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Table 1 Bacterial strains tested

Row Bacteria code Row Bacteria code Row Bacteria code
1 M1 20 LF44 39 KR25
2 M9 21 LF50 40 KR26
3 M13 22 LF54 41 KR27
4 Cl15 23 LR59 42 KR30
5 Clé6 24 LR61 43 KR31
6 C17 25 LR66 44 KR32
7 C18 26 LR67 45 KR34
8 C19 27 LR68 46 KR35
9 C20 28 LR73 47 KR36
10 C21 29 LR74 48 KR37
11 C31 30 LR75 49 KR38
12 C32 31 LR76 50 KR39
13 C33 32 LR77 51 KR40
14 LF36 33 LR78 52 KR41
15 LF37 34 KR17 53 KR42
16 LF39 35 KR18 54 KR43
17 LF40 36 KR19 55 KR45
18 LF41 37 KR20 56 KR46
19 LF42 38 KR21 57 KR48
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Table 2 Primers
primer sequence
Forward Van A 5'- CATGAATAGAATAAAAGTTGCAATA -3'
Reverse Van A 5'- CCCCTTTAACGCTAATACGATCAA -3'
Forward Van B 5'- GTGACAAACCGGAGGCGAGGA-3'

Reverse Van B
Forward esp
Reverse esp

Forward gelE
Reverse gelE
Forward asal
Reverse asal
Forward cpd
Reverse cpd
Forward ace
Reverse ace

5'- CCGCCATCCTCCTGCAAAAAA -3'
5’ - AGATTTCATCTTTGATTCTTGG-3’
5" - AATTGATTCTTTAGCATCTGG-3’
5’ - TATGACAATGCTTTTTGGGAT-3’
5’ - AGATGCACCCGAAATAATATA-3’
5’ - GCACGCTATTACGAACTATGA-3’
5’ - TAAGAAAGAACATCACCACGA-3’
5’- TGGTGGGTTATTTTTCAATTC-3’
5’ - TACGGCTCTGGCTTACTA-3’

5" - GGAATGACCGAGAACGATGGC-3’
5" - GCTTGATGTTGGCCTGCTTCCG-3’

esp sgel E asal b 05 5955 ow) o Y-£-Y

o b O Gus S ol sel,y ¢s> multiplex PCR s
opesp s gelEasal sls 05 sy s p solantl j5b
L eslaal

Yo ol e 3 PCR S o5 s PCR sl
g s 2l Jold oS 23S el s S

hie Of 25 S v/0 Red master mix s Sl
VODNA - 2y Ko YOS5 S5 NS esEse
Forward and b o0, 51 K s e Sl s S
Gl 5L S plas s 5l 1) Se v/0 Reverse esp
¢l a5l a5 See v/0 Forward and Reverse gelE
Forward andReverse asal (s ol 5l S

(=Sly bl il S e 058 wlal 5l e
wlp y i S 518 ISl 5 olKaus J5s 5o b opdy Sea
:[\"\"].xisjfr.;a';sb}i:s@)yq&m

S aidds 10 e 4 318l 4 s A0 sles gl Jled
e

Wids S ode a5 le am s A8 gles (il axdyuls
ke w5l 8 2l a3 84 gl : (Annealing) Jlas!
@ 35S Sle ax,s VYsls ((EXtension) aew s caids
K T i3y S e

S adds Ve Sde w ol S sl s VY sles 1 ol anw s

Y

van B ;Van A b 05 5555 oy p—V-£-Y

b ol Gaa & ola ol 51 Jsl multiplex PCR s
A eslanul gsﬁVanB}VanAL;Laaj S99 s p

Yo L}J»L@J = BE PCR Ko C,.,S BE) PCR U’:“S'J
Jhis Of )5 S ¥ Red master mix )y S Ve
V5 DNA - s S v (IS5 30 RS exime
Forward and slbs ol 3l S s e Sl 1l S
Gl el 51 plaS s 5l 25 Se 00 Reverse Van A
Forward and Reverse Van B.

oSty bl Gl 3 S La 0o 8 wlsl Gl e
wly sy S 13 ISl 5 o&aws I 5o Lpsds S
[YY] .\J;mekg”d;; Q)y@d{u:

K aids 0 i :\Jf le a5 40 gles rgsle Jlab
IS

43> & Sde w ;ljf d“dl.w a5 48 gles gl a.ziﬁl}
K S @ ;ljf Sl a5 0) sles (annealing) s Jlas!
w3l S ol axs VY cles (EXtension) @ asw s aids
JK?»T" ‘4—2-:5}&:)./\#

S aids Ve e al S Sl a3 VY (gles : Slg ann 5

S



S ESS el 5 ol olew gl Letla L)

Ql)&w}avu;;ﬁfg

S 51 Cudlad-Y—0-Y

OD600 = L sl wis 5ol 5l Jool Jsho i)
55,0D600 = 0.6 0.8 b i pokis 3L L 0.8 — 1
Colo SA Do 4 518 sl e s TV los 53 5 s sl
o Sed sl el Ol Sulg 53 IF0] wd 6I0S wbe S
R3dpep bl e gl s o Aoy falS o) s
WS S el

(A0-At)/A0x100
o5l ol =A0

ol (IS wlies S 0ley e 31 s w0 6 Ll =AL

o 00 Gl B Sl e eSS Al Jse ol el
M L5l e gy s 5 D

oYY = G s VE ST = ot el FY - = O

&&Aﬂ}ﬁ: Cdled —Y-0-Y

ks S e Sland oy 3L 53 sS85 31 O il s
b mhau S5 A S ¥ olEs 4 Ol s
ot et e Vs 8 as s Y ) BT Sl oSl S
Sde a0l Sl axpa Y gles 53 LS (S Wb (52
SLbl ys gy db LSE5 s S (6108 wlbke S 5,
IIVT sl o Sd s, cled sdas OLES s J4ls
O o (K2 ool S ab—£ -0
B PO A N N U ISP VOWI LSOV VOUH G0 [ P SV gy g
Vo sl sl dJ A M17  iS ey ol Jlid 4 g
G G50 V) bl 2 o 28 30 A
P § ANCTRVIPURNIR X PRSP o7 L;Lu):}.igsjfcﬂi
vzx,uou;)@m;\,\gwumpH.u@\;@aua;
3 e 255 1B (68 o3Il 3 )5e il Sl e sl
IV 8 e 5 g8 5 o3l b O gl

ApH = pH24 — pHO
Sl cwylas —0-0-Y
wm@nm@méuqﬁ‘vgﬂj}u,ww”gﬁ
SOl 433 A8 5 AY Yo Ve A6 A glales s M17 Broth
e A S 13 08 O ple 53 aiBa Y0 500 e w018
L (S s 5518 sl am s YV ey 3 celu V1 s

LYA] Al sl e gl Ve s Jsb s b gsw ol

\4

S

ace cpd sl 05 5559 ow)y o —Y-E-Y

osb 4 b Ol Gus &S s el sl semultiplex PCR s
A eslinel o aC 5 CPAsle O 352y ) ol
Yo sl e PCR Six cs 5PCR sl
B 2l Jold oS 23S el s S

ki O 15 S v Red master mix xS Ve
VDNA 23 Ko VIS 3 LS esEse
Forward and b ol 51 K s e Sl s S
Gl el 5l S plas a5l 1) Ses V70 sReverse epd
Forward and Reverse ace

(=Sly bl il S 058 wlal Gl e
by g S 515 ISl s 5 olas 515 5o b s S
.[YY].){‘J;V#JJJ{‘SQ)FQ&LAJ

S adds 10 e 4 318 il 4 s A0 sles gl Jled
S5

@iss SO e anl S Sl a4 gles gl and ol
K ods w3l S sl ax s 00 gleai(Annealing ) Jlas!
@ 35 Sl ax,s VYl ((EXtension) wew s caids
K T i3y S e

S adds N Sde w ol S sl s VY sles 1 ol axw s
S

3555550 s saalie o), PCR sla Sy ool 51 g
AL plald 15 olen sla O sl sl SL s Al el
SIS sl (S sz 0T

S aed Clad -V -0-Y

CiS s 5y alla sl gl o ls alis JQ.J),.J ol
53 edd sl sy b S sy BT s S
Sl Al e &..J),.J b oas OLES s 4.'§J._z il b
SF i b sy 2 b allr (Sadsd Sl s
SIS mle ax 3 YV les 53 5 LA esls oS BT sy
bl s dla Cl&& .JJJ;;JST 5Ly ajléujf 3 Y S w
odas Ol &S As (6,8 oIl e e b S48
[FE] el St sd Clld s



VEoY %3)\ AL 0,92 AYo e)Lo.:a

Loy gl 53 b Cah e o elilis oy ek
G Ll S cele YE e 40 e ls gl W@)\jf@
Loedd mdls B Gl s Olis dls sy 03
Bl S AE) e sy OLE paesls eSS s 0

L8]0 b g g oL SL S Conls s 3 5 jastll

bl Jeboss 5 42

s Blas s slas LS SHl b B s el
s ek 5w b G Ll T a5l esliad b LIS
fglie s pll (VY ased dC ADSPSS Si5sle 3 S L
Pl s il el ST Osesl B b LSl
A plnil 140 Sl pelaws 3 Laosls Jebond ey 325

@,@Lﬁ—\”

2l ol b 05 hp> () VY
van b 05 Objes Lasiis <l Jsl Multiplex PCR
TP on 2y w0V o 5l 5 S elivan B s A
van 05 sl alde £ S 5 Lass van B o gl plas
Olojan yaselil (gl aS (ijultipleX PCR 5 .15 A
wldr OV o 5l s S plil asal 5 esp gel E s o3
05 sl alar V4 e8P 05 sl wld N ey 35e
Multiplex .15 5 gel E 5 156 la alus aan 5 L5 asal
» ace s epd e 05 Olojes asiis ¢l o5 PCR
05 ol el Vo ) 2 3550 i OV (o 51 eSS ol

LssaC€ O sl alas YY 5 cpd

dos! 4y oo glin —\—0-Y

dood 5l eslzadl U1y, M17 Broth .S LswpH laz
sedkd bl g0 oy sbpH ;s Jl o SIS
b s 138 il ) Se CiS Las 4 s g e
SIS Ll 51 8 sl YV slos 3 sl V1 ke
ol el Nee mae dob 3 ba s Sl e 5 A2
LYA]

2551 551 45 Voo

be 555 2 SSMIT S Lo 53 o b sla 4 5
(10) josea o5l sl 5 BT S 3, poSay LS
35 pseSay 5 (10/0) BT () 5,0 (V) S oSl
slml b i esls i et s 4 ASL o (L0/0A)
Ll kS s e e B S ke gla S
[Fa] s dal g Al s

SIS hd b —A-0-Y

MIT S Lams 55 pomls oS 555 80 Gls ol z)
ol a3 YV los 55 e 5 A el o ciS Agar
[PNPVRWRNINCIEI STV O STV W § SFCINVIPURN K Y
Cole Vi Sde 4 5 A3 Jame M7 Broth s’ s
Y PN I W - S P e N < WP (O PR
BHI i Loe 555 0 2580 0 e 4 w8
6ol S Sl ams Y gles s 5 w4 S (oIS dhiAgar
s o s 5 51 e [V] A (1S wlbiee S el YE ok
P L TR e g L R g e G

Table 3 Examining the presence of pathogenic genes

pathogenic genes

ace Cpd asal gelE esp VanB VanA Bacteria code Row
- - + - - - - M1 1
- - + - - - - M9 2
- - + - - - + M13 3
- - - - - - + Cl15 4
- - - - - - - Cl6 5
- - + - - - - C17 6
- - - - - - - C18 7
- - + - - - - C19 8
- - - - - - - C20 9
- - - - - - - C21 10
+ + - - - - - C31 11
+ + + - - - - C32 12
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- C33
- LF36
- LF37
- LF39
+ LF40
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Fig 2 Acid production capability of the isolates
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Fig 3 Assessment of lipolytic activity
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Table 4 Examination of exopolysaccharide

production
Exopolysacchari  Bacteri ~ Exopolysacchari ~ Bacteri
de production a code de production a code
+ KR34 - Cle6
+ KR36 - C18
+ KR37 + C20
+ KR38 + C21
+ KR39 - C33
+ KR42 - KR18
+ KR46 - KR19
+ KR48 + KR21
- LF54 - KR25
LR59 + KR26
+ LR78 + KR31
16 Total + KR32
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Fig 4 Evaluation of proteolytic activity
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Table 5 Examination of acid resistance at different pH

PH=3 PH=3.5 PH=4 PH=5 PH=6 Bacteria code Row
0.086 ¢ 0.168 ¢ 0.310b 0.404 a 1.309 a Cl6 1
0.076 d 0.094 b 0.201 a 0.456 a 1.139a C18 2
0.085¢ 0.093 b 0.202 a 0.506 b 1.189 b C20 3
0.053 ¢ 0.060 a 0.136 ¢ 0.499 a 1.393 a C21 4
0.077d 0.111e 0.154 ¢ 0.524 b 1.483 ¢ C33 5
0.051¢ 0.070 b 0.079d 0.515b 1.263 a Krl8 6
0.093 b 0.140d 0.237 a 0.574 b 1.159b Kr19 7
0.080 ¢ 0.097b 0.284 a 0.406 a 1.352a Kr21 8
0.050 ¢ 0.063 b 0.175b 0.583 b 1.293 a Kr25 9
0.077d 0.182 ¢ 0.185a 0.510b 1.083d Kr26 10
0.106 a 0.114 ¢ 0.207 a 0.455¢ 1.247 a Kr31 11
0.105a 0.113 ¢ 0.304 b 0.416a 1.273 a Kr32 12
0.093 b 0.095b 0.267b 0.440 ¢ 1.221a Kr34 13
0.145 f 0.182 ¢ 0.297b 0.680d 1.321¢ Kr36 14
0.097 b 0.112 ¢ 0.268 a 0.690d 1.324 a Kr37 15
0.102 a 0.113 ¢ 0.239 a 0.404 a 1.211a Kr38 16
0.118 f 0.184 ¢ 0.206 a 0.505 ¢ 1.199 b Kr39 17
0.089 ¢ 0.114 ¢ 0.229 ¢ 0.369 f 1.174 b Kr42 18
0.057 ¢ 0.091b 0.212d 0.384 f 1.219¢ Kr46 19
0.067 b 0.160 ¢ 0.259b 0.507 ¢ 1.160 b Kr48 20
0.085d 0.153 f 0.310e 0.484 ¢ 1.189 b LF54 21
0.126 f 0.137 g 0.292 a 0.657 g 1.249 ¢ Lr59 22
0.158 g 0.168 ¢ 0.197b 0.640 g 1.265a Lr78 23

*The values with different superscript letters in a same column are significantly different (p<0.05)
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Table 6 Evaluation of thermal resistance

T=85 T=85 T=80 T=80 =75 ™75 =70 =70 T=65 T=65 T=60 T=60  bacteria
(30min) (15min)  (30min)  (15min) (30min) (15min) (30min) (15min) (30min) (15min) (30min) (15min) code
0.207a 0.228 a 0.577 ¢ 0971 a 1.496 a 1.560 b 1.589b 1.701 b 1.736 a 1.762 a 1.963 a 2249 a Cl6
0.153d 0.222 a 0.227 ¢ 0.242 a 0.264 b 0.485a 1.546 b 1.694 b 1.762 a 1.845a 1.987 a 2.149b C18
0.225a 0.236 a 0.247b 0.307b 1.580 a 1.689 ¢ 1.764 ¢ 1.895¢ 1.987b 2.082b 2498 ¢ 2.635¢ C20
0.240 a 0.282b 0.300 a 0.336 a 0.399b 1.639 ¢ 1.791 ¢ 1.859¢ 1.929b 2.096 b 2.221c 2.648 ¢ C21
0.156d 0.28a 0.289 a 0.302a 0.349b 1.653b 1.722 ¢ 1.853 ¢ 1.898 a 2.033b 2.358d 2.650 e C33
0.175e 0.242 ¢ 0.249b 0.257 a 1.653b 1.684 c 1.759 ¢ 1.793 b 1.973b 1981 a 2257 ¢ 2.402d Krl8
0.228a 0.254 ¢ 0.278 ¢ 0.282b 0.366 a 0378 a 1.852d 1.896 ¢ 1.922b 2.091b 2.172b 2217a Kr19
0.133d 0.158d 0.215a 0.246 a 0.269 a 0.285b 1.490 b 1.820 ¢ 1.937b 2.221d 2499 e 2.608 e Kr21
0.107f 0.142d 0.222 a 1.298 ¢ 1.584 a 1.691 ¢ 1.789d 1.841 ¢ 2.100d 2.242d 2.288 ¢ 2.525d Kr25
0.142d 0.154d 0.184d 0.210a 0.224b 0.286 a 0.320 a 1.799 b 1.806 a 2.193 ¢ 2242 ¢ 2281 a Kr26
0.163¢ 0.186 a 0.235b 0.260 a 0.284 b 1.545b 1.825d 1.981d 2.032¢ 2.102 ¢ 2271 ¢ 2.302 ¢ Kr31
0.162¢ 0.252 a 0.267 b 0.281b 0.286 b 1.756 b 1.845¢ 1.891 ¢ 1.796 b 2.200d 2.226¢ 2.282a Kr32
0.206a 0.255a 0.298 a 0.313b 0.319¢ 0.500 a 1.806 ¢ 1.899 ¢ 2.037 ¢ 2.158 ¢ 2.266 ¢ 2314 c¢ Kr34
0.234b 0.253b 0.261d 0271 a 0.278 ¢ 0.304 b 1.789 ¢ 1.848 ¢ 1.879a 2.041b 2.398 ¢ 2.540d Kr36
0.241b 0.251b 0.261d 0.267 a 0.279a 0.284 c 0.300 a 1.859¢ 1.984 b 2.023b 2222¢ 2.285a Kr37
0.241b 0.264 ¢ 0.284 a 0.297 a 0.322d 1.697 ¢ 1.818d 1.858 ¢ 1.965b 2.997 e 2.117b 2.282a Kr38
0.232b 0.267 ¢ 0.299 b 0.322b 1.794 d 1.869 d 1.887 ¢ 2.013 ¢ 2.037 ¢ 2.126 ¢ 2.195b 2293 a Kr39
0.244b 0.254b 0.261 ¢ 0.266 a 0272 a 0.283 a 0.293 a 1.871 ¢ 1.946 b 1.986 a 2.037 a 2224 a Kr42
0.273¢ 0.284 a 0.313b 1.521d 1.644 b 1.807d 1.928 ¢ 1.961d 1.995b 2.063 b 2.093 a 2.149 a Kr46
0.199g 0.23b 0.570 ¢ 1.106 d 1.190 b 1.400 b 1.781 ¢ 1.862 ¢ 1.892 a 1.926 a 2.209 ¢ 2272 a Kr48
0.250 ¢ 1.234¢ 1.522¢ 1.666 ¢ 1.744 d 1.895d 1.835¢ 1.855¢ 1.933b 1.956a 1.994 a 2.098 b LF54
0.151d  0.181d 0245c 025la  0273a  0286a 1260b  1422a  1.893a  1.930a 1946a 2.114b Lr59
1.688h 1.755 e 1.779 ¢ 1.834 f 1.866 ¢ 1.955¢ 1.999 f 2.043 ¢ 2.054 ¢ 2.229d 2.366 d 2414d Lr78
#The values with different superscript letters in a same column are significantly different (p<0.05)
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Table 7 Evaluation of antimicrobial activity

Indicator microorganisms

.. Escherichia Staphylococcus Lactococcus Lactobacillus Bacteria Row
Listeria . . . code
coli aureus lactis plantarium

- - - - - Cl6 1
- + + - - C18 2
- - + - - C20 3
- + - - - C21 4
- - + + - C33 5
+ - + + + KR18 6
+ + - + + KR19 7
- - + + - KR21 8
- + + - + KR25 9
+ - + + + KR26 10
- - - + + KR31 11
- + - - + KR32 12
+ + - - + KR34 13
- - - - - KR36 14
+ + - - + KR37 15
- - - - - KR38 16
- + + + - KR39 17
+ - - - + KR42 18
+ + - + KR46 19
- + + - + KR48 20
- + + - + LF54 21
- + - + - LR59 22
- - - - - LR78 23
7 12 10 8 12 Total
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ABSTRACT

ARTICLE INFO

Recently, special attention has been paid to enterococci for use as probiotics in dairy
products. All these desirable features are a stimulus for the producers of dairy
products to use enterococci isolated from dairy products such as Ligvan cheese.
Despite having all these features, enterococci are not recognized as GRAS and their
presence in food products is a sign of fecal contamination. The purpose of this
research is to investigate enterococci isolated from Liqvan and Koze cheese in terms
of having pathogenic indicators in order to confirm that they are safe for consumers
and finally to investigate the possibility of using them as starters or starter aids in
dairy products. Especially cheeses. Based on this, 57 isolates of Enterococcus
faecium from traditional Iranian cheeses were examined for the presence of
pathogenic genes, and finally 23 isolates did not have any pathogenic genes. Then the
technological properties of these isolates such as acidification, proteolytic, lipolytic,
autolytic, heat and acid resistance and exopolysaccharide production were
investigated. The results showed that among the 23 investigated strains, 19 isolates
had antimicrobial activity against pathogenic bacteria, 16 strains were able to produce
exopolysaccharide and 20 isolates had moderate acidification properties. The highest
proteolytic and lipolytic activity was related to strains c18 and c16, respectively, and
strain LR78 showed the highest acid and heat resistance.
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