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INTRODUCTION

Whey is more than a by product of the cheese-making 
process. Whey is a yellow liquid with a sour and 

slightly salty taste that is separated from the curd during 
the cheese-making process or a liquid that has been 
drained of fat and casein and contains 80% protein (de 
Wit, 2001). Even as a waste, the nutritional content of 
whey can still be utilized and processed (Laleye et al., 2008) 
(Philippopoulos and Papadakis, 2001) and (Salvatore et al., 
2014). According to (Lievore et al., 2015), There are two 
whey-based milk coagulation methods: sweet whey and 
sour whey. On the other hand, sour whey is the by-product 
of acidifying milk to cause it to coagulate. In contrast, 

sweet whey is obtained through chymosin enzymatically, 
has an acidity of 6-7, and is also known as cheese whey. 
According to (Sinha et al., 2007), whey protein contains 
essential nutrients and is widely accepted as a functional 
food ingredient a Generally Recognized as Safe (GRAS) 
substance is commercial whey protein.

Whey on the market can be in the form of whey protein 
concentrate (WPC), sweet whey powder (SWP), whey 
protein isolate (WPI), and special WPC, which can be 
used as fermented drinks and yogurt (Hugunin et al., 
2009). Based on biological value, whey protein is superior 
to the protein produced from other products such as soy, 
casein, and eggs (Pescuma et al., 2010; Shiby and Mishra, 

Research Article

Abstract | Whey is a by-product of the cheese-making process which may contain lactic acid bacteria (LAB). The 
objectives of this study were to isolate, identify, and characterize probiotic lactic acid bacteria from whey, a by-product 
of cheese production. This study consisted of three stages: (1) isolation, identification of LAB obtain from whey, a by-
product of cheese production, morphology, physiology, and biochemistry; (2) in vitro probiotic characteristics testing, 
including survival at pH 3, resistance to 0.3% bile salt media, and antimicrobial activity against Escherichia coli: O157, 
Pseudomonas, Listeria inokua, and Klebsiella pneumonia; and (3) Molecular identification of LAB by analysis of the base 
sequence of the 16S RNA gene. The whey for this study was collected in Lasi Farm in Agam Regency, West Sumatra, 
Indonesia. The data was subsequently subJected to descriptive analysis. The bacteria obtained were rod-shaped that 
were catalase negative and homofermentative. Lactic acid bacteria were found to have antibacterial activity against 
pathogenic bacteria such as E. coli, Pseudomonas, Listeria inokua and Klebsiella pneumonia. Base on the phylogenetic 
analysis, the bacteria isolated were closely related to Limosilactobacillus fermentum, a probiotic bacteria candidate.

Keywords �| Lactic acid bacteria, Limosilactobacillus fermentum, Antimicrobial, Probiotic

Sri Melia1*, Indri Juliyarsi1, Yulianti Fitri Kurnia1, Evy Rossi2, Hurriya Alzahra3

Selection of Potential Lactic Acid Bacteria as a Candidate Probiotic on 
Cheese Making by Product Whey

Received | May 19, 2022; Accepted | June 12, 2022; Published | July 04, 2022	 	
*Correspondence | Sri Melia, Faculty of Animal Science, Universitas Andalas, Padang, West Sumatra, Indonesia; Email: srimelia75@ansci.unand.ac.id
Citation | Melia S, Juliyarsi I, Kurnia YF, Rossi E, Alzahra H (2022). Selection of potential lactic acid bacteria as a candidate probiotic on cheese making by 
product whey. Adv. Anim. Vet. Sci. 10(7):1633-1640. 
DOI | https://dx.doi.org/10.17582/journal.aavs/2022/10.7.1633.1640
ISSN (Online) | 2307-8316

Copyright:   2022 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.
org/licenses/by/4.0/).

1Faculty of Animal Science, Universitas Andalas, Padang, West Sumatra, Indonesia; 2Faculty of Agriculture, 
Universitas Riau, Pekanbaru, Indonesia; 3Master’s Program of Animal Science, Universitas Andalas, Padang, West 
Sumatra, Indonesia.

https://dx.doi.org/10.17582/journal.aavs/2022/10.7.1633.1640
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
crossmark.crossref.org/dialog/?doi=10.17582/journal.aavs/2022/10.7.1633.1640&domain=pdf&date_stamp=2008-08-14


Advances in Animal and Veterinary Sciences

July 2022 | Volume 10 | Issue 7 | Page 1634

2013). According to (Walsh et al., 2010; Melia et al., 2017), 
Probiotics have many benefits, like stopping the growth of 
pathogenic organisms, preventing intestinal, vaginal, and 
diarrheal infections, and boosting the immune system.

The Food and Agriculture Organization and the 
World Health Organization define probiotics as “live 
microorganisms when consumed in sufficient quantities 
to have a health effect on the host. Probiotics must meet 
several criteria, including being taxonomically clear, 
surviving in human intestinal conditions, surviving in 
sufficient numbers with effective doses throughout the 
shelf life, being supported by at least one positive human 
clinic trial, and being safe to use. The FDA considers most 
probiotics to be generally recognized as safe (GRAS) 
microorganisms (Dicks and Botes, 2010). 

Consumer interest in functional foods or beverages 
containing probiotics and prebiotics continues to increase, 
creating a vast market to develop (Rathore et al., 2012; 
Walsh et al., 2010). LAB is isolated from various types of 
milk, such as goat milk (Melia et al., 2017) and buffalo milk 
(Rizqiati et al., 2015). Furthermore, the lactic acid bacteria 
isolate can be applied to the processing of fermented milk 
products which are beneficial for health, such as fermented 
goat milk (Melia et al., 2020, 2022; Kurnia et al., 2021), 
traditional cheese (Terzic-Vidojevic et al., 2014; Montel 
et al., 2014).

Because the potential for probiotics in whey from Lasi 
Farm’s cheese production has never been explored 
traditionally or molecularly, this research is vital to be done.

MATERIALS AND METHODS

Sampling
Samples were obtained from Lasi Farm, Agam Regency, 
West Sumatra, Indonesia. Whey A and whey B samples 
were obtained twice and stored in a cold box until they 
were examined.

Isolation of lactic acid bacteria 
de Mann, Rogosa, and Sharp (MRS) broth and MRS 
agar (Merck, Germany) were used to isolate the LAB. In 
order to isolate LAB, 1 mL of whey was added to 9 mL 
of sterile distilled water. Subsequently, the isolates were 
serially diluted up to the seventh dilution. A total of 100 
mL of sample was spread plate plated on MRS agar for 48 
hours at 37oC. One single colony was chosen for further 
testing. The selected colonies were further examined for 
morphological characteristics such as form and color, as 
well as biochemical characteristics such as Gram stain 
test, catalase, and fermentation type (Kopermsub and 
Yunchalard, 2010).

Acid resistance test 
The acid resistance test was carried out using the modified 
method of Pato (2003) and Kocabay and Cetinkaya (2020). 
MRS broth (9 mL) was added with 5N HCL to justify pH 
3 and used as a control. 1 mL of LAB culture was added to 
the MRS broth and incubated for 90 minutes at 37°C using 
the spread plate method, and this was used as stock culture. 
One mL was then spread plate grown on MRS agar media 
and incubated for 48 hours at 37°C. After counting the 
colonies, the CFU/mL concentration was calculated. The 
following formula was used to calculate the survival rate:

Survival rate % = log CFU N1/log CFU N0 × 100

N1= Total number of the cells that survived after each 
pH treatment, N0= Total number of alive cells before the 
treatment.

Bile salt resistance test
The bile salt resistance test was carried out using a modified 
method of (Pato, 2003; Kocabay and Cetinkaya, 2020). 
Bacteria from lactic acid were put into a test tube with 9mL 
of MRS broth with ox gall 0.3% and 9 mL of MRS broth 
without ox gall (without ox gall). Then, it was kept at 37oC 
for five hours. They were put on agar media with a dilution 
of 10-6 and kept at 37ºC for 48 hours. The colonies were 
counted, and the CFU/mL was calculated and plotted. The 
following formula was used to calculate the survival rate:

Survival rate % = log CFU N1/log CFU N0 × 100

N1= Total number of the cells that survived after each 
pH treatment, N0= Total number of alive cells before the 
treatment.

Antimicrobial activity test
Antimicrobial activity testing was carried out using the 
modified well diffusion agar method (Yang et al., 2012; 
Rossi et al., 2021; Pato et al., 2020, 2022). LAB isolates were 
inoculated into MRS broth and then incubated for 24h at 
37°C. The LAB supernatant was collected by centrifugation 
at 14.000 rpm for 15 min at 37oC. Furthermore, the cell-
free LAB supernatant was an antimicrobial substrate 
to be tested for its antimicrobial activity with the well 
diffusion agar method using Nutrient Agar (Merck). The 
tested bacteria were Escherichia coli, Pseudomonas, Listeria 
monocytogene, and Klebsiella pneumonia. The clear zone 
formed was measured after incubation for 24 hours.

Genomic DNA isolation of lactic acid bacteria 
and 16S rRNA
The 16S rRNA sequence was used to identify the bacteria. 
The DNA from the bacteria was taken out with the 
PrestoTM Mini gDNA bacteria kit (GBB100 Geneaid). 
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24F: S′ AGA GTT TGA TGG CT 3′ and 1541R: S′ 
AAG GAG GTG ATC CCG CA 3′ were used to make 
DNA. In total, 50 liters of water, bacteria DNA, and 
Dream Taq DNA polymerase (‘Thermo Scientific) were 
used in the PCR process. To start with, we did 3min of 
pre-PCR. We did 35 cycles of 95°C for 30sec, 50–50°C 
for 30 seconds, and 72–72°C for 1 minute 30 seconds. 
Then, we did 10 minutes at 72°C for post-PCR. The PCR 
products were put on a 1% agarose gel with ethidium 
bromide at a 5 g/ml concentration. It took 45 µl of 
electrophoresis in a concentration of 1X TBE (Tris Borate 
EDTA) buffer to separate the two groups. Following that, 
a UV transilluminator (Vilber Lourmat) and a UV-filtered 
digital camera were used to see and record the bands 
(Olympus SP 500-UZ) (Feliatra et al., 2019).

Phylogenetic analysis 
The alignment analysis of sequences was carried out (Basic 
Local Alignment Search Tool) by comparing the obtained 
sequences (query) with those in the Gene Bank database at 
NCBI (http://www.ncbi.nlm.gov). MEGA v7.0 was used 
for phylogenetic analysis to create a phylogenetic tree.

Statistical analysis
The data obtained were calculated as the mean and then 
analyzed using descriptive methods.

RESULTS AND DISCUSSION

Total lactic acid bacteria and morphological 
and biochemical properties 
As shown in Table 1, the total LAB found in whey A 
was 8.0 x 109 CFU/ml, while the total lactic acid bacteria 
found in whey B was 1.2 x 1010 CFU/ml. Furthermore, the 
morphological characteristics of LAB from whey, which 
was round (cocci), rod-shaped, and cream-colored, have 
been observed for the benefit of probiotics.

Table 1: Total lactic acid bacteria.
Sample Total LAB (CFU/mL)
Whey A 80 x 108

Whey B 124 x 108

Acid resistance
There were 38 isolates of lactic acid bacteria. However, two 
of them were acid resistant (pH 3), namely W5 isolate from 
whey A and W7 from whey B. Acid resistance of Lactic 
acid bacteria can be seen in Table 2. Following an acid 
resistance test, a viability test was performed. The viability 
of isolate W5 was 82.35%, while isolate W7 was 93.97%.

Bile salt resistance
LAB viability in the small intestine was essential because it 
relates to its potential as probiotics. LAB resistance during 

incubation on MRS with 0.3% bile salts. The resistance 
of isolates W5 and W7 to bile salts in vitro using oxgall 
was shown in Table 3. In the presence of bile salts, isolate 
W5 had 44.23% viability, while isolate W7 had 49.31% 
viability.

Table 2: Acid resistance of isolates W5 and W7.
LAB isolate Total bacteria (x 107 CFU/mL) Viability 

(%)Control pH 3 
W5 68 56 82.35
W7 83 78 93.97

Table 3: Bile salt resistance of isolates W5 and W7.
LAB iso-
late

Total bacteria (x 107 CFU/mL) Viability (%)
Control Ox gall 0.3% 

W5 156 69 44.23
W7 146 72 49.31

Antimicrobial activity
Table 4 showed the inhibitory activity of LAB against 
pathogenic bacteria (Gram-positive and Gram-negative). 
The two LAB isolates inhibited the growth of pathogenic 
bacteria differently. The highest inhibition activity of 
pathogenic bacteria was shown by W7 isolate against the 
pathogenic bacterium E. coli with a zone of inhibition 
diameter of 7.5 mm. The lowest bacterial inhibitory activity 
was shown by W5 isolate against Pseudomonas bacteria 
with a zone of inhibition diameter of 2.5 mm. The zone of 
inhibition diameter from W5 and W7 was between 2.5-7 
mm. Thus, both isolates had an antimicrobial activity with 
low inhibitory activity.

Table 4: Antimicrobial activity of isolates W5 and W7.
Sample The diameter of the clear zone (mm)

Escherichia 
coli O157

Pseu-
domonas

Listeria 
inokua

Klebsiella 
pneumoniae

W5 isolate 5.5 ± 0.5 2.5 ± 0.5 4.0 ±1.0 3.0 ± 0.5
W7 isolate 7.5 ± 0.5 4.0 ± 1.0 7.0 ± 0.3 0
Ampisilin 5.0 ± 0.2 5.0 ± 0.5 6.0 ± 0.1 0
Kanamicin 6.0 ±0.1 6.0 ± 0.3 3.0 ± 0.5 5.0 ± 0.1

Sequentially, the inhibitory activity of W5 isolates was: E.coli 
O157>Listeria inokua>Klebsiella pneumonia>Pseudomonas. 
Meanwhile, for W7 isolate were E. coli O157>Listeria 
inokua>Pseudomonas. In general, LAB isolates showed 
inhibition activity against gram-negative bacteria (higher 
E.coli) than other pathogenic bacteria.

PCR amplification of the 16S rRNA gene
Figure 1 showed the PCR amplification of the 16S rRNA 
gene in W5 and W7 isolates. Furthermore, Figures 2 and 
3 show the entire nucleotide sequences of W5 and W7 

http://www.ncbi.nlm.gov
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with 1476pb and 1468pb, respectively. Figure 4 presented 
phylogenetic trees based on 16S rRNA gene sequence 
analysis. The sequencing results of W5 and W7 isolates 
were compared to Gene Bank data using the BLAST 
program on the NCBI website (http://www.ncbi.nlm.nih.
gov) and revealed a 99.80% (W5), 99.59% (W7) similarity 
rate with Limosilactobacillus fermentumHFD1 for W5 
isolate and Limosilactobacillus fermentum SK152 for W7 
isolate (Tables 5 and 6).

Figure 1: The PCR amplification of ribosomal RNA gene 
using l1492R and 27F. W5 and W7 are the isolated whey 
lactic acid bacteria (M = 1 kB DNA Ladder).

Figure 2: Nucleotide sequence of W5 isolate (1476pb).

Figure 3: Nucleotide sequence of W7 isolate (1468pb).

Figure 4: Phylogenetic tree of isolate W5 dan W7.

Total whey lactic acid bacteria and 
morphological and biochemical properties of 
lactic acid bacteria
The presence of LAB in whey was caused by the 
nutritional content of whey, such as lactose that supports 
LAB growth. According to de Wit (2001), whey contains 
protein, lactose, vitamins, and minerals. The nutritional 
composition of whey depended on the animal breed, feed, 
and lactation period. Lactose content in gouda cheese 
whey was 47g/L. Lactic acid bacteria naturally occur in 
various raw materials due to nutrients that promote their 
growth, as with research by (Melia et al., 2019; Rizqiati et 
al., 2015). The results were in line with a study by (Ogier et 
al., 2002) stating that the genus Lactobacilli was the main 
genus isolated from milk and its dairy products.
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Table 5: BLAST Analysis of W5 isolate.
Description Max Score Total Score Query Cover E value Per. Ident Accession
Limosilactobacillus fermentum strain HFD1 2649 13216 100% 0.0 99.80% CP050919.1
Limosilactobacillus fermentum strain AGR1487 2649 13229 100% 0.0 99.80% CP047585.1
Limosilactobacillus fermentum strain USM 8633 2649 13202 100% 0.0 99.80% CP045034.1
Lactobacillus fermentum strain SL1-1 2649 2649 100% 0.0 99.80% MN435796.1
Lactobacillus fermentum strain BioE LF11 2649 2649 100% 0.0 99.80% MK779053.1
Limosilactobacillus fermentum strain YL-11 2649 13198 100% 0.0 99.80% CP034193.1
Limosilactobacillus fermentum strain LMT2-75 2649 13193 100% 0.0 99.80% CP034099.1
Limosilactobacillus fermentum strain SRCM103285 2649 13189 100% 0.0 99.80% CP035054.1
Limosilactobacillus fermentum strain LDTM 7301 2649 13193 100% 0.0 99.80% CP031195.1
Limosilactobacillus fermentum strain LfQi6 2649 13180 100% 0.0 99.80% CP025592.1

Table 6: BLAST Analysis of W7 isolate.
Description Max Score Total Score Query Cover E value Per. Ident Accession
Lactobacillus fermentum strain SK152 2621 13058 100% 0.0 99.59% CP016803.1
Lactobacillus fermentum strain NCC2970 2621 13085 100% 0.0 99.59% CP017151.1
Limosilactobacillus fermentum ike38 2621 13047 100% 0.0 99.59% AP024320.1
Limosilactobacillus fermentum strain HFD1 2617 13062 100% 0.0 99.52% CP050919.1
Limosilactobacillus fermentum strain AGR1487 2617 13067 100% 0.0 99.52% CP047585.1
Limosilactobacillus fermentum strain USM 8633 2617 13058 100% 0.0 99.52% CP045034.1
Lactobacillus fermentum strain HT 2617 2617 100% 0.0 99.52% MN589592.1
Limosilactobacillus fermentum strain 2760 2617 13053 100% 0.0 99.52% CP044354.1
Lactobacillus fermentum strain SL6-1 2617 2617 100% 0.0 99.52% MN435805.1
Lactobacillus fermentum strain SL1-1 2617 2617 100% 0.0 99.52% MN435796.1

Before molecularly identifying LAB using 16S rRNA, it is 
necessary to examine their morphology. The morphological 
characteristics of lactic acid bacteria isolated from whey 
were also involved, including round (cocci), rod-shaped, 
and cream-colored bacteria. Furthermore, Salminen et al. 
(2004) explained that LAB belonged to Gram-positive, 
non-sporing, spherical, or rod-shaped bacteria, catalase-
negative, non-motile, and facultative aerobic. 

Acid resistance
Of the 38 LAB isolates, two isolates had acid resistance (pH 
3), namely W5 isolate from whey A and W7 from whey 
B. One of the characteristics of bacteria having potential 
as probiotics was their resistance to gastric conditions to 
survive at low pH conditions. The result was in line with 
studies by (Pato, 2003; Shi et al., 2012; Ren et al., 2014), 
stating that LAB, including probiotics, must be tolerant 
of gastric and small intestine conditions so that it must 
be tolerant of low pH on lysozyme enzymes, gastric acid, 
and bile salts. From Table 2, LAB isolates from whey had 
a high viability rate of more than 50%. The same results 
were also obtained in Lin et al. (2006) and Ramadhanti et 
al. (2021), which found LAB had viability above 50% at 
low pH conditions. This high viability value indicates that 
LAB has a high digestive tract survival ability. This result 

was in line with a study stating that LAB with a viability 
rate above 50% at low pH conditions indicates LAB has 
high viability in the digestive tract.

Bile salt resistance
LAB viability in the small intestine is essential because it 
relates to its potential as probiotics. This study used 0.3% 
bile salt. The bile salt concentration in the small intestine 
ranges from 0.15 to 0.6%, depending on the food consumed 
(Fernández et al., 2003). Therefore, LAB probiotics must 
survive in bile salt conditions with these concentrations. 
According to Rizqiati et al. (2015), in normal humans, 
the time required for food to transit in the small intestine 
was about 4–6 hours, and in the large intestine was about 
24–48 hours. 

The isolate was able to withstand bile salt quite well, where 
the LAB viability for the W7 isolate was 49.31%, and the 
W5 isolate was 44.23% (Table 3). Bezkorovainy (2001) 
stated that Bifidobacteria and Lactobacillus are beneficial 
bacteria for human health known as probiotics. Because 
isolates W5 and W7 have at least 20-40% resistance to 
gastric acid and bile salt, they can be considered prospective 
probiotic candidates.

https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=607153952&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue asc,aln_id asc&ALIGNDB_WHERE_CLAUSE=seq_evalue is not null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=2,3,4,5,6,7,8&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=STWM7H3S016&SHOW_CDS_FEATURE=yes&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=11&ADV_VIEW=off&DISPLAY_SORT=0&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=607153952&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue asc,aln_id asc&ALIGNDB_WHERE_CLAUSE=seq_evalue is not null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=2,3,4,5,6,7,8&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=STWM7H3S016&SHOW_CDS_FEATURE=yes&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=11&ADV_VIEW=off&DISPLAY_SORT=2&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=607153952&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue asc,aln_id asc&ALIGNDB_WHERE_CLAUSE=seq_evalue is not null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=2,3,4,5,6,7,8&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=STWM7H3S016&SHOW_CDS_FEATURE=yes&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=11&ADV_VIEW=off&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=607153952&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue asc,aln_id asc&ALIGNDB_WHERE_CLAUSE=seq_evalue is not null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=2,3,4,5,6,7,8&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=STWM7H3S016&SHOW_CDS_FEATURE=yes&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=11&ADV_VIEW=off&DISPLAY_SORT=0&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=607153952&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue asc,aln_id asc&ALIGNDB_WHERE_CLAUSE=seq_evalue is not null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=2,3,4,5,6,7,8&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=STWM7H3S016&SHOW_CDS_FEATURE=yes&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=11&ADV_VIEW=off&DISPLAY_SORT=3&HSP_SORT=3
https://www.ncbi.nlm.nih.gov/nucleotide/CP050919.1?report=genbank&log$=nucltop&blast_rank=1&RID=STWM7H3S016
https://www.ncbi.nlm.nih.gov/nucleotide/CP047585.1?report=genbank&log$=nucltop&blast_rank=2&RID=STWM7H3S016
https://www.ncbi.nlm.nih.gov/nucleotide/CP045034.1?report=genbank&log$=nucltop&blast_rank=3&RID=STWM7H3S016
https://www.ncbi.nlm.nih.gov/nucleotide/MN435796.1?report=genbank&log$=nucltop&blast_rank=4&RID=STWM7H3S016
https://www.ncbi.nlm.nih.gov/nucleotide/MK779053.1?report=genbank&log$=nucltop&blast_rank=5&RID=STWM7H3S016
https://www.ncbi.nlm.nih.gov/nucleotide/CP034193.1?report=genbank&log$=nucltop&blast_rank=6&RID=STWM7H3S016
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LAB survived in bile salt conditions because LAB 
synthesized the enzyme bile salt hydrolase (BSH) 
to deconjugate bile salts. This study had also been 
demonstrated by Moser and Savage (2001), who used 
Lactobacillus strains isolated from the human intestine and 
dairy products. According to Canchaya et al. (2006), the 
production of this BSH enzyme is regulated by the BSH 
gene in bacteria. Furthermore, according to Pennacchia 
et al. (2004), bile salt secreted in the small intestine can 
damage the cell membrane of bacterial probiotics by 
hydrolyzing lipids and fatty acids. 

Antimicrobial activity
Antimicrobial activity was a criterion possessed by the 
LAB to be categorized as probiotics. Antimicrobial 
activity was essential because it was related to LAB's 
inhibiting pathogenic bacteria. In this research, the 
inhibitory activity of W5 isolates was sequenced as follows: 
E. coli O157 > Listeria inokua > Klebsiella pneumonia > 
Pseudomonas. Meanwhile, the E. coli O157 isolate was 
followed by Listeria inokua and Pseudomonas. LAB isolates 
inhibited gram-negative bacteria (particularly E. coli) 
more than other pathogenic bacteria. The same result was 
also obtained by Bao et al. (2010), cell-free supernatant 
L. fermentum inhibited the growth of Gram-positive (L. 
monocytogenes and S. aureus) and Gram-negative (E. coli, S. 
flexneri, and S. typhimurium) bacteria. Lactic acid bacteria 
isolated from dadih were also able to inhibit the growth of 
S. aureus and P. carotovorum subsp. carotovorum (Pato et 
al., 2021, 2022)

LAB probiotics could promote the growth of beneficial 
microorganisms, decrease the number of pathogenic 
microbes, and help to avoid food intolerance and allergies 
(Liévin-Le Moal and Servin, 2014; Sidira et al., 2014; 
Kia et al., 2016). There were four categories of the zone 
of inhibition, namely very strong zone with a zone of 
inhibition diameter of 20 mm, strong with the zone of 
inhibition diameter of 15 – 20 mm, moderate with a zone of 
inhibition diameter of 10 – 14 mm, and low with the zone 
of inhibition diameter of 5 – 9 mm (Nandi et al., 2017).

The antimicrobial activity of L. fermentum was found by 
Kang et al. (2017); García et al. (2012); Lehri et al. (2017), 
respectively, against Staphylococcus aureus, Helicobacter 
pylori, and Campylobacter jejuni. The ability of L. fermentum 
to generate organic acids, primarily lactic and acetic acids, 
as well as antimicrobial peptides, was credited with its 
bacteriostatic action.

Lactic acid bacteria exerted antibacterial activity in the 
host’s intestine by producing organic acids (lactic, acetic, 
formic, propionic, and butyric acids), bacteriocins (nisin 
and pediocin), and other antibacterial peptides (da Silva 
Sabo et al., 2015).

PCR amplification of the 16S rRNA gene
This study discovered that isolates W5 and W7 had 
good LAB viability to pH 3 and 0.3 percent ox gall and 
antimicrobial activity against pathogenic bacteria. According 
to molecular identification with 16S rRNA, lactic acid 
bacteria had similarities to Limosilactobacillus fermentum 
HFD1 for W5 isolates and Limosilactobacillus fermentum 
SK152 for W7 isolates. The genome and taxonomy of 
the Lactobacillaceae have just recently been studied and 
evaluated. Its previous scientific name, Lactobacillus 
fermentum, has been changed to Limosilactobacillus 
fermentum as; a result, Zheng et al. (2020) and Melia et 
al. (2017) also found L. fermentum L23, a probiotic strain 
isolated from buffalo milk. Rodríguez-Sojo et al. (2021) 
explained that Limosilactobacillus fermentum CECT5716 
was a good potential probiotic with anti-inflammatory and 
immunomodulatory properties. For medical uses and food 
preservation, a study on L. fermentum has been developed 
in preclinical and clinical studies (Naghmouchi et al., 
2019).
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