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Figurel. Differentiation scheme for lactic acid
bacteria isolated from Lighvan cheese
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Tablel. Genus-specific primers used for the detection of LAB isolates from Lighvan cheese

Primers Primers Sequence (57-37) A.mp licon Reference
size (bp)

Lactobacillus genus-specific primers

LbLMAI1-rev F: CTCAAAACTAAACAAAGTTTC 209 9]

R16-1 R: CTTGTACACACCGCCCGTCA

Enterococcus genus-specific primers

Entl F: TACTGACAAACCATTCATGATG 112 [Y+]

Ent2 R: AACTTCGTCACCAACGCGAAC

Pediococcus genus-specific primers

Pedio F F: GAACTCGTGTACGTTGAAAAGTGCTGA 701 [YV]

Pedio R R: AGTGGAACTCCATGTGTAG
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Figure2. Image of the 1.5% gel agarose (Invitrogen, G501802) of PCR products of Lighvan cheese isolates
using genus-specific primers for Lactobacillus, Enterococcus and Pediococcus genera described in Tablel. Lane
4: 1Kbp marker (Sinaclon SL 7051, Iran); Lane 17: 100bp marker (Sinaclon SL 7031, Iran); Lanes 1-3: positive
control for Lactobacillus plantarum (PTCC 1058), Pediococcus pentosaceus (ATCC 25744) and Enterococcus
faecalis (PTCC 1237); Lane 5-7: negative control (without template DNA); Lanes 8—16: DNA samples isolated

from Lighvan cheese.
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Table2. Survival of LAB isolates under artificial human Gl tract conditions

Survival Rate (%) after 3 h

Survival Rate (%) after 4

Isolates j Simulated Gastric juice ® h in Simulated gut juice ° LAB genus
LS6 68.68+0.92 51.65+1.13 Enterococcus
LS9 74.14+0.38 77.95+0.78 Lactobacillus
LS13 79.92+0.51 54.59+0.89 ND
LS17 66.98+1.14 53.34+0.34 Enterococcus
LS18 53.33+£0.97 54.93+0.72 Lactobacillus
LS33 61.82+0.48 56.39+0.31 Lactobacillus
LS37 72.23+0.41 75.37+0.43 Lactobacillus
LS50 51.20+0.43 47.42+0.76 ND
LS58 73.64+0.52 78.3920.42 Enterococcus
LS59 86.90+0.69 70.62+0.17 Enterococcus
LS64 74.19+0.51 78.01+0.27 Pediococcus
LS71 56.49+1.13 54.63+0.55 Lactobacillus
LS83 52.20+0.01 58.04+0.48 ND
LS85 48.68+0.92 51.65+1.13 Pediococcus
LS99 74.14+0.38 77.95+0.78 Pediococcus

LS106 79.92+0.51 54.59+0.89 Enterococcus

LS118 66.98+1.14 53.34+0.34 Lactobacillus

Data are mean + standard deviation of three independent experiments.
3 phosphate-buffered saline solution (adjusted to pH 3) containing 3 mg mL™ pepsin.
®, PBS solution containing 0.3% bile salts and 1 mg mL™* pancreatin.
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Table3. Antibacterial effect of selected LAB isolates against indicator pathogens

Zone diameter (mm) around

Escherichia coli
(PTCC 1276)

Salmonella enterica
(PTCC 1709)

Isolates

Listeria
monocytogenes

Staphylococcus aureus
(PTCC 1764)
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(PTCC 1163)

LS6 0 5.48+0.16 7.21+0.26 12.01+0.33
LS9 6.26+0.06 17.47+0.23 12.64+0.28 16.50+0.21
LS17 0 0 0 0

LS18 0 0 11.26+0.05 10.58+0.19
LS33 2.30+0.17 13.59+0.19 21.58+0.20 20.49+0.14
LS37 0 8.54+0.09 0 13.43£0.18
LS58 0 0 0 2.64+0.21
LS59 12.31+0.15 11.43+0.18 18.41+0.20 22.24+0.23
LS64 0 0 0 7.26+0.05
LS71 4.43+0.10 8.54+0.25 13.71+0.19 18.35£0.10
LS85 0 0 8.65+0.24 11.30+0.17
LS99 0 0 0 4.53+0.24
LS106 0 0 16.38+0.15 15.54+0.09
LS118 5.73%£0.10 2.4610.10 0 0

Data are mean =+ standard deviation of three independent experiments.
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Table4. Antifungal effect of selected LAB isolates against indicator molds
Growth inhibition (%) of Growth inhibition (%) of

chle Blas tdsas s il o bus conlt

BEl L;.L)‘J)L: EW_ St (MIC) &.:5 A .,L:u) )\ o.,\.;)b)'l.g

Isolates MIC (%) Aspergillus flavus MIC (%) Penicillium citrinum
(PTCC 5004) (PTCC 5304)

LS6 30 14+0.10 30 24+0.04
LS9 40 10+0.09 50 9+0.55
LS17 70 16+0.22 70 13+0.36
LS18 - - - -

LS33 20 21+0.25 20 29+0.30
LS37 100 15+0.30 70 24+0.34
LS58 60 25+0.17 40 10+0.20
LS59 30 21+0.48 30 224+0.11
LS64 - - - -

LS71 20 27+0.07 20 25+0.06
LS85 40 23+0.53 30 18+0.65
LS99 - - - -
LS106 20 20+0.11 30 31+0.23
LS118 100 9+0.40 100 11+0.30

Data for growth inhibition (%) are mean + standard deviation of three independent experiments.
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Table5. Aggregation activities of selected LAB isolates

Auto-aggregation
Isolates geres

Co-aggregation (%) with

(%) E. coli S. enterica

LS6 78.60+0.49 88.33+0.18 80.07+0.35
LS9 38.4610.13 40.30+0.22 50.85+0.40
LS18 40.2610.24 36.4910.66 39.57+0.59
LS33 79.5310.45 59.4610.36 69.19+0.54
LS37 51.43+0.30 44.4610.24 30.14+0.39
LS59 21.22+0.39 31.49+0.49 42.44+0.61
LS71 67.57+0.41 87.52+1.33 70.86+0.10
LS85 40.781+0.51 47.87+0.20 35.75+0.40
LS106 56.52+0.37 76.6510.52 70.43+0.19

Data are mean + standard deviation of three independent experiments.
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Table6. Antibiotic resistance in selected LAB isolates

Antibiotics Inhibition zone diameter (mm) for LAB isolates

LS106 LS71 LS33 LS6
Vancomycin 13.540.36 (R) 10.610.11 (R) 15.4+0.08 (1) 7.310.09 (R)
Cefixime 15.540.14 (R) 27.410.14 (S) 18.140.05 (S) 16.310.09 (S)
Penicillin 30.6+0.36 (S) 29.410.08 (S) 27.3+0.16 (1) 31.1+0.17 (S)
Clindamycin 0 (R) 10.840.09 (R) 0 (R) 0 (R)
Tetracycline 31.3+0.11 (S) 25.5+0.15 (S) 23.4+0.09 (S) 29.3+0.15 (S)
Chloramphenicol 22.1+0.38 (S) 26.5+0.18 (S) 18.6+0.15 (I) 29.4+0.23 (S)

Ampicillin

25.2+0.39 (S)

27.4+0.14 (S)

18.5+0.14 (S)

22.3+0.14 (S)

8 -Horizontal gene transfer

2178



\5.'5.&3;)‘9)5 Y 693 NoA aJLa..f:

[)lﬂl L;l"l'é @L«p}f)l&d;u

Erythromycin 26.4+0.22 (S)

20.7+0.33 (1)

243+0.22(S)  21.3%0.39(S)

Azithromycin 13.4:0.08 ()  23.5£0.21(S)  13.7+0.08 (I) 17.4+0.09 (1)
Gentamicin 18.7+0.09 (S)  18.5t0.13(S)  17.4%0.08 (S) 14.5+0.06 (1)
Ceftriaxone 43:0.06 (R)  28.3:+0.28(S)  21.2¢+0.16 (R)  15.1%0.19 (R)

Data are mean + standard deviation of three independent experiments.
(1) indicates intermediate sensitivity (R) resistance and (S) susceptibility to the antibiotics based on CLSI, 2018 guideline.
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The main reason for the presence of specific microbiota, particularly lactic
acid bacteria in dairy products made from raw milk, such as Lighvan cheese,
is the traditional methods of preparing these products. A large number of
these bacteria are probiotic microorganisms, and for example, many species
of Lactobacillus, Enterococcus and Pediococcus bacteria presented in foods
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have shown probiotic properties. In the current study, genus-specific PCR
detection for the Lactobacillus, Enterococcus, and Pediococcus genera was
used to confirm the isolates of lactic acid bacteria that had been
phenotypically isolated from 25 samples of traditional Lighvan cheese.
Subsequently, the probiotic properties of the isolates, including resistance in
simulated gastrointestinal tract conditions, antagonistic properties, auto-
aggregation and co-aggregation attributes, antibiotic resistance and
hemolytic activities of the selected strains were evaluated. Based on
biochemical and molecular detection tests, among the 84 selected strains, 58
isolates were identified as Lactobacillus (29 isolates), Enterococcus (18
isolates) and Pediococcus (11 isolates). Screening of these isolates for
survival in human GI tract conditions showed that 26.1% of the isolates (14
isolates) had resistance levels above 50%. Also, nine isolates of the selected
strains showed potent antibacterial activity against Listeria monocytogenes
and Staphylococcus aureus, as well as Aspergillus flavus and Penicillium
citrinum molds. Moreover, based on the ability of auto-aggregation and co-
aggregation features, four isolates LS106, LS71, LS33 and LS6 (belonging
to Lactobacillus and Enterococcus genera) were selected. Finally, the
investigation of antibiotic resistance revealed the sensitivity of these isolates
to majority of the used antibiotics, so that all isolates were susceptible to
tetracycline and ampicillin. Also, not one of these four isolates exhibited
hemolytic properties. As a result, these isolates are recommended as suitable
candidates for usage in fermented food products, taking advantage of their
beneficial properties.
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