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Table 1. Essential oil composition of Zataria multiflora Boiss. identified by GC and GC/MS.
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Figure 1. Mean OD values corresponding to the growth of L. monocytogenes, E. coli O157:H7 and S.
entrica in the presence of Zataria multiflora Boiss. essential oil at different concentrations.
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Figure 2. Inactivation kinetics of E. coli O157:H7 (...#...), L. monocytogenes (...®...) and S. enterica
(...~..) by Zataria multiflora Boiss. essential oil at the corresponding minimum bactericidal
concentration determined by plate count.
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Table 2. Selective quantification of E. coli O157:H7, L. monocytogenes and S. enterica live cells by
PMA-gPCR, after inactivation with Zataria. multiflora essential oil.
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Figure 3. Quantification of different ratios of live and Z. multiflora killed E. coli O157:H7, L.
monocytogenes and S. entrica cells inoculated in minced beef. For each mixture, gPCR values
corresponding to samples with and without PMA treatment are represented in percentage.

B Ole 4 8 s Seads b O3 Lls e w630 sl sl casdllan ol
B G154 A sS 4 5 ol (e ile «aLS sl bl sl 51 5VL (sl oS
o 205 O55L A Sl Sl Jess BB cBle Sl 5 5L UG el Bl
e 35 e a daMe BB o Soeds dlad ol (1) s Ol b5l g il e
Sl e A oS WSl e i LS 5 S g gl S sise ol es 4 s ST 5L
Coale (7Y 5 35,5 n 5,5L ke L2 3 L o se G55 LS 5 Ol i e
Soaodar Gads g JSES 55 S asder 03,8 28 5 U STl o3 S asdes 05,8 !
08) b 3h,ad cpiu sl bl a5 LB Sads clad oS s Mo 5l g

Y4



SB R e

Ssadlos 5 33 simnsige b i OLSTIHT ST il (5l iy odils3l dale Blus i
Gl b3 Slalllas slawil U gl nl s dopa /080 5 00X oY Ll ey oL
Sl yedd Jlad ekiS glackle ;s ulul Lo SUan o ool magdle (YO 5 14) 5500
55 ey ol S aE s a5l e psdosn b (oS PCR gy 5l eslizal Loy slad sl
035 590 70 (el 5 S (858 €s) oo sla bl pla oslanal U iy Olallas
S35 e T 10l o Soe Gla0 gl g 2 (S5t sl il 56 (00) 5 )
Ladshw aan a8 das o OLES 4t ol (s sdalie oL S JJ)G:.AASJ.i:}f bl ok
M,\_ﬁ,ﬁt_g&_,,SPCRo,\_.:;;yjk;ﬁszcw.mp&am);ﬁwgug“mm
ot LS 5l sl el boatd e o lad she sliws pend g A 5T 5 ge
)sd_usausdg_::J}\ﬁ\fwu,vsb;pg}wéuoﬁ@yrﬂj\saupbau@u
£ 31 25 AT CP 3l i 58 05T gige e s b oS PCR 5 e oslizul (2 L
Lo yosas 53 das o0 QLIS O15TIHT 51,5l 5 LK wl sl ) s 1, ;'-:-i)li]
L Lag 8L sl el 5 gt CoblB 555 (ECP) 5l jles oslae 5 501581 (st 440
Cuzsdome sy oL SL VL slacbile sl 53 WSl Se ey n b oS PCR Sl eslind
s Obey 55 ¢ o ,8 VLl (g 3 s a1 53 lad sl (VU sl 155 (88 5 €Y A) 55 5
ol iS5 aakad Ja b U s Cosgious . bled e slonl Ml 5T 5 e plesn G4
L olass ol as iy V5 b sla Jlps 58S cnlply w31 ige e s b Jles s
Blas (1) 35,5 o o3 el slad ke DNA 55 2 6155b o g 31 i g0 ok
Gla s 5,8 5 Ga e 36 e sls Jlazml d(T0))) 0LKan 5 Lo s sl
o dhe AL 5 68 (Sulail a5 5 Gl axU s K Jlal Jlea=! il 53 DNA 5 Y50
Sl e a Sl S st s bt o5 U sk 31085 Copn3ly 31 513 e el
5 dmm Sl adaly ol s ail ke 0 8 5 ke 0 S Gla SU e (Jske ool s el
Sty sy ba 13T Sam oy n b WS PCR iy, o dlys Y)Y Jlu s 0 iSes
e i S e ean | O1BTIHT STt 31 5 IS0 5 S sadlee 055 gla sl 315

ALK



VAL Y o lowd (V) A 213 dlgo (5,5 9 6)57)3 A gl

P e ey st el ] Slad b SS e (B o3 e lad gl Sl Jol s
olas aSTal Lyt Sl stlin el s ol 5T st sisely st (Sl sk sltad onily Sl
23 oyl b slid bl e p S (slags S s (TE) ol sty &l > b s
el OIS sy i Sl eslis cal Sate 0 8 Glags SL s oS Jbs s sl e 2ms & Ly
Y 50 5 63500 Jeged 03,0 e 0 S slacs SL s 1 a4l 55 ook sz 35 Wl cpl (M)
5o St an e 0 0350 5 03 ladshe o S 53 AT s pdasn SV LTS
(ol her 53 S ains 25 s Vo) 5 ol il b e a0 il s 31 8 oSn
ot OL el el Cowsts 131 5 go et s b oled 3l e oS POR JLSs o oslinu
VTN ol sl s Vaeme 4 003 055G sbadphe s U3l sl eSS ) oS das
oDle (M) sl ilis (X o 3L ol 5 S S 5 (rd ke 5o IS sias LS5 a1
SLad s DNA JLS (s el go 5 bt 5T gise psndy s 45 das o 0L s el
LIS s 25 O35 s Sl plS e S JUQM@AASL;)JJM{ 3 500 b 1 05,0
g obon Slacs SU 0Ad xS Corgo (3 ud o sl Lolal 3505 SLebl 0155 et salie ol
S 5 oml G Gl s S AT e s e T sl sLiE DS 00558
sged il 5 JAS 3T S e b @S POR SUSS L Ol o ) b (0 SCods
3 gm Gl SaamsilSls Ko g 55 5 05,0 5 0 Sadsher oy o S0 (g5
psdzsn L oS PCR LS S cl Jalge 5l bilods 031 ok jsbar 45 10 lge o
e s b (o8 POR Lo 5 65 (glad shos 3lad cponns L(VY) das o 513 30 i 1y 3T 550
ol lpEs (EL Sl ks gladshe slaws B s 03 50 lad s 5L 3lAes g 3 5T 5 e
(6F) ol 023 sdalie i3 Sl sk JUSms 52 0350 lad s 51 (6,30 ot Slalllas 5
s dm pl el o SE S e e 5 el sad ke il glacd =l 5 b Sl L
a3 el Sad g S nd 53 0556 03 0 slad sk S sls Ol L mlS edlea 0l
S S 55 o b i (510 s Sl sl 5105 (2besl 3550 (slacen S plaS

A sdalive ccsls S99 Q}:_..‘.;L_..mjm): 03 o LSLQJJ_L.NL@JASL;:LA) Lk—.i:&.ﬂ.

1. Listeria innocua

BB}



SB R e

5 5 et
L b ol sl SO Olgear 5,08 531y 3lmd dasl uill U5 addlas oyl
rlge OLay e 5 Sl glachale §5 (o3l ol bl s e OLES e o 1SS
siolasl 5y 68U aw i8S LB e il dleb b w50 b il e 4 s 5l sS
La bl L Sle st L1 oS 028 LB 8 bl o3 lad b 5l pde ccnl  osdle o
Sl s o) SmlS ool Ll 2B T sise s b WS PCR 3, & il e
bl b giladld 1o L ol 2 358 3 oy (sliolen slags 8L ot (6 et

REI W W P U IO

8 51wl
CJLO‘.,\.:\ B c}Lﬁ Q)b) g_e)l; )l AGL2009-08603 e)Lm..-z L;‘:"'AJ}“’ )L::.ﬂ‘ )l ealaiul L: axJlas U"\

A5 il Lilal 528

&l

1. Adams, R.P. 2001. Identification of essential oils components by gas
chromatography/ quadrupole mass spectroscopy. Illinois: Allured Publishing
Corporation.

2. Ali, M.S., Saleem, M., Ali, Z., and Ahmad, V.U. 2000. Chemistry of Zataria
multiflora (Lamiaceae). Phytochem. 55(8): 933-936.

3. Basti, A.A., Misaghi, A., and Khaschabi D. 2007. Growth response and
modelling of Zataria multiflora Boiss. Essentail oil, pH and temperature on
Salmonella typhmurium and Staphylocuccus aureus. LWT. 40: 973-981.

4. Bouhdid, S., Abrini, J., Amensour, M., Zhiri, A., Espuny, M.J., and Manresa A.
2010. Functional and ultrastructural changes in Pseudomonas aeruginosa and
Staphylococcus aureus cells induced by Cinnamomum verum essential oil. J.
Appl. Microbiol. 109(4): 1139-1149.

5. Burt, S. 2004. Essential oils: their antibacterial properties and potential
applications in foods e a review. International J. Food Microbiol. 94(3): 223-
253.

6. Cao, L., Si, J. Y., Sun, H., Jin, W., Li, Z., Zhao, X.H. et al. 2009. Essential oil
composition, antimicrobial and antioxidant properties of Mosla chinensis
Maxim. Food Chem. 115: 801-815.

"y



7. Elizaquivel, P., and Aznar, R. 2008. Comparison of four commercial DNA
extraction kits for PCR detection of Listeria monocytogenes, Salmonella,
Escherichia coli O157:H7, and Staphylococcus aureus in fresh, minimally
processed vegetables. J. Food Prot. 71(10): 2110-2114.

8. Elizaquivel, P., Gabald¢n, J.A.,, and Aznar, R. 2011. Quantification of
Salmonella spp., Listeria monocytogenes and Escherichia coli O157:H7 in non-
spiked food products and evaluation of real-time PCR as a disgnostic tool in
routine food analysis. Food Control. 22: 158-164.

9. Elizaquivel, P., Sanchez, G., and Aznar, R. 2012a. Quantitative detection of
viable foodborne E. coli O157:H7, Listeria monocytogenes and Salmonella in
fresh-cut vegetables combining propidium monoazide and real-time PCR. Food
Control. 25: 704-708.

10.Elizaquivel, P., Azizkhani, M., Aznar R., and Sanchez G. 2012b. The effect of
essential oils on norovirus surrogates. Food Control. 32: 275-278.

11.Elizaquivel, P., Sanchez, G., Selma, M. V., and Aznar, R. 2012c. Application of
propidum monoazide-q PCR to evaluate the ultrasonic inactivation of
Escherichia coli O157:H7 in fresh-cut vegetable wash water. Food Microbiol.
30: 316-320.

12.Fittipaldi, M. and Codony, F. 2012. Progress in understanding preferential
detection of live cells using viability dyes in combination with DNA
amplification. J. Microbiol. Meth. 91(2): 276-289.

13.Glaser, P., Frangeul, L., Buchrieser, C., Rusniok, C., Amend, A., and Baquero,
F. et al. 2001. Comparative genomics of Listeria species. Sci. 294: 849-852.

14.Hayashi, T., Makino, K., Ohnishi, M., Kurokawa, K., Ishii, K., and Yokohama,
K. et al. 2001. Complete genome sequence of enterohemorrhagic Escherichia
coli O157:H7 and genomic comparison with laboratory strain K-12. DNA Res.
8:11-22.

15.Hoorfar, J., Ahrens, P., and Radstrom, P. 2000. Automated 5inuclease PCR
assay for identification of Salmonella enterica. J. Clin. Microbiol. 38(9): 3429-
3435.

16.Hosseinzadeh, H., Ramezani, M. and Salmani G.H. 2000. Antinociceptive, anti-
inflammatory and acute toxicity effects of Zataria multiflora Boiss extracts in
mice and rats. J. Ethnopharmacol.73: 379-385.

17.Jinneman, K. C., Yoshitomi, K.J. and Weagant S.D. 2003. Multiplex real-time
PCR method to identify shiga toxin genes stx1 and stx2 and Escherichia coli
0157: H7/H e serotype. Applied Environmental Microbiol. 69(10): 6327-6333.

18.Josefsen, M.H., Lofstrom, C., Hansen, T.B., Christensen, L.S., Olsen, J.E. and
Hoorfar, J. 2010. Rapid quantification of viable Campylobacter bacteria on
chicken carcasses, using real-time PCR and propidium monoazide treatment, as
a tool for quantitative risk assessment. Appl. Environ. Microbiol.76(15): 5097-
5104.

VY



SB R e

19.Kalemba, D. and Kunicka, A. 2003. Antibacterial and antifungal properties of
essential oils. Curr. Med Chem. 10(10): 813-829.

20.Karagozli, N., Ergoniil, B. and Ozcan, D. 2011. Determination of antimicrobial
effect of mint and basil essential oils on survival of E. coli 0157:H7 and S.
typhimurium in fresh-cut lettuce and purslane. Food Control. 22: 1851-1855.

21.Khosravi, A. R., Shokri, H., Sharifrohani, M., Mousavi, H.E., and Moosavi, Z.
2012. Evaluation of the antifungal activity of Zataria multiflora, Geranium
herbarium, and Eucalyptus camaldolensis essential oils on Saprolegnia
parasitica-infected rainbow trout (Oncorhynchus mykiss) eggs. Foodborne Path.
Dis. 9(7): 674-679.

22.Klancnik, A., Piskernik, S., Jersek, B., and Mozina, S.S. 2010. Evaluation of
diffusion and dilution methods to determine the antibacterial activity of plant
extracts. J. Microbiol. Meth. 81(2): 121-126.

23.Kramer, M., Obermajer, N., Bogovic, M.B., Rogelj, I. and Kmetec V. 2009.
Quantification of live and dead probiotic bacteria in lyophilised product by real-
time PCR and by flow cytometry. Appl. Microbiol. Biotechnol. 84(6): 1137-
1147.

24.Lovdal, T., Hovda, M.B., Bjorkblom, B. and Moller, S.G. 2011. Propidium
monoazide combined with real-time quantitative PCR underestimates heat-
killed Listeria innocua. Microbiol. Meth. 85(2): 164-169.

25.Mahboubi, M., and Bidgoli, F.G. 2010. Antistaphylococcal activity of Zataria
multiflora essential oil and its synergy with vancomycin. Phytomed. 17(7): 548-
550.

26.Mahmoudabadi, A.Z., Dabbagh, M.A., and Fouladi Z. 2007. In vitro anti-
Candida activity of Zataria multiflora Boiss. Evidence-based Complem Alt.
Med. 4(3): 351-353.

27.McClelland, M., Sanderson, K.E., Spieth, J., Clifton, S.W., Latreille, P., and
Courtney, L. et al. 2001. Complete genome sequence of Salmonella enterica
serovar Typhimurium LT2. Nature, 413(6858): 852-856.

28.Moradi, M., Tajik, H., Razavi, Rohani, S.M., and Oromiehie, A.R. 2011.
Effectiveness of Zataria multiflora Boiss essential oil and grape seed extract
impregnated chitosan film on ready-to-eat mortadella-type sausages during
refrigerated storage. J. Sci. Food Agri. 91(15): 2850-2857.

29.Nocker, A., and Camper, A.K. 2006. Selective removal of DNA from dead cells
of mixed bacterial communities by use of ethidium monoazide. Appl. Environ.
Microbiol.72(3): 1997-2004.

30.Nocker, A., Mazza, A., Masson, L., Camper, A.K. and Brousseau, R. 2009.
Selective detection of live bacteria combining propidium monoazide sample
treatment with microarray technology. J.Microbiol.Meth.76(3): 253-261.

1€



31.Nogva, H.K., Dromtorp, S.M., Nissen, H., and Rudi, K. 2003. Ethidium
monoazide for DNA -based differenciation of viable and dead bacteria by 5’-
nuclease PCR. Bio Tech. 34: 804-813.

32.0ke, F., Aslim, B., Ozturk, S. and Altundag, S. 2009. Essential oil composition,
antimicrobial and antioxidant activities of Satureja cuneifolia Ten. Food
Chem.112: 874-879.

33.0ussalah, M., Caillet, S., Saucier, L. and Lacroix, M. 2007. Inhibitory effects of
selected plant essential oils on the growth of four pathogenic bacteria: E. coli
0157:H7, Salmonella typhimurium, Staphylococcus aureus and Listeria
monocytogenes. Food Control. 18: 414-420.

34.Pan, Y., and Breidt, F. Jr. 2007. Enumeration of viable Listeriamonocytogenes
cellsby realtime PCR with propidium monoazide and ethidium monoazide in
the presence of dead cells. Appl. Environ. Microbiol.73(24): 8028-8031.

35.Piskernik, S., Klancnik, A., Tandrup Riedel, C., Brondsted, L., and Smole-
Mozina, D. 2011. Reduction of Campylobacter jejuni by natural antimicrobials
in chicken meat-related conditions. Food Control. 22: 718-724.

36.Ponce, A., Roura, S.I. and Moreira, M.R. 2011. Essential oils as
biopreservatives: different methods for the technological application in lettuce
leaves. J.Food Sci.76(1): 34-40.

37.Rodriguez-Lazaro, D., Hernandez, M. and Pla, M. 2004. Simultaneous
quantitative detection of Listeria spp. and Listeria monocytogenes using a
duplex real-time PCR-based assay. FEMS Microbiol. Lett. 233: 257-267.

38.Rudi, K., Nogva, H.K., Moen, B., Nissen, H., Bredholt, S. and Moretro T., et al.
2002. Development and application of new nucleic acid-based technologies for
microbial communityanalyses infoods. Int. J. Food Microbiol.78: 171-180.

39.Schnetzinger, F., Pan Y. and Nocker, A. 2013. Use of propidium monoazide
and increased amplicon length reduce false-positive signals in quantitative PCR
for bioburden analysis. Appl. Microbiol. Biotechnol. 97: 2153-2162.

40.Singh, N., Singh, R.K., Bhunia, A.K. and Stroshine, R.L. 2002. Effect of
inoculation and washing methods on the efficacy of different sanitizers against
Escherichia coli O157:H7 on lettuce. Food Microbiol. 19: 183-193.

41.Slimani, S., Robyns, A., Jarraud, S., Molmeret, M., Dusserre, E., and Mazure,
C., et al. 2012. Evaluation of propidium monoazide treatment directly on
membrane filter for the enumeration of viable but non cultivable Legionella by
gPCR. J. Microbiol. Meth. 88(2): 319-321.

42.Soejima, T., Schlitt-Dittrich, F. and Yoshida, S.I. 2011. Polymerase chain
reaction amplification length-dependent ethidium monoazide suppression power
for heat-killed cells of enterobacteriaceae. Anal. Biochem. 418: 37-43.

43.Wang, S. and Levin, R.E. 2006. Discrimination of viable Vibrio vulnificus cells
from dead cells in real-time PCR. J. Microbiol. Meth.64(1): 1-8.

AL



SB R e

44.Zhu, R.-G., Li, T.P., Jia, Y.F., and Song, L.F. 2012. Quantitative study of viable
Vibrio parahemolyticus cells in raw seafood using propidium monoazide in
combination with quantitative PCR. Journal of. Microbiol. Meth. 90: 262-266.

"1



EJFPP, Vol. 7 (2): 97-118
http://ejfpp.gau.ac.ir

Tranfan A;::I::ﬂ\hi: :;:z Sciemists Gorgan University of Agricultural
Sciances ang d Natural Resources

Evaluation of antmicrobial effect of Zataria multiflora Boiss. essential
oil on food-borne pathogens in minced beef combining real time-PCR
and propidium monoazide

M. Azizkhani'*
!Assistant Prof. of Veterinary Medicine, Amol University of Special Modern Technologies,
Amol, Iran

Received: 2015/04/12 ; Accepted: 2015/07/25

Abstract

Background and Objectives: Recently, real-time PCR in combination with PMA
has successfully been applied to discriminate between live Escherichia coli
0157:H7 and dead bacteria killed by cumin, clove, oregano and cinnamon essential
oils. In this study, antimicrobial effect of Zataria multiflora Boiss. essential oil on
food-borne pathogens in minced beef combining real time-PCR and propidium
monoazide has been evaluated.

Materials and methods: Essential oil was analyzed by gas chromatography-mass
spectrometry equipment. Initial experiments were performed in order to elucidate
the minimum bactericidal concentration of Z. multiflora essential oil on E. coli
0157:H7, Salmonella enterica and Listeria monocytogenes. Thereafter PMA-
gPCR was applied in order to selectively quantify life cells within a bacterial
population treated with Z. multiflora essential oil in minced beef.

Results: The main component of Z. multiflora Boiss. essential oil was carvacrol
(71.12%). Inactivation was obtained at essential oil concentrations of 0.02, 0.035,
0.045 for L. monocytogenes, E. coli O157:H7 and S. enterica, respectively’. L.
monocytogenes were totally killed in 30 min while it took 1 h 30 min for the gram
negative pathogens. According to the results of PMA-gPCR quantification obtained
for the different combinations of live and dead cells in artificially inoculated
minced beef, endogenous bacterial counts of the minced beef were 3.27x10* cfu/g.
For S. enterica and E. coli O157:H7 PMAQPCR quantification values correlated
with plate counts of live cells, but for L. monocytogenes, live cells were
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overestimated in all cases and in the sample with 100% of dead cells PMA-gPCR
still detected a 3.8% of live cells.

Conclusion: As a conclusion Z. multiflora essential oil has potential as natural
food additive or biopreservative since it was able to irreversibly inactivate the three
pathogens tested, at lower concentrations than other essential oils and short
exposition times. In addition, the PMA-gPCR approach proved efficient to
selectively detect live pathogenic bacteria in raw minced beef following
inactivation with Z. multiflora essential oil.

Keywords: Zataria multiflora Boiss., Minced beef, PMA-qPCR, biopreservative
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