b‘}:’.‘ J.h’.A 9 A.S'«j-)b oLﬁL:f QLR..A:U”“” 5 &jﬂ—&; ML’&LA}&
(VWA A Y=AY e amio O o led Ve s

<o 9 PH bod Calisko plio 50 £lxi wilw! (b yud o ol

Y . R
g;"”iﬁl“"’ e 9 (SR S R

moosavymh@gmail.com : K 5 il oy 505 ol&ils o (S pals 22Kzl AR s lse ctlag os 8 Slolial oJ st sian 55—

s o sl (St juals suSasls (ol 5 lie olse cuslag 058 (St mels 515 (1S an gal ils —¥

WWAY gl it nd Ll

WWAY gl olg Aol 2L

WA o el Ll

ol

ol IS ol Il s 5 sos gl slsn ) aline slen Gl 8L cn e 5 S 55 st sipe b iedd 658k

A, J A8 5 gl Guld 1 e addllae 51 B 53 e 2l mlio Sl s Il 0 ege
(hoss ¥ 57 O ) Kb kil Jlm 5 (V5 8 0) PH ace opmmcdee 4355 VF 58 F) Ls s 53 55 st i g0 b st
o peib a e 538 1SS s 3l aslined U pla il sains S oS5 T sl
Sl s 4 s ol ke las o Seslnl b pla ulal 4 o 8h conlas ol cpns s 8 ¢l (GC-MS)
3 U0) oste s UNNV/0) cisad (IVA/A) 555,08 Joli il sains JSts ol s 5 oz 2l e phlsy Se
5 Sas chile (2L A 5ls i ey o) gl it e VP pl/ml gl Lld Sl 6ol cdale adlan ol s

1S S ol e sl iy g & am 5 b gl iy il Ll ) gl Guled Ll Sbas Golys pH ol L2alS 5 s
gad 03kl 35 gt i gn b pecd 68k S 5o anb s0lag S plsisas ol e Pl el )

5> .(Evrendilek & Balasubramaniam, 2011)
S s buco AVl wan s I s s, 48
I3 olge S e a5 e ) (2L e 5 S
51 =SS (Hsieh et al., 2011) 552 o 2,158 03]
s oben Jelse i) 5 LS s sledss o iage
ssbas 5 oml bl 5o plis e A& ols
¢S LUy Jdoa Wlicw) Jsy s Jsane
el e Ll o Jas 5o 55 st i 5e b jzed
Y 5 (vgedw a0 Y-F) 0 s 0L
2L Ll J S s () ) Ko VL slacdale
Rasooli et ) 33 5 sslarwl aile ais bzl 5l

.(Shannon et al., 2011 Xietal., 2011 «al., 2006

WSad PH s (gl (il 55 g 9390 L e ST (o315

doddo
J

J—los oo tage Sl (S0 S sise b a
o S a2l e pldE ol Sl iz 5k
bio b ool o 'MJ;L;‘ olasl 5o 5 el olew
et Sz 5 ol slasls 5o s
o) e i s AL o131 (s 5S laly g
0 S0 ol L(Karina et al., 2011) axl oo ol on
b ot S aile glice slye 5l awy b
$laensl 3o sbaesssl b an pla Ol
sblie , LoVlo gl dpla 5 o0 2L) Lo
Magalhdes & Nitschke, ) s 58 oo 3l G 2e oslel
e G e 4 il g e ol 55 (2013
imen 5 G pan o3l] GLliE o gaia ple Ll
Clods ool comas L;Lmsjﬂjé 2l s



bl a1 slaeuS 5 50T

s s s eads [ slacS 5 adlas o) o
a4 loslel 31w B a5 oS Lulll s S )
o b 4 Jane 8 1550, S oK

Gas Chromatography-Mass Spectrometry (GC-)
\ s JSis eSS 5 e b 255 5,5 (Mass)
Sl Sply S 58 Ky Slasin 550 Ui
s e Yo Jsb 4 a4ty ge st s el Agilent 6890
Y0 Jab A culks s ey S YOO Jsb
YA- Ve ol wl, L HP-SMS 55 5 ey S
sredas 4253 YO s (Rl B L e geades a0
& rsede 4250 YAY D3 aie OIS 5 4By
Az YPO ooy abise gles g aids Y-Vo Oue
VY (Jels olsiea) poda B GV W
Agilent § 5 3l 0,2 miwcib 5y 4a3s 2 5o 1) e
sl 5 &y oo SN Ve (EDD ool 5890 550 L 5973
231 e 4253 YO+ el 35 50 ke

slins uslul s 5lusslel

el p ca iy p a8 5 el il Gy
ciS bma 5o sl Lulel adlas 5, glackle
AR WK SF: U VNP | R VR c BCCa |
o S el lad sl olsiea (oW .S e) (DMSO)
5ol Lulal adlae 5y5e sacdle olll ol
S sbes, S04 YOP-ul/ml G Yepl/ml
.(Mahboubi & Haghi, 2008) si -pess U5

addllas 550 5 S

ATCC ) 355mmsise by 80 o5ddsd cons
sre b boiasn olole Sl sas ag (19115
w;)\; ool 5550 gy ol sl o))

A il 53 Jlaie i 5 s5leesle]
AL Jsl b (bl 55 St il ol 4
WS) S5 A 2 BT e ks ol s St
e YV L3 cele YF e 4 ol a5 (oW
sl V¥ S 51 s S Tasme i oLl o) 5 e
253 YV 53) Kos e s M e KT bame 5o sl

0 oyles ¥ s (ol 5l JLM D) OJJ)L) Q\A\.,,f Olidss aelalego

5 2 Gl G jae 5,8 sl bl s

i sl p plE sl ogasa sl @\;\; g\,A
5 St 03,1065 dlge 6l pmlie R g

Noriega et al., ) culasl )3l olaws L;La@abﬂ
(Tyagi etal., 2012 2010

4S 03 g awliaY ool gils QL&:L:; i o f s e gl
Sl ol 3l obrae s oWls has, @t sbols )
b he 4 53 ontmen 5 il Jsie slbaglan ol
Sles S o ool SlAe slse 53 samsaab lsea
.Kumar et al., 2011)

Xl o.f.».ﬂj Q\.@.q- Jw‘j.u BE) f\.:;u' FICE d\.hAJ;
WJoop asle bl Lol ‘\Se.fT Shble Js iy Js
2ol ed e S slon 5 Ol Ll oS a5 e
gl uilel 5 o,lae (Tyagi et al, 2012) s, .
sholan Jalss 5l 5 ade 09 Sas ol b
Tyagi «nini etal., 2011) szl o olae slse 3l alic
Setal., 2012

Pl sl gl 5o S oS 5 n e
Telci et al., ) el Hos,LS aal o oy oo
o e aS el Cllae ) S35 4 23Y e (2010
S Ao olalS sl ) o sSba s ol s
21> (S b el Sn 55 5 S il
,5 .(Evrendilek & Balasubramaniam, 2011)
el 2lS sla el oy Seas ol alll
5 Sw chle pH asbe a5l 5 Ssss Julse LU
Razavi ) s 8 ;|5 ) 3,50 50 Sl > am s
o= 3 Gas s s 4y (Rohani et al., 2011
ol el b St ol e addlae
2V F) Lo a0 Bt sise b o 8L )
clle Sl 5 (V5 7 0) pH av ((rsgedaw a5 50\ F
Al (o oY O ) Ko

Leiig ) 9 olgo
lel

51 (Mentha spicata) slw oS sl bl
REVL Wi} QL:\S uu)\.-u‘ rUJL' 6}\..#})‘3 Jjw
L B T T R N K S g gy o
Lvetal,2011) 453



wplins puilal ol fedis ol 5>

sl pH Lo 8L ws) gy » sl 51 s
3 8 5 s e S dilike glackle
G S sboal Sele a5 skl
bl e s B ca KT b 2l S V-
Do F oY N e SS sl sV o520 pH Glls
s ol adllae 5,50 e 4o 3 1y S Yo
IS s ,S Blal st easS il S Y-
5ok e KT b + o SL s Sals) e
S5 he JAS 5 (p Sedd oS5 o She
Dok Gy o e KT b 4 s Sens
w8 s oalT Sl A e ol s s (68U
s ol 5 ks, clachle a8l 51 L as
Wl ¥ one w Loy S aadlae 5,50 ¢ SL
o3l ) 3 qus bt gl p S 5o YO-rpm s b
VY 58 F Glo ¥ o cell Y e a4 oy 0
sl sshiea a8 S S s ax 5o
ng\.:\S/AJL"’uJS/ sleo u‘b 5 o \.n:L;J::SL. BV
SBT Lms o e cuiS e, a SIS sl
.(Razavi Rohani et al., 2011) sz 2Ll 5ae 5 CA3

el Jole 5l oS o 5o o Sk slaw isles )
sles o IBabw F el YF 51 e bl
S sl S as obal Ll e 4 TV
pa ALY T o] S

Differences in ) DP »U 4 _a>ls 5 adlas ol o
a5 Oygoa &S a4 S esliul (Population
Zhou et al., 2007) >4 e

N
Log DP= Iogg =log (N) - log(NO)

ad ol oo 8L sluw :Ng
8 ae S el YY 51 s e SL sluws N
A elewl S OL an b andlas ol

bl Sl 5 a5
Sl 5 Waesls el Jodos 5 a5 6l
S S P lacds J._i:)f soliw! V4 as.5 SPSS
Q}.A)'T 5 .,\_,.>J§ L J‘JL}_;:.O dJLJJEj\ /40

A-¥

e e a2 4 (Cell Y Sl 4 eseda
e aell Y ae B8 e ST cnS 5l ik
oKaws 3 eolizal b 03 iz DS cbady 6o,
So5 wdm ugl Fee za Job s e Sl
LS clad g Ol g 3oz sl oo 5 5S0e slad )
55 S AL e e cnS 5 085 6 4 Sl ealan
Lo e poa oy s s eie gl e

..&.)Jfrunﬁh'éfs\g\‘?é‘.«\ﬁw

plas bl Llge cdile Blas oo

oo ol el el o\ clle Blus w6l
L Sels A7 oy S o Lo pashlsy S &l
oalizd (ol (05 ash) ol ads oo Voo oz
)Jﬁwﬁ’\dhﬁﬂﬁj&& Voo Sals a s us
st s, 5l pls a5l ads S Ve (el ae
Bl L SL cwS s o Voop andlas 5,50 Ll
Sl Lo+ 68 5l Sala) e J S s S
S 5) e JAS 5 (os Sadd S5 ok e 5 B
55 (6L os sae 5 o it K e + 519 Sk
0393 3l e s a5 8 Jw s mll 5l ale e ol 5
50 S AU 5 s S S5 5 b )5 glackle
00 Lol Y oo 4 s S slacdl s
S dm oz eals ) 3 JS...“ BRREN L,\m &l YO-1pm
sl 5 ng\.l\féé\.&u)f cele Y by gas L’L
Joho e LoBten G FUSS) Ly eseda 4 YV
da,-lﬂ 4 O syl LSl (Ol cLle
Loa, pae s ol &8 bl s 5 o) ) i
chle glaea oS JaS 05 5 L sspie OyeS s
S ads S Yo sy ds e 5 00 8 e Pl 5l
A eals MS(QLJT‘JJA)}AJ%,J&)KTL?M): & gad
am YV les s ol abe el Y b 5l s s
Weerakkody et al., ) w3 b a, PSRV W
.Rivasetal., 2010 2010

Loawd 80 as, oy »oplw ol 31 s n
P S 5 90

Sl (Aenl/ml , Feplml) o1 51 5wl clle



A0
S gl Gl 50T s -\ Jss

VSN S 5 S
/Y B-myrcene )

VN/0 limonene \
/Y y-terpinene v
/- menthone ¥
N/ menthol o
N/ terpinen-4-ol 7
/Y a-terpinol v
- /Y dihydrocarveol A
\/¥ cis-dihydrocarveol 4
/¥ dihydrocarvone \e
/Y trans-carveol AR

YA/A carvone VY
/% cihydrocarvyl acetate \Y
/Y l-carveol ‘¥
\/Y B-bourbonene \o
\/- E-caryophyllene \7
- /Y y-amorphene WV
/Y a-amorphene VA
</ olS 5l AR
Voo =

GG, Ol gy Ol Az S
I8 § Gl L)) o 4 ys il aallas
r'-"'-'.J\—Q) ataoly parie p (wsmades 4555 \F 54 .F)
AUl b (CFUMIL ey L S slaws
0o iz b Ol as o e S sl plas bl
J A el
= t-test Q}A}T AP < o/ o) )l a5y ulo sme
¥ e L ailie joas 0 VY by S sl lis
st Sl & ey mals el a9

Ap < +/:\%)

Soldl 55 st i ge b 2

0 oyles ¥ s (ol 5l JLM D) OJJ)L) Q\A\.,,g Olidss aelalego

Turkey » ANOVA 1 esleeul Uy 5 Ll ly 5JG0
S ~ (U)‘J_a- A0 K u.le.’luﬁ ‘U'“"""’L’
50 .,\.;,ajf salaza! (g 80 sluws r'.u)\gj) FUI PRUPL

oo e DLl ) sl e e u-<---°
s eolaa] o b

olal 50T

5o ool 550 sl Gull oS 5 U1 2
aS 5 boln ccwloas sals gl \ Joas o asllas o)
s fSas ol b oS 5 cclodel Jads ol o
oo=ia (ANN/0) sad (VAN 555,18 Jola sl
AVAVA QINTPIL TES N YT-X NI VA D I PERESIRVA D)
e 5 UN/Y) s (V) o 0,8 = sl 5
Asl e (V)

e L 5l BIE JSlio g

2l bl Gl Shas olps e shes,
Solge cbale sl ) 35 n s b e (55
A SLayore by slackle ;5 S5 ol (MIC)
S o L bl i e 2 50

o \Fepl/ml gl [l Jsloas (o5l chale
o Fopl/ml cble oo s ol am as v Ly s
oPH s 51 ) Hshien sl sl A-pl/ml
s 8 bl ol ol iedas (olss ol s S

s bl (ol Shas )

O g G PRV ) Y [y N P e
w8 andly e gl Lulal Gilise o bile
93 o 4S5 ol les (CFU/MI cos 5 a6 SU sluws
s ¢ sl A-pl/ml 5 £ pl/ml e bile
93 2 oo (D <o/ 0 N) 3l a s m g (gLl e
cble g(p< /ey Fopl/ml cble) S0 chle
sl ol mme Oy smmany (P <</ \) Aepl/ml
LF ¥V Jous) wos g SL slaw alS



gl gl b pedas ol 55

VE'C sles 3 535 s sise b tnd DP Lasls (g5, gl bl 1Y J50

A-f

(U/ml) juslal clale S s
A+ ¥ @/%++) pH
—/e O /YYY ARIE==RVAY S
—+/0F £ < /\AY —</\V £ ./F¥0 \
—\/\4 = - /OAF -V/YAE /YA Y °
-\/VE£N/-0 -\/V £ ./\V?P i
/PN E /Y \/YY £ - /VFY
—/AY x /480 VANZ=-RVAPN \
—+/A\ £ . /f4Y —</AN\ £ -/28Y Y ’
-\/af = /- ¥4 EAVARE==RVARE { ¥
</AN £ < /NFA AVARIE==RYi4 A1
/YA L -/VYY /¥ £ /X0 \
ALY ARE —</Y\ £ ./NY- Y v
-\/Y§F £ ./YPV =N/ Y £ /YA ¥
4'C lod 13 355 st 350 U stad DP (st (655 » glans Gl 31 =¥ 50
I/l il el S B
A . @/\+) pH
</OE-/- AN AV NE=RVAR A
—+/YVE./-¥4 —/¥NE /e \
—/AYE-/ YA —-/fo£./-¥FY Y °
=Y/ PE./-A¥ -\/fN £ /.Y ¥
NZSER TN \/¥4 - /0va
</YVE-/YAN JENE /e \
—/YYE/NYY —/YY £ /\YY Y ’
-\/f7£./F04 EAVALE=-RVZA P s
\VAREZVATA! \/AFEL/-¥0
ViseVARYS </NAE- /- A¥ \
—+/\a£/ 0V —+/\NO£-/-¥Y Y Y
VAT =VAR I -/ 0EN/YF ¥




A-V

0 oyles ¥ s (ol 5l JLM D) OJJ)L) Q\A\.,,g Olidss aelalego

¥OC (slos L3 355w s L DP (a3ls g5, » plin puilid S1-F S5z

pml sl cdale Ko s
A f. @/\++) pH
/NANE /N-F N/AY £ </\YY
—/YV £ /- AY VA E-RVARN \
—/ £/ 0F WARI==RVAS g Y ®
=\V/AY £ /\00 — /P8 £ /WY i
\/YV £ /YPA AVARI==RVARY o
</8% £ . /FVY VAN E-RVAV ¢ \
WARZ=-RVA RI VARI=-RVAR PN Y ’
—+/YAE /YAA —+/\Ne £ /YA \
\VZA==RYRRY AVAL E==RVZL N
</fa4 £ ./0VY AR YA AR \
</+¥ £ /N0 NAYZ=-RVARLF4 Y Y
R VARE--RYZRA" -/ NE /Y ¥

2 9 St slge S eslad b g 8L el S st
e d s ol lie i 5 &bl Ll s
o0t 5 b ed 8L it laay s Cuoslis 4 4z
St 0810655 350 5 S5 5 4 55 s 590 s
3l oS5 e 5 b eSS ) eslin
o) A8 0 S s aed pH el &l e am s L
Boziaris & <Yoon et al., 2011) coulasl, 250 ¢ S
ool ol madas olss addlls ol s (Nychas, 2006
sl s pashby S Ol ey Sl eslad b gl
5 (V57 O) pH (s 4250 VY 54 F) Ly Calises
b S )5 adae 5,0 (F LY N 0) S

2 Lamie GC-MS 5l sl | gla Guslad 5JGT s
5 UNAMYE) 05508 ol 53 spmse oS5 cp it S
Sl Ll oulad 6T s azl e (0N /0) sed
3 Gloar dlos S s p 1 gl Gulad (S5 S
Znini et al., Telci et al., 2010 «Chauhan et al., 2009)
» & gbesw (Govindarajan et al., 2012 2011
SLowlal pl g s Pl il s S5l ol
Ll o 5ol ai, Ao e o ol Jsa o) 5smy 2l
L P O B g Y| Ly e E2
(Telcietal., 2010) azly o 2oy 55 55

GG a, Ol g 2 PH S

&) wly e 4 (V F0) il pH 31 o
obols UL 5l eslaad b (CFUML s 5 (680 ol
b SL sl a8 s Galise GpH 0 &S ol ol
Sos Sobea (P <o/ N) 5l sm olsgme sl
sl r..u)\fJ PH ol L2l L a8 sas o lis ames )
SlaS ol ol 5 t-test Qyﬂ Al e yalS g S|
p<-/+V)azb o pH Ll 5l ey pH=0

AL 0l o) 2 S ol )
plaosn oY N e) S8 slas,s il adlas
(CFU/MI ey 6,80 slaw 2 &) ey eine
Gilira acdale o 48 sl plas Loty U1 by
SlS s ol gme Gl asn ¥ oY N e S
t-test Q}.aﬂ AP < o/ eN) s, sems g S slow
b SU sl a8 cel Ko &8 s gl 5
C,J'zl.éy): Lﬁé_;S\.g Sl J&SAS&))LA.Z .;a;@
Pa g (P </ NIF 5 (P </ LY S

- .

Olssa Fismmgsn Ui oL oldlas copenl Jdoa
by oWl &‘.:\é- Slee 3l dize glholen Jobe S



wplins puilal ol fedis ol 5>

5 (Tyagi et al., 2012) szl o jig a0 ¥ sl |

Sould L Slas olys g5y b 8l )
e (M) Lsg\.:\é N @K..;’;i\.nj\ Jz\ﬂ 3 c.ra\.f

53 a5 Ve Gl oS cddons u:a)\)f P55 g b s

Sl 55 it S g 4350 Y gles | acylis
=\ & (Kotzekidou et al., 2008) 5,15 5 8L -l slows

ks Oy Sismgise b shw S s
S sl 5 ool e a Bioler lag St

o S sl o SL ) 2 Glad s s
d«.u}:\.ajw Lg\.n:LgJ‘:S\g bjjg B dJSL Q,g\ Cewloas
.(Mastronicolisa et al., 2006) s & gay4ib
tlin il ) Y] o8 a0l adllas o) 7l
&Ué— ﬁ\;,a P U L 6'....19 a,\b\,\@ﬁ Ol sisay C)‘)'JL;G
ade @3&,\,'; o2lox bl ele pl |5 gas solal
03595 G2 s shten aal g 35 st 550 L ted 6 5L
DAl S St Olidss wl Gulal o) Sl eslid
rmed 3,8 Dgo gl cbdae s ol s Seedd
A5 Lol sl S canlas il 3l kg
Sl cans e Ol adlas ol bl 5l eslad clile

23 F g gy pli Lol b S sla el

oolaiwl 090 aubco

- Boziaris, 1.S. and Nychas, G.J.E., 2006. Effect of nisin
on growth boundaries of Listeria monocytogenes
Scott A, at various temperatures, pH and water
activities. Food Microbiology, 23(8): 779-784.

- Bouttefroy, A., Mansour, M., Linder, M. and Milliere,
J.B., 2000. Inhibitory combination of nisin, sodium
chloride and pH on Listeria monocytogenes ATCC
15313 in broth by an experimental design approach.
International Journal of Food Microbiology, 54(1-2):
109-115.

- Canillac, N. and Mourey, A., 2004. Effects of several
environmental  factors on the anti-Listeria
monocytogenes activity of an essential oil of Picea
excelsa. International Journal of Food Microbiology,
92(1): 95-103.

- Chauhan, R.S., Kaul, M.K., Shahi, A K., Kumar, A., Ram, G.
and Tawa, A.. 2009. Chemical composition of essential oils
in Mentha spicata L. accession [[IIM(J)26] from North-
West Himalayan region, India. Industrial Crops and
Products, 29(2-3): 654-656.

- Evrendilek, G.A. and Balasubramaniam, V.M., 2011.
Inactivation of Listeria monocytogenes and Listeria
innocua in yogurt drink applying combination of high
pressure processing and mint essential oils. Food
Control, 22(8): 1435-1441.

Pl ulel (Ol chle Blas oy ol Lo
2L Sbas ol WS oWl s ew VFepl/ml
Sheloals 3 e 5500 |y plin Cilize sl S sl
Haghi , Mahboubi ), 4 g e oWl ol
2 el elel (gl clale Blus &S s S lal (Yo A)
Hogad IS Yml 1 Ssesise baed o)
SASG 6oy 2 oala ol IS ol s S Lol
9 eSS0 g o Dol Jdoa Klg e 2l 2y
(Tajkarimi & Ibrahim, 2011) azl cuiS Lo &

Cilize skl b 5l B0 0 adlas ol
shw gal Ll ml3l L o)) ans s S
s (Y++#) Nychas , Boziaris .cél, sl b SL
S w3 S 5,08 55 (Y4\Y) 5,8 5 Razavi Rohani
G SL ol a8 s LS)\iju;\.: LS guw! pH
b A&l Lle 5 s i
b boWlas e s Ollas ol ol &S (o) 5ba
Le Marc et Bouttefroy et al., 2000) s,ls slsen
.(Koutsoumanis et al., 2004 <al., 2002

S Y S bedle S ws § asne aadlas ) s
0o sl Gl 31 el sl el (ool pme &) p0a LY
SpH 5 eslann] iman Lo o0 b S slas ialS
Pl e YL So gckle 5 oal
cble 3G sl s s S sl el U aedas
ol e SL 2l on SOl crols Ko
S5 ol cnl 4 e S 0T Slaptis p CD s
02l ol s a s o SL slae b 4 sl Ll
Canillac & Mourey, ) &5 o bgws 1) o) o9 Sod
Lals s sl Ll 1 Ll s Sa sl (2004
S SWlae 51 5l b 5555550 b (5551 sl
Canillac et ) s,ls glsen ool sa il 4ty op) o
Karina et al., Boziaris & Nychas, 2006 <al., 2004
.(Razavi Rohani et al., 2011 22011

slhaw aalS 5 ()ls g Jd;\.) B VR 5 RSN
bl 5o a0 VF Gl &5 (o) bay wwals b S\,
S i 2l e gk a2 B 4 Gl
Sloadlas s pliime (P < </0N8) as g SU
Kol plad Gilise )| > ax 5 o s ol aedas
AglBe 50 egmades 4253 V0 5 Ve gles o ele oyl SIS



International Journal of Infectious Diseases, 10(3):
236-241.

Razavi Rohani, S.M., Moradi, M., Mehdizadeh, T.,
Saei-Dehkordi, S.S. and Griffiths, M.W., 2011. The
effect of nisin and garlic (Allium sativum L.)
essential oil separately and in combination on the
growth of Listeria monocytogenes. LWT-Food
Science and Technology, 44(10): 2260-2265.

- Rivas, L., McDonnell, M.J., Burgess, C.M., O'Brien,

M., Navarro-Villa, A., Fanning, S. and Duffy, G.,
2010. Inhibition of verocytotoxigenic Escherichia
coli in model broth and rumen systems by carvacrol
and thymol. International Journal of Food
Microbiology, 139(1-2): 70-78.

Shannon, E.M., Milillo, S.R., Johnson, M.G. and
Ricke, S.C., 2011. Inhibition of Listeria
monocytogenes by exposure to a combination of
nisin and cold-pressed terpeneless valencia oil.
Journal of Food Science, 76(9): M600-604.

- Tajkarimi, M. and Ibrahim, S.A., 2011. Antimicrobial

activity of ascorbic acid alone or in combination
with lactic acid on Escherichia coli O157:H7 in
laboratory medium and carrot juice. Food Control,
22(6): 801-804.

Telci, 1., Demirtas, 1., Bayram, E., Arabaci, O. and
Kacar, O., 2010. Environmental variation on aroma
components of pulegone/piperitone rich spearmint
(Mentha spicata L.). Industrial Crops and Products,
32(3): 558-592.

Tyagi, A.K., Malik, A., Gottardi, D. and Guerzoni,
M.E., 2012. Essential oil vapour and negative air
ions: A novel tool for food preservation. Trends in
Food Science and Technology, 26(2): 99-113.

Weerakkody, N.S., Caffin, N., Turner, M.S. and
Dykes, G.A., 2010. In vitro antimicrobial activity of
less-utilized spice and herb extracts against selected
food-borne bacteria. Food Control, 21(10): 1408-
1414.

Xi, Y., Sullivan, G.A., Jackson, A.L., Zhou, G.H. and

Sebranek, J.G., 2011. Use of natural antimicrobials
to improve the control of Listeria monocytogenes in
a cured cooked meat model system. Meat Science,
88(3): 503-511.

Yoon, J.I, Bajpai, V.K. and Kang, S.C., 2011.
Synergistic effect of nisin and cone essential oil of
Metasequoia glyptostroboides Miki ex Hu against
Listeria monocytogenes in milk samples. Food and
Chemical Toxicology, 49(1): 109-114.

- Zhou, F., Ji, B., Zhang, H., Jiang, H., Yang, Z. Li, J.,

Li, J. and Yan, W., 2007. The antibacterial effects of
cinnamaldehyde, thymol, carvacrol and their
combinations against the foodborne pathogen
Salmonella typhimurium. Journal of Food safety,
27(2): 124-133.

Znini, M., Bouklah, M., Majidi, L., Kharchouf, S.,
Aouniti, A., Bouyanzer, A., Hammouti, B., Costa, J.
and Al-Deyab, S.S., 2011. Chemical composition
and inhibitory effect of Mentha spicata essential oil
on the corrosion of steel in molar hydrochloric acid.
International Journal of FElectrochemical Science,
6(1): 691-704.

0oyl X .L\?(O‘Jﬂjkan)&})'b Oh\.,f Olidss aelalego

- Govindarajan, M., Sivakumar, R., Rajeswari, M. and

Yogalakshmi, K., 2012. Chemical composition and
larvicidal activity of essential oil from Mentha spicata
(Linn.) against three mosquito species. Parasitology
Research, 110(5): 2023-2032.

- Hsieh, Y.H., Yan, M., Liu, J.G. and Hwang, J.C., 2011. The

synergistic effect of nisin and garlic shoot juice against
Listeria spp. in soymilk. Journal of the Taiwan Institute of
Chemical Engineers, 42(4): 576-579.

- Karina, P., Julio, C., Leda, G. and Noemi, Z., 2011.

Behavior of Listeria monocytogenes typel 355/98 (85)
in meat emulsions as affected by temperature, pH,
water activity, fat and microbial preservatives. Food
Control, 22(10): 1573-1581.

- Kotzekidou, P., Giannakidis, P. and Boulamatsis, A.

2008. Antimicrobial activity of some plant extracts
and essential oils against foodborne pathogens in
vitro and on the fate of inoculated pathogens in
chocolate. LWT-Food Science and Technology,
41(1): 119-127.

- Koutsoumanis, K.P., Kendall, P.A. and Sofos, J.N.,

2004. A comparative study on growth limits of
Listeria monocytogenes as affected by temperature,
pH and aw when grown in suspension or on a solid
surface. Food Microbiology, 21(4): 415-422.

- Kumar, P., Mishra, S., Malik, A. and Satya, S., 2011.

Insecticidal properties of Mentha species: A review.
Industrial Crops and Products, 34(1): 802-817.

- Le Marc, Y., Huchet, V., Bourgeois, C.M., Guyonnet,

J.P., Mafart, P. and Thuault, D., 2002. Modelling the
growth kinetics of Listeria as a function of
temperature, pH and organic acid concentration.
International Journal of Food Microbiology, 73(2-3):
219-237.

- Lv, F., Liang, H., Yuan, Q. and Li, C., 2011. In vitro

antimicrobial effects and mechanism of action of
selected plant essential oil combinations against four
food-related microorganisms. Food Research
International, 44(9): 3057-3064.

- Magalhaes, L. and Nitschke, M., 2013. Antimicrobial

activity ~ of  rhamnolipids  against  Listeria
monocytogenes and their synergistic interaction with
nisin. Food Control, 29(1): 138-142.

- Mahboubi, M. and Haghi, Gh., 2008. Antimicrobial

activity and chemical composition of Mentha
pulegium L. essential oil.  Journal of
Ethnopharmacology, 119(2): 325-327.

- Mastronicolisa, S.K., Bouraa, A., Karaliota, A., Magiatisc,

P., Arvanitisa, N., Litos, C., Tsakirakis, A., Paraskevas,
P., Moustaka, H. and Heropoulos, G., 2006. Effect of
cold temperature on the composition of different lipid
classes of the foodborne pathogen Listeria
monocytogenes: focus on neutral lipids. Food
Microbiology, 23(2): 184-194.

- Noriega, E., Newman, J., Saggers, E., Robertson, J.,

Laca, A., Diaz, M. and Brocklehurst, T.F., 2010.
Antilisterial activity of carrots: effect of temperature
and properties of different carrot fractions. Food
Research International, 43(10): 2425-2431.

- Rasooli, 1., Rezaei, M.B. and Allameh, A., 2006.

Ultrastructural studies on antimicrobial efficacy of
thyme essential oils on Listeria monocytogenes.



Iranian Journal of Medicinal and Aromatic Plants, Vol. 30, No. 5, 2014 810

Antilisterial effect of Mentha spicata in the presence of temperature,
pH and NaCl

M.H. Moosavy'” and N. Shavisi?

1*- Corresponding author, Department of Food Hygiene and Aquatics, Faculty of Veterinary Medicine, University of Tabriz, Tabriz,
Iran, E-mail: moosavymh@gmail.com

2- Veterinary Medicine Graduate Student, Department of Food Hygiene and Aquatics, Faculty of Veterinary Medicine, University of
Tabriz, Tabriz, Iran

Received: January 2013 Revised: May 2013 Accepted: May 2013

Abstract

Listeria monocytogenes is an important food-borne pathogen and its control in foods is a
significant challenge. This study evaluated the effectiveness of Mentha spicata essential oil on
limiting L. monocytogenes growth at different temperatures (4, 9 and 14°C), pH (5, 6 and 7) and
NaCl concentrations (0, 1, 2 and 4 g/100mL). Chemical constituents of the M. spicata essential
oil were identified by gas chromatography/mass spectrometry (GC/MS). The susceptibility of
bacterium was performed by the minimal inhibitory concentration (MIC) using the micro-broth
dilution technique. The major detected components were carvone (78.76%), limonene (11.50%)
and menthol (1%). The MIC value of essential oil was 160ul/mL. The results obtained showed
that the effectiveness of M. spicata was pronounced by increasing of salt and temperature and
decreasing pH. In conclusion, the encouraging results indicated that the essential oil of M.
spicata might be exploited as natural preservative for the control of L. monocytogenes.
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