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Antimicrobial activity against entero-pathogens and tolerance to acid stress are crucial characters of 
probiotic bacteria. Lactobacillus spp. isolates were phenotypically characterized using colony 
observation, catalase test and Gram stain reaction.  The pH (1.5, 2.5 and 3.5) tolerance of each isolate 
was evaluated at 0 and 4 h. The antibacterial activities of the isolates were tested against pathogenic 
strains of Bacillus spp., Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium and 
Staphylococcus aureus. Among the isolates screened, 20 were Gram positive and catalase negative. In 
an agar well diffusion, isolate O4 resulted in the highest inhibition zone diameter, 13 mm against P. 
aeruginosa while isolates OK4, UK1, P2, P3 and P4 did not produce any inhibition zones against any of the 
pathogens tested. Isolate Y1 showed the broadest inhibitory activity against the pathogens tested 
inhibiting all the pathogens tested except S. typhimurium. The pH tolerability studies showed that the 
isolates proliferated more at lower acidic pH: 1.5 > 2.5 > 3.5. Food products containing Ogiri, Ukpaka, 
Okpeye, Akamu and Yoghurt provides useful sources of probiotic bacteria. 
  
Key words: Antimicrobial activity, Lactobacillus spp, pH tolerance, entero-pathogens. 

 
 
INTRODUCTION 
 

There is substantial concern that pharmaceutical 
industries are not able to develop novel and effective 
antibiotics at a rate sufficient to compete with the 
emergence of microbial resistance to antibiotics  used  in 

the clinic. Thus, interest in the use of probiotic foods with 
beneficial microorganisms as an alternative to antibiotic 
therapy has geometrical increased within the past 
decades. The antibacterial  properties  and  tolerance  to
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low pH of lactic acid bacteria (LAB) is essential in their 
applicability as probiotics. To achieve a high 
concentration (10

9 
to 10

11
 CFU/day) and to allow for 

their beneficial action, LAB must survive the low pH of 
the gastrointestinal tract (GIT), colonize it and 
synergistically dislodge pathogenic bacteria via 
production of defensive metabolites.   

Probiotics are „live microorganisms which, when 
administered in adequate amounts, confer a health 
benefit on the host‟ (FAO/WHO, 2002). Importantly, 
probionts with probiotic grade must be devoid of any 
adverse effects (cytotoxicity, antibiotic resistance and 
hemolysis), and endowed with beneficial traits to 
inhibit pathogenic bacteria through different 
mechanisms as reported in different studies (Vieco-
Saiz et al., 2019). Probiotics as well as their 
bacteriocins (produced by some probiotic organisms) 
are considered to substitute for antibiotics in the food 
and pharmaceutical sector. Lactic acid bacteria (LAB), 
commonly regarded as the major group of probiotic 
bacteria, are rods or cocci, facultative anaerobes, 
belong to the non-spore forming firmicutes groups 
with low Guanine (G) and cytosine (C) – G + C (< 
50%) with members belonging to the genera - 
Enterococci, Lactobacillus, Lactococcus, 
Leuconostoc, Pediococcus and Streptococcus 
(Berebon et al., 2019). 

There are stringent selection criteria for the 
development of commercial probiotics. It is based on 
their unmistakable taxonomic identification, safety 
assessment, in vitro and in vivo functional 
characterization (FAO/WHO, 2006). Importantly, they 
should be tolerant to acids and bile salts, survival 
during passage through the gastrointestinal tract 
(GIT), ability to colonize the intestine, antagonistic 
properties against pathogenic microorganisms 
(Shokryazdan et al., 2017). Probiobics should be able 
to stimulate the immune system, degrade toxic 
substances and improve absorption of certain 
nutrients, accompanied by good technological 
properties (Grajek et al., 2016). 

Stefanis et al. (2016) and Kaur et al. (2015) listed 
basic criteria that a microorganism should fulfill in 
order to be characterized as a probiotic among which 
is their ability to withstand and survive physiological 
stress of acidic pH within the GIT and possession of 
antimicrobial activity against potentially pathogenic 
bacteria. The pH tolerance of probiotics is well 
documented in the literatures (Sahadeva et al., 2011, 
Hassanzadazar et al., 2012). The aim of this study is 
to isolate potential probiotic isolates from locally 
fermented and ready to eat food and evaluate them 
for probiotic characters. 

Antimicrobial metabolites secreted by LAB mitigate 
the proliferation of pathogens within the GIT. The 
preservative potentials of LAB in food matrix is 
attributed to the production of antimicrobial  
metabolites including organic  acids  and  bacteriocins 

 
 

 
 

(Macaluso et al., 2016). Hawaz (2014) reported the 
antimicrobial activities of LAB against pathogenic 
bacteria such as: Bacillus sp., Escherichia sp., 
Pseudomonas sp., Salmonella sp. and 
Staphylococcus sp.  

LAB-probiotics can reduce the spread of pathogenic 
bacteria by mechanisms involving production of 
inhibitory compounds and competitive exclusion 
(Vieco-Saiz et al., 2019). The antimicrobial effect of 
LAB may be due to the production of antimicrobial 
peptides (AMPs) or small organic molecules such as 
organic acids, ethanol, diacetyl, carbon dioxide, 
hydrogen peroxide and smaller peptides, that is, 
bacteriocins (Liao and Nyachoti, 2017). Several 
bacteriocins have been shown to act in synergy with 
conventional antibiotics (Cavera et al., 2015, Wolska 
et al., 2012), thus reducing bactericidal concentrations 
and reduction in their undesirable side-effects while 
some produced by Gram positive bacteria are active 
against viruses (Ben Lagha et al., 2017)  

Different techniques had been reported for assaying 
the antimicrobial activity of LAB.  Some examples that 
were previously reported are delayed antagonism, 
disc diffusion assay, spot on lawn or agar overlay 
(immersion bioautography), well diffusion assay and 
paper disc methods (Soomro et al., 2007; Macaluso et 
al., 2016; Balouiri et al., 2016; Oliveira et al., 2017), 
critical dilution assays (Barbosa et al., 2016), flip-
streak method (Lewus and Montville, 1991).The aim 
of this study was to  isolate, evaluate the antimicrobial 
activity and pH tolerance of LAB isolated from locally 
consumed probiotic food in Nsukka, Enugu State, 
Nigeria. 

 
 
MATERIALS AND METHODS 
 
Chemicals and reagents  
 
A 70% ethanol, 3% hydrogen peroxide, dilute sodium hydroxide 
and dilute HCl solution were prepared from their stock solutions. 
Gentian violet, Lugol‟s iodine, safranin, immersion oil, were 
obtained from their manufacturers and prepared as needed. All 
chemicals used for the study were of analytical grade. 

 
 
Food samples and pathogenic organisms 

 
Food samples 

 
Food samples included processed Ogiri (Sesamum indicum L.), 
Okpeye (Iron plant - Prosopsi africana endosperm), Pap or 
Akamu (Zea mays steep liquor), Ukpaka (Oil bean - 
Pentaclethra macrophylla) and Yoghurt (Aqua Rapha®) were 
used. The samples were coded as: O (Ogiri), OK (Opkeye), P 
(Pap), U (Ukpaka) and Y (Yoghurt) respectively. 

 
 
Pathogens 

 
Pathogens     included    Bacillus    Pseudomonas    aeruginosa,  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6378274/#B109


 
 
 
 
Salmonella sp, typhimurium, Staphylococcus aureus and 
Escherichia coli. All pathogenic isolates were obtained from the 
Department of Pharmaceutical Microbiology and Biotechnology 
laboratory, UNN. 
 
 

Media used 
 
Media used in this study includes De Man Rogosa and Sharpe 
(MRS) agar, De Man, Rogosa and Sharpe (MRS) broth, Nutrient 
agar.  
 
 
Collection of food samples 
 
A total of 60 samples comprising of 12 samples per food type 
(Okpeye, Ogiri, Pap, Ukpaka and Yoghurt) were randomly 
procured between May and June, 2018 from Ikpa market in 
Nsukka L.G.A, Enugu State, Nigeria. Samples were transferred in 
an icebox (-4°C) to the laboratory using sterile containers.  
 
 
Isolation of potential lactic acid bacteria  
 
A tenfold serial dilution and a spread plate method was used as 
reported in previous study (Berebon et al., 2019). Based on visual 
examination a distinct colony was picked with a sterile wire loop 
and transferring aseptically into a sterile MRS agar plate by 
quadrant streak method. The plates were incubated anaerobically 
at 37°C for 24 to 48 h. Each isolate was tested for presence of 
catalase production. Only isolates which tested negative for 
catalase production were selected and stocked on MRS slants in a 
bijou bottle for further studies. 
 
 
Colony characteristics of lactic acid bacteria 
 
Each colony was observed and the following features were 
determined: Margin, size, surface, elevation, form recorded. A total 
of 20 isolates with LAB morphologies on MRS agar plates were 
selected and coded as: O1, O2, O3, O4; OK1, OK2, OK3, OK4; P1, P2, 
P3, P4; UK1, UK2, UK3, UK4 and Y1, Y2, Y3, Y4.  

 
 
Preparation of standard inoculum  
 
Each potential probiotic isolate was inoculated into 10 ml MRS 
broth in test tubes. The cultures were incubated for 24 h at 37ºC. 
These cultures were used as the standard inoculum for further 
experiments. 

 
 
pH tolerance test 
 
The pH of duplicate tubes of 10 ml of MRS broth was adjusted to 
pH 1.5, 2.5 and 3.5 using 1 M HCl and 1 M NaOH and autoclaved 
at 121ºC for 15 min. A 100 µl of each probiotic culture was added 
to each tube and adjusted to 0.5 McFarland standard. The 
absorbance readings of each isolate was taken at 0 and 4 h using 
UV/Visible spectrophotometer (Spectrumlab 725s, England) at λmax 
of 600 nm. Sterile MRS broth pH 7.0 (control) was used as blank.  
 
 
Antimicrobial activity assay 
 
The antibacterial activity of the LAB isolates against pathogenic 
pathogens was cultured overnight in Brain Heart Infusion agar. A 
100   µl   of  the pathogenic  bacteria  (adjusted  to  0.5  McFarland 
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standards using sterile saline) were spread on nutrient agar plates 
and the 100 µl of LAB were added to wells and allowed to diffuse 
at room temperature into the agar. Subsequently, the inoculated 
plates were incubated at 37°C for 24 to 48 h. The antimicrobial 
activity of each probiotic strains was evaluated by measuring the 
inhibition zone diameter (IZD) around probiotic growth. 

 
 
RESULTS AND DISCUSSION 
 

Table 1 shows the colonial morphologies of the potential 
probiotic bacteria isolates belonging to the genus 
Lactobacillus  htiw  small  circular  sninotos , Gram 
positive, non-motile anaerobic doa catalase negative.  

The survival patterns of each isolate at different acidic 
pH conditions of 1.5, 2.5 and 3.5 (Figures 1 to 3) 
indicated that the various potential Lactobacilli survived 
more generally at low acidic condition with the general 
decrease in survival at pH: 1.5 > 2.5 > 3.5. This 
observation corroborated the findings of - Tokatlı et al. 
(2015) that 35 to 85 % and 33 to 64 % strains of L. 
plantarum and L. brevis survived at pH 2.5 for 4 h. 
However, Succi et al. (2017) noted that L. plantarum 
only exhibited a slight growth at pH: 3.5 and 4.0 but not 
at 3.0. The isolates are acid tolerant, a property 
characteristic of probiotic bacteria. Taken together, these 
results show that pH tolerance is strain - dependent 
among Lactobacillus spp. At pH 1.5, all the probiotic 
isolates showed increase in growth after 4 h except Y4 
which had remarkable reduction in growth turbidity. 
Other workers have reported survivability of 
Lactobacillus spp. at acidic pH (Succi et al., 2017; Ngov 
et al., 2014; Miller et al., 2011). Cotter and Hill (2003) 
and  De Angelis and Gobbetti (2011) reported that 
acidotolerant observation  in lactococci may be due to 
their innate pH homeostatic system such as: Arginine 
deiminase (ADI), H

+
-ATPase proton pump, and the 

glutamate decarboxylase gene (GAD) which stabilizes 
the acid stress. 

At pH 2.5, only isolate O1 showed growth reduction 
with time while at pH 3.5 all the isolates showed 
increase in growth with time. According to Sahadeva et 
al. (2011), the survival pattern of the probiotic isolates at 
acidic pH conditions is very important because it 
determines the choice of probiotics used in management 
of gastrointestinal infections. Isolates that tolerate high 
acidic condition are good agents used in the 
management of infections of susceptible bacterial 
infections of the gastrointestinal tract such as: Diarrhea, 
peptic ulcer, colitis and salmonellosis (Vantsawa et al., 
2017).  

The antibacterial activity (Figure 4) of each of the 
isolates against Bacillus sp., Pseudomonas aeruginosa, 
Salmonella typhimurium, Staphylococcus aureus, and 
Escherichia coli show that isolate - O4 had the widest 
inhibition zone diameter (IZD) of 13 mm against P. 
aeruginosa while isolates: OK4, UK1, P2, P3, and P4 did 
not inhibit any of the pathogens tested. Isolate - Y1 had 
the broadest activity inhibiting all  the  pathogens  except 

https://www.frontiersin.org/articles/10.3389/fmicb.2017.00470/full#B32
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00470/full#B13
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Table 1. Preliminary colony characteristics, catalase test and gram reaction of LAB isolates. 
 

Isolate Form (shape) Color Elevation Margin Surface Gram reaction Catalase test 

OK1 Circular Milky Convex Entire Smooth Positive Negative 

OK2 Circular Milky convex Entire Smooth positive Negative 

OK3 Circular Milky convex Entire Smooth positive Negative 

OK4 Circular Milky convex Entire Smooth positive Negative 

UK1 Circular White convex Entire Smooth positive Negative 

UK2 Circular White convex Entire Smooth positive Negative 

UK3 Circular White convex Entire Smooth positive Negative 

UK4 Circular White convex Entire Smooth positive Negative 

P1 Circular Milky convex Entire Smooth positive Negative 

P2 Circular Milky convex Entire Smooth positive Negative 

P3 Circular Milky convex Entire Smooth positive Negative 

P4 Circular Milky convex Entire Smooth positive Negative 

Y1 Circular Milky convex Entire Smooth positive Negative 

Y2 Circular White Flat undulate Smooth positive Negative 

Y3 Circular White Flat Entire Smooth positive Negative 

Y4 Circular White Flat Entire Smooth positive Negative 

O1 Circular Milky convex Entire Smooth positive Negative 

O2 Circular Milky convex Entire Smooth positive Negative 

O3 Circular Milky convex Entire Smooth positive Negative 

O4 Circular Milky convex Entire Smooth positive Negative 
 

OK, Okpeye; UK, Ukpaka; P, Pap or Akamu; Y, Yoghurt O, Ogiri. 
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Figure 1. Tolerance of LAB at pH 1.5. OK, Okpeye; UK, Ukpaka; P, Pap or Akamu; Y, Yoghurt O, Ogiri. 
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Figure 2. Tolerance of LAB isolates at pH 2.5. OK, Okpeye; UK, Ukpaka; P, Pap or Akamu; Y, Yoghurt O, Ogiri. 
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Figure 3. Tolerance of LAB at pH 3.5. OK, Okpeye; UK, Ukpaka; P, Pap or Akamu; Y, Yoghurt O, Ogiri. 

 
 
 
S. typhimurium. The cause for antipathogenic activity of 
isolates O4 and Y1 against Bacillus sp., Pseudomonas 
aeruginosa, Salmonella typhimurium, Staphylococcus 
aureus, and Escherichia coli is not  known  and  requires 

further study. It might be due to formation of either 
bacteriocins, organic acids (acetic acid, lactic acid) or 
hydrogen peroxide all having desirable properties as 
sustainable alternatives to antibiotics. The results  of  the 
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Figure 4. Antibacterial activity of LAB isolates. OK, Okpeye; UK, Ukpaka; P, Pap or Akamu; Y, Yoghurt O, Ogiri. 

 
 
 

antimicrobial activity of Lactobacilli against 
enteropathogens are corroborated by another author 
who reported their in vitro inhibitory activity on Bacillus 
sp., P. aeruginosa, Staph. aureus, E. coli and S. 
typhimurium (Abubakr, 2018). Among the pathogens 
tested, Bacillus sp. had the highest resistance against 
the probiotic isolates being sensitive to only two 
isolates. The high resistance profile recorded for 
Bacillus sp. may be attributed to their tolerance to bile 
and acidic pH concentrations, biofilms formation 
potentials, versatile intrinsic ability to produce protease 
and lipases that are stable at high temperature. E. coli 
and P. aeruginosa showed highest sensitivity with more 
than eight isolates inhibiting their growth. 

 
 
Conclusion 

 
Potential Lactobacillus species were isolated from the 
following fermented food products: Ukpaka, Ogiri, 
Okpeye, Pap and Yoghurt from Ikpa market in Nsukka 
metropolis. The isolates had morphological 
characteriztics of known features of Lactobacillus 
bacteria. The in vitro antibacterial activity of the isolates 
showed that some had ability to inhibit selected 
pathogenic organisms, an indication of their potential 
relevance in therapeutic treatment of infectious 
diseases.  Survival  of  these  probionts   at   acidic   pH 

condition validate them to be potentially useful either as 
adjuvant or active ingredients in preparations that are 
targeted to the stomach and upper duodenal regions of 
the gastrointestinal tract (GIT). Further investigations 
and molecular characterization of the novel potential 
probiotic isolates and identification to their species level 
for subsequent pharmaceutical applications are in 
progress. 

 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interests. 
 
 
ACKNOWLEDGEMENTS 
 

The authors are grateful to both the laboratory 
technologists of the Departments of Pharmaceutics and 
Pharmaceutical Microbiology and Biotechnology, 
University of Nigeria for providing various ancillary 
materials for the study.  
 
 
REFERENCES 
 
Abubakr MAS (2018). Antimicrobial Activities of Lactic Acid Bacteria 

Strains Isolated from Human Breast Milk Against Human 
Pathogenic Strains. International Journal of Clinical and 
Developmental Anatomy 4(1):27-31 doi:  



 
 
 
 

10.11648/j.ijcda.20180401.14. 
Balouiri M, Sadiki M, Ibnsouda SK (2016). Methods for in vitro 

evaluating antimicrobial activity: A review. Journal of 
Pharmaceutical Analysis 6:71-79. 
http://dx.doi.org/10.1016/j.jpha.2015.11.005 

Barbosa MS, Todorov SD, Ivanova IV, Belguesmia Y, Choiset Y, 
Rabesona H, Chobert JM, Haertle T, Franco BDGM (2016). 
Characterization of a two-peptide plantaricin produced by 
Lactobacillus plantarum MBSa4 isolated from Brazilian salami. 
Food Control 60:103-112. 
http://dx.doi.org/10.1016/j.foodcont.2015.07.029  

Berebon DP, Ofokansi KC, Attama AA, Eze CO, Onwusoba RC, 
Ugwoke IC (2019). Preliminary Studies on Isolation, Bile Tolerance 
and Antibiogram of Potential Probiotics (Probionts) from Locally 
Fermented Food Products at Beach Market, Nsukka Metropolis, 
Enugu State, Nigeria. Biotechnology Journal International 22(3):1-
10. doi: 10.9734/BJI/2018/v22i330060 

Cavera VL, Arthur TD, Kashtanov D, Chikindas ML (2015). 
Bacteriocins and their position in the next wave of conventional 
antibiotics. International Journal of Antimicrobial Agents 46(5):494-
501. 

Cotter PD, Hill C (2003). Surviving the acid test: responses of Gram-
positive bacteria to low pH. Microbiology and Molecular Biology 
Reviews 67(3):429-453. 

De Angelis M, Gobbetti M (2011). “Stress responses of lactobacilli,” 
in Stress Responses of Lactic Acid Bacteria, eds. Tsakalidou E, 
Papadimitriou K (New York, NY: Springer), 219-249. 

FAO/WHO (2002). Guidelines for the evaluation of probiotics in food. 
London, Ontario, Canada, April 30 and May 1, 2002. 
ftp://ftp.fao.org/es/esn/food/wgreport2.pdf.  

FAO/WHO (2006). Probiotics in food. Health and nutritional properties 
and guidelines for evaluation. FAO Food and Nutrition Paper 85:1-
50. http://www.fao.org/3/a-a0512e.pdf 

Grajek K, Sip A, Foksowicz-Flaczyk J, Dobrowolska A Wita A (2016). 
Adhesive and hydrophobic properties of the selected LAB isolated 
from gastrointestinal tract of farming animals. Acta Biochimica 
Polonica 63(2):311-314.  

Hassanzadazar H, Ali E, Karim M, Javad H (2012). Investigation of 
antibacterial, acid and bile tolerance properties of lactobacilli 
isolated from Koozeh cheese. Veterinary Research Forum 
3(3):181-185. 

Hawaz E (2014). Isolation and identification of probiotic lactic acid 
bacteria from curd and in vitro evaluation of its growth inhibition 
activities against pathogenic bacteria. African Journal of 
Microbiology Research 8(13):1419-1425.  

Kaur IP, Deol PD, Sandhu SK, Rishi P (2015). Pharmaceutical 
Aspects of Probiotics and Prebiotics. In Koen Venema & Ana Paula 
do Carmo (Eds), Probiotics and Prebiotics: Current Research and 
Future Trends. Caister Academic Press. Norfolk, UK. pp. 470-471 

Ben Lagha A, Bruno H, Marcelo G, Daniel G (2017). Antimicrobial 
potential of bacteriocins in poultry and swine production. Veterinary 
Research 48:22. DOI 10.1186/s13567-017-0425-6. 

Lewus CB, Montville TJ (1991). Detection of bacteriocins produced by 
lactic acid bacteria. Journal of Microbiological Methods 13(2):145-
150. 

Liao SF, Nyachoti CM (2017). Using probiotics to improve swine gut 
health and nutrient utilization. Animal Nutrition 3(4):331-343. doi: 
10.1016/j.aninu. 2017.06.007. 

Macaluso G, Fiorenza G, Gaglio R, Mancuso I, Scatassa ML (2016). 
In vitro evaluation of bacteriocin-like inhibitory substances 
produced by lactic acid bacteria isolated during traditional Sicilian 
cheese making. Italian Journal of Food Safety 5(1):5503. 

 
 
 
 
 
 
 
 
 
 

Berebon et al.         1097 
 
 
 
Miller BJ, Franz CM, Cho GS, du Toit M (2011). Expression of the 

malolactic enzyme gene (mle) from Lactobacillus plantarum under 
winemaking conditions. Current Microbiology 62:1682-1688. doi: 
10.1007/s00284-011-9914-4 

Ngov S, Sukboonyasatit D, Paseephol T (2014). Enhancement of 
Probiotic Survival in Low pH and Bile Salt Condition using Alginate-
Hi-maize Starch Encapsulation. Asia-Pacific Journal of Science and 
Technology19 (Supplement Issue):141-147. 

Oliveira LC, Silveira AMM, Monteiro AS, Santos VL, Nicoli JR, 
Azevedo VAC, Soares SC, Dias-Souza MV, Nardi RMD (2017). In 
silico Prediction, in vitro Antibacterial Spectrum, and 
Physicochemical Properties of a Putative Bacteriocin Produced by 
Lactobacillus rhamnosus Strain L156.4. Frontiers in Microbiology 
8:876 

Sahadeva RPK, Leong SF, Chua KH, Tan CH, Chan HY, Tong EV, 
Wong SYW, Chan HK (2011). Survival of commercial probiotic 
strains to pH and bile. International Food Research Journal 
18(4):1515-1522. 

Shokryazdan P, Jahromi MF, Liang JB, Ho YW (2017). Probiotics: 
From Isolation to Application. Journal of the American College of 
Nutrition 36(8):666–676 

Soomro AH, Tariq M, Shehla S, Habib AR (2007). Comparison of 
Different Methods for Detection of Antimicrobial Activity of 
Lactobacillus spp. Pakistan Journal of Zoology 39(4):265-268. 

Stefanis C, Mantzourani I, Plessas S, Alexopoulos A, Galanis A, 
Bezirtzoglou E, Kandylis P, Varzakas T (2016). Reviewing 
Classical and Molecular Techniques Regarding Profiling of 
Probiotic Character of Microorganisms. Current Research in 
Nutrition and Food Science 4(1):27-47.  

Succi M, Pannella G, Tremonte P, Tipaldi L, Coppola R, Iorizzo M, 
Lombardi SJ, Sorrentino E (2017). Sub-optimal pH Preadaptation 
Improves the Survival of Lactobacillus plantarum Strains and the 
Malic Acid Consumption in Wine-Like Medium. Frontiers in 
Microbiology 8:470. doi: 10.3389/fmicb.2017.00470. 

Tokatlı MGG, Elmac SB, İşleyen NA, Özçelik F (2015). In 
Vitro Properties of Potential Probiotic Indigenous Lactic Acid 
Bacteria Originating from Traditional Pickles. BioMed Research 
International 1–8. doi:10.1155/2015/315819. 

Vantsawa P, Maryah T, Timothy B (2017). Isolation and identification 
of lactic acid bacteria with probiotic potential from fermented cow 
milk (nono) in Unguwar Rimi Kaduna State Nigeria. American 
Journal of Molecular Biology 7(2): 99-106.  

Vieco-Saiz N, Belguesmia Y, Raspoet R, Auclair E, Gancel F, Kempf 
I, Drider D (2019). Benefits and Inputs from Lactic Acid Bacteria 
and Their Bacteriocins as Alternatives to Antibiotic Growth 
Promoters During Food-Animal Production. Frontiers in 
Microbiology 10:57. doi: 10.3389/fmicb.2019.00057. 

Wolska KI, Grzes K, Kurek A (2012). Synergy between antimicrobials 
and conventional antibiotics or bacteriocins. Polish Journal of 
Microbiology 61:95-104. 

https://www.hindawi.com/75251938/
https://www.hindawi.com/57392809/
https://www.hindawi.com/90516917/
https://www.hindawi.com/21634025/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6378274/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6378274/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6378274/

