 
phenotypic characterization based on sugar fermentation profile may be used as a presumptive 
identification, but it may not provide reliable identification. Apart from traditional 
identification method, genotype-based methods such as 16S rDNA are robust to identify 
bacteria as a complement or alternative to phenotypic methods (Weisburg et al., 1991). 
Genotype methods are independent from variation of growth conditions. If species-specific 
primers or probes are available, these offer a very fast way to detect the target organism. It is 
clear from the above discussion that a careful consideration of numerous factors has to be 
made for the correct identification of specific species of LAB. The identification of LAB was 
carried out with physiological and biochemical characteristic tests such as growth 
temperature, pH condition, salt concentration and also carbohydrate fermentation profile, and 
genotype-based methods such as 16S rDNA.  Based on the biochemical and API CHL 50 Kit, 
the isolate of K1, K3 and K5 showed 97 %, 85% and 99.9% homology to the Pediococcus 
pentosaceus, Lactococcus lactis and Lactobacillus curvatus, respectively. However, with 16S 
rDNA genotype-based methods, the isolated LAB were 99 %, 97% and 99% confirmed to be 
Lactococcus lactis, Pediococcus pentosaceus and Lactobacillus curvatus. Taken together, 
based on the biochemical and API CHL50 Kit compared to 16S rRNA, the result of this study 
reinforced the importance of using molecular methods for typing newly isolated 
microorganisms. 
 
Conclusion 
 
 LAB are ubiquitous bacteria. The search for new probiotic strains with commercial 
interest, has lead us to look for new LAB strains from Polygonum minus, a Malaysian local 
herb. There are many traditional fermented vegetables or plants used as food in Malaysia, 
which have not been investigated for their microbial population. This study described the 
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isolation of LAB from Polygonum minus, screening the isolates for LAB traits, and finally 
selection of isolates based on a series of preliminary characterization tests for probiotic and 
industrially-desirable traits. In this study, three LAB isolates, Lactococcus lactis, Pediococcus 
pentosaceus, and Lactobacillus curvatus were isolated and identified from the surface of 
Polygonum minus leaves.  
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