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Abstract 

Probiotics are non-pathogenic microorganisms that can interact with the stomach microbiota, and 
enhance their beneficial effects by improving the host immune system. These probiotics are generally 
isolated mostly from dairy and its byproducts. However, lactose-intolerant people and those who follow 
veganism are demanding probiotics from the non-dairy source hence for their purpose the present study 
focused on isolating lactic acid bacteria from Psidium guajava. The isolate was identified as 
Lactobacillus brevis using biochemical characterization and 16s RNA sequencing. Following this, a 
series of in vitro tests were conducted to determine the probiotic potential of the isolates including, 
survival in gut conditions (acid, bile, sodium chloride, phenol, gastric, pancreatin), lysozyme resistance, 
and survival at different temperatures. The isolate survived the harsh condition in the range of 77% to 
99%. The safety assessment of the isolate was analyzed by an antibiotic susceptibility test in which the 
isolate was resistant to all 26 antibiotics, producing no hemolytic and Dnase activity. The antimicrobial 
activity against the pathogenic organism showed a good inhibitory effect. Considering the enzymatic 
potential of L.brevis, the presence of protease, lipase, and amylase enzymes were identified. The presence 
of exopolysaccharide and biofilm production was confirmed by the standard method. The adhesion ability 
was investigated and the cell surface hydrophobicity was 50.2%, autoaggregation was 92% and co-
aggregation with E.coli was 55.2%. Cholesterol assimilating ability was confirmed by bile salt 
hydrosylate activity and percent assimilation was 55.4%. The result of these studies showed that L.brevis 
could be an excellent potential probiotic for application in the food and pharmaceutical industry. 
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1. Introduction 

Lactic acid bacteria are promising acid-producing bacteria that are widely used in the food 
industry. For the quality and preservation of the dairy and meat fermentation process, and maintenance of 
the end product lactic acid bacteria play a major role.  The strains of the genera Lactobacillus, 
Bifidobacterium, Streptococcus, and Enterococcus species all come under lactic acid-producing bacteria. 
These bacteria protect the organism against harmful microorganisms and aid in strengthening the host's 
immune system (Soccol et al., 2010). Lactic acid bacteria also inhibit enteric and urinary pathogenic 
bacteria.  

These bacteria are generally isolated from dairy products; however, the use of fruits and 
vegetables as a substrate for isolation has gained importance, as the isolates can be novel with enhanced 
characteristics, which could make them ideal in the food production industry. The guava (Psidium 
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guajava) belongs to the Myrtaceae family and is a plant that is cultivated due to its medicinal and 
nutritive properties (Kumar et al., 2021). The nonvolatile organic acid of guava includes lactic, citric, 
ascorbic, malic, and galacturonic (Chan et al., 2006). Due to their acidic content guava can be used as an 
ideal substrate for the isolation of lactic acid bacteria possessing novel properties. 

Food and Agriculture Organization/World Health Organization (FAO/WHO)defines probiotics, 
as live microorganisms when administered in an adequate amount will confer a health benefit to the host. 
Lactobacilli are the most prominent probiotic as they are generally recognized as safe (GRAS) and have 
potential health-promoting effects. They aid in the treatment of inflammatory bowel disease, irritable 
bowel syndrome, hypertension, diabetes, and acute diarrhea. 

The consumption of dairy and its products have major drawbacks for people with lactose 
intolerance and a large population is shifting towards non-dairy products. Hence,non-diary probiotic 
foods have received great attention as they contain unique features, and are highly nutritious. Due to this 
factor, there is the emergence of the isolation of probiotic strains from non-dairy products. Fermented 
food on the other hand has proved to be a rich source of new lactic acid bacteria strains with excellent 
probiotic properties. This work focuses on the isolation of lactobacillus and screening their efficacy so 
that it can be employed to produce non-dairy fermented products. 
 
2. Materials and methods 
2.1. Isolation of lactic acid bacteria (Lesly et al., 2019) 

5gram (g)of Psidium guajava was homogenized in 45 millilitres (ml) of sodium chloride (NaCl) 
solution. For enrichment of the culture,25ml of the homogenized sample was taken and inoculated in 
225ml of de Man Rogosa and Sharpe(MRS) broth for 24 hours (h) at 370C. The culture was then diluted 
in 0.85% NaCl solution and 100 microlitres (µl) of the diluted sample was plated on MRS agar 
supplemented with 0.01% of sodium azide. Single colonies were subcultured to ensure purity. 
2.1.`.Characterization of Lactobacillus strain 

The identification of the lactobacillus strain was done through morphological, biochemical, and 
16sRNA sequencing. 
3.16sRNA sequencing  

Molecular identification of the isolated strain was done using the 16sRNA sequencing method at 
Bioscripts, Coimbatore, India. 
4. Probiotic potential of Lactobacillus strain 
4.1.Acid tolerance (Conway et al., 1987) 

The ability of the organism to survive an acidic environment was evaluated by an acid tolerance 
test. The Lactobacillus was centrifuged at 8000 revolutions per minute (rpm) for 10 minutes (min). The 
bacterial cells were washed twice with phosphate buffer saline(PBS) and then resuspended in PBS.MRS 
agar with modified pH ranging from 1.5 to 3.5 was prepared and 1ml bacterial suspension was 
enumerated by spread plate method. For measuring growth MRS broth was adjusted to various pH 
ranging from 1.5 to 3.5 to provide various acidic environments. The bacterial cells were then inoculated 
onto the MRS broth 

; broth with no acidic condition was kept as control. The absorbance was measured at 600 
nanometers (nm) after 24 h of incubation. 
                                                          Percentage of survival = Nt/Nc×100 
WhereNt=Optical density (OD) of the test organism 
             Nc=OD of control. 
4.2.Bile tolerance (Gilliland et al., 1984) 

Bile tolerance is performed to test whether the organism is capable of surviving in the small 
intestine.100 µl of the overnight culture was inoculated onto MRS broth with 0.3% bile salt, and MRS 
broth without bile salt was used as control. Growth was monitored by measuring absorbance at 600 nm 
after 24h of incubation. Quantitative assessment is done by spread plate technique in which MRS agar 
with 0.3% bile salt was poured onto 1ml of the bacterial suspension.MRS agar without bile salt is used as 
a control. 
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                                                          Percentage of survival = Nt/Nc×100 
WhereNt=OD of the test organism 
             Nc=OD of control. 
4.3NaCl tolerance(Cai et al., 1997) 

Salt tolerance is the ability of the organism to survive various salt concentrations.MRS broth was 
prepared with 2%,4%,6%, and 8% of NaCl, and 24 h old culture was inoculated onto it, only MRS broth 
was used as control. Absorbance was measured using a spectrophotometer at 600 nm. The quantitative 
assay was performed with MRS agar at various NaCl concentrations of 2%, 4%, and 8% and observed for 
growth after 24 h incubation. 
 
4.4.Phenol tolerance (Xanthopoulos et al., 2000) 

Gut bacteria can deaminate aromatic amino acids derived from proteins leading to the production 
of phenol. This phenol can inhibit the growth of lactobacillus. Hence, the selected lactobacillus strain 
should be resistant to phenol for surviving in the gastrointestinal tract.24h old Lactobacillus strain was 
inoculated into MRS agar with 0.1%, 0.2%, 0.3%, and 0.4% phenol by the spread plate method. A 
qualitative assay was enumerated by inoculating the culture in MRS broth with various phenolic 
concentrations of 0.1%, 0.2%, 0.3%and 0.4%. Absorbance was measured at 600 nm using the 
spectroscopic method. Broth without phenol is used as a control. 
                                                          Percentage of survival = Nt/Nc×100 
WhereNt=OD of the test organism 
             Nc=OD of control. 
4.5.Temperature tolerance (Kanasaki et al., 1975) 

The ability of an organism to survive at various temperatures was determined by a temperature 
tolerance test.MRS broth with 1% bromocresol purple was prepared. The overnight culture was 
inoculated and incubated at 150C,250C,350C,450C, and 550C for about 48h and observed for color change 
from purple to yellow. 
                                                          Percentage of survival = Nt/Nc×100 
WhereNt=OD of the test organism 
             Nc=OD of control. 
4.6.Pancreatin tolerance (Charteris et al., 1998) 

Pancreatic tolerance is the ability of the organism to survive the pancreatic condition.5ml of the 
pancreatic solution was prepared with phosphate buffer saline containing 150millimolar (mM) of sodium 
hydrogen carbonate, (NaHCO3) and 1.9milligram (mg)/ml of pancreatin.MRS agar plates were prepared 
with 0.5% of pancreatic solution. The overnight Lactobacillus culture was inoculated using the spread 
plate method.MRS agar without pancreatin is used as a control. For qualitative analysis, MRS broth 
containing 0.5% of pancreatin, the solution was inoculated with the test culture in which MRS broth 
without pancreatin solution was used as control. Absorbance was measured using a spectrophotometer at 
600 nm. 
                                                          Percentage of survival = Nt/Nc×100 
WhereNt=OD of the test organism 
             Nc=OD of control. 
4.7Gastric juice tolerance test (Beumer et al., 1992) 

Artificial gastric juice was prepared with 3gram (g)/Litre (L) pepsin, 7mMpotassium chloride 
(KCl), 45mM NaHCO3, and 125mM NaCl.24 h old Lactobacillus culture were centrifuged at 5000 rpm 
for 15min at 5°C. Pellet obtained was washed with PBS buffer and resuspended into 10ml of PBS buffer. 
The culture was then inoculated into MRS broth containing the artificial gastric juice and incubated for 
24h.MRS broth without artificial gastric juice is used as a control. An Ultraviolet-visible(UV) 
spectrophotometer was used to measure the absorbance at 600 nm. 
                                                          Percentage of survival = Nt/Nc×100 
WhereNt=OD of the test organism 
             Nc=OD of control. 
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4.8Stress condition (Osmotic Shock) (David and Jack, 1984) 
The culture was grown in MRS broth at 37ºC, and upon reaching 0.8 at OD 600 nm; the cells 

were harvested by centrifugation at 6500rpm for 10 min at 4°C. The cells obtained are inoculated into 
MRS broth with 0, 0.2, 0.5, and 0.8 molar (M) NaCl and incubated for 7 h. The cells were centrifuged and 
inoculated into MRS broth without the stress condition. After which every two hours the growth was 
monitored at OD 600 nm to assess the effect of osmotic shock on the growth pattern. 
4.9.Antimicrobial activity (Magaldi & Camero T, 1997). 

The isolates were incubated at 37ºC for 48 h. The culture broth was centrifuged at 10000 rpm for 
30 min at 4º C. The cell-free supernatant was collected and passed through filter paper. To confirm 
bacteriocin activity, the cell-free neutral supernatant broths were collected for the antibacterial study 
against selected foodborne pathogens. The agar well diffusion method is employed to determine the 
antimicrobial property of lactobacillus.24h culture of pathogens was grown in nutrient broth and a lawn 
of the indicator strain was made by spreading the cell suspension over the surface of Muller Hinton agar 
(MHA) with a sterile cotton swab. The plates were allowed to dry and uniform wells were cut in the agar. 
Each well was filled with cell suspension and incubated at 37ºC for 48 h. The plates were observed for the 
zone of inhibition around the well.  
4.10. Antibiotic susceptibility test(Kirby,1956-1957) 

The disc diffusion method is being used to test the antibiotic susceptibility of the isolated strain. 
Antibiotics like Amphotericin-B 20 microgram(mcg)/disc, Kanamycin 30 mcg/disc, Norfloxacin 
10mcg/disc, Cefoperazone50/50 mcg/disc, Amoxyclav 30mcg/disc, Tetracycline 10mcg/disc, 
Cefpodoxime 10mcg/disc, Azteronam 30mcg/disc, Nalidixic acid 30mcg/disc, Amikacin 30mcg/disc, 
Ofloxacin 5mcg/disc, Ciprofloxacin 5mcg/disc, Methicillin 5mcg/disc, Amoxycillin 30mcg/disc, 
Bacitracin-B 30mcg/disc, Imipenem 10mcg/disc, CoTrimoxazole 25mcg/disc, Streptomycin 10mcg/disc, 
Cefepime 30mcg/disc, Doxycycline 30mcg/disc, Nitrofuration 200mcg/disc, Penicillin 10U/unit, 
Ticaracillin 75/10 mcg/disc, Polymyxin B 300U/disc, Ceftriaxone 30mcg/disc, Piperacillin 100/10 
mcg/disc, The overnight culture was swabbed on Muller-Hinton agar plate; followed by placing antibiotic 
disk manually bu using sterile forceps. After 24hrs of incubation, zones were measured, and susceptibility 
was expressed as sensitive when the diameter is ≥ 17.5 moderately sensitive (12.5 – 17.4 mm), and 
resistant≤12.4 mm. 
4.11Arginine dihydrolysis (Lee et al., 1986) 

The arginine dihydrolase test is performed to determine whether the organism uses the amino acid 
arginine as a carbon and energy source with the help of the enzyme arginine dihydrolase.MRS broth 
without glucose and meat extract is prepared supplemented with 0.3% arginine and 0.2% sodium citrate 
instead of ammonium citrate. The medium was inoculated with 24 h old culture and incubated at 37°C for 
24 h.50ml of the incubated medium was taken and an equal amount of Nessler’s reagent was added and 
observed for color change. Bright orange indicates a positive reaction and yellow indicates a negative 
reaction. 
4.12. Safety Assessment 
4.12.1.Hemolytic activity (Difco Manual, 1984)  

The hemolytic activity was conducted on blood agar containing 5% sheep blood. The isolate was 
inoculated on blood agar and incubated at 37°C for 48 h. 
4.12.2. DNase activity (Di Salvo, 1958) 

To test for DNase enzyme production, the selected isolates were streaked onto a deoxyribonucleic 
(DNase) agar medium. The plates were incubated at 37°C for 48 h and examined for the zone of DNase 
activity. 
4.13.Enzymatic activity 
4.13.1.Protease activity (Aikaterini et al., 1997) 

.Skim milk agar is inoculated with the culture and incubated at 37°C for 24 h. 
4.13.2. Lipase activity (Alford &Steintle, 1967) 

The enzyme lipase is used to break down the fats in food so they can be absorbed in the 
intestines. The presence of lipase enzyme is determined with MRS agar containing 1 %tributyrin. 
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4.13.3.Amylase activity (Vedder, 1915) 
Starch agar is inoculated with the test culture for 24 h. The plates were flooded with iodine for 30 

seconds (sec) and excess iodine was poured off. The appearance of the clear zone along the line of growth 
indicates a positive result. 
4.14.Exopolysaccharide production (Manca de Nadra et al., 1985) 

The basal salt medium was prepared and inoculated with the test organism and incubated for 48 
h, the appearance of sticky ropy mucoid structural colonies indicates a positive result. Ruthenium red 
milk medium was prepared and inoculated with the test organism and observed for white colonies which 
indicate positive results whereas if red colonies are present they indicate a negative result. Sucrose-
enriched MRS agar was prepared and observed for a change of colour from purple to yellow after 24 h of 
incubation. 
4.15.Biofilm formation 
4.15.1.Congo red agar method (Freeman et al., 1989) 

Congo red agar is prepared with brain heart infusion broth. A Loopful of culture was streaked 
onto the medium and incubated for 48h. The appearance of black colonies with dry crystalline 
consistency is considered positive for biofilm formation. 
4.15.2.Tissue culture plate method (Christensen, 1989) 

The culture was inoculated into 10ml of trypticase soy broth with 1% glucose and incubated at 
37°C for 24 h. The culture was then diluted to 1:100 with water.200 µl of the diluted culture was filled in 
96 well plates. The broth alone is used as a control. The plate was then incubated for 24h at 37°C. The 
content of each well was removed by gently tapping. The wells were then washed with phosphate buffer 
saline four times to remove free-floating bacteria. The biofilm thus formed will adhere to the wells which 
were fixed by 2% sodium acetate. The plates were stained with 0.1% crystal violet; the excess stain was 
washed with deionized water and kept for drying. Biofilm formation is considered positive when there is 
a visible film lined to the wall and the bottom of the tubes. For quantification add 200 μl of 95% ethanol 
to the stained well and incubate for 10 to 15 min at room temperature. After which the optical density was 
measured at 630nm.OD < 0.120 was considered absent or weak biofilm, OD 0.120 - 0.240 as moderate 
biofilm, and OD >0.240 as a strong biofilm. 
4.16.Screening   of   Bacteria   for   Citrate Metabolism (Ouattara et al, 2016) 

The ability of lactic acid to metabolize citrate is done with a basal medium containing 1%milk 
powder, 0.25% casein peptone, 0.5% glucose, and 1.5% agar. To 1 L of the basal medium 10ml of 
potassium ferricyanide (10%) solution and 10ml of 2.5% iron citrate and 2.5%, sodium citrate is prepared. 
The medium was inoculated with the test organism and incubated for 48-72h. The citrate metabolism is 
assessed by the formation of a blue complex on the colonies. 
4.17.Cell surface hydrophobicity (Rosenberg et al., 1980) 

24h old Lactobacillus culture was centrifuged at 12000rpm for 5 min. The pellet thus obtained is 
washed twice with phosphate buffer saline and resuspended into 6ml of PBS. Initial absorbance was taken 
at 600  nm.3ml of the bacterial suspension is mixed with 1ml of hydrocarbon (toluene, xylene) and 
vortexed for 2 min. It is then left undisturbed for 1 hr. The aqueous phase is carefully removed and the 
final absorbance was taken at 600 nm. 

Hydrophobicity= [(A0 − A)/A0] × 100 
A0=initial absorbance of the mixture 
A=Final absorbance after incubation. 
4.18.Cellular autoaggregation (Boris et al., 1997) 

The 24 h old Lactobacillus culture was centrifuged at 8000 rpm for 10min. The resultant 
supernatant is washed twice with phosphate buffer saline and resuspended in PBS to obtain 108 
dilution.4ml of the obtained culture is mixed by vortexing for 15 sec and incubated at 37oC. Every hr 
0.1ml of the upper suspension was taken and the absorbance was measured at 620nm for the 
corresponding 5 h. 

Autoaggregation%= [1 − At/A0] × 100 
At=Absorbance at time t=5h 
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A0= Absorbance at time t=0 
4.19. Coaggregation(Reid et al., 1988) 

 The bacterial suspension was prepared by centrifugation of the culture at 8000 rpm for 10min 
similarly the pathogenic strain to be tested was also centrifuged, They were washed twice with PBS and 
resuspended into PBS and the absorbance was adjusted to 0.25±0.05 to standardize the number of bacteria 
to 108 dilutions. Equal volumes of cells (1ml) of the probiotic and pathogenic strains were mixed without 
agitation. The mixture was monitored at 0th h and 5th h at 620nm. 

Coaggregation %= 100 × [(OD1 + OD2) −2 (OD3)]/ (OD1 + OD2) 
OD 1, the optical density of strain 1 (Lactobacillusstrain); 
 OD 2, the optical density of strain 2 (E. coli MTCC 1561);  
OD 3, the optical density of strain 1 and strain 2 
 
4.20. Lysozyme resistance (Neujahr et al., 1973) 

LAB strains were grown in 6 ml of MRS broth at 370C. After which the pellets were centrifuged 
and resuspended in 10ml of sterile saline solution containing 100mg/L of lysozyme. Control is sterile 
saline without lysozyme. They were incubated at 370C and the microbial count was taken after 30 min 
and 90 min of incubation in MRS agar and the growth was compared at 600 nm. 

% Viability=OD of the sample/OD of the control ×100 
4.21.Bile salt hydrosylate activity (Panel et al., 1999) 

Qualitative BSH activity was measured by placing a sterile paper disc containing culture on MRS 
agar plates supplemented with 0.5% trichloro acetic acid(TCA) and 0.37g/L of calcium chloride (CaCl2). 
The plates were incubated at 370C for 72 h. The appearance of precipitate zones around the disk indicates 
a positive result. 
4.22.Cholesterol Assimilation from MRS broth (Danielson et al., 1989) 

MRS broth was prepared with 1% cholesterol and 0.4% bile salt. The tubes were inoculated with 
1% culture and incubated at 370C for 24h. The uninoculated tube serves as control. After incubation, the 
culture was centrifuged and unassimilated cholesterol in the supernatant was estimated at 540nm. 
 % Assimilated cholestrol= (a − b)/a× 100 
a = concentration of cholesterol in the control medium.  
b = final concentration of cholesterol left in the inoculated medium after 24 h of incubation 
 
5. Result 
5.1Isolation of lactic acid bacteria 

Psidium guajava was inoculated in MRS broth for enrichment and the isolates obtained were 
morphologically identified. Colonies that are gram-positive rods were isolated and subjected to the 
biochemical test. (Figure.1) 
 
 

                                        
Psidium guajava                        Enrichment in MRS broth         MRS agar with enriched culture 
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  Gram staining   
Figure.1.Isolation of lactic acid bacteria using selective media 
5.2.Biochemical Identification of lactic acid bacteria 
           Catalase test shows the test isolate was catalase-negative when compared with positive control 
Staphylococcus aureus. The Oxidase test also showed the test isolate was oxidase negative compared with 
the positive control Pseudomonas aeroginosa. Biochemical identification showed indole-negative, methyl 
red-positive, Voges Proskauer-negative, Simmon citrate-negative, and urease–negative. Kleiger iron agar 
test shows a red slant and yellow butt-K/A indicating the fermentation of glucose with no H2S 
production. In gelatin hydrolysis, the organism does not liquify the gelatin. Carbohydrate fermentation of 
the isolate showed fermentation of sucrose, fructose, dextrose, glucose, and maltose with no gas 
production. 
 
Table.1.Biochemical characteristics of the isolated strain 

 

Biochemical Test Identification 

Catalase - 

Oxidase - 

Indole - 

Methyl Red + 

Voges Proskauer - 

Simmon Citrate - 

Urease - 

TSI K/A 

Gelatin Hydrolysis - 

Litmus Milk Test Acid clot 

Sucrose + 

Lactose + 

Glucose + 

Maltose + 

Dextrose + 
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5.3.16s RNA sequencing 
Upon doing 16s RNA sequencing the result obtained was found to be Lactobacillusbrevis. A 

homology search was performed by using BLAST software and the 16s RNA sequence was deposited in 
GenBank with accession number: ON705712. 
 
5.3.1Phylogenetic tree 

 
Figure.2.Phylogenetic tree of L.brevis. 
5.4 Acid Tolerance 
 The acid tolerance test was performed at a pH ranging from 1.5 to 3.5, and at ideal pH of 3.5, the 
survival rate of L.brevis is found to be 98.46%. (Figure 3&4). 

 
Figure.3.Qualitative analysis of L.brevisat various pH ranges from 1.5 to 3.5. 
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Figure.4.Influence of pH on the survival of L.brevis. 
5.5. Bile tolerance  
 The surviving ability of L.brevisin 0.3% bile salt concentration is found to be 83.72%. (Figure 
5&6) 
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Figure.5.Qualitative analysis of bile tolerance showing MRS agar plates with 0.3% bile. 
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Figure.6. Qualitative analysis of L.brevis to bile salt tolerance. 
5.6 .NaCl Tolerance 
 Survival of L.brevis at various salt concentrations,2% is 95.07%, 4% is 94.02%, 6% is 59.38%, 
8% is 9.97% and 10% is 5.09%. shows dense growth at 2%NaCl and 4%NaCl, moderate growth at 6% 
NaCl, and slight growth at 8% and 10% NaCl.(Figure 7&8) 

 
Figure.7.Qualitative analysis of NaCltolerance 
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Figure.8.Quantitative analysis of NaCl tolerance of L.brevisat various salt concentrations. 
5.7Phenol Tolerance 
The surviving potential of L.brevis at 0.4% concentration of phenol is 80.17%. 
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Figure.9.Phenol tolerance of the selected strain at various phenol concentrations. 
5.8 Temperature tolerance 

L.brevis was incubated at various temperatures with bromocresol purple as an indicator. Change 
of colour from blue to yellow was observed at 25oC,35oC,45oC,55oC (Figure 11); whereas no change was 
observed at 150C. Similarly, MRS agar plates incubated at the above temperatures for 48h showed no 
growth at 150C and vigorous growth at 25oC,35oC,45oC,550C(Figures 11& 12). 
 

 
Figure.10.Culture incubated at                                   Figure .11.MRS agar with inoculum at 
various temperature                                                  optimum temperatures 
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Figure.12. Growth at various temperatures monitored quantitatively at 600 nm. 
5.9. Pancreatin Tolerance 
Pancreatic tolerance of the isolated L.brevis is found to be 89.84% (Figure 13&14). 

 
Figure.13.Qualitative analysis of L.brevis on MRS agar plate with 0.5% pancreatin. 
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Figure.14.The survival ability of L.brevis at 0.5% pancreatin. 
5.10.Gastric tolerance 
The percentage of survival to artificial gastric juice is found to be 77.79% (Figures 15&16). 
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Figure.15.Qualitative analysis of L.brevis on MRS agar plate supplemented with artificial gastric juice. 
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Figure.16.The survival ability of L.brevisunder artificial gastric juice for 24h. 
5.11.Stress condition (Osmotic shock) 

The results show that the growth of L.brevis is enhanced in the presence of various salt 
concentrations in the medium. The culture treated with 0.2M NaCl and 0.5M NaCl after 10 h of 
incubation showed a good growth rate. Even the cultures with 0.8M NaCl have only mild decreased 
growth compared with the control. The observed differences in osmotic resistance of different bacterial 
strains are due to the distinct composition of their membrane phospholipids (Figure 17). 
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Figure.17.Graph representing osmotic stress tolerance of L.brevis. 
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5.12.Antimicrobial Activity 

Antimicrobial activity was performed with L.brevis against nine test organisms, and all possess 
zone except for Proteus≤ 11mm. The highest zone produced was against Pseudomonas fluorescens 
MTCC 1749 ≤ 42mm(Figure 18)(Table 2). 

Streptococcus pyogenes MTCC1928                      Bacillus cereus                       Enterococcus faecalis MTCC 15036 

 
 Klebsiella oxytoca MTCC8295            Staphylococcus aureus MTCC 11949      Escherichia coli MTCC 1561 

 

 
           Salmonella typhi MTCC 734           Pseudomonas fluorescens MTCC 1749           Proteus vulgaris 
Figure.18.Antimicrobial activity in Muller Hinton agar plates incubated for 24h. 
Table.2.Antimicrobial activity of L.brevisagainst pathogens 

Test Organism Zone of inhibition 
Streptococcus pyogenes MTCC 1928 39mm 

Bacillus cereus 32mm 
Enterococcu faecalis MTCC 15036 39mm 

Klebsiella oxytoca MTCC8295 31mm 
Staphylococcus aureus MTCC 11949 36mm 
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Escherichia coli MTCC 1561 33mm 
Salmonella typhi MTCC 734 41mm 

Pseudomonas fluorescens MTCC 1749 42mm 
Proteus vulgaris 11mm 

 
5.13.Antibiotic susceptibility test 

Antibiotic sensitivity testing shows that of the 25 tested antibiotics all were resistant to L.brevis 
(Figure 19) (Table 3). 
 

 

 

 
Figure.19.Antibiotic susceptibility of L.brevisagainst 26 different known antibiotics 
 
Table.3.Antibiotic resistance and susceptibility of L.brevis against known antibiotics 

Antibiotics Used Interpretation 
Amphotericin-B Resistant 

Kanamycin Resistant 
Norfloxacin Resistant 

Cefoperazone Resistant 
Amoxyclav Resistant 

Tetracycline Resistant 
Cefpodoxime Resistant 
Aztreonam Resistant 

Nalidixic Acid Resistant 

Amikacin Resistant 
Ofloxacin Resistant 
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5.14.Arginine hydrolysis test 
The appearance of bright orange colour with the addition of Nessler’s reagent indicates arginine 

positive (Figure 20). 
 

                               
Figure.20.Arginine hydrolysis test 
5.15.Hemolytic Activity 

The isolated L.brevis had no clear transparent zone or greenish zone on the blood agar plates, 
surrounding their colonies, and thus were found to be γ-hemolytic or non-hemolytic (Figure 21). 

 
 
 
 
 
 
 
 
 
Figure.21. Hemolytic activity in blood agar plates  

Ciprofloxacin Resistant 

Methicillin Resistant 
Amoxycillin Resistant 

Bacitracin-B Resistant 
Imipenem Resistant 

Co-Trimoxazole Resistant 
Streptomycin Resistant 

Cefepime Resistant 
Doxycycline Resistant 

Nitrofurantoin Resistant 
Penicillin Resistant 

Ticarcillin Resistant 
Polymyxin-B Resistant 

Ceftriaxone Resistant 
Piperacillin Resistant 
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5.16.DNase Activity 
There was no zone observed on the DNase agar medium. Hence, proving the nonpathogenicity of Lbrevis 
isolated. 

 
Figure.22.DNase activity in DNase agar plates. 
5.17.Protease Activity 

The appearance of a zone on skim milk agar indicates the presence of enzyme proteinase on the 
isolated L.brevis. (Figure 23) 

 
Figure.23.Presence of the zone on the skim agar plate. 
5.18.Lipase activity 

Phenol red with pH 7.3-7.4 is pinkish-red, the use of olive oil as lipidic substrate in phenol red 
agar will result in the formation of the zone, and when the pH is reduced, it will result in discolouration 
from red to yellow (Figure 24).  

                                                   
Figure.24.Presence of the zone on phenol red olive oil agar medium 
5.19. Amylase Activity 

The appearance of zone on starch agar after flooding with iodine indicates the presence of an 
amylase enzyme. The isolated strain produced the enzyme amylase (Figure 25). 
 
 
 
 
 
Figure.25.The appearance of the zone on starch agar plates. 
5.20.Exopolysaccharides Production 

The formation of slimy, ropy- like mucilaginous colonies in basal 
exopolysaccharide salt medium indicates the production of 
exopolysaccharides (Figure 26). The formation of white colonies on ruthenium milk agar shows a positive 
result (Figure 27).Discolouration of bromocresol from purple to yellow shows positive for 
exopolysaccharides (Figure 28). 
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Figure 26. Slimy mucilaginous colonies      Figure 27. White colonies         Figure 28.Yellow colouration   
5.21.Biofilm Formation 

The appearance of black colonies on the Congo red agar medium indicates positive biofilm 
formation. The tissue culture method for the detection of biofilm was done and the OD of the biofilm 
formed is 0.192 indicating L.brevis isolated were moderate biofilm producers (Figures 29 & 30). 
 

       
Fig.29. Congo red agar method           Fig.30. Tissue culture plate method 
5.22.Citrate Metabolism 

Formation of the blue complex onto citrate agar medium indicates positive for citrate metabolism 
(Figure 31). 
 

 
Figure.31 Formation of the blue complex on citrate agar medium. 
5.23.Hydrophobicity, Autoaggregation, Coaggregation 

Hydrophobicity, autoaggregation, and coaggregation were carried out with L..brevis.They showed 
good autoaggregation of 92%. Cell surface hydrophobicity was 50.2% and coaggregation with E.coli 
MTCC 1561 was 55.2% (Figure 32). 
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Figure.32.Graph representing hydrophobicity, autoaggregation, and coaggregation of L.brevis. 
5.24. Lysozyme Resistance 
Percentage viability of lysozyme after 90 min=93.78%(Figures 33&34). 
 

 
Figure.33.Qualitative analysis on the viability of L.brevis after 30 and 90 min. 
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 Figure.34. Lysozyme resistance of L.brevis after exposure at 30min and 90 min. 
5.25. Bile Salt Hydrosylate Activity 
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Figure.35.Presence of precipitate zones on bile salt hydrosylate plate. 
5.26. Cholesterol assimilation of L.brevis 
The assimilated cholesterol of L.brevis is found to be 55.4% (Figure 36). 
 

Control Test
0.0

0.2

0.4

0.6

0.8

1.0

Cholestrol assimilation test

OD
 at 

600
 nm

 
Figure.36.Graph representing the cholesterol assimilation of L.brevis. 
 
6. Discussion 

Over the last decade, research in probiotics has gained interest as they possess multiple health 
benefits and have a great market demand. Due to this, numerous researches are being undertaken for the 
isolation of new promising probiotics of non-dairy origin. Probiotics that are generally used by humans 
were isolated mostly from dairy sources. However, vegan people demand probiotics from non-animal 
resources. This is highly exploited in people who suffer from lactose intolerance. 

Traditional probiotics that have been used for a long time, is only limited to a small spectrum of 
microorganism. With the advent of next-generation sequencing, there is an immense number of microbial 
species with unknown characteristics that could possess healing properties. This identification and 
development of new strains could possess novel therapeutic value to human health. Hence, these 
probiotics are referred to as “next-generation probiotics”. 

In this study, lactic acid bacteria were isolated from Psidium guajava by plating it in an MRS 
medium. The obtained pure strain was subjected to morphological and biochemical identification. The 
strain that possesses the necessary characteristics was subjected to 16s RNA sequencing and was 
identified as Lactobacillus brevis with accession number: ON705712. The ability to tolerate harsh 
conditions play a major contributing factor in the selection of good probiotic candidates. The key feature 
in the selection of ideal probiotics is acid tolerance, as they must survive the low pH condition of the 
stomach. Acid tolerance was found to be 98.46% at pH 3.5(Eurydice et al.,2016). The ability of the 
bacterium to survive bile conditions was 83.72%(Eurydice et al.,2016).NaCl tolerance with 2% salt 
concentration was 95.07%, with 4% it was 94.02%, with 6% tolerance was 59.38%, with 8% it was 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 24, Issue 12, December - 2022 461



9.97% and with 10% the NaCl tolerance was 5.09% (Sultana et al.,2017) showed similar tolerance level. 
The ability of L.brevis to survive at 0.4% phenolic concentration was 80.17% which was considerably 
higher thanSohaimy et al.,2016. Growth at various temperatures was monitored; there was no growth at 
150C, moderate growth at 250C and 550C, and good growth at 350C and 450C, hence the ideal optimum 
temperature was in the range of 350C to 450C(Toqeer et al.,2006). The possibility of microorganisms 
surviving the pancreatin at 0.5% was 89.84% which was higher compared to the work done by 
Barathikannan et al.,2022. Sun et al.,2018, studied the survivability in an artificial gastric environment 
and it was similar to our studies(77.79%). The culture was subjected to osmotic stress and found to 
produce only mild changes in the growth rate (Wasko et al.,2013). 

In our study, the inhibitory effects of lactic acid bacteria supernatant against known pathogens 
Streptococcus pyogenes MTCC 1928, Bacillus cereus,  Enterococcus faecalis MTCC 15036, Klebsiella 
oxytoca MTCC8295, Staphylococcus aureus MTCC 11949, Escherichia coli MTCC 1561, Salmonella 
typhi MTCC 734, Pseudomonas fluorescens MTCC 1749, Proteus vulgaris. A zone of inhibition was 
observed and it was greater than 11 mm except for Proteus vulgaris, Chowdhury et al.,2013. Consistent 
with the literature(Tambekar et al.,2009) this research found that nearly all isolates were resistant to about 
26 known different antibiotics. 

The ability of the organism to use the amino acid arginine as a carbon source was encountered 
and the appearance of orange colour indicates a positive for arginine hydrolysis(Mohsin et al.,2013). 
Before approving any probiotic strain in the food and pharmaceutical industry, their safety must be tested 
in vitro and in vivo. The two main experimental tests that are carried out in this regard are the hemolysis 
and DNase tests (Yadav et al.,2016) which were in regard to our strain showing no hemolytic or DNase 
activity. The enzymatic activity was governed and the appearance of the zone in respective plates 
indicates the production of protease, amylase (Lucky et al.,2021), and lipase activity (Patel et al.,2018). 

EPS could act as an antiproliferative agent, hence the ability of L.brevis to produce 
exopolysaccharides was tested and the appearance of ropy, mucilaginous, and slimy colonies in basal salt 
medium indicates the production of EPS (Shankar et al.,2014). Further, it was confirmed by plating it in 
ruthenium milk agar and bromocresol agar plate, the production of white colonies in ruthenium milk 
plates (Imene et al.,2017)  and yellow discoloration in bromocresol plates indicate EPS production. 
Biofilm formation was confirmed by plating in Congo red agar plate and the formation of black color 
with a suede-like surface indicates positive biofilm producers (Ivanova et al.,2017). By employing the 
tissue culture plate technique L.brevis are known to produce moderate biofilm (Coffey et al.,2014). 
Citrate metabolism was confirmed by the appearance of the blue complex on the citrate agar 
medium(Ouattara et al.,2016). 

One of the salient features of probiotics is the ability to colonize the gut region which is evaluated 
by auto-aggregation, coaggregation, and hydrophobicity tests and the result were in accordance with 
Abdulla et al.,2014. Adhesion is a very important property as it prevents the colonization of the 
gastrointestinal tract by pathogenic organisms. Cell surface hydrophobicity was found to be 50.2%, 
autoaggregation is 92% and coaggregation with E.coli is 55.2%. 

Lysozyme resistance was checked after 30 min and 90 min of incubation and the survival rate 
was found to be 93.78% after 90 min (Yadav et al.,2016). Bile salt hydrosylate activity was tested and the 
appearance of precipitate zones around the filter paper indicates BSH activity (Dong et al.,2012). The 
ability of L.brevis to assimilate cholesterol was tested and was found to be 55.4% (Anitha et al.,2018). 

The unique characteristics of the probiotic strain are considered to have a great beneficial effect 
on the pharmaceutical, cosmetic, and food industries. Furthermore, this study also proved that non-dairy 
sources can act as suitable sources of novel probiotics with desirable functional properties. 

 
7. Conclusion 

Given the favorable probiotic attributes in our isolates, the following conclusion can be drawn 
non-dairy sources are suitable and potential sources for isolating novel probiotics. As the isolates possess 
relatively good antipathogenic activity, survival in harsh conditions, biofilm production, and reasonable 
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adhesion, they could, therefore, be viewed as promising “next-generation” probiotic candidates, useful to 
the pharmaceutical and food industries. 
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