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Introduction

Lactic acid bacteria (LAB) and their bacteriocins are widely used as natural and safe preservatives in food products,
to control both pathogenic and spoilage microorganisms. This study aimed to isolate and identify LAB from several
traditionally produced fermented fruits and vegetables from different parts of Iran, screening their potentials for
producing bacteriocin-like substances production and evaluate their antimicrobial activities against various pathogens.
The effect of heat treatment and different pH values on the stability of bacteriocins were also assessed and compared
with commercial nisin for their possible application in the food industry as an alternative to chemical preservatives.

Materials and Methods

Lactic acid bacteria were isolated from several fermented products like hawthorn, mixed fruit pickles containing
quince and apple, mango, and medlar. pickle, and tThe isolates were identified using phenotypic (physiological and
biochemical) and genotypic (16S rDNA gene sequencing) methods followed by drawing phylogenetic tree based on the
neighbor-joining method. The bacteriocins were prepared from the neutralized and cell-free supernatant (CFS). To
precipitate the bacteriocins, ammonium sulfate (75%), potassium phosphate buffer, and methanol-chloroform were
used, and extraction was completed with a high-speed centrifugecentrifugation. After freeze-drying, the precipitate was
kept as crude bacteriocin. The bacteriocin activity was measured by the critical method, and the effect of heat, storage
time and pH on the stability of bacteriocins was evaluated. The minimum inhibitory concentration (MIC) and the
minimum inhibitory bactericidal concentration (MBC) of the examined bacteriocins were determined on against the
pathogenic strains of Escherichia coli and Staphylococcus aureus and compared with commercial nisin.

Results and Discussion

In this research, from 162 isolated strains of LAB, four isolates (10A, S6, Sa, and Ab) were selected based on the
highest amount of antimicrobial compounds and diameter of the inhibitory zone against pathogenic strains. then the
isolates were identified as different strains of Lactiplantibacillus plantarum (previously classified as Lactobacillus
plantarum). The phylogenetic position of the isolates was determined by drawing a phylogenetic tree. The drawn tree
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consists of two clusters and the first cluster consist of two sub-clusters, with two different strains of L. plantarum in
each of them. In the next step, bacteriocin of the isolates was extracted using saturated ammonium sulfate and high-
speed (23000g) centrifugingcentrifugation. Partially purified bacteriocins from different species showed high inhibitory
effects on tested indicators, which were estimated, for L. plantarum 3360 (10A) and L. plantarum 1b51 (Ab), 64000
AU/ml against Staphylococcus aureus and Escherichia coli. All selected bacteriocins indicated a stable effect at
different temperatures of 60 and 121°C for 20 min and 4 and -20°C for 6 months, this effect was the examined
bacteriocins were also stable against at acidic and alkaline pHs too. Also, the inhibitory property decreased under very
acidic (pH < 3) and very alkaline (pH > 8) conditions, but this reduction was not significant at the 95% confidence
level. Bacteriocins with 64000 AU/mL activity had higher antimicrobial properties against the pathogens compared to
an equal amount of commercial NiseenNisin-S (680 AU/mL). The results of MIC and MBC showed that isolates 10A
and Ab have the highest inhibitory properties compared to other extracted bacteriocins and/or nisin. Since heat and
chemical preservatives are used in food preparation, the stability of bacteriocins against heat and different pH is
important, therefore, after extraction and purification, the extracted bacteriocins can be used as a biological preservative
in the production of various food products in the range of acidic and alkaline pH, including juices, meat products, and
sauces. Encapsulation of these peptides and their application in food products needs further investigation.
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.(Udhayashree et al., 2012) s oy

wgw jload (ald (gl gy b PH Sl (o) pslaiods
-pH uo)ﬂ.a PN )Y}a d HCI 9 NaOH )I ool l) ol Lgl.tb
NS le S sl ¥ 5l sy 5 43,5 )5 (Y1) il sla
L Subil She o il g pblas pH =V & 561 glo> o
s goyp BT ot Jse bme > g lSSaly bl

.(Udhayashree et al., 2012)

Solad (el s ouds gl kel Slagius 93,38k duwlie
"MBC §'MIC 3031
ppm clale L (Siveele) Niseen — S (g)bs (sl
b 5 eolatwl bog ans Jloyg ooV SO Sl 5 Vel
FOeve Dever ppM glacdale Wb byl (509,800 +/VY
13,5 o3bel syl Hlae Ol oolizel b YAYD § SVO. AYD--
Slooas ags il slacd, L o (Ashari et al, 2019)
Silw odbol pgy aslan a5 ond Lals des (glo s SL
5 (MIC) Subjl clale Jole Jlai 5l wogs odid s oyl
D9 b g sl Salr 8 lacaly Ses 53 (MBC) (Sais
Lo Vool il wizd 3 )13 duslie dyg0 @l pubsblag o
Sd) 3l 5 ig ooy | Sy o 5 Sly st Jge cuiS
Blol bSaly 4V Wl oo & g Sl oad g cilisee

1- Minimum Inhibitory Concentration
2- Minimum Bactericidal Concentration
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o 0ximd LS Sl 3155 g yges] el oad 0dygl ) g
sl dorin (slace Sl cul 8L (g silleyd g g
N 55 (65Y 98 gaud s 351 gyl (o3Y gl oy il mdly 5y 0gMe
3B 9 b Sl g SESY @ 1) bnjoms and o ojlsl bl 4 a8
W (Ebrahimi et al., 2016) wsSalg JSU g sl CO2
YUK g cuzo p)S (sbd woluwligSY 09)3 s3> baalas oby o\l
Celo FA 3 S a0w g AD VA sl 5 diwe b

392 95le B9 it 9 Cute S5 g5 Jlas I (g5 abe S

Olgsdr () G 9 & (gl ogee bgle (Il end L
0X5)35b (g RSS9 crwar Sl e (i b cladygw
"\‘“‘3/5 )l)§ S LSL'”}-:JUT d)90 9 bl "}d)l@-},{ & g i)y )|

biasdion 5 (55919358 (s slagphsle)l malis
Ladlas beulid oya
55 31 518 sl

M Goeil olyen 4 (Sijdaied 5 asind sbge)l @b
)5 Giliss (glaos gl 5l oad bl alis ¥ ya (gl 35505 51 55

o9t 4l 2 (S eSS (SLodyly8 5l Jols sl (igid 9 (S99 90 SS9 Y oo
Table 1- Morphological and phenotypic characteristics of isolates obtained from fruit-based fermented products

wli J F98 38 sy Jgi! S e SiPe 90 A U
(Isolate) (Product) (Gas production (Indole) (Catalase) (Gram) (Morphology) (Colony
from glucose) form)
94 S5l ogpe byl (05
O ol oSS
10A : i . . ~ N
(F’Ickll?d mlx_ed fruit (Rod) (Crenate)
containing quince and
sour apple)
e Clo o)lged
6 SeS 4l _ - + el (Smooth
(Fermented mango) (Rod) wall)
. Glo o 19.1.)
sa ez Sl It - + N (Smoi)th
(Fermented hawthorn) (Rod)
wall)
Ab S35 S . - + kel (g:néfe
(Fermented medlar) (Rod)
colony)

YD NYY 655 pg i3 oshrls M Y 556 HeAl 19 655 oy lidl oshel i Y NBXYS o &5 g lidls uslosls 3 5 Y-10A

LaNd &s8 23l uphets 53
10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain 1b51; Ab: L.
plantarum strain Lan4..

En ol 5 SKaSY sl 3585 jlelis b akaly o (al., 2021
Cally (S35 Slgen (g eSS

Alide slales jo ady bl gs
Flo 420 YO (5lod )3 (g ySL oS5 g o o
lod & Cund (sl YY) (65108 loj Cde 3 Wby 4 0B oIS
(V' Joio) bt 4 dag b oy (el YY) 0,8 il 4 )0 VO
b ady Gl i gloy ©ae a4 Soml sbiley ) bl
IS poge ol wls g 0ol S8y ) sla S g 4l
@ Oy Cae (e sodjgl s )3 Gde (SYsb eSS Jle
Sl Slocs Sl plSin 5 Gl 5 0 cogllas (50 5wl
9 ol @B b oy o @B 8L ol sled o SV

LAG jash 5358 yaaid
S9SN 58l GSGIS sblinen S g5y oin ol @b
g 2 o> oLt 93598 ¢ jaillo Y ol Jsiile ¢kl
$go soud &) 5L 5 S5 Jgile sacling S ale
S 55l g sokly souid ) ey s 5eiSmall 5 g8
oo 0ptbl 5 03,8 a8 citn oty ol 5 c2)Ls gige
G e jd odd b cladgw ey o LSS (g b
3 JS5) 33,55 sl (55 e 655em sl 5 sl (sl
92935 90955 sy 3l Jol @i b Giaog cnl @l (Y Jg>
ikl jogas > (Grosu-Tudor and Zamfir, 2011) ,.e;
S35 Slmjo I SVl Sladgw Joge ololid 4
Szutowska et ) ,Ken 5 Kol jl Jols zuls 5 Slogy (o9
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g Yy sl S TV 635 3| Jolo (rwg U (Shg (e 9 Silwlaz (o) eb g Jgl i 4SS

sbagw (oilols (Kazemipoor et al, 2012) f,ISen
bl Slgsted (6 pesd Gloy juw 51 S Yol

F9Nse ol 9 (gilwlas (Ebrahimi et al., 2016) l,Ken
9 09 BB yp g ey S I gy JusleolssY

(Gl 9 3ohl; w8 ;050 pas &5 50,8 Sadly) alin bwgi libeo (SBWiB yposs Y JSu
Fig. 1- fermentation of different sugars by the isolates (red colored tubes of non-fermentation of xylose and arabinose
sugars)

O S0 0 Mg (Ladygus by liseo (SO )andgr ) jredd —Y Jgu>
Table 2- Fermentation results of different carbohydrates by bacteriocin-producing strains

ol e s N e - il 5ol . S5 ;
Tsolat 1:5355:5 sl Ve i 1\‘/)[9“9 it Arabinose o Glucose 55k
soea ruec 0§ Maltose Galactose Xylose 1'1"" Lactose Sucrose
10A N . + _ + - + + +
36 " " + _ + - + + +
Ab + + + - + +- + * *
Sa " " + _ + - + + +
Ctr N ¥ + _ + - + + +

AD NYYY 8555 o, 3 poslels i 5 96 Heal 19 865 pg, Ml uslel 5 5V NBXYS e &S mg bl ophesls 53 5Y(-):10A

JyiS Ctr Land &8 pg,lidl sl 5  SY
10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.
plantarum strain Lan4; Ctr: Control.

05 S 055 (1) 0055 plol (+) B e s
no sugar fermentation, (+) fermentation, (-/+) very little fermentation(-)

Sl Sl pSl dler IS ply )3 polie (slapudlS)lg e
bl b osd 03938) S ol baslps )3 349l o ol 1, SaSY
Jos 035,05 G lgisar o] el Gials g Y (gjenl Lid
Spde by glage Bl cel coly oy W
.(Miraei Ashtiani et al., 2023;Persulessy et al., 2020)
Frpw Gy cel SaSVawl Gl cdld gl ply
(Sad 9 slraiges) JyuS cdbs 4y Cond (5 ymosd sloodjoly0
Lo ¥ gV Sad slgizme 50 (V Jo) guls & dogi b 225 o0
Boly S yelS” @l MRS cuiS’ oo 0 als jh> 2
2 88 8905 5 (o) (5550 o &5 0l 5 58 iS5
o2l 0 g balis Kol Jlaes dop £/ S glgie
S Sl aby sy (alie b 2oy ¥ Sos lgie il
ol 5 gilolis 5y90 4> (Ebrahimi et al., 2016) f,Ken

1) 5l cwles sl Pge pe8E S plyiea S

5 M K s polie aS dlud 0058 dbu) (sl S lg,Sie
Gib sl (6035 glood gl )3 SVl Sladygu A3,
et al, 2010) o Ken 5 odlile Limgp j Job mb
el o ¥ adale (5 Sad 09380 bodygl,8 ol > (Alizadeh
Vet CFUMYML ko 4y SaiSY dl (slog Sl e gl
o Ll oy Bl iin 4 S Hlade lial Loy el
@ a2 b gw)Sod 505 0 Oyge (29,50 Cumer 5D (o))
zdaw (Persulessy et al., 2020) -, g (dgwy i)l
3950 Sl 01 3l £la a5 yo sl Sas £V
Sly dby dige (5l laalpd (pl it pglie Sod plyy 53 &S

1- colony-forming unit
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Ebrahimi et ) | )Ken 5 Lounlpl ol o loare (e cuslo |
o &y j) SVl s gjluls (@l 2016
dgw silwlis (Hwanhlem et al., 2017) )Ken 5 olosle>
Sdgw M) (yp g e ) SV al gl
sls lgean caslio PH > LuuoligisY
5 S sizd Sl Sl enel cossy @S & w2y b
Olyisdr alis gy SV el 4l VY ggeme 3l obendon
ladgw 13) jlon)bil (Shy (mFus 9 e b sbagw
b duolio ;3 08,5 518 (gam (sla Ul 5590 5 Cbl djs)lon
slo ugliolaisY 09)5 5 00 b sladsgu I AV Sy Jois
9 Pl ushaol (I (Y (lgisar g L] glole g im
—kes) glile dgegn (clopuplewlsiTY 09)S I laeplix VN
b 7Ny usbdpden] SupbaolssY s 4 )l
Gl osd Bl gbdgw ol Lsle 8L aslil ©)gns
ody9ly3 51 =Sa (Sl by 5l edd la> —AD lasT L sla
iy 5 ond lis VA g agl by 5 =SB WSl (g5
2 9 Sl llid Caa 55 cuw g 4 55l o byl

g odjide @i g (o Syl gy usbalsSY (JoSUse
S99 My p» Sad 3 (Alizadeh et al., 2010) ,\Ken
O 5 e ok I SV sl slacs Sl g Spods
Kazemipoor et al., ) o,en g yo (oL pw)yy g tww slo
5 8 pesd Gl il SaSYawl slbdsgw (g5luls (2012
Grosu-Tudor and Zamfir, ) ,ie; g ,935—gwg,S o)y
SVl glaagw Jolse alulid 5 (gilole (2011

Amd e Ui 1) (o35 Sleen Slegy (o9 (8 eSS Slom s

Slida sLapH Ju widi, bl g3
ohalojl 3)00 slaaliz I g (7 Joto) b 4 4295 b
odgizme sl lod luyd Jo cubls gus, pH =Y
Sias i GSe ol 45 Wby L ss 5l ss 0, PH =¥-5/0
L eSS Sodygld peSS g SVl gy sl
alo S el YF 5l an S8 4lis gy 0 Hled 4 lagl K8
b dnlio > (glio s Al (15 S35 lare )3 bads (4,108
Oimess 5 ol b b oy ol b s bals b
(Alizadeh Behbahani et al., 2021) ;Ko 5 Sloare 03ljle

oadhiy JeuligSY slas S I Jols (mwg 8L cllad ob5))

Laylis wd, o pH § Soi Glidee cLCBIS (el VY 9 TE loj e 43 3,5 Glw an 13 £0 9 10 slod 1 -Y Joua
Table 3- Effect of temperature of 15°C and 45°C in 24 and 72 hours, different concentrations of salt and pH on the isolates

growth
pye )
(Variable)
wlss 24h 72h 24 h 72 h 2% 4% . =2 =£ =6.5
co o o o o . . Ses 6.5%

(Isolate) 15°C 15°C 45°C 45°C Sod Sod pH pH pH
S6 - - + + + ++ + - + +
10A - + + + + ++ + - + +
Ab - + + + + ++ + - + +
Sa - + - + + ++ g + - +- +

(Weak+)
Ctr - + + + + ++ + - + +

PD VY 855 )3 ophock (5% (55Y 86 HEAI 19 855 )53 ophaok (59 35V NBAVF - 8 g i3 gl i34 Y () 10A

J S O Land &5 o5 LM yophasls (5 (5TY
10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.
plantarum strain Lan4; Ctr: Control.
Feder st S AT b g A8 (+ 4) ciind 0 (+) caslio 43 (F) ) pas ()

no growth, (+) good growth, (-/+) poor growth, (+ +) good growth with more bacteriocin production(-)

oslizal 5 glil Ngy )3 Syt LSl L b pol 'CTAB
g Syt gl K Say 5 mioid mpl 9 5l Glojen

1- Cetyltrimethylammonium bromide

52583550 5 g2 535 5 SHS
il S dge gwaw sl plld cox gy o
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wlix ¥ o gl jasuie sl 0 JSS @ ag by ams e
Gl 4l6sS o calad i siay lis Ave D asb
Ferchichi et ) o, en 5 (o8 0ogeil 48 b oy il @S
5 oas s SVl cladygw JsSlse slulis (al., 2007
Sy VYbp g o SSY sl sladsgw sl 5 5 b

by (S35 Jlaten s s, alises (slady g

L 3 Ab 10A 36

To 9 e p)S s Sh Jsho 0))90> (sl & 12 e85
5599520 5 PCR plog] j1 amy ity olyomay |, DNA ity

(08 law) Veebp oo L UV g 55 ead g5l DNA
L4 odnlio Acr BP Sl )0 lassh «d 5 Oy Lol duslis

3 Se 3T U5 5188 (Y JS) gl IS5 calS g
ol 1y bl o )3 @gli lise ool odel Coavds doyd o

L 104 36 3 Ab

15K

LK

kD

YIS IRNA (45 WSS 51 Jeols (A+ + Dp axkad) PCR Jgaso (yilod . ¢ 0935 (5,0 Call . A=Y JSi
Fig. 2- a. Genomic fingerprinting, b. Showing the PCR product (800 bp fragment) resulting from the amplification

of 16s rRNA gene

L2 392 ) lidl Jushawl (B (Y 665 (g ey llat]
Silwlas 5y90 > (Hu et al., 2013) 4, 5 92 zuls o oS
sl (G (T g g G slodygl b I Sladge
wb p 2L e Glaodyglp b wgw e o9 3L
yob sl jimgt (sladdl b oS sl odd diBld (3w g 0500

by Jlosren

3blss
0liiS jasin oL Jlg 5l ol mls F Jodo 4 aag b
sboodyglp )3 pg)lidl uplewl (M (Y dgw (g S
b))9l)§ é;.‘.{\j Cuzo> L;’L»Lu:) )I dy Dy dguo 4;[) » ‘_g).a.o?U
ol ot b Jslse psefl 5l ol ad (gpes sl

9 0gu0 4;1; » d)»a?u L;Lmaﬁl)é L?’;b L;:9)§v.c Cuza> )‘ adlas
adllas og.l 5 sy Canlas 893> (i} u.»L.o.wyu dl—“o}”j @Lu

090 (& oSS sWa0d 91,8 51 Jols craylus 16S rDNA b Iy gl -€ Joas
Table 4- The results of 16S rDNA sequencing of isolates obtained from fermented fruit products

NCBI 3> Calul s
(% ID in NCBI)

2l laa sy g solw!
(Name of bacteria)

alas oS Cod 0 ylows
(Isolate code) (Accession number)
10A MT613643/1
S6 MT645503/1
Sa LT853604/1
Ab AY590774/1

98.75%

96.42% 3360 g oyl ughasls 5 S5

(Lactiplantibacillus plantarum strain 3360)
7232 g0 py Sl pushasl 5 5

(Lactiplantibacillus plantarum strain 7232)
99.58% Land dpu og LMy yoplel (5 5Y

Lactiplantibacillus plantarum strain Lan4
98.92% IDST g g L aphasls (534 (5

Y pgd adsd 25 3 9 1D OV dsu pg)lid sl X
po> by > g Lan¥ o VWYY agw g Dl ushl (3
55555 35 i )3 YV aygus pylidh sl 0 5
Sl s olas & (L L 3/ VS TRNA 5 5l il puo)

Lol odis eslazwl 09,5

(ploS 9uu) (oSt oad i 3 posess 3
asl adgs 9> Jold (¥ ) 0l ooy <5 p0 (IS 5k 4
G 93 Abgs )y y3 &S odd JSS Al 5 93 5l Jl adgs
25 2 Sload @ly g lidl uplcl (D ITY gl
Y gHeal VA a9 o) DL uplesl (2 (ST o) adgs
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L. plantarum strain Heal 19

S e |

L. plantarim strain 7232

{ L. plantarum strain Lan4 ‘ I

L. plantarum strain 3360

~/~0

Escherichia coli :I I

Y Ko 1531 045 31 03! b YIS rRNA (5 dum e b (Sulijohd S 3> ot o7 -V IS
Fig. 3- Drawing a phylogenetic tree by comparing 16S rRNA gene using Mega 7 software

5 sslabis (HU et al,, 2013) o)San ¢ oo Lingl gl 5 4l
Lo (Sho 9 ey eSS G JI Y e i plulid
Sl Galgp caple b ¢y il Slgen ol (ot
9 O w2593 (e pgesS (S Wap smpl S ers b
o ad) pas dlles 58y (o 5L g b gy bl g9y K jlitigp
22992 (O ySL) ol L OlS 5 (g cuple odind ol
&l LmM)'ﬂ 5! 09‘)‘1 o) L asliS ams ()8 Sal> 09")’1

(wl 0

i 33 7S jlae b i Gl

Ly S35t b oS (5B 0 VL b g ySTL (oole
A bl g gl S selSlis] eSS g ply )
AUMI 3505 b g s S jle b g 8 olsisdy oy ol
gl Sboms Sk (oled & Joio 4 drg b oAb (Bpue
Slalla )3 4zl & o gyt Clld ol ) 0k
Jde JBlas wyp (Ashari et al., 2019) . Ken ¢ (o)l
El-Shouny et ) ,\Kea g s Jl Oldllas g oyl  Saiis
Y05+« AUMI clled b SR8 ypus My 5,90 5 (@l., 2020
Josd Mo o) lidl ushawl (M STV 5 0nd gl
Wl Sl Jols we iSU ol i 0y edd iyl cusle
Oousasd olssas ¥ AUMI el Jlaie L Ab 5 VoA
Orl b sl )3 rogyiSh e om0 (g S
sad o3lul Ja 5l a8 s e 30,5 o g (Siveele) ,bo
2l uLw) UL\S; el b > u,wLo)] dy90 LSL“W}‘)SL’

1- Arbitrary Unit per millilitter

GolSSala (g b (Swaplajl dla oy 5
mdle cotie dgw sl 0 F SS90 S i @ a2 L
JSis Vot 28) L oo sladrgw jean ) Blad s olo
Gl 90 b duglis 10 VYTY o LaN ¥ ayow wyp opl 5o 200
a5 sSSlw] Py 3 1y 63855 4y 5l eyl LIS S0
sS85 alileol pys 3 0, 5 olojl bl ol eSS usds
A Lyl 5 55 o o 5 Gl Spalle ) iy sty
ino (P1+0) Jlois) s 33 (S35 ol &5 2,8 Bl55
S Sl g Sl (g Seo oamd ol geil cul g )l
Sl jin 395 g9 ob GlapuslS)lg)See p SVl
~5 5t 2 (P 1+0) Jlain s > o] s sine 5 5 i o5
2 39 ()8 Gpl) JiS sleg b aulie ) e p)S sl
2y o3 0ad gl ros Sk e 2 S Gl b dlie
g 43, pis Sladle 5 a5 Gasls g Sl s
2 odd 5)lF wls amah g)h dme cigles (p<+/+0) Jlxs]
skl M (Y3 e M il @5 L ptalel o)
(EI-Shouny et al., 2020) ,Ken 5 sls JI SR18 eg,Lid
oud 5,8 (Shahidi et al.,, 2014) -, Ken 5 (caurd iagh
ORRgR udeS > piagblugise Lytud oo Cap (o9)Seedl
5,90 , (Abdollahzadeh et al., 2012) ,Ken 4 ooljdllae
P pirsilogize bytud Cumen yr (S3lpd gl 5 el 50
Benech et al., ) o,en 5 g sl oy 5 0dd Gy CudsS
ook 9 2l ald sl (o) p Z el 56 (2002
2 omwb 36 (Alirezalu et al., 2020) l,Ken 5 Jlspule
9 S gl @l )piSlE uwge IS ploj e
zl il powg iSU w36 350 45 (Shokri et al., 2013) ) Kea
byt ilieo Sdygw p DSH0 pgusls 1ug5s55,i 5l o
» (Xiang et al., 2021) ,Ken § Kb guls iz pilugigo
J&5 51 osel sty slalin 5l Jols g Sy (s5loli )90
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Table 5- Diameter of Inhibition zone (mm) of different extracted bacteriocins against Gram positive and Gram negative

pathogens

OB sl ol 950
(Indicator microorganisms)

Ot S ; . bty pu/ o .
(Bacteriocin) 9] oS sSsbdliw] s o390 U Wigallws b
(Staphylococcus aureus) = . (Salmonella typhimuriyum) Hoptlwgiso
ATCC (Escherichia coli) PTCC (Listeria monocytogenes)
25922 gngg 1609 PTCC1165
108 CFU/mL 10® CFU/mL 8
/ 10° CFU/mL 10" CRU/mL
b10A 212A 162 182 1928
bSG 19abcA 12abcD 18abcC 18ach
bSB. 18bcA 15bcD 16bcC ]_gch
bAb ZoabA 13abD 17abC ]_7abB
Ol 18¢A 13D 16¢C 17¢8

(Nisin)

Y AD NVYY 865 o9 LM sl 5 5 56 HEAI 19 665 g liM puglisl 3 (SY NS XY+ 665 g, iy puglol 530 5V I0A € ppgy ySL D
Land $o5 o)l pughasls (5
I ime GMET gyl sy 5> S yidie By b dlael il o3 (P<+/+0) )b ime M (d)ly (g b 1> S yiiio By b dlisl Lad )l H1ST dr (3:80ke &jg0 4 @l
bl o (P -0)
b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.
plantarum strain Lan4..

The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences
(p>0.05). Numbers with same letters in each row do not have a significant difference (p>0.05).

e \

gstont )+ B,y g3 dggaw £ b (lps by 1 ool bl € JSUS

Fig. 4- Inhibition zones for all 4 strains in 108 of pathogen strain

1 (ioise VF 510) dlo o)l b AD 5 VA alis 31,5 sl
pie dlo jlad o Vb iy st/ usT s slslin] 5 St
Ao 2585 GBI b oms Sl s plysa g Al
L oplp > VA wle g Sl 4 bgpe (SHb5L
093] @l b (o ol b sl 0392 s ygl oSS plisli]
2 Oyl 586 3)50 45 (Shokri et al., 2013) ) Sen 5 (5,85
@l § DSH20 gl usssp,id jl oads glyseil g S
(Alizadeh Behbahani et al., 2021) l,Sen 5  Slote 03ljule
Ol polie cilizee sy pshusbgSY (gilobiz 3)90 )
Xiang ) ol)Ken 5 Siluis ol 5 dowe cunlo jl o las oMl
u»}lml.s )‘ [ W) ‘J> JS17 Wy)jb dyg0 ) (et al., 2021

il (S5 cillas kg

Yo Gae do ol )8 A3l daju VYN g P slaben ) couy g
i 33 Sk Cuallad 3 aBd
N gl g o Subib Bl sl s sl
e glaaygw jload glinl Gaog S (09Sseds Collid
bod gwp Oogmlish sl slod g 25w (gl gl slod 5
» dlse cbale jl hols @lamg S (Y Jsi2) 4 e
SUiL cudled 51,8 Sl ax > WYY 95 clales aiBd Ve il
oo 15, 5l Cailos sl 5 25,8 Lis limen | g5
o J1 8 b dgliio )3 oS dix o A (e p)S g Cute p)S
gaw ) Gibire (B (g Sh ke cdld ()l
ax Feogled Sl e am sl (p<-/40) Jlasl
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Table 6- Bacteriocin titers from Lactiplantibacillus plantarum strains in terms of AU/mL

0 Bl S0
(Indicator microorganisms)
, N b il
g Sy s okl 5
B ° . (Staphylococcus aureus) -
(Bacteriocin) ATCC (Escherichia coli )
25922 ATCC
10° CFU/mL 25923
108 CFU/mL
b10A 640002 6400028
bS6 3200004 3200008
bSa 3200004 3200008
bAb 6400024 6400028
Opl 3200004 3200008

(Nisin)

Y AD NYYY 65 g i usleals 53 25Y 356 HERl 19 8555 g, Ml puslsls (i 5Y N3 XYS+ 8365 a0 puphl 296 S Y-LOA t gy Sk D

Land &8 o) 3 sl (5

o sire BB (gyls sy o )3 S yiie g b slael sl i (P2 0) I gme MBI gh)b gt o )3 S yidie By Lliel Lad o LSS dw 5Ske Gyao 4 s

sty e (P<-/-0)

b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.

plantarum strain Lan4..

The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences
(p>0.05). Numbers with same letters in each row do not have a significant difference (p>0.05).
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Table 7- The effect of heat treatment 60°C and 121°C for 20 minutes on the neutralized supernatant at a dilution of 103

CFU/mL of the pathogen

0 Bl S
(Indicator microorganisms )
igallus by s sSshdlins] Sigallu by resSsSohdli]
o3 30 2 U F s/ o3 302U o sis)

. L (Escherichia (Staphylococcus (Escherichia (Staphylococcus
W"lf; : coli) aureus) coli) aureus)
(Bactericin) (Sqlmoqella ATCC (Sqlmor)ella ATCC

typhimuriyum) ATCC 25902 typhimuriyum) ATCC 25922
PTCC 25923 PTCC 25923
1609 1609
60°C 121°C

b10A 14%® 1328 154 1238 1438 154

bS6 118 118 12¢A 118 118 13¢A

bSa 14v8 148 12bA 148 148 1207

bAb 1308 1308 14bA 148 1308 1407
(LN)‘;:::) 118 10¢8 13¢A 12¢8 11¢8 14¢A

S AD VY &5 o, i sl 50 5Y 56 HEAl 19 @355 oy, 3 pushal i Y NB VS o 8365 g My ol M 5 YLOA gy S b

LaN4 &8 )53 gl 5%

I sime BMBT gyl Cany o 5> S e gy b dlasl aidl ol (P<+/+0) )b dme BMBT (g)s g yb 1> S ydio By b dlisl L ad )l H1,ST dw (5 0ke &0 4 @l

bl i (P<+/-0)

b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain 1b51; Ab: L.

plantarum strain Lan4..

The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences
(p>0.05). Numbers with same letters in each row do not have a significant difference (p>0.05).
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Table 8- The effect of 6 month of storage on bacteriocin inhibition zone (mm) in dilution 10® CFU/mL pathogen

Crmwgt 7S 0L S 19 S0
actericin ndicator microorganisms
(B icin) (Indi i isms )
o Sigalles bigpdl — usS3Sphilins] Mol biapdl sy philin]
23990 o 3! o550 0l o siss!
Escherichia Staphylococcus Escherichia Staphylococcus
salmonell coli aureus (salmonell coli aureus
typiim?Jr?yL?m ATCC typr?imL?ri;u?n) ATCC ATCC
ATCC 25922 25923 25922
PTCC 25923 PTCC
1609 1609
4°C -20 °C
b10A 1428 14aC 184 168 18 214
bS6 158 130C 170 1608 160¢ 1804
bSa 138 12¢C 15¢A 148 14<C 164
bAb 1lch 12ch 14ch 15ch 14ch 17ch
(’L\l)“l‘;’rl;) 12d8 11dc 150A 1448 13dc 169A

Y AD NYYY 568 g lidl sl 5 5Y 56 Heal 19 &5 g, lidl ushuol (i3 S N3 KYF+ 6365 g i uglewl M 25V 10A ¢ s iSL D
LaNd 5 g L3 pophesl 5
Msine BB <y sy o )0 Syt Bgys b sl il sod (0<+/+0) 5 gme BWB (chyls (g 2 )d Syidie By Lsliel ad lo JLSS 4w 5:80ke G0 4 s
il i (pe/-0)
b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.
plantarum strain Lan4..

The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences
(p>0.05). Numbers with same letters in each row do not have a significant difference (p>0.05)
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Table 9- Effect of different pH on the diameter of inhibition zone (mm) of different bacteriocins against 108 CFU/mL

indicator microorganisms

ol 5519 S0
ol g S
Indicator Bacterioc pH
microorganisms in
108 CFU/mL
10 9 8 7 6 5 4 3 2
N b10A 12.5% 15 195A 21 18504 15%A 1207 10°A ofA
u";"/;"/;‘l"[‘“’/ bS6 1208 14c8B 1708 1928 16.508 15¢8 119 geB 6™
ol bSa 109 12 16b¢ 18 14bC 13 124 9eC ofc
(Staphylococcus bAb 10dco 12¢CD 17bCD 20cP 17bCD 14¢CD 11dco QeCD gfcp
AT""@EZ‘;%ZZ Ol 1160 140 1700 190 160 1350 10.80¢ 70 -
(Nisin)
g b10A 10A 13cA 15bA 1724 15bA 14.2A 110A QoA -
(Es:f}ecl;g:gi%ggll ) bss 10 12 1408 15 14.2%® 1352 108 ge® -
bSa 9.74¢ 11 12v¢ 13 120C 11¢C 104 gec -
bAb gdCD 10.5t:CD 12bCD 14aCD 12bCD 10.5cCD gdCD 7eCD —
, Kj’“‘“’“) g 1050 1250 145 12,50 10,8 g - -
ISin
il Migalls b10A 129A 14°A 175A 18%A 1754 14°A 1153 9eA 67
. bS6 11.28 138 168 188 168 13.2¢8 10.5%® 9e8 68
5105°
Salmonella
ty(phimuriyum) bSa 9.54C 11.5¢¢ 15b¢ 16% 15bC 13 114 8eC 7
PTCC1609
bAb 10dCD 11.50CD 15bCD 17aCD 15.5bCD 13cCD 10dCD 7eCD —
, ’t\l’“‘”"’) 10 120 14,2 160 150 1150 10 - -
ISIn
by b10A 139A 1554 175A 19%A 1750 14°A 1150 QeA 67
ogilgis bS6 1198 138 168 188 168 148 1198 9e8 68
(LiSteria dC cC bC aC bC cC dc eC fC
monocytogenes) bSa 10 11 16.3 19 15 12 11 8 6
PTCC1165
bAb 12dCD 150CD 15bCD 17aCD 15bCD 12<:CD 10dCD 7eCD —
WL’ 12dD 16CD 17.5bD 193D 17|JD 14CD 10dD 7€D —
(Nisin)

Y AD NYYY 8568 g LS sl M 5Y 56 Heal 19 &5 g, lidl ushuol b 5 N3 XY+ 6365 g M gl 5 35V 10A <y iSb D
LaNd 65 g, L3 pophsl 5
Misine BMET chly sy o ) Syt Bgys b sliel il ol (0<4/+0) o gme BWB )y (g o )3 Syidie By bslael ad lo JLSS 4w (5:80ke G0 4 gl
bl i (p<e/-0)
b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; Se: L. plantarum strain 7232; Sa: L. plantarum strain 1b51; Ab: L.

plantarum strain Lan4.
The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences (p>0.05).

Numbers with same letters in each row do not have a significant difference (p>0.05).
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Table 10- MIC and MBC of purified bacteriocins and Nisin against Gram positive and Gram negative indicators

025l il g ;50 cdale
( Indicator microorganisms) ‘-’“’9”75 b (Concentration- ppm)
Y+ CFU/mL (Bacteriocin) 650 480 240
b10A - MIC MBC
sig] w5 sS plilil bhS6 MIC MBC -
(Staphylococcus aureus) bSa MIC MBC -
ATCC25922 bAb - MIC MBC
Ol MIC MBC -
(Nisin)
b10A - MIC MBC
Al il bS6 MIC MBC -
(Escherichia coli) bSa MIC MBC -
ATCC25923 bAb - MIC MBC
Ot MIC MBC -
(Nisin)

65 pa)lidly oshsl M 5Y 256 HeAl 19 65 pg bl oshs M Y NBXYS « 855 pg, bl sl 5 5 Y LOA £ sy Sk D
LaNd 655 pg)lid ophesl 3 Y A VY

b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; Se: L. plantarum strain 7232; Sa: L. plantarum strain
Ib51; Ab: L. plantarum strain Lan4.
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Fig. 6- Comparison of the effect of bacteriocins with commercial nisin in inhibiting the indicator strains in dilution 10% and
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