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ABSTRACT 

The study focuses on the isolation and characterization of probiotic bacteria from homemade yogurt and 

explores the potential health benefits of postbiotics derived from the probiotics. Probiotic bacteria are 

recognized for their positive effects on gut health, yet their live nature poses certain risks. In general, 

postbiotics, which include non-viable microbial cells and various metabolites produced during 

fermentation, have gained attention for their safety and bioactive properties. This research involved the 

isolation of lactic acid bacteria through a systemic approach, utilizing morphological and biochemical 

characterization and MALDI-TOF mass spectrometry for accurate identification of the strains. The 

resulting postbiotic cell-free supernatants were evaluated for their antimicrobial, antioxidant, and 

antidiabetic activities. The findings revealed substantial antibacterial effects against pathogenic bacteria 
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such as Escherichia coli and Salmonella enterica with distinct zones of inhibition correlated to the 

concentration of the sample. Additionally, antioxidant capacity was quantified through the DPPH assay, 

revealing the ability to neutralize free radicals. Further, the inhibition of α-amylase activity was performed, 

and results indicated potential benefits in carbohydrate metabolism and glycemic control. This study 

contributes to the therapeutic implications of postbiotics for human health. 

Keywords: Yogurt, lactic acid bacteria, postbiotics, DPPH and α- amylase 

1. INTRODUCTION: 

Yogurt consists of probiotic bacteria, which 

are live microorganisms that offer health 

benefits to the host, particularly in gut health. 

Morphological identification and biochemical 

characterization are very important for 

understanding the functionality and efficacy 

of probiotic bacteria. Biochemical 

characterization also involves evaluating the 

safety of probiotic bacteria, including their 

resistance to gastrointestinal conditions and 

their ability to adhere to intestinal mucosa. 

To determine bacterial species, Bergey’s 

Manual is important to identify 

morphological, biochemical, and 

physiological characteristics, which are 

essential for accurate identification. It also 

helps in reference for phenotypic 

characterization, which is vital for confirming 

the identity of isolated probiotic bacterial 

strains [1]. 

[2] Introduces postbiotics as beneficial 

metabolites produced by probiotics, which 

focuses on their stability and therapeutic 

advantages. It emphasizes that postbiotics can 

enhance gut health without the challenges 

associated with live probiotics. the secondary 

metabolites of probiotics into various forms of 

postbiotics, such as organic acids and 

exopolysaccharides, which contribute to the 

positive health outcomes. 

Postbiotics, a term that refers to the bioactive 

compounds produced by probiotics, have 

collected significant attention in recent years 

due to their potential health benefits and 

therapeutic applications. Postbiotics also 

include non-viable microbial cells, cell wall 

components, and various metabolites that can 

utilize positive biological effects on the host. 

Research has demonstrated that the 

postbiotics derived from lactic acid bacteria 

contribute to gut health and reduce the risk of 

infections [3]. 

Postbiotics can inhibit the growth of 

pathogenic bacteria by producing substances 

like bacteriocins and organic acids. Recent 

research indicates that postbiotics exhibit 

activity against the harmful pathogens [4]. 

Postbiotics are the bioactive compounds 

produced during fermentation that have 

emerged as a promising area of research due 
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to their potential health benefits, including 

antimicrobial properties. Postbiotics show 

significant antibacterial activity against 

various pathogens, contributing to health 

benefits such as the prevention of infections 

and the maintenance of gut microbiota 

balance, thereby enhancing overall immune 

function and promoting gastrointestinal health 

[5]. 

As postbiotics do not contain any live 

microorganisms, they are safer for use in 

immunocompromised individuals and reduce 

the risk of infections associated with live 

probiotics. It also provides various health 

benefits, including modulation of the immune 

system, enhancement of gut barrier function, 

and maintenance of gut microbiota balance. 

They also play a crucial role in maintaining 

gut homeostasis, influencing the gut-brain 

axis, and providing protective effects against 

infections [6]. 

Recent research demonstrated that postbiotics 

can modulate oxidative stress by scavenging 

free radicals and enhancing antioxidant 

enzyme activity. The fermentation process of 

probiotic bacteria transforms substrates into 

bioactive compounds that exhibit strong 

antioxidant activities, indicating a symbiotic 

relationship between postbiotics and their 

substrates. The bioconversion of the 

postbiotic compounds during fermentation 

results in both the reduction of harmful 

oxidants and the production of beneficial 

metabolites [7]. 

Several studies have reported that the 

antioxidant activity of specific postbiotics is 

derived from various probiotic strains. The 

mechanisms through which postbiotics exert 

their antioxidant effects are multifaceted. 

They can enhance endogenous antioxidant 

systems by upregulating the expression of 

genes responsible for antioxidant enzyme 

production [8]. 

Emerging research indicates that postbiotics 

may play a crucial role in the management of 

diabetes mellitus by modulating gut 

microbiota and influencing systemic 

metabolic processes. Studies have suggested 

that postbiotics derived from lactic acid 

bacteria, can enhance insulin sensitivity, 

reduce blood glucose levels, and alter the 

composition of the gut microbiota favorably 

[9]. 

The current study focuses on the isolation of 

probiotic bacteria from yogurt and obtaining 

postbiotic cell-free supernatant. Further to 

evaluate the antimicrobial, antioxidant, and 

antidiabetic potential of postbiotics in in vitro 

conditions. 

2. MATERIALS AND METHODS: 

2.1 Sample preparation: Homemade yogurt 

was prepared using the lactic acid bacterial 
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starter culture and allowed to ferment 

overnight at room temperature. Later it was 

transported to the laboratory and stored in the 

refrigerator until use. 

2.2 Isolation: The yogurt samples were 

diluted at 10-2, 10-3, 10-4, 10-5, 10-6, and 10-7 

ratios in the sterile distilled water. Then 50 µl 

of diluted samples were spread on MRS agar 

plates and incubated at 37°C for 48 hours. For 

pure culture, subsequent streaking was 

performed and again incubated at 37°C for 48 

hours [10]. 

2.3 Gram staining: A single colony of 

bacterial culture was picked and smeared on a 

clean glass slide, allowed to air dry, and heat-

fixed on the smeared glass slide. Followed by 

heat fixing, the glass slide was flooded with 

crystal violet, Gram's iodine solution, 

decolorized with ethyl acetate, counterstained 

with safranin, and rinsed with water. The 

smear was then examined under 100x 

magnification [11]. 

2.4 Biochemical characterization: 

Biochemical characterizations of isolated 

bacterial strains were identified by performing 

IMViC tests, catalase, and oxidase [12]. 

2.5 Phenotypic level identification: 

Phenotypic identification was performed 

using a mass spectrometry system using 

matrix-associated laser desorption/ionization 

time-of-flight mass spectrometry (MALDI-

TOF MS), which is VITEK MS PRIME [13]. 

2.6 Postbiotic preparation: Isolated cultures 

are inoculated in 5 ml MRS broth and 

incubated at 37°C overnight in a shaking 

incubator. After the overnight incubation, the 

cultures were centrifuged at 6000 rpm for 10 

minutes at 4°C. The supernatant was then 

collected in a sterile conical flask and 

refrigerated until it was ready to use [14]. 

2.7 Antimicrobial activity: Antimicrobial 

activity of postbiotic cell-free supernatant was 

performed using the agar well diffusion 

method. For antimicrobial activity, the 

pathogenic bacteria Streptococcus bovis, 

Enterococcus faecalis, Escherichia coli, and 

Salmonella enterica were obtained from 

Royalcare Super Specialty Hospital, 

Coimbatore. Broth culture of pathogens was 

taken and swabbed in sterile Muller Hinton 

agar plates, and a 5 mm well was punched 

using a sterile pipette tip. Later, the obtained 

postbiotics were added to the wells in 20 µl, 

40 µl, 50 µl, 80 µl, and 100 µl, and then the 

plates were incubated at 37°C for 24 hours 

[15]. 

2.8 Antioxidant activity: The DPPH (2,2-

diphenyl-1-picrylhydrazyl) free radical-

scavenging method was used to evaluate the 

antioxidant activity. A DPPH solution of 3 

mg/ml was prepared in methanol [16]. 400 µl 
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of postbiotic sample and control distilled 

water were filled in separate vials. 1 ml of 

DPPH solution was added approximately in 

vials. At 517 nm, the sample's absorbance was 

determined using a UV-Vis spectrophotometer. 

The percentage of antioxidant (DPPH) was 

calculated using the below equation. 

 

                 Absorbance of blank- Absorbance of sample 
       % of DPPH =                                                                               x100 

  Absorbance of blank 
 

2.9 Antidiabetic activity: Antidiabetic 

activity of postbiotic cell-free supernatant was 

evaluated using α-amylase inhibitory activity 

[17]. 10 µl of α-amylase solution was added to 

different concentrations of postbiotic samples, 

and it was pre-incubated for 10 minutes at 

25°C. The starch solution of 10µL along with 

reaction mixture was reincubated for 1 hour at 

25℃. 390 ml of 0.02 M phosphate buffer as a 

positive control with pH 7. The reaction was 

determined with the addition of 0.1 ml of 

iodine solution and 5 ml of distilled water to 

the reaction mixture. Later, the reaction 

mixture was boiled and allowed to cool, and 

the OD value of absorbance was measured at 

565 nm. The inhibition was evaluated using 

the following calculation. 

 

 

 
  
 

3. RESULTS:   

3.1 Morphological and biochemical 

characterization: The yogurt samples were 

diluted in distilled water and inoculated in 

MRS agar plates. By observing the isolated 

bacteria under a microscope, seen as gram-

positive, rod-shaped bacilli in 100x (Table 1). 

Biochemical characterization of the probiotic 

strains shows that indole and methyl red are 

positive, whereas Voges proskauer, citrate, 

oxidase, and catalase are negative. 

Morphological and biochemical 

characteristics are shown in (Table 2) and are 

suspected to be Lactobacillus sp.  

3.2 Phenotypic identification using 

MALDI- TOF: After biochemical 

characterization, the isolated bacterial strains 

underwent phenotypic identification 

performed using the MALDI-TOF MS 

             (Absorbance of blank- Absorbance of sample) 
  Inhibition% =                                                                                     x100 

Absorbance of control 
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method, which shows that the isolated strain 

is Lactobacillus pentosus. 

3.3 Antimicrobial activity: The postbiotic 

cell-free supernatant was tested for its 

antimicrobial activities in the agar well 

diffusion method, where the zone of inhibition 

is measured and tabulated in (Table 3). The 

pathogenic bacterial strains used for 

antimicrobial activity are Streptococcus bovis, 

Enterococcus faecalis, Escherichia coli, and 

Salmonella enterica.  

The largest zone of inhibition is noted in 

Enterococcus faecalis from the concentration 

of 50 µl onwards. Followed by Enterococcus 

faecalis, Escherichia coli has shown a good 

zone of inhibition from the concentration of 

50 µl, but compared to Enterococcus, the zone 

of inhibition in E.coli is small in size. 

Streptococcus bovis and Salmonella enterica 

have no zone of inhibition in the 

concentrations of 25 µl and 50 µl, which 

shows growth inhibitory activity from the 

concentration of 75 µl. For all four strains, the 

zone increases according to the concentration 

of the sample. 

3.4 Antioxidant activity: The antioxidant 

activity of postbiotic cell-free supernatant was 

evaluated using DPPH radical scavenging 

activity, which was calculated and tabulated in 

(Table 4). 

The results indicated that the sample exhibited 

free radical scavenging capabilities that 

effectively reduced the DPPH radicals 

(Figure 1), indicating that at a concentration 

of 100 µl, the postbiotic sample exhibited a 

percent inhibition of DPPH radicals 

exceeding 75 µl of the sample concentration, 

demonstrating the antioxidant potential. 

3.5 Antidiabetic activity: The antidiabetic 

activity of the postbiotic sample was assessed 

by evaluating its inhibitory effect on alpha-

amylase activity. The result demonstrated a 

clear dose-dependent response (Figure 2), 

with significant inhibition observed at varying 

concentrations of the postbiotic sample 

(Table 5). 

 

Table 1: Morphological characterisation 
Colony appearance Whitish cream 

Gram staining Positive 
Microscopic observation Rods 

  

Table 2: Types of biochemical tests 
Indole Positive 

Methyl red Positive 
Voges proskauer Negative 

Citrate Negative 
Catalase Negative 
Oxidase Negative 
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Table 3: Zone of inhibition of antimicrobial activity 
S. No. Pathogens Zone of inhibition 

25 µl 50 µl 75 µl 100 µl 
1. Streptococcus bovis - - 12.2mm 15mm 
2. Enterococcus faecalis - 12mm 14.4mm 17.1mm 
3. Escherichia coli - 8.5mm 10mm 21mm 
4. Salmonella enterica - - 12.3mm 14.7mm 

- No zone of inhibition 

Table 4: Antioxidant activity 
Concentration OD Value of Blank OD Value of Sample % OF DPPH 

25 µl 1.398 0.529 62.16 
50 µl 1.398 0.564 59.65 
75 µl 1.398 0.616 55.93 
100 µl 1.398 0.692 50.50 

 
 

 
Figure 1: Antioxidant activity 

Table 5: Antidiabetic activity 
Concentration Standard (Acarbose) OD Value (0.495) Sample 

10 µg 32 % 0.423 17.02 % 
20 µg 48 % 0.348 30.00 % 
30 µg 55 % 0.270 45.45 % 
40 µg 72 % 0.212 57.17 % 
50 µg 87 % 0.110 78.00 % 

 
 

 
Figure 2: Antidiabetic activity 

25 µl 50 µl 75 µl Blank 100 µl 

Control 
10 µl 20 µl 30 µl 40 µl 100 µl 
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Specifically, at the highest tested 

concentration of 50 µl, the sample exhibited 

an inhibition rate of 78.00%, indicating potent 

anti-diabetic properties. In comparison with 

the standard alpha-amylase inhibitor, 

acarbose displayed an inhibition rate of 

87.00% at an equivalent concentration of 50 

µl. An intermediate concentration of the 

postbiotic sample from 20 µl to 40 µl also 

yielded notable inhibitory effects, ranging 

between 30.00% and 57.17%, which shows 

the gradual increase in bioactivity correlating 

to the concentration of the sample. 

4. DISCUSSION:  

In the present study, homemade yogurt was 

selected as the primary source, owing to its 

rich microbial diversity and traditional 

significance in various cultures. The yogurt 

sample were prepared from boiled milk, 

allowing for optimal growth conditions of 

lactic acid bacteria, which are integral to 

probiotic activity. The selection of materials 

for sample collection emphasized the 

importance of using non-commercial, 

homemade products, as they typically harbor 

a more diverse microbiota compared to 

industrially produced alternatives. 

Isolation was performed using de Man, 

Rogasa, and Sharpe (MRS) broth, a selective 

medium conducive to the growth of lactic acid 

bacteria. This method facilitated the 

proliferation of desired strains while 

inhibiting nontargeted microbial species. 

Following an incubation period, the transfer of 

cultures to MRS agar plates enabled the 

differentiation of distinct colonies, which 

were then subjected to sub culturing to 

achieve purity. This meticulous isolation 

process ensured that the probiotic strains 

maintained their integrity and viability, which 

is essential for subsequent analysis. 

Identification of the isolated strains involved 

a combination of morphological observation 

(Table 1), biochemical tests, and MALDI-

TOF MS for specific genus identification. 

Gram staining provided initial insights into 

the cellular characteristics, while biochemical 

characterization (Table 2), including the 

methyl red and catalase tests, allowed for 

further classification based on metabolic 

profiles. The MALDI-TOF MS method 

emerged as a critical methodological 

enhancement, providing information that 

enables precise identification of isolated 

bacterial strains at the genus and species level. 

The identified lactobacillus strains probiotic 

characteristics are consistent with those 

reported in other studies. For example, similar 

antimicrobial activities of Lactobacillus 

isolates from curd and human milk against 

foodborne and human pathogens have been 

documented [18]. 
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Apart from dairy products, the successful 

isolation and characterization of lactococci 

from plant materials and investigation of their 

probiotic properties provide further support 

for exploring diverse sources of beneficial 

microbes [19]. 

The production of postbiotics, particularly the 

cell-free supernatant, was achieved through 

centrifugation of the isolated probiotic 

bacteria, which allowed to get the bioactive 

compounds without affecting the presence of 

viable bacterial cells. 

In the present study, the antimicrobial activity 

was assessed using standard well-diffusion 

method. The efficacy of postbiotics was tested 

against the Streptococcus bovis, Escherichia 

coli, Enterococcus faecalis, and Salmonella 

enterica was evaluated by measuring the 

diameter of inhibition zones (Table 3). The 

strains exhibited different zones of inhibition 

and depending on the concentration of the 

sample; it underscores the specificity of the 

antimicrobial action associated with the 

postbiotic cell-free supernatant. 

The findings (Table 4) suggest the postbiotics 

cell-free supernatant possesses substantial 

antioxidant properties, thereby affirming its 

potential application in enhancing oxidative 

stress resistance and promoting health through 

antioxidant mechanisms. 

In the current study, the antidiabetic activity 

observed in postbiotic samples is the result 

indicate a marked reduction in α-amylase 

activity with increasing concentration of the 

sample (Table 5), suggesting their potential to 

lower glucose levels. These findings show the 

potential of postbiotics as functional agents in 

the management of diabetes. 

5. CONCLUSION:  

The study effectively demonstrated a 

structured methodology for the sample 

collection, isolation, and identification of 

probiotic bacteria from yogurt samples. 

Following this selective isolation on MRS 

media enabled the differentiation of 

lactobacilli and laid the groundwork for 

thorough analysis. 

Morphological and biochemical 

characterization. Provided valuable insights 

into the metabolic capabilities of the isolated 

strains. The use of gram staining and a suite of 

biochemical tests, including IMViC, catalase, 

and oxidase, allowed us to understand the 

isolate’s taxonomy and functionality. 

Moreover, the MALDI-TOF technique further 

confirmed the species identity of the isolated 

strain. 

This research shows the postbiotic capacity of 

inhibiting the growth of pathogenic bacteria, 

as evidenced by the measurable zone of 

inhibition against various bacterial strains, 



Arunavarsini K et al                                                                                                                                         Research Article 
 

 
2982 

IJBPAS, May, 2025, 14(5) 

including E. coli, Streptococcus bovis, 

Enterococcus faecalis, and Salmonella 

enterica. These suggest that the postbiotics 

may serve as effective natural antimicrobial 

agents. 

The investigation into the antioxidant activity 

of postbiotics revealed significant radical 

Scavenging potential as evidenced by the 

DPPH assay results. These findings show the 

relevance of postbiotics in enhancing 

oxidative capacity and stability. 

The antidiabetic activity revealed a notable 

capacity to inhibit alpha amylase activity in a 

concentration-dependent way. The postbiotics 

showed an impressive reduction in enzyme 

activity, indicating their potential to modulate 

carbohydrate metabolism and support 

glycemic control. 

ACKNOWLEDGEMENT 

The authors express their sincere gratitude for 

the management and the department of 

microbiology of DR. N.G.P. Arts and Science 

College, Coimbatore, for proper equipment 

and laboratory facilities. 

COMPETING INTEREST   

The authors have no competing interest to 

declare. 

6. REFERENCES:  

[1] Manovina, M., D. Thamari Selvi, and 

T. Gousika. "Isolation and in-vitro 

characterization of Lactobacillus SP, 

from traditionally fermented black rice 

(Karupu Kavuni Arisi) and brown rice 

(Kai Kuthal Arisi)." Int J Innov Sci 

Res Technol 4.4 (2019): 16-19. 

[2] Malashree, L., Angadi, V., Yadav, K. 

S., & Prabha, R. (2019). 

Postbiotics. One Step Ahead of 

Probiotics. Int. J. Curr. Microbiol. 

Appl. Sci, 8(01), 2049-2053. 

[3] Bourebaba, Y., Marycz, K., 

Mularczyk, M., & Bourebaba, L. 

(2022). Postbiotics as potential new 

therapeutic agents for metabolic 

disorders management. Biomedicine 

& Pharmacotherapy, 153, 113138. 

[4] Aghebati-Maleki, L., Hasannezhad, 

P., Abbasi, A., & Khani, N. (2021). 

Antibacterial, antiviral, antioxidant, 

and anticancer activities of 

postbiotics: a review of mechanisms 

and therapeutic 

perspectives. Biointerface Res Appl 

Chem, 12(2), 2629-45. 

[5] Dobreva, L., Atanasova, N., Donchev, 

P., Krumova, E., Abrashev, R., 

Karakirova, Y., ... & Danova, S. 

(2024). Candidate-Probiotic 

Lactobacilli and Their Postbiotics as 

Health-Benefit 

Promoters. Microorganisms, 12(9), 

1910. 



Arunavarsini K et al                                                                                                                                         Research Article 
 

 
2983 

IJBPAS, May, 2025, 14(5) 

[6] Manna, A., Chakraborty, A., Bag, S., 

Chackrabarty, S., & Basu, B. R. 

Postbiotics: A New Post in Biotics and 

Its Prospective Role in Human Health 

and Diseases. 

[7] Alaobady, F. A., & Thalj, K. M. 

(2024). Evaluation of the antioxidant 

and inhibitory activity of fermented 

Aloe vera extract against the 

pathogenic bacteria isolated from 

diarrhoea infections. Tikrit Journal for 

Agricultural Sciences, 24(1). 

[8] Ibrahim, G. A., Mabrouk, A. M., El-

Ssayad, M. F., Mehaya, F. M., Sharaf, 

O. M., & Ibrahim, M. I. (2024). 

Properties of postbiotics produced by 

probiotics: antimicrobial, antioxidant 

activities and production of vitamins, 

organic acids. 

[9] Cabello-Olmo, M., Araña, M., 

Urtasun, R., Encio, I. J., & Barajas, M. 

(2021). Role of postbiotics in diabetes 

mellitus: Current knowledge and 

future perspectives. Foods, 10(7), 

1590. 

[10] Kandou, A. S., Sugata, M., & Jo, J. 

(2024). Isolation and 

Characterization of Lactobacillus 

Species From Local Indonesian 

Cow’s Milk. Biota: Jurnal Ilmiah 

Ilmu-Ilmu Hayati, 109-119. 

[11] Mannan, S. J., Rezwan, R., Rahman, 

M. S., & Begum, K. (2017). Isolation 

and biochemical characterization of 

Lactobacillus species from yogurt 

and cheese samples in Dhaka 

metropolitan area. Bangladesh 

Pharmaceutical Journal, 20(1), 27-

33. 

[12] Waqar, A., Shoaib, A., Sethi, A. R., 

Hassan, K., Asghar, M., & Anees, T. 

(2024). Isolation of Lactobacillus 

and Enzymatic Activity of 

Dihydrofolate Reductase (DHFR) in 

Musa spp. Journal of Sustainable 

Environment, 2(2), 16-20. 

[13] Kim, S. H., Chon, J. W., Jeong, H. 

W., Song, K. Y., Kim, D. H., Bae, D., 

... & Seo, K. H. (2023). Identification 

and phylogenetic analysis of 

Enterococcus isolates using MALDI-

TOF MS and VITEK 2. AMB 

Express, 13(1), 21. 

[14] Pompilio, A., Kaya, E., Lupetti, V., 

Catelli, E., Bianchi, M., Maisetta, G., 

... & Batoni, G. (2024). Cell-free 

supernatants from Lactobacillus 

strains exert antibacterial, 

antibiofilm, and antivirulence 

activity against Pseudomonas 

aeruginosa from cystic fibrosis 



Arunavarsini K et al                                                                                                                                         Research Article 
 

 
2984 

IJBPAS, May, 2025, 14(5) 

patients. Microbes and 

Infection, 26(4), 105301. 

[15] Serter, B., Önen, A., & Osman, I. I. 

(2024). Antimicrobial efficacy of 

postbiotics of lactic acid bacteria and 

their effects on food safety and shelf 

life of chicken meat. Annals of 

Animal Science, 24(1), 277-287. 

[16] Jalali, S., Mojgani, N., Haghighat, S., 

Sanjabi, M. R., & Sarem-Nezhad, S. 

(2024). Investigation of 

antimicrobial and antioxidant 

properties of postbiotics produced by 

lactobacillus rhamnosus and 

limosilactobacillus reuteri and their 

potential application in surface 

decontamination of red 

meat. LWT, 209, 116758. 

[17] Won, G., Choi, S. I., Park, N., Kim, 

J. E., Kang, C. H., & Kim, G. H. 

(2021). In vitro antidiabetic, 

antioxidant activity, and probiotic 

activities of Lactiplantibacillus 

plantarum and Lacticaseibacillus 

paracasei strains. Current 

microbiology, 78(8), 3181-3191. 

[18] Sharma, C., Singh, B. P., Thakur, N., 

Gulati, S., Gupta, S., Mishra, S. K., 

& Panwar, H. (2017). Antibacterial 

effects of Lactobacillus isolates of 

curd and human milk origin against 

food-borne and human pathogens. 3 

Biotech, 7, 1-9. 

[19] Kimoto, H., Nomura, M., Kobayashi, 

M., Okamoto, T., & Ohmomo, S. 

(2004). Identification and probiotic 

characteristics of Lactococcus strains 

from plant materials. Japan 

Agricultural Research Quarterly: 

JARQ, 38(2), 111-117.  


