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Abstract: In this study, human-safe lactic acid microorganisms (LAM) were 

isolated from food samples to be used as potential additives for human food. 

Samples from various food sources (artisanal cheeses, fermented chickpeas, 

fermented rice, natural yogurt, pickles, and raw milk) were used to inoculate 

de Man, Rogosa, and Sharpe (MRS) and malt agar plates, which were incu-

bated at 30°C for 48 h or 37°C for 72 h to isolate lactic acid bacteria and 

yeast, respectively. Out of 120 isolates (85 bacteria and 35 yeast), 75 isolates 

showed γ-hemolytic activity and were considered “Generally Recognized As 

Safe” (GRAS) isolates. After testing their growth rate under the gastrointes-

tinal tract (GIT) conditions, including acidic pH and specific bile salt con-

centrations, we selected 30 isolates. Then, we evaluated the fermentative 

abilities of these 30 isolates on nine types of carbohydrates, their total acidi-

ty, and their antagonistic activity against five human pathogens. Based on the 

results of these tests, four isolates were selected for identification using the 

Biolog program and 16S rRNA sequencing for bacteria and 18S rRNA se-

quencing for yeast and found to be Bacillus bingmayongesis (FJAT-13831), 

Lacticaseibacillus paracasei (R094), Pediococcus pentosaceus (DSM 

20336), and one yeast isolate as Saccharomyces cerevisiae (SaCe1 26S). 

 

 

 

1 Introduction 

 

The term “probiotic” comes from the Greek 

words “pro bios,” which means “for life,” as op-

posed to “antibiotic,” which means “against life”. 

The history of probiotics can be traced back to the 

consumption of fermented foods by the Greeks 

and Romans (Hill et al 2014). Probiotics include 

live microbes, which provide numerous health 

benefits to humans when consumed in sufficient 

quantities. The most significant benefits include 

enhancing or restoring the gut microbiota (FAO/WHO 

2006). They contain viable mono or mixed cultures of 

bacteria and/or yeast, which, when consumed by hu-

mans, improves the qualities of the indigenous gut 

microbiota that colonize the entire human digestive 

system.  

Probiotics comprise lactic acid microorganisms 

(LAM), including bacteria and yeasts, and are classi-

fied as “Generally Recognized as Safe” (GRAS) by 

the US Foods and Drug Administration (FDA), as 

previously reported by Hill et al (2014). 

http://ajs.journals.ekb.eg/
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Lactic acid probiotics have several health-

promoting effects, including reducing serum cho-

lesterol, antibacterial, and anti-diabetic potential, 

and preventing hypertension and cancer progres-

sion (Shafi et al 2019). While selecting a probiotic 

strain, technical usability parameters should be 

considered, including excellent sensory properties, 

phage resistance, viability during technological 

treatment, and stability during production and 

storage, in addition to safety and other functional 

features (Miranda et al 2021). 

The most common LAM probiotic bacterial 

genera are Bacillus sp., Bifidobacterium sp., En-

terococcus sp., Lactobacillus sp., Lactococcus sp., 

Leuconostoc sp., Pediococcus sp., and Strepto-

coccus sp. (Zheng et al 2020). According to Mi-

randa et al (2021), several LAM strains have been 

granted “Qualified Presumption of Safety” (QPS) 

status by the European Union. Several Lactobacil-

li sp. and Lactococci sp. isolates have been grant-

ed GRAS status, including lactic acid Streptococ-

cus sp. and other species. However, no Entero-

cocci spp. have been granted GRAS/QPS status 

due to the possible existence of opportunistic 

pathogenic strains.  

LAM yeast strains include Saccharomyces 

bayanus, S. boulardii, S. cerevisiae, S. florentius, 

S. pastorianus, S. sake, S. unisporus, and Schiz-

osaccharomyces sp. (Tamang et al 2016, Amorim 

et al 2018). The most common sources of LAM 

isolates include the human gut microbiota (feces), 

breast milk, and fermented foods. These probiotic 

strains must be indigenous to the environment 

where they will be detected following consump-

tion (Tarrah et al 2019).  

The objectives of the current study were to iso-

late novel LAMs with potential probiotic proper-

ties from various traditional food sources and to 

select the potent bacterial and yeast isolates based 

on their functional physiochemical properties, 

which enable them to tolerate human GIT condi-

tions. 

 

2 Materials and methods 

 

2.1  Samples collection 

 

Samples of artisanal cheeses, fermented chick-

peas, fermented rice, natural yogurt, pickles, and 

raw milk were collected from the local market in 

sterile plastic bags and bottles. The samples were 

transported to the microbiology laboratory in an 

ice box, where they were used to isolate the pro-

biotic LAMs. 

2.2  Chemicals 

 

All chemicals were purchased from Oxoid Ltd., 

Basingstoke, UK, de Man, Rogosa, and Sharpe (MRS) 

broth medium was used as a selective medium for iso-

lation and cultivation of the lactic acid bacteria (LAB) 

(De Man et al 1960), while malt agar medium was 

used to culture and maintain yeast (Difco Manual 

1984). Nutritional blood agar medium was used to 

detect blood hemolysis in the LAM isolates (Difco 

Manual 1984). The total acidity of the isolates was 

determined using a bromo cresol purple indicator solu-

tion (Lee and Lee 2008). 

 

2.3  Isolation of the LAMs  

 

In order to recover lactic acid microorganisms 

(LAM) and use the serial dilution plate method (Ben-

son 2002). Ten g or 10 mL of each sample (based on 

sample type) were mixed with 90 mL of sterile dis-

tilled water and vortexed for 10 min to homogenize. 

Plates of the LABs and yeasts were incubated for 48 

and 72 h at 30°C and 37°C, respectively. Following 

incubation, yeast colonies were observed growing on 

the surface of the isolation plates, while LAB colonies 

were detected below the agar layer. The selected and 

purified stock cultures of bacteria and yeasts were pre-

served on slants at 4°C. 

 

2.4  Standard inoculum 

 

The standard inoculum of each isolate was pre-

pared according to Benson (2002). A single colony of 

the tested isolates was inoculated into a conical flask 

(250 mL) containing 50 mL of MRS or malt agar me-

dium. Then, aliquots of each culture containing 0.6 - 2 

x109 colony forming units (CFUs)/mL were used as 

standard inoculum unless otherwise mentioned. Then, 

they were statically incubated at 30 and 37°C for 48 

and 72 h for LAB and yeast isolates, respectively. 

 

2.5  Hemolytic activity of the LAM isolates  

 

To determine the hemolytic ability of the LAM iso-

lates, the nutritional blood agar plates were streaked 

with a single colony of each culture and incubated at 

37°C for 48 h. After incubation, the hemolytic activity 

of the isolates was evaluated and classified based on 

the results of red blood cell lysis in the inoculated me-

dium. A green zone around the growing colony indi-

cates α-hemolysis, a clear zone indicates β-hemolysis, 

while no clear zone implies γ-hemolysis. Isolates with 

γ-hemolysis were selected as safe isolates (Mangia et 

al 2019).  
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2.6  Morphological and biochemical character-

istics of the LAM isolates  

 

Morphological characteristics and Gram and 

spore staining were carried out for the selected 

LAM as described below. 

 

2.6.1 pH tolerance  

 

Approximately 5 mL of MRS and malt broth 

media were adjusted to different pH values (2.0, 

3.0, 3.5, 4.0, and 6.5) using NaOH (1.0 N) or HCl 

(1.0 N) and inoculated aseptically with 1 mL of 

each isolate's standard inoculum then incubated as 

previously mentioned. The optical density (O.D) 

of the LAM isolates was measured at 600 nm us-

ing a spectrophotometer and compared with those 

of the un-inoculated controls (Turgay and Erbilir 

2006). All experiments were conducted in tripli-

cate. 

 

2.6.2 Bile salt tolerance  

 

A modified approach developed by Gilliland et 

al (1984) was used to test the ability of the LAM 

isolates to withstand bile salts. Tubes of 5 mL of 

MRS or malt broth containing 0.2, 0.3, 0.4, 0.8, 

and 1.5% bile salts with 1 mL of standard inocu-

lum from each isolate, and then incubated as pre-

viously described. To monitor the growth of the 

LAM isolates, absorbance was measured at 600 

nm using a spectrophotometer (Unico S2100 se-

ries UV/Vis). Un-inoculated bile salt-free MRS 

and malt media were used as controls in this as-

say. The isolates that grew under low pH and high 

bile salt concentrations were selected for further 

assays. All experiments were conducted in tripli-

cates.  

 

2.6.3 Carbohydrate fermentation profiles 

 

To determine carbohydrate fermentation pro-

files of the selected LAM isolates, MRS (without 

carbon source) and malt basal media were sup-

plemented with each of the following carbohy-

drates as a sole carbon source of carbon; hexose 

monosaccharides (fructose, glucose, mannitol), 

pentose monosaccharides (arabinose, ribose), di-

saccharides (sucrose, lactose, maltose), and a tri-

saccharide (raffinose) along with bromo cresol 

purple indicator. The testing media were inoculat-

ed with the standard inoculum and incubated as 

previously described. Change in the color of the 

incubated media from purple to yellow indicated a 

positive result, while no color change was considered 

negative. The negative control was prepared by inocu-

lating the cultures in both media without the carbohy-

drates (Gupta et al 1996). All experiments were con-

ducted in triplicates. 

 

2.6.4 Titrated acidity and pH values of the LAM 

growth media 

 

The titrated acidity and pH values in the growth 

media were determined at the end of the fermentation 

period. Individual aliquots (10 mL) from each broth 

culture were transferred to a beaker containing phe-

nolphthalein indicator and then titrated with 0.1 M 

NaOH until a consistent pink color was observed 

(Parmar 2003). The sample’s acidity was measured 

using a pH meter. 

 

2.6.5 Antimicrobial activity of the LAM isolates 

against several human pathogens 

 

Using the agar-well diffusion assay, the antimicro-

bial activity of the selected LAM isolates was tested 

against certain human pathogens as previously de-

scribed by Ashraf et al (2009). Five bacterial and fun-

gal strains, including Bacillus cereus (ATCC 9634), 

Escherichia coli (O157: H7) (ATCC 8739), Salmonel-

la typhi (ATCC 14028), Listeria monocytogenes 

(ATCC 7644), and Candida albicans (ATCC 24433), 

were obtained from the Microbiological Resources 

Center (Cairo MIRCEN), Faculty of Agriculture, Ain 

Shams University, Egypt. A 50 μL aliquot of a cell-

free supernatant was prepared from each LAM isolate 

and placed aseptically in a 7 mm-diameter well on a 

nutrient agar plate mixed with the tested pathogen. 

The plates were incubated at 37°C for 24 h, then the 

clear inhibition zones were measured. The experiment 

was performed in triplicate. 

 

2.7 Characterization of the potent LAM isolates 

 

LAM isolates showing the highest abilities to fer-

ment most fermentable carbohydrates and tolerate GIT 

conditions were selected for identification using phe-

notypic and genotypic identification techniques. 

 

2.7.1 Phenotypic characterization using Biolog  

microplate system 

 

Biolog microplate system (Biolog, Inc., 3938 Trust 

Way, Hayward, CA 94545, USA) was employed to 

identify the selected isolates based on their abilities to 

utilize a preselected panel of different carbon sources 

and amino acids. The test yields a characteristic pat-

https://journals.tubitak.gov.tr/do/search/?q=author_lname%3A%22TURGAY%22%20author_fname%3A%22%C3%96ZLEM%22&start=0&context=26838904
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tern of purple wells, which represents the meta-

bolic fingerprint of each inoculated microorgan-

ism (Harris-Baldwin and Gudmestad 1996). Te-

trazolium violet was used as a redox dye for col-

orimetric assays to study the utilization of the car-

bon sources. Then, 16S rRNA and 18S rRNA se-

quencing were performed for the LAB and yeast 

isolates, respectively. 

 

2.7.2 Genotypic characterization by 16S rDNA 

and 18S rDNA sequencing 

 

Pure cultures of the selected LAB and yeast 

isolates were grown on MRS and malt agar, re-

spectively (Yadav et al 2009). After incubation, 

DNA was extracted from the samples by the Sig-

ma Scientific Services Co. using the GeneJet ge-

nomic DNA purification Kit (Thermo Fisher, 

USA). The extracted DNA was amplified using 

PCR, and the PCR products were cleaned using 

the Gene JETTM PCR Purification Kit (Thermo 

Fisher Scientific). The PCR amplicons of the 16S 

rRNA and 18S rRNA genes were sequenced using 

an ABI 3730xl DNA sequencer with forward and 

reverse bacterial and yeast primers (GATC Com-

pany) (Sarker et al 2014). 

 

2.7.3. Phylogenetic analysis 

 

16S rRNA and 18S rRNA sequencing data 

were aligned and examined to identify the select-

ed isolates using the Basic Local Alignment 

Search Tool (BLAST) tool. The unknown query 

of 16S rRNA and 18S rRNA nucleotide sequences 

were compared with the nucleotide databases 

maintained by the National Center for Biotech-

nology Information (NCBI 2022), and then re-

trieved from the GenBank database. The algo-

rithm describes the alignment of multiple se-

quences built for homologous sequences using the 

CLUSTAL Omega software, which uses seeded 

guide trees and HMM profile-profile techniques to 

generate alignments between three or more se-

quences. Finally, the Neighbor-joining trees were 

constructed. 

 

2.8 Statistical analysis 

 

The assay data was statistically analyzed using 

Duncan's Multiple Range Test and significance 

was set at P ≤ 0.05 (Duncan 1955). 

 

3 Results and Discussion 

 

2.7  Isolation of the LAMs  

 

Several food products from local markets were col-

lected and used as sources of lactic acid microorgan-

isms (LAM), to obtain potential probiotics for human 

consumption. Results, presented in Table 1 and 

demonstrated in Fig 1, revealed that a total of 120 bac-

teria and yeast isolates were recovered from these 

samples. Results showed that the bacterial isolates 

outnumbered the yeast. Furthermore, the number of 

LAM isolates obtained from the artisanal cheese and 

pickles was higher than that obtained from other food 

sources because these food products contain diverse 

ingredients that support a wide variety of microorgan-

isms (Ramírez-Rivera et al 2018). Similarly, previous 

studies indicated that LAMs were isolated from fer-

mented rice, yogurt, artisanal cheeses, fermented 

chickpeas, pickles, and raw milk (Zhang et al 2022). 

 

2.8 Hemolytic activity of the LAM isolates 

 

To identify the LAM isolates that are safe for hu-

man consumption, blood agar plates were inoculated 

with each test isolate and incubated at 37°C for 48 h 

before detecting the presence of a lytic zone around 

the colony. The results showed that 32 (26 %) of the 

LAM isolates produced α -hemolysis, 13 (11 %) were 

β -hemolytic, and 75 (63 %) were γ -hemolytic Fig 2. 

Based on this, 75 LAM isolates (19 yeast and 56 bac-

terial isolates) were considered GRAS and selected for 

further characterization and identification. Previous 

studies have shown that most isolated Lactococci and 

Lactobacilli were γ -hemolytic (Wang et al 2022). 

Fernández-Pacheco et al (2021) showed that none of 

the 20 strains of yeast possessed this activity in TSA-

blood medium after 48 h, despite normal growth. 

 

3.3 Morphological characterization of the selected 

LAM isolates 

 

The physical properties of the selected 75 LAM 

isolates were investigated. The bacterial colonies on 

the MRS plates were smooth, convex, and transparent, 

with a milky-yellow color Fig 3 and Table 2. All the 

bacterial isolates were Gram-positive either bacilli or 

cocci, present as single colonies or in chains and mo-

tile or non-motile. They grew on the agar surface, in-

dicating microaerophilia. Based on cell morphology, 

38 bacterial isolates were rod-shaped, and 18 were 

spherical. The colonies of the 19 yeast isolates recov-

ered from malt agar were smooth and creamy, elon-

gated, and/or spherical to oval. 
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Table 1. Total LAM isolates recovered from different food products 

 

Food 

Sources 

No. of bac-

terial iso-

lates 

No. of 

 yeast iso-

lates 

Total no. of 

isolates 

Prevalence per-

centage % 

artisanal cheese 19 5 24 20 

Fermented chickpeas 15 6 21 17 

Fermented rice 6 4 10 8 

Natural yogurt 11 8 19 16 

Pickles 19 7 26 22 

Raw milk 15 5 20 17 

Total isolates 85 35 120 100 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Fig 1. Distribution of total LAM isolates recovered from different food products. 

 

 

 

 

 

 

 

Fig 2. Probiotic LAM isolates selection based on hemolytic activity 
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Fig 3.   a) Growth of the LAM isolates on MRS medium (left) and Malt medium (right), b) Gram stain and cell  

morphology of some of the LAM isolates 

 

Table 2. Morphological characterization of the yeast and bacterial LAM isolates  

Microbial 
Group 

Isolates 
code 

Morphological 
shape 

Microbial 
Group 

Isolates 
code 

Morphological 
shape 

Y
ea

st
 

P Y1 Spherical 

B
a

ct
er

ia
 

P B2 Bacilli 
P Y2 Spherical P B3 Bacilli 
P Y3 Oval P B4 Bacilli 
P Y4 Elongate P B5 Bacilli 
P Y5 Spherical P B7 Bacilli 
P Y6 Oval P B8 Bacilli 
P Y7 Spherical Yo B1 Bacilli 
P Y8 Spherical Yo B2 Bacilli 

Yo Y1 Elongate Yo B3 Bacilli 
Yo Y4 Elongate Yo B4 Bacilli 
Yo Y5 Oval Yo B5 Bacilli 
Ch Y1 Spherical Ch B1 Bacilli 
Ch Y4 Oval Ch B2 Bacilli 
Ch Y5 Elongate Ch B3 Bacilli 
FR Y1 Spherical Ch B4 Bacilli 
FR Y2 Spherical Ch B5 Bacilli 
FK Y1 Elongate Ch B6 Bacilli 
FK Y2 Oval Ch B7 Bacilli 
FK Y3 Oval Ch B8 Bacilli 

B
a

ct
er

ia
 

P C1 Cocci Ch B9 Bacilli 
P C2 Cocci Ch B10 Bacilli 
P C3 Cocci Ch B11 Bacilli 
P C4 Cocci Ch B12 Bacilli 
P C5 Cocci M B2 Bacilli 

Yo C1 Cocci M B4 Bacilli 
Yo C2 Cocci M B6 Bacilli 
Ch C1 Cocci M B8 Bacilli 
Ch C4 Cocci FR B1 Bacilli 
M C1 Cocci FR B2 Bacilli 
M C2 Cocci FR B3 Bacilli 
M C3 Cocci FK B1 Bacilli 
FR C1 Cocci FK B2 Bacilli 
FK C2 Cocci FK B3 Bacilli 
FK C3 Cocci FK B4 Bacilli 
FK C4 Cocci FK B5 Bacilli 
FK C5 Cocci FK B6 Bacilli 
FK C6 Cocci FK B7 Bacilli 
P B1 Bacilli 

 



Arab Univ J Agric Sci (2023) 31 (1) 63-80  

69 

 

3.4 Physiological characteristics of the LAM 

isolates 
 

3.4.1 pH tolerance 
 

To select potential probiotic isolates with hu-

man health benefits, the isolates' abilities to with-

stand the GIT conditions, one of which is low pH, 

were investigated (Montoro et al 2016). The se-

lected 75 isolates were cultivated in MRS and 

malt broth media with pH of 2.0, 3.0, 3.5, 4.0 and 

6.5, incubated and their growth was measured 

spectrophotometrically, as previously described. 

Results in Tables 3 and 4 show that low pH dras-

tically affected the growth (represented by OD at 

600 nm) of all isolates. All of the 75 isolates ex-

cept the FKB5 isolate, variably tolerated the acid-

ic condition. At pH 2, 50 bacterial and yeast iso-

lates showed OD600 > 0.2, while the other 25 

showed much lower growth. Reports have shown 

that the acid tolerance of LAMs is due to their 

ability to convert amino acids (lysine, cysteine, 

aspartic acid, tyrosine, valine, leucine, arginine, 

and glutamine) into biogenic amines e.g. hista-

mine, tyramine, cadaverine, and putrescine (Arena 

et al 2011). Several LAM isolates have been 

shown to survive under acidic conditions (Wang 

et al 2020). 
 

3.4.2 Bile salt tolerance 
 

Bile salt stress exhibits a stronger inhibitory  

effect on Lactobacillus sp. than acid stress (Saini 

and Tomar 2017). According to Dunne et al 

(2001), the typical bile levels in the GIT are be-

tween 0.2 to 2%. To ensure that the selected 75 

LAM isolates can tolerate the bile salts in the GIT, 

they were cultured in 5 mL of MRS and malt 

broths containing 0.2, 0.3, 0.4, 0.8, and 1.5% bile 

salts and incubated as previously described. The 

results shown in Tables 5 and 6 revealed that the 

75 tested LAB isolates had varying degrees of 

resistance to bile salt (0.3%–1.5%). Of these, 45 

isolates (60%) could grow at 1.5% bile salt (OD600 

= 0.86–2.6), while 25 isolates (40%) showed weak 

growth (OD600 < 0.7).  

The bile tolerance of LAM might be linked to 

the presence of several proteins. Five proteins, 

including α-small heat shock protein 1 (Hsp1), 

bile salt hydrolase 1 (Bsh1), glucose-6-phosphate 

1-dehydrogenase (Gpd), GroEL chaperonin (Gro-

EL), and ATP synthase subunit (AtpH)) were 

abundant in the highly resistant strains. Whereas 

three proteins (glycine/betaine/carnitine/choline 

ABC transporter (OpuA), glutathione reductase 1 

(GshR1), and ATP-dependent Clp protease proteolytic 

subunit) were present in similar quantities in both re-

sistant and intermediate strains, but in the sensitive 

ones (Hamon et al 2011). 

Based on the results of pH and bile salt tolerance, 

30 isolates were selected for the following experi-

ments based on their ability to grow at pH 2.0 and 

high bile salt concentration (up to 1.5%). 
 

3.4.3 Carbohydrates fermentation 
 

The selected 30 LAM isolates were tested for their 

abilities to ferment nine different carbohydrates (arab-

inose, glucose, fructose, maltose, mannitol, lactose, 

ribose, sucrose, and raffinose), which indicate their 

potential beneficial influence on human health. Re-

sults showed that 15 isolates could ferment all tested 

carbohydrates, three isolates fermented eight sugars, 

and one isolate fermented seven sugars. All of the iso-

lates could ferment lactose Table 7.  

A related study showed that the LAM isolates, in-

cluding Weissella soli and Lactobacillus pentosus, 

were able to efficiently metabolize and ferment most 

of the monosaccharides, such as arabinose, ribose, 

galactose, glucose, and fructose, and disaccharides, 

such as maltose and lactose, and some complex sub-

strates, such as starch. However, L. pentosus and L. 

paracasei subsp. tolerans can ferment only one or two 

sugars (Montero-Zamora et al 2022). 
 

3.4.4 Total acidity and pH of the growth media 
 

Due to carbohydrate fermentation by the LAB, 

numerous organic acids are produced, lowering the pH 

of the medium (Wu et al 2011). Furthermore, the or-

ganic acids found in fermented dairy products indicate 

the metabolic activity of other bacterial cultures. Fur-

thermore, these acids act as natural preservatives and 

contribute to the product’s sensory qualities (Adhikari 

et al 2002). Fig 4 illustrates that the pH of the super-

natant of all LAM isolates varied from 3.20 to 6.03, 

with a mean value of 4.6. Moreover, 10 isolates 

(33.3%) exhibited a total acidity of more than 150 

meq/mL.  

Cho et al (2013) and Melia et al (2022) showed 

that most LAB have comparatively greater acidifica-

tion rates as the titratable acidity is elevated by the 

lactic acid generated as a preliminary metabolite. 

Moreover, (Melia et al 2022) discovered that lactic 

acid buildup during fermentation might enhance the 

titratable acidity. Owade et al (2021) and Nahaisi et al 

(2021) revealed the low pH tolerance and high total 

acidity levels of these microbes. 
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Table 3. Tolerance of the LAM bacterial isolates to different pH values, after cultivation in MRS medium after 48 

h of incubation at 37°C 
 

Isolate 
code 

Growth (O.D 600 nm) 
Isolate 
code 

Growth (O.D 600 nm) 
pH level pH level 

2.0 3.0 3.5 4.0 6.5 2.0 3.0 3.5 4.0 6.5 
PC1 g0.326 h0.323 g0.506 e1.022 c1.940 YoB4 h0.154 f0.957 e1.124 e1.233 b2.051 
PC2 g0.359 g0.466 g0.444 c1.791 c1.975 YoB5 h0.224 h0.394 f0.966 e1.233 a2.185 
PC3 h0.216 h0.344 g0.651 e1.223 e1.208 ChB1 h0.261 h0.391 f0.978 e1.254 a2.158 
PC4 h0.249 g0.452 g0.500 f0.981 c1.955 ChB2 h0.247 h0.281 f0.792 e1.236 a2.206 
PC5 h0.138 h0.182 f0.755 e1.200 e1.613 ChB3 h0.218 h0.250 f0.921 e1.240 a2.260 

YoC1 g0.408 g0.587 f0.800 e1.185 a2.108 ChB4 h0.280 h0.371 f0.970 e1.250 a2.176 
YoC2 h0.208 h0.341 g0.474 e1.173 a2.115 ChB5 h0.156 e1.018 e1.121 e1.236 b2.036 
ChC1 h0.358 h0.386 d1.699 a2.277 a2.480 ChB6 h0.386 g0.518 f0.728 e1.079 b2.037 
ChC4 h0.314 h0.311 d1.472 b2.003 a2.429 ChB7 h0.196 h0.207 h0.181 0.844 b2.036 
MC1 h0.281 h0.151 h0.198 d1.451 a2.386 ChB8 h0.187 h0.285 f0.796 e1.210 a2.106 
MC2 g0.438 g0.640 a2.103 a2.319 a2.335 ChB9 h0.149 h0.176 g0.429 e1.179 b2.015 
MC3 h0.327 g0.501 c1.976 a2.288 a2.367 ChB10 h0.231 h0.316 f0.961 e1.214 a2.111 

FRC1 h0.118 h0.156 h0.225 g0.452 a2.138 ChB11 h0.298 g0.466 c1.618 a2.180 a2.462 
FKC2 h0.326 g0.405 f0.732 e1.208 e1.651 ChB12 h0.191 g0.699 f0.733 g0.681 h0.232 
FKC3 h0.276 g0.460 f0.865 e1.176 e1.371 MB2 h0.321 h0.225 g0.454 e1.413 a2.292 
FKC4 h0.347 g0.632 f0.884 e1.247 e1.580 MB4 h0.341 g0.401 d1.455 a2.143 a2.356 
FKC5 h0.292 h0.312 g0.642 e1.032 e1.603 MB6 h0.263 h0.156 h0.224 e1.353 a2.305 
FKC6 i0.015 j0.006 i0.015 i0.019 0.740 MB8 h0.150 h0.175 h0.343 b2.059 a2.362 

PB1 h0.241 g0.510 f0.910 e1.268 b2.066 FRB1 i0.051 i0.098 i0.044 h0.177 e1.160 
PB2 h0.353 h0.340 f0.776 e1.205 e1.540 FRB2 i0.056 i0.053 i0.088 h0.166 c1.895 
PB3 h0.355 g0.566 f0.995 e1.265 b2.075 FRB3 i0.080 i0.079 i0.040 h0.154 c1.800 
PB4 h0.183 h0.350 f0.926 e1.290 b2.090 FKB1 h0.286 g0.439 g0.621 f0.893 e1.276 
PB5 h0.289 g0.427 f0.769 f0.814 c1.985 FKB2 g0.424 g0.552 f0.864 e1.059 e1.350 
PB7 h0.319 h0.333 g0.479 f0.950 c1.956 FKB3 i0.033 i0.038 i0.042 i0.057 f0.797 
PB8 h0.233 h0.249 h0.220 f0.890 c1.969 FKB4 i0.032 i0.039 i0.040 i0.046 g0.679 

YoB1 h0.255 g0.457 f0.955 e1.242 a2.100 FKB5 j0.000 i0.027 i0.026 i0.026 f0.832 
YoB2 g0.460 g0.563 f0.950 e1.238 b2.037 FKB6 h0.235 h0.365 g0.512 f0.827 e1.224 
YoB3 h0.168 e1.058 e1.130 e1.233 b2.047 FKB7 g0.465 g0.631 f0.865 e1.144 c1.973 

Values represent the means of three replicates. Values with different letters in the same column indicate significant 

differences at P ≤ 0.05, as analyzed by Duncan's Multiple Range Test.  
 

Table 4. Tolerance of the LAM yeast isolates to different pH values cultivated in malt medium for 

72 h at 30°C.  Growth was measured by O.D at 600 nm 
 

Isolate 
Code 

pH level  
2.0 3.0 3.5 4.0 6.5 

P Y1 h0.227 g0.480 e0.896 c1.802 c1.884 
P Y2 i0.083 g0.444 g0.398 f0.543 d1.086 
P Y3 h0.262 g0.369 g0.473 d1.144 c1.973 
P Y4 h0.163 h0.239 h0.220 d1.170 c1.947 
P Y5 i0.093 h0.142 h0.140 f0.649 c1.928 
P Y6 h0.161 h0.191 i0.096 e0.775 c1.958 
P Y7 h0.258 g0.400 f0.669 d1.123 b2.030 
P Y8 g0.312 g0.462 e0.952 c1.801 c1.857 

Yo Y1 h0.155 h0.247 h0.210 e0.947 b2.042 
Yo Y4 h0.205 h0.279 g0.408 d1.150 b2.139 
Yo Y5 h0.286 g0.433 e0.989 d1.254 a2.118 
Ch Y1 h0.276 h0.227 f0.601 c1.766 a2.292 
Ch Y4 g0.306 h0.210 e0.791 c1.777 a2.340 
Ch Y5 g0.333 g0.308 g0.355 c1.768 a2.346 
FR Y1 h0.272 h0.131 h0.222 d1.580 a2.179 
FR Y2 i0.078 h0.155 h0.148 c1.815 a2.411 
FK Y1 g0.306 h0.210 f0.521 c1.777 a2.340 
FK Y2 h0.286 g0.403 f0.653 c1.815 a2.411 
FK Y3 h0.165 h0.242 f0.511 d1.032 c1.603 

Growth of yeast isolates was measured by O.D at 600 nm, and values represent the mean of three 

replicates. Values with different letters in the same column indicate significant difference at P ≤ 

0.05, as analyzed by Duncan's Multiple Range Test. 
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Table 5.  Tolerance of tested LAM bacterial isolates to different bile salt concentrations tested, cultivated in MRS  

medium for 48 h at 37°C 
 

Isolate 
code 

Growth (O.D 600 nm) Isolate 
code 

Growth (O.D 600 nm) 
Bile salts concentration % Bile salts concentration % 

0.2 0.3 0.4 0.8 1.5  0.2 0.3 0.4 0.8 1.5 
PC1 1.823c 1.912c 1.866c 1.589d 1.794c YoB4 0.570f 0.472g 0.384g 0.201g 0.144g 
PC2 2.561a 2.462a 2.364a 2.307a 2.084b YoB5 1.290e 1.494d 1.021e 1.067e 1.113e 
PC3 1.896c 1.114e 1.570d 1.286e 1.051e ChB1 0.633f 0.613f 0.935f 0.465g 0.525f 
PC4 2.233a 2.308a 2.310a 2.439a 2.559a ChB2 0.655f 0.420g 0.390g 0.424g 0.558f 
PC5 0.060i 0.028i 0.028i 0.032i 0.051i ChB3 0.124h 0.199g 0.250g 0.230g 0.110h 

YoC1 2.245a 2.112b 1.954c 1.839c 1.598d ChB4 0.508g 0.309g 0.418g 0.159h 0.132h 
YoC2 2.228a 2.170b 2.055b 1.797c 1.412d ChB5 1.070e 0.718f 0.842f 0.951f 0.567f 
ChC1 1.852c 1.653c 1.705c 1.554d 1.568d ChB6 2.164b 2.100b 2.087b 2.072b 2.069b 
ChC4 2.339a 2.339a 2.057b 1.554d 1.248e ChB7 0.950f 0.893f 2.048b 0.203g 0.229g 
MC1 0.108g 0.148g 0.101g 0.136g 0.169h ChB8 2.165b 2.157b 2.130b 2.123b 2.043b 
MC2 1.214e 0.950f 0.989f 0.631f 0.241g ChB9 1.161e 0.999f 1.406d 1.579d 1.512d 
MC3 2.450a 2.456a 1.660d 1.569d 0.944f ChB10 2.192b 1.690d 1.489d 1.235e 1.081e 
FRC1 1.252e 1.222e 1.427d 1.115e 0.994f ChB11 1.494d 1.627d 1.349d 1.587d 1.263e 
FKC2 1.617d 1.551d 1.523d 1.584d 1.546d ChB12 0.961f 1.130e 1.136e 1.191e 1.056e 
FKC3 1.050e 1.033e 1.133e 1.012e 1.188e MB2 1.550d 0.936f 1.089e 0.528f 0.139h 
FKC4 1.538d 1.232e 1.371d 1.478d 1.350e MB4 1.613d 1.125e 1.121e 0.343g 0.435g 
FKC5 1.419d 1.386e 1.429d 1.347e 1.200e MB6 1.040e 0.793f 0.670f 0.031i 0.179h 
FKC6 0.864f 0.683f 0.771f 0.776f 0.798f MB8 0.177h 0.144h 0.122h 0.018i 0.091i 
PB1 1.743c 1.775c 1.783c 1.811c 1.994c FRB1 1.262e 1.396e 1.438d 1.287e 1.107e 
PB2 2.183b 2.341a 2.669a 2.448a 2.558a FRB2 2.420a 1.478d 2.322a 2.252b 1.180e 
PB3 1.552d 1.257e 1.132e 1.309e 1.503d FRB3 1.268e 1.478d 2.452a 2.210b 1.154e 
PB4 2.307a 2.310a 1.990c 1.789c 1.884c FKB1 1.059e 1.038e 1.016e 1.015e 0.941f 
PB5 2.441a 2.319a 2.264a 1.979c 1.160e FKB2 1.661d 1.432d 1.391d 1.319e 1.146e 
PB7 1.511d 1.332e 1.233e 1.017e 1.055e FKB3 0.785f 0.882f 0.831f 0.772f 0.761f 
PB8 2.193a 2.371a 1.959c 2.477a 2.588a FKB4 0.803f 0.944f 0.795f 0.421g 0.403g 

YoB1 1.116e 1.151e 1.153e 1.052e 1.090e FKB5 0.734f 0.796f 0.682f 0.682f 0.700f 
YoB2 2.328a 2.126b 2.038b 1.985c 1.927c FKB6 1.205e 1.195e 1.202e 1.438d 1.042e 
YoB3 1.370e 1.333e 1.368e 1.253e 1.075e FKB7 1.265e 1.232d 1.211e 1.123e 1.042e 

Values represent the means of three replicates. Values with different letters in the same column indicate significant dif-

ferences at P ≤ 0.05, as analyzed by Duncan's Multiple Range Test. 

 

 Table 6. Tolerance of LAM yeast isolates to different bile salt concentrations, cultivated in malt medium for 72 h at 30°C 

Values represent the means of three replicates. Values with different letters in the same column indicate 

significant differences at P ≤ 0.05, as analyzed by Duncan's Multiple Range Test. 

Isolate 
Code 

Growth (O.D 600 nm) 
Bile salts concentration % 

0.2 0.3 0.4 0.8 1.5 
P Y1 b1.966 c1.895 c1.832 c1.780 c1.561 
P Y2 j0.018 i0.042 k0.010 j0.024 j0.023 
P Y3 c1.894 c1.810 c1.723 c1.887 c.5321 
P Y4 f0.659 d1.454 f0.627 i0.038 i0.037 
P Y5 c1.728 c1.699 c1.808 c1.759 b1.916 
P Y6 c1.701 d1.386 d1.336 e0.827 e0.912 
P Y7 d1.210 e1.133 e0.923 e0.886 e0.801 
P Y8 d1.254 d1.204 e1.091 e0.899 e0.809 

Yo Y1 f0.366 g0.117 g0.227 g0.173 h0.077 
Yo Y4 f0.200 f0.450 g0.102 h0.078 g0.131 
Yo Y5 d1.390 d1.353 d1.352 d1.169 e0.988 
Ch Y1 h0.093 g0.138 g0.115 i0.044 g0.105 
Ch Y4 i0.048 g0.123 g0.103 k0.002 h0.070 
Ch Y5 d1.371 e0.900 f0.978 f0.474 g0.140 
FR Y1 h0.079 g0.140 h0.063 i0.047 g0.130 
FR Y2 e0.961 e0.918 e0.767 f0.767 c1.777 
FK Y1 a2.420 d1.478 a2.322 a2.252 c1.180 
FK Y2 b2.193 b2.171 b1.959 c1.820 c1.798 
FK Y3 d1.312 e1.153 e1.148 e1.210 e0.987 
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Table 7. Fermentation profile of 30 LAM isolates, cultivated in media supplemented with the test sugars as the sole 

sources of carbon for the LAB and yeast isolates 

 

Type 

of 

LAM 

Isolates 

code 

Sugar source 

Arabinose Glucose Fructose Maltose Mannitol Lactose Ribose Sucrose Raffinose 

No. of 

fermented 

sugars 

B
a

ct
er

ia
 

P C1 + + + + + + - + + 8 

P C2 + + + + + + + + + 9 

P C3 + + + + + + - + + 8 

P C4 + + + + + + + + + 9 

Yo C1 + + + + + + + + + 9 

Ch C1 - + + - - + + + - 5 

Ch C4 - + + - - - - - - 2 

FK C2 + + + + + + + + + 9 

FK C3 + + + + + + + + + 9 

FK C4 + - + + + + - + - 6 

FK C5 + + + + + + + + + 9 

P B1 + + + + + + + + + 9 

P B3 - + + - - + - + - 4 

P B5 + + - + + + - + - 6 

P B7 + + + + + + + + + 9 

Yo B2 + + + + + + + + + 9 

Yo B5 + + + + + + + + + 9 

Ch B5 - + + + + + - + - 6 

Ch B6 - + - + + + - + - 5 

Ch B11 + + + + + + - + - 7 

M B4 + + + + + + + + + 9 

FK B1 + + + + + + + + + 9 

FK B2 + + + - - + - + - 5 

FK B6 + + + + + + + + + 9 

FK B7 - + + + + - - + + 6 

Y
ea

st
 

P Y1 - + + + + - - + + 6 

P Y3 + - + + + - - + + 6 

P Y7 + + + + + + - + + 8 

P Y8 + + + + + + + + + 9 

FK Y3 - + + + + - - + + 6 

No. of positive 

LAM isolates 23 28 28 26 26 26 16 29 21  
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Fig 4. Total acidity and pH of LAM isolates on media for the bacteria and yeasts, respectively 

 

 

3.5 Antagonistic activity of LAM isolates 

against several human pathogens 

 

The antimicrobial activity of the selected 30 

LAM isolates was tested against five common 

human pathogens; Bacillus cereus, Escherichia 

coli O157:H7, Salmonella typhi, Listeria mono-

cytogenes, and Candida albicans, using agar well 

diffusion method. All 30 isolates showed antago-

nistic effects against all tested microorganisms 

with inhibition zones ranging from 6 to 25 mm. 

Among all the tested isolates, isolates FKC5, 

FKB7, and FKB2 produced inhibition zones in the 

following ranges: 15–25 mm, 15–23 mm, and 14–

22 mm, respectively, against all five pathogens 

Table 8 and Fig 5.  

Similarly, Mangia et al (2019) reported that 

Lactobacillus paracasei FS103 isolated from 

sheep cheese showed an antagonistic effect 

against Listeria monocytogenes (DSMZ 20600), 

Salmonella enterica (DSMZ 13772), Staphylo-

coccus aureus (DSMZ 20231), and Escherichia 

coli (DSMZ 30083). 

Choi et al (2018) isolated four LAB strains, 

namely Lactobacillus curvatus, Leuconostoc mes-

enteroides, Weissella cibaria, and W. koreensis 

from plant-based fermented food and showed that 

these strains could completely inhibit the growth 

of four foodborne pathogenic bacteria, including E. 

coli O157:H7, Salmonella enteritidis, Salmonella 

typhimurium, and S. aureus. 

 

3.6  Phenotypic and genotypic identification of the 

potent LAB isolates 

 

Currently, 4 isolates were selected, based on their 

high bile salt tolerance, for phenotypic and genotypic 

identification, fermentative ability, total acidity, and 

antagonistic activity. After appropriate identification 

and evaluation, these probiotic organisms might be 

considered safe and beneficial for human use (Moha-

nia et al 2008).  

 

3.6.1 Phenotypic identification 

 

As several LABs have similar nutritional and 

growth requirements, biochemical methodologies for 

identification might not prove conclusive. The Biolog 

program (Biolog, Hayward, CA) is widely used for 

such identifications as it is based on the results of the 

fermentation patterns performed by the test microor-

ganisms. Biolog is a unique technique that analyzes 

the fermentation of 96 carbohydrates (Moraes et al 

2013), and the first microtube without any active car-

bohydrate substrate serves as the negative control.  
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Results showed that the selected 4 LAM iso-

lates are able to ferment glucose, fructose, su-

crose, maltose, mannitol, and lactose, indicated by 

the change of color from purple to pale yellow. 

However, their fermentation pattern for other sub-

strates was different. These selected LAM isolates 

PC2, PB1, PB7, and PY8 were identified as Lacti-

caseibacillus sp., Bacillus sp., Pediococcus sp. 

and Scaccharomyces cerevisiae, respectively. 

 

3.6.2 Genotypic identification  

 

The physiological and metabolic characteris-

tics of the probiotics can be determined by their 

genus, species, and strain. Genotype biochemical 

information, such as the 16s rDNA and 18s rDNA 

sequences, are used to identify the bacterial and 

yeast isolates, respectively, at the species level 

(De Melo Pereira et al 2018). All the obtained se-

quences were compared to various sequenced bacteria 

in the National Center for Biotechnology Information 

(NCBI), GenBank, and the Ribosomal Database Pro-

ject (RDP) databases, which revealed a percentage of 

similarity between the extracted sequences and few 

sequences belonging to the 16S and 18S small subunit 

rDNA of other bacteria and yeast, respectively.  

The PC2, PB1, PB7, and PY8 isolates showed sim-

ilarity percentage of 99%, 99%, 98%, and 99 % to 

Lacticaseibacillus paracasei R094, B. bingmayongesis 

FJAT-13831, Pediococcus pentosaceus ATCC 25745, 

and S. cerevisiae SaCe1 26S strains, respectively. Fol-

lowing the BLAST analysis, the phylogenetic trees 

were built using the BLAST search sequences. The 

genetic trees were created in the FASTA format and 

were constructed using the phylogenetic distance 

analysis technique of neighbor-joining Fig 6. 

 

 
Table 8. Antagonistic activities of 30 LAM isolates against five human pathogens 

 

Isolate 

code 

Diameter of inhibition zone (mm) 
 

Diameter of inhibition zone (mm) 

Human Pathogen Human Pathogen 

S. 

typhi 

E. 

Coli 

L.  

monocytogenes 

B.  

cereus 

C.  

albicans 

Isolate 

code 

S. 

typhi 

E. 

coli 

L.  

monocytogenes 

B.  

cereus 

C.  

albicans 

Bacterial isolates 

PC1 13 18 11 22 14 PB5 13 14 9 13 10 

PC2 12 14 10 16 13 PB7 19 14 17 17 19 

PC3 11 23 9 15 12 YoB2 15 11 11 8 14 

PC4 15 19 14 18 12 YoB5 18 10 12 13 14 

YoC1 6 15 17 11 16 ChB5 10 14 18 12 13 

ChC1 15 10 18 16 11 ChB6 13 11 11 15 17 

ChC4 11 19 13 20 15 ChB11 20 12 15 14 10 

FKC2 23 18 19 15 15 MB4 12 15 14 11 17 

FKC3 15 17 16 10 12 FKB1 14 20 14 16 17 

FKC4 13 15 20 17 16 FKB2 22 17 14 20 15 

FKC5 15 22 25 14 20 FKB6 14 13 16 11 12 

PB1 13 18 11 22 14 FKB7 19 15 17 23 15 

PB3 14 7 14 18 13       

Yeast isolates 

P Y1 14 10 14 8 11 P Y8 15 20 9 10 14 

P Y3 10 8 13 15 12 FK Y3 10 14 10 12 13 

P Y7 11 10 8 13 5       

 

 

 

 

 

 

 



Arab Univ J Agric Sci (2023) 31 (1) 63-80  

75 

   

a) b) c) 

 
Fig 5. Antagonistic effects of (a): isolate PB1 against E. coli, (b): isolate FKC5 against L. monocytogenes, and  

(c): isolate YoC1 against S. typhi 

 

 

 

a) 
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b) 

 

c) 
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d) 

 

Fig 6.  Neighbor-joining trees based on 16S rRNA sequences of the LAM isolates obtained from BLAST search, 

identified as Lacticaseibacillus paracasei, B. bingmayongesis, Pediococcus pentosaceus, and S. cerevisiae strain 

 

 

4 Conclusion 

 

In this study, the probiotic properties of LAMs 

isolated from different traditional food sources 

were investigated. LAM isolates comparatively 

show high growth under the GIT conditions (i.e. 

low pH and high bile salts content), antagonistic 

activity, and non-hemolytic nature. Based on this, 

four isolates were selected for identification and 

further studies. Using Biolog and 16S rRNA (for 

bacteria) and 18S rRNA (for yeast), these four 

isolates were identified as Lacticaseibacillus par-

acasei (R094), B. bingmayongesis (FJAT-13831), 

Pediococcus pentosaceus (ATCC 25745), and S. 

cerevisiae (SaCe1 26S) with 99%, 99%, 98%, and 

99% similarity, respectively. These strains need to 

be further evaluated based on certain properties, 

including (1) as starters in the fermentation of var-

ious foods; (2) as probiotics to improve the human 

body health, such as modulating the balance of 

gut microbiota, lowering blood cholesterol, and 

lowering blood pressure, (3) in cosmetics prod-

ucts; and (4) in animal feeds to improve their 

productivity.  
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