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Table 1- Variation (mean£SD) in the population of Enterococcus spp. (log cfu/ml) in acidic (pH= 3) condition

Enteroc_occus Isolate Source Time (min)
species 0 30 60 120
faecium 1 yogurt 10.31+£ 055  10.26+0.372C  10.12+0.41%®  10.02+ 0.50
2 cheese 9.11+0.2438  9.09+0.19 2B 8.86+0.33 2 8.39+ 0.47
3 butter 10.01+ 0.44 %8 0.95+ (.19 3 9.91+ (0.39 3 9.71+ 0.50 &€
4 Kashk 10.26+0.31°®  10.11+0.16 °B¢  10.03+0.35 B ND "aA
5 cream 9.35+0.47P48  9.23+0.36 "B 9.11+ 0.40 A8 ND "2A
6 raw milk 8.92+0.61 3 8.79+0.54 A 8.73+ 0.49 8.36+ 0.38 2
faecalis 1 cheese 10.05+ 0.18 ®  10.07+0.31%C  10.07+0.24 % 0.89+ 0.48 2
2 butter 10.30+ 0.20 "B 10.10+ 0.358¢ 9,87+ 0.44 @B 9.02+ 0.52 aBC
3 buttermilk  11.35+ 0.57°¢  11.05+0.333%C  10.90+ 0.4528  10.07+ 0.27 &P
4 cream 10.31+0.17 3  10.29+0.24 2C  10.21+0.13 28 10.144+ 0.24 %P
5 raw milk 10.34+ 0.28 3  10.19+ 0.343C  10.02+0.12 % 9.86+ 0.35 &
gallinarum 1 cream 10.05+ 0.22°8 999+ 0.19 %8 9,93+ (.24 B 9.07+ 0.30 &8¢
2 butter 10.29+0.21%  10.14+ 0.17 28C 9.97+0.37 8 9.79+ 0.29 &
3 cheese 10.25+ 0.26 "8 956+ 0.32 ®AB 920+ (.21 B 8.69+ 0.42 @B
4 raw milk 10.27+ 0.36 P2 9.77+0.26 ®AB 9 544 (.38 AB 9.04+ 0.47 3BC
casseliflavus 1 cream 10.27+£0.24%® 9,79+ 0.31 8 9.61+0.22 aAB 0.43+0.42 %
2 raw milk 10.15+ 0.31 % 0.79+ 0.27 B 9.57+ 0.44 8 9.32+ 0.47 3BC
avium 1 cheese 10.27+0.3538  9.70+ 0.23 #B 9.67+ 0.15 B 9.44+ 0.50
2 cream 10.0+ 0.46 "B 9.17+ 0.39 ®AB 9 04+(0.28 2AB 8.60+ 0.57 *
mundtii 1 buttermilk  10.03+0.41 10.01+ 0.37 % 0.86+ 0.44 3B 9.50+ 0.27 &
2 raw milk 10.0+0.38 2 0.77+ 0.30 @B 9.69+ 0.45 2B 9.61+ 0.29 &
hirae 1 raw milk 10.18+0.17 P8 9.99+ (.27 2B 9.11+ 0.38 B 9.04+ 0.41 2BC
saccharolyticus 1 raw milk 10.29+0.22 3  10.09+£0.30%®  10.01+0.152% 9.92+ 0.45 %
raffinosus 1 raw milk 10.27+£0.17%®  10.17+0.302C€  10.08+ 0.26 28 10.01+ 0.35 &€

“ND: Below the detection limit (< 2 log cfu/ml); a, b: Different letters indicate significant (P<0.05) difference
among mean values in each raw. A, B, C, D: Different letters indicate significant (P<0.05) difference among
mean values in each column.
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Table 2- Variation in the population (mean+SD) of Enterococcus spp. (log cfu/ml) in different bile concentrations

Enterococcus Isolate Source Bile concentrations (%)
species 0 0.1 0.2 0.3 0.4
faecium 1 yogurt 8.68+ 0.35PAB 8,50+ 0.47 PAB 8,07+ 0.31 ®BC 7,60+ 0.55 ¥BC 7,47+ 0.49 2BC
2 cheese 8.23+0.258  771+0.19%  7.44+0.4138 749+ 0.363C 7,38+ (.45 aBC
3 butter 8.90+ 0.18 PAB 823+ (.53 @AB 8 07+ 0.48 ®BC 7,60+ 0.57 BC 7,30+ 0.38 BC
4 Kashk 8.39+ 0.21 PAB 8,25+ 0.36 PAB 7,44+ 0.56 AB 7,23+ (0.493BC 7,07+ 0.53 3BC
5 cream 8.39+ 0.33°AB 8,23+ (.40 AB 747+ (0.37 PAB 7 34+ 0.41 PBC 6,30+ 0.63 B
6 raw milk 9.23+0.33PAB 8,79+ (.20 B 8.72+0.19°C 856+ 0.40°C  7.47+0.55 BC
faecalis 1 cheese 8.99+0.28 PAB 8,78+ (.37 0B 8.76+0.43°C  8.38+0.25° 7,30+ 0.49 BC
2 butter 8.90+ 0.36 PAB 854+ (0.31 A8 831+ 0.43 ®BC 827+ 0.47 *C 7,61+ 0.52 2BC
3 buttermilk 9.27+0.18 AB 9,23+ (.22 B 9.02+0.17°C 8,17+ 0.49 ¢ 8.0+ 0.53 %€
4 cream 8.28+0.21 "B 8,08+ 0.37 4B  §77+0.49*8 6.0+ 0.58 *B 590+ 0.66 B
5 raw milk 9.13+ 0.25"AB 843+ 0.36 "B 8,38+ 0.30 ®BC 823+ 0.58 ¥C 7,77+ 0.51 3BC
gallinarum 1 cream 8.29+ 0.33°AB 8,18+ 0.27 B  7.17+0.45°AB 584+ 0,683 577+0.52 B
2 butter 8.27+0.19%"  8.16+0.31P4B 8,05+ 0.25P8C 6,95+ 0.343 6,30+ 0.41 B
3 cheese 9.30+ 0.29 B 8.74+0.22%8 856+ 0.31P8C 830+ 0.452C 7.47+ (.36 BC
4 raw milk 9.31+0.30 B 9.0+ 0.34 b8 6.47+0.57*  6.30+0.64 B 569+ 0.61 A
casseliflavus 1 cream 8.99+ 0.2548 811+ 0.20 %8 8.07+0.38"8C 7.0+ 0.5528C  7.17+ 0.40 8C
2 raw milk 9.34+0.34°® 811+ 0.49PB  7.,0+0.56 8  6.30+0.48 B 6.04+ 0.61 28
avium 1 cheese 8.94+ 0.30 "B 8,39+ 0.48 PAB 8,20+ 0.54 PBC 777+ 0.28 ®BC 7,0+ 0.66 2BC
2 cream 8.83+ 0.43PAB 843+ (0.35 A8 814+ 0.28 ®BC 790+ 0.47 BC 7,69+ 0.51 2BC
mundtii 1 buttermilk 8.94+ 0.42 PAB 849+ (.41 @AB 814+ (053 3BC 8 0+0.56C 7,77+ 0.40 BC
2 raw milk 9.31+0.22°8  8.65+0.46°A 7.47+0.39P8 .30+ 0.47 %8 569+ 0.61 %A
hirae 1 raw milk 9.05+ 0.30 "B 8,38+ 0.4594B 7,69+ 0.42 3B 725+ (.33 2BC 6,90+ 0.52 2B
saccharolyticus 1 raw milk 9.31+0.29%®  90+045%  6.47+0.51%~ 6.30+0.47 A8 569+ 0.64 %A
raffinosus 1 raw milk 9.26+ 0.19"8 902+ 0.36"® 8.82+0.41*C 8.39+0.28 €  7.84+0.60 B¢

a, b: Different letters indicate significant (P<0.05) difference among mean values in each raw. A, B, C, D: Different letters
indicate significant (P<0.05) difference among mean values in each column.
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Table 3- Mean value (n=3) of proteolysis diameter produced by Enterococcus spp.

Diameter of proteolysis (mm) during incubation

Entsegg:::ic;cus Isolate Source hour day
6 24 48 7 15
faecium 1 yogurt 0 ABRE 6B g s gds
2 cheese 0aA 3bA 6 cB gds gds
3 butter QA 4 bAB 6B gde gue
4 Kashk 0 3bA 6B 6.6 ¢AB 7.3/cAB
5 cream 0aA 4 bAB 6 cB gds gds
6 raw milk QA 4.6bAB 7.3¢BC 7.5¢AB 10.349cP
faecalis 1 cheese 0a 3bA 6B 7.3cdAB 8.6 98C
2 butter 0 4.6bA8 7.5¢8C 13D 15¢E
3 buttermilk 0a 10b¢ 15.3¢E 209 30¢¢
4 cream 0a 4 bAB g g¢cB gcB
5 raw milk o0& 4 bAB 6B g¢cB gcB
gallinarum 1 cream 0 4bAB gcc 8B 8B
2 butter 02A 4 bAB gcc 104c 104
3 cheese o3& 4.bAB 6B 6 A 7.5 0AB
4 raw milk o3& B AR 6 A gds
casseliflavus 1 cream 0 3.60A 6.6°8 6.6 ¢AB 6.6 B
2 raw milk 02aA 5 bB 7 ¢BC gcB 104
avium 1 cheese 03 4 bAB 6B g¢cB 8B
2 cream 03 3bA 5.6 CcAB 8B 8B
mundtii 1 buttermilk o0& 4 bAB 68 g¢cB 10¢C
2 raw milk o0& 6B gcC 169 20°¢F
hirae 1 raw milk 0aA 6 b8 gcC 169 16 %
saccharolyticus 1 raw milk 03 5 b8 7 ¢BC 104 11.549cP
raffinosus 1 raw milk 08 4.bAB 5 beAB 6 A 6 A

a, b, ¢, d: Different letters indicate significant (P<0.05) difference among mean values in each raw.
A, B, C, D: Different letters indicate significant (P<0.05) difference among mean values in each column.
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Figure 1- Zone of lipolysis (R) and proteolysis (L)
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Table 3- Mean value (n=3) of lipolysis diameter produced by Enterococcus spp.

Enterococcus species Isolate Source Diameter of Lipolysis (mm)
faecium 1 yogurt 0A
2 cheese 1e
3 butter 18
4 Kashk e
5 cream 1e
6 raw milk e
faecalis 1 cheese 18
2 butter 1.6 BC
3 buttermilk 1B
4 cream 3P
5 raw milk 1B
gallinarum 1 cream @A
2 butter 1.68¢
3 cheese 2¢
4 raw milk 1e
casseliflavus 1 cream 3P
2 raw milk 2°¢
avium 1 cheese 2¢
2 cream 1.338¢
mundtii 1 buttermilk 1B
2 raw milk 1.58¢C
hirae 1 raw milk 0A
saccharolyticus 1 raw milk 3.3P
raffinosus 1 raw milk 0A

A, B, C, D: different letters indicate significant (P<0.05) difference among mean values.
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Table 5- Antibiotic resistance profile of Enterococcus spp. isolated from raw milk and traditional dairy products

Enterococcus Isolate Source Antibiotic

SPECIES P Am G ST C E TC \V
faecium 1 yogurt S S R R R R S S
2 cheese S S R R R R S S

3 butter S S R R R R S S

4 Kashk S S R R R R S S

5 cream R R R R S R | R

6 raw milk S S S R R R R S

faecalis 1 cheese S S R R | R R R
2 butter S S R R R R R R

3 buttermilk S S R R R R R R

4 cream S S R R R R R R

5 raw milk S S S R R R R R

gallinarum 1 cream S S R R S R R R
2 butter S S S R R | R R

3 cheese R R S R S R R R

4 raw milk S S S R R | R R

casseliflavus 1 cream S S R R | R | R
2 raw milk R R R R R | R R

avium 1 cheese S S R R | R R R
2 cream R R | R | R R R

mundtii 1 buttermilk R R R R | R S R
2 raw milk R R | R | S R R

hirae 1 raw milk S S R | S | R R
saccharolyticus 1 raw milk S S S | | S R S
raffinosus 1 raw milk R R R R S R S R

P: Penicillin, Am: Ampicillin, G: Gentamicin, ST: Streptomicin, C: Chloramphenicol, E:
Erythromycin; TC: Tetracycline, V: Vancomycin; S: Sensitive; R: Resistant; I: Intermediate
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Introduction: Probiotics are living organisms that, if consumed in the necessary amounts, have health
effects on the host's body. The importance of these microorganisms and their health-promoting properties has
led to the growth of new useful products including probiotic products (Wohlgemuth et al., 2010). Probiotic
bacteria are defined as live microbial dietary supplements that can usefully modify the microbial balance of
the host intestine (Durack et al., 2018). Enterococci are commonly found in raw milk and traditional
fermented dairy products, and milk is an ideal source for the growth of these organisms (Doming et al. 2003;
Svec and Franz 2014). Many species of Enterococcus have proteolytic and lipolytic activity and cause
special taste and aroma in traditional cheeses; moreover, some Enterococcus strains have the ability to
produce bacteriocin during against pathogenic bacteria such as Listeria monocytogenes, Staphylococcus
aureus, Vibrio cholerae, as well as Clostridium and Bacillus spp. These characteristics make Enterococci to
be considered as a good probiotics candidate; however, they have not yet obtained the status GRAS
(Generally Recognized As Safe). Consequently, the presence of Enterococci in dairy products may be
hazardous while being useful (Ogier and Serror, 2008). According to previous studies, different species of
bacteria have been introduced as probiotics, but most of the introduced probiotics belong to the genus
Lactobacillus and Lactococcus. In this regard, some studies have been done on some traditional Iranian dairy
products (Narimani and Tarinezhad, 2014) and less attention has been paid to Enterococcus genus, especially
native strains isolated from traditional products. The aim of this study was to isolate and identify Enterococci
from raw milk and traditional dairy products in Tabriz region and to evaluate their probiotic potential.
Material and methods: Enterococci were isolated by culture method and identified by biochemical tests.
For this purpose, 10 g of the sample was mixed with 90 ml of sterile Ringer's solution and placed in a 40 °C
water bath for 5 minutes. It was then homogenized by a shaker at 230 rpm for 2 minutes (Koluman et al.,
2009). Afterward, 100 ul of the suspensions (and in the case of buttermilk, 100 pl of non-diluted sample)
were cultured on Kanamycin Aesculin Azide agar. Cultures were incubated at 42 °C and aerobic conditions
for 24-48 hours (Doming et al. 2003). Colonies 1-2 mm in diameter with black halo were selected and
cultured on Brain Heart Infusion agar plate (37 °C for 18-24 h) for morphological and screening assays
(Garcia-Cano et al., 2014). Since the purpose of the study was to evaluate the probiotic potential of the
isolated Enterococcus spp., the species diversity and the source of the isolates (type of dairy product) were
considered as the criteria for selection of the strains. Probiotic properties such as acid and bile tolerance,
proteolytic and lipolytic activity, susceptibility to antibiotics and virulence factor genes were investigated.
For acid resistance, Enterococcus isolates were cultured in MRS broth (24 h, 37 °C) and then precipitated at
4 °C for 4 min at 4,000 g. 0.1 ml of the precipitate was added to the tubes containing 2 ml of sterile PBS at
pHs 1, 2 and 3 (using hydrochloric acid) and mixed. The tubes were then incubated at 37 °C for 120 minutes.
Serial dilutions of the samples were prepared and the populations of the survived Enterococcus species were
counted at 0, 30, 60 and 120 minutes of incubation using the plate count method. The resistance of the
isolates to bile salts was evaluated in broth medium containing 0.1, 0.2, 0.3 or 0.4% bile salts, followed by
incubation at 37 °C for 24 h (Lee et al. 2015). For proteolytic and lipolytic activity, the isolates were cultured
on Skim milk agar (at 30 °C for 6, 24 and 48 hours and then at 10 °C for 7, 15 days) and Tributyrin agar (for
5 days at 30 °C), respectively (Serio et al. 2010). The antibiotic resistance pattern was conducted by disk
diffusion method. The presence of virulence was exploited using PCR assay to detect Esp and Asal genes
(Wankerwon et al. 2004).
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Results and discussion: Various species of Enterococcus were isolated from the tested specimens, among
which E. faecalis and E. faecium were more abundant. Therefore, 24 isolates consisting of 6 isolates of E.
faecium, 5 isolates of E. faecalis, 4 isolates of E. gallinarum, 2 isolates of E. casseliflavus, 2 isolates of E.
avium, 2 isolates of E. mundtii and 1 isolate from each species of E. hirae, E. saccharolyticus and E.
raffinosus were selected for evaluation of probiotic potential. Based on results, none of the Enterococcus
species tolerated pH= 1 and 2; however, all of the isolates survived pH= 3 during the 30, 60 and 120 minutes
of incubation. Bile tolerance assay revealed that all the species were resistant to 0.1%, 0.2%, 0.3% and 0.4%
of bile and their population was reduced along with the increasing of bile concentration. Moreover, various
degrees of proteolytic and lipolytic activities were recorded for the different species and also among strains
of individual species. The highest proteolytic activity was observed after 15 days in E. faecalis, E. mondetii
and E. hirae; meanwhile, the highest lipolysis activity was found for E. saccharolythicus, E. casseliflavus
and E. faecalis. In addition, different degrees of sensitivity was observed in the antibiogram assay. Esp gene
was traced within two E. faecalis strains; however, Asa 1 gene was not observed among E. faecium strains.
Conclusion: Based on the findings of the current study, it can be concluded that raw milk and traditional
dairy products are a rich source of Enterococcus species that are highly resistant to acid and bile. In addition,
most of the isolates tested have proteolytic and lipolytic properties and can, therefore, contribute to the
development and development of flavor in traditional fermented products such as cheese. The resistance of
Enterococci to different antibiotics indicates the ability of these strains to survive in the gut if antibiotics are
used. However, these data need to be interpreted more cautiously, as over-resistance to antibiotics is not an
advantage and may have limitations in the selection of these strains. Finally, lack of Esp virulence gene in
most isolates of E. faecalis and lack of Asa 1 virulence gene in E. faescium can be a positive sign of non-
pathogenicity of these strains, explaining that one or more virulence factors should not be sufficient in
Enterococcus. All virulence genes in Enterococcus are identified and studied in isolates of this bacterium. It
can be concluded that Enterococcus species could be considered as potential probiotic bacteria, but it is
crucial to conduct precise molecular, cellular and animal model investigations in order to assess the safety
features of enterococci.
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