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ABSTRACT 

TIle effect oj some stress .factors on the viability oJ isoluted L. ulOlHXylOfjt'IlCS scm' 

tupe 1 inoculaied in raw ground beef ttXl$ slud/cd, 

TIle temperature q[ 7CfJC for morC than 20 nU'rmtes in the center q{ IIw product will 

ensure a total kill oj t. mOHOC1Jlogencs, eve/l ift a heauil~J CXJnfamlnalr::U one. 

F'reC7./ng and storage of the inDCulul(xl raw ground Jx:eJ at - 18<'C cl(}crcas~'(l r/H' 

count." .from 8,041 10 2.00 log CFU/g aflcr 8 weds. L, 1IW11ocutO!J(.'n<?s signj/lcnnl/!1 (1('­

cfrJ.SedJrom 7.033 /06 fog eFUin by tlte week 3 and from 4 .. 1) Iv 2.566 l~J CFU/!J b!! 

the week 7, 

NL .. ln at conccnlratioll oj 1600 lU/g of raw ground beeJstored af 4 0C maulle w><:/nl 

in controlling of L. monOC!llfX.]e/K'S. 

'file trealrHenL of tile iuoculaled uround lx>ef wilh poJasiuf/I sorlXlle af O.;[(}J(, edli/}il 

ed signljicuni illhibilory properties agai.nst L. fIlDliOCWOgellcs .lImn 7.952 10 :J.!J[)fJ /Ofl 

CFU/g by {he dati 2 J qf r<tJ'HgeruJed storage. 

TIle treatment of the inoculated ground beeJ wQh potassium nurite (125 ppm) sigllj/i­

canlly decf(."a.Sed L. nwnocuolgcllcs counts from 7,65 io 3, 139 b!J lite da!) 21. 

Combinalion oj nisin. potassium lIitritc and pota.-".siwn oscoroolc productY{ ('/I­

ltanced lislerieiJui effect more ,hun lite use q[ each preserved ive alollt?, 

INTRODUCTION 

93 

In recent years. IlslerJosis has come 10 promInence as a leading caust' of (It'<-Ilil {i'olll luud 

horne illness. Although the responsible ol-galllslll. LisJeria 1l/0I1OCylogCIlCS mainly illl('ds IUlIlHt­

nocompromtsed and otherwise susceptible Individuals ('sUmatcs IndJcate ilm! in Ill!' Ullfit'd 

J. Vet. Med. Res. 193 : 107) Vol. Ill. No.2. 2001 



Saud S. M. et al... 94 

States alone. 1,092 cases and 248 deaths occurred in 1993 as a n'sull of Juke-lion wH II this 

pathogen ("tappero et al. 1995). 

Control of L. monocylogelles 1s dltncult for two reasons. '/11C lirst is its ubl(IUilous naturt'. H is 

cornmonly found 1n plant. soli. and surface water samples and has also been isolated rI'OJ). the 

feces of livestock. In slaughterhouses. rood - processing environments, and ut IWIll{', It hds lW(,1l 

reported to contaminate 6.2 to more than 00% of fresh meat and poultry and utmu! une . third 01 

processed. ready - to . eat meat prooucts. Meanwhile its ability lo loierdtc environmental s!r('~s­

cs The second reason is Its ability to tolerate cnvtzunmental stresses (Farbar Ilnd Peterkin 

1991). 

'The heat resistanee of uacterla may be affected by a number of factors other 111(' lwa1ill~ me5-

trom, such as environmental condiUons. example the comlmsiHoll and tt'11lprmlll1"t' of ('ltlhlft~ 

medium. age of bacterial culture studied (Farber and Brown. 1990}. rate of iht'nl1al trcaiult'nl 

(QuintavaUa and Campanim. 1991) and the procedure uS(!d in a study fnr thf' 1'f'{'O\'t'ty' of heal 

treated cells may be also Influence the outaincd heat resistance valu('s (Sorqui&t. 1994}, 

Listeria was not detected !n meat products (minced meat and sausage) whir'h had becn 1H"ll 

treated to reach a core temperature of 71°C (Radistie and paunovie. 1992). Fuftht'mlOr(' L. 

monoeytogencs was not detected in the hot smoked sausage healed lo an internal Icmpcralurr 

of 70-7~<JC aftef the smoking process (Bunde, 1991). 

Freezing and storage of L. mOllocylogenes Scott A for one month in pho..o;;pl1ak burrel" al I H!'C 

lead to 87 % deaUl and 790/0 injur-y. furthermore repeated freezing and thawin.!.1; ('uns{'{] 111111'\' 

death and injury than did a single freeze thaWing cycle tEl-test and Marth. 1992). 

Nisin Is a smaU antimlcrnbial polypeptide produced by some strains of laclococclIs iactL'> (Mar­

rick and Hir8eh. 1994). It inhibits the growth of a broad spectrum of gram pOSifjve mi('ro­

organisms including L monocylogencs (Okereke and MontriUe. 1991). Nisin IS approved by til(' 

world Health Organization and has enjoyed jntemaUonal for approximately 45 )"(';:lrs in a wide 

variety of food products (Delves. 1990), Furthennore niSin was also recommended for usp us a 

food preservative In the food and daIry Industries. 

TIle concentration of 0.25 or 3% potassium soruate completely Inhibited tile ,l(rnwth <lfld 

caused complete inactivation of the pathogens. whereas presence of less than or equal O. 15'!<" pl)~ 

tassium sorbate allowed growth of the pathogens. higher conrentration caused e!the'!" complete 

inhlhitory or InhlbHlon plus partial or complete inactivation of L, mOl1oqJfogencs (Unda. et aI., 

1991), 

The inhihitory effect of sodium nitrite upon L mOHocyLog, rHe was I{Hlnd tn dcpt'nd ~r{'ally 

J. Vet. AMd. Res. Vol. m. No.2. 2001 



Saad S. M. et al... 95 

upon pH and concentration of nitrite as high as 25000 ppm weTe Insufficient 10 pn'vcnl growl 11 

at pH 7,4, The bacteriostatle effects were enhanced by low pi! and by low tClIlpt'falun' (Sahamat 

.t III •• 1980). 

So. t.he aun of the present study is to throw a light on the effect of stress f~l('(or il1dudill~ 

heating. freezIng and addItion of pl'"C."JCrvattvcs on the survival of t. fIloIlOCyiogCH(>S. Beskh' 111<11 

the ciTed of swrage temperatur on the growth rate of L. IllOIUXc!J'ogenl?S inoculakd ill Itljll'Td 

meat. 

MATERIAL AND METHODS 

Preparation of inocula: 

1- monoeytogenes serotype 1 previous1y Isolated from fro"cn beef according: In Hanan El~ 

Laweudy (2001) WCfe maintained as stock cultures with monthly transfers nf \rvpik.t~\, sova 

agar supplemented with 0.6 % yeast extract ITSA-YEJ agar slants. Cultures from TSA-YE dl-!M 

were subcultured uvernight in TSB-suppJemcnted wUh 0.6% Yi'; 10 ubtain working ("ull\m'~ Inr 

('<lch expertment. TIle cultures were harvested ustng centrifugation, washed twice III b!i:f\!l' phH~~ 

phate butTered saline (PBS) then sertal dilutions were made In PBS and tnpllcah' 0, I 1111 \,ohtllt(,'i 

of the flHutions were surface ~ plated on Listeria Isolation Paleam agar. The eolorll(':' vine ('Ollni­

ed after incubatiun at 3()OC tor 48 hQurs. TIle eullures were Inoculated in ground t:;wef samplt'~ 

to reach the final Inoculum levels lOB CFU lItl I g of raw ground beef. These sumpk's W('f(' ;,1I1J~ 

jected to study lhe effect of stress fadors on the survival of isoldlt'd L fllOnOC!llo!lf'IIf':-; ill ra\\' 

ground bC',cf as follows: 

1. ll1crmaJ treatment of L.. l1lonoeytogenes at 55. GO. 70°C, for zero. 10, 2n 40 ;")0. and tjO 

minutes deeording to Dorsa et aI. (1992). 

2, ~ffeet of freezing and storage at ~ J SoC for 2: months, Triplicate ioocula!{'cI sdmp1e~ \wn' 

analyzcd. at 1, 2, 3. 4, 5. 6, 7. and 8 weeks offn',czing, 

3. Effect of nISin (800 and 1600 nJ) aecordlng to Nunr aDd Farrag (l995). pOias!:ihl11l sm~ 

bate (0.26%) according to Wederquisi ei al. (1994). potassium nitrite (125 ppm) Hc("ordinr.:; 

to Grau and VanderUnde (l992). potassium ascorbate (5S0 ppm) a('cording 10 Unda et al. 

(1991), 

4. Enect of interaction of nlsin (800 IU). poiassiUlu sorbate (0.26(}'b). potassiUIll lIill"lk 11:2;) 

ppm) and potassium ascorbate '550 ppm). 

Trlplleate Inoculated treated and untreated samples were analyzed at O. 7 !4. 21 d~,y;qjf slo!"-
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age. Mean values of 1.... monocylogenes were reported and it's number was expressed as LoglO 

CFU/g. 

Statistical analysis: 

F test for complete randomtxed desrgrt, TIle analysIs of variance (ANOVA) was carried out fol­

lowing the method explained by Sl1ed.eoor and Cochnm (1989). 

RESULTS AND DISCUSSION 

Listeria. monocytogenes Is widespread in Ule environment and amoug erie uf the heat resistant 

and osmotolerant non spoling food pathogen (Marth. 1993), The use of heal for control of rol­

croorgarusms is fundamental in food preservation (To1edo. 1991). 

The thermal treatment of inoculated ground beef at 600C for 60 mitmtcs decreased the 

COUllts of I .. , monocytogenes from tnlUal mean log l8.0) to 1.997 log CFU/g. Thermal treatment at 

600c for 10 minutes decreased not signitlcantJy L. monocytogenes eount fmm 8 to 7,682 log 

CFU/g. An,cr 10 minutes of thennal treatment at BOOe L. monocytogenes count stgnlOcanUy de­

creased (LSD at 0,01 = OAOl) from 7,682 to a ilnal COWll of 1.997 log CFU/g O'abie 1}, 

Results presented tn Table 1 showed that the hcaUng of inoculated ground beef at 70DC for 

20 mlnules Significantly decreased (LSD at 0.01=0.169) L. monocytogcl1es counts from S to 

2.586 log CFU/g. on viable populaUon were recorded after 20 mInutes of Ulem}al treatment at 

70DC. 

From the above mentioned results we ean c6nclude that the treatmelJt at 70DC for 20 minutes 

was more effiCient than the heat treatment at 55°C and 60°C for 60 minutes. However, I(wiatek 

aDd wojton (1993) concluded that a temperature greater Ulan 68.9DC In the center of the prod­

lid w'lll ensure kUl of L. IllDrKlqItogenes, even In heavily contaminated products. 

Results obtalned in Table {2j showed that L. monoctJWgenes. decreased from 8.041 to 2 log 

CFU/g after 8 weeks of frozen storage at - 1 SOC. After .two weeks of frozen storage at . 18()C L. 

mOHocytogenes. counts Significantly decreased {LSD at 0,01=0.574} when were compared to con­

troL 

The ob-tatned data revealed thal L. mOflocytogenes slgnlfteantly decreased (P<O.Oll from 7.033 

to 6.00 Log CFU/g by the week 3. Nearly slmtlar flndlngs after 14 days of frozen storage were 

publIshed by Golden et «1. (1988), 

Wllen tlle temperature is lowered rapidly. the frozen eclls of microorganIsms win be injured 

mechanIcally by intra and extraceUular-ice crystals. As water 1s removed there Is a roncentrutJon 
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of cell solutes lead to dissoe1atloI1 of cellular lipoprotein, thawJng of frozen mieroorganlsms lead 

to changes in cellular morphology. release and denaturaUon of macro-molecules (EI kest and 

Marth. 1992). 

The rcsuJts reported in table (3} revealed that there was no slgnllic3nt dillert'tH't' tJt'IW{'('n Ihe 

inhibitory eITect of two eoncentratlons of nisin (BOO and 1600 IU/g) on L. motlocyiocjelte.s ('ounb; 

at the day 0 and the day 7 when comparing the counts of L. monocylogenes in treated samples 

at two concentrations. 

On the other hand the obtained results were compared wHit the control on tht' da.y O. lIisin 

treatment at two different t'oncenLraUons showed Significant decreases {LSD at 0.01 =0,9121 ill L. 

mon.oc!)logenes counts yielding a count of 6.985 CFU/g and counts of 7.10 CVU/,!{ at 80n and 

1600 IU/g of raw ground beef stored at 40C respectlvely. 

In conclusIon. the anUUsterial action of nisin al two concentrations oc.curred immediatelY (day 

0) after treatment with this baeterocln. NIsin treatment at 1600 HI/g ground beer may be u!icful 

in controlltng L. monocytogenes. 

Potassium sorbate Is an antimicrobial agen_t wIth a broad speclrum activity and Is used lu ex­

tend the shelfltfe of many foods (EL - Shenawy aud Marth. 1991l 

TIie inhibitory effect of potassium sorbate was summarized in talJie (4). Inoculated lmlrt'aled 

ground lJeefuy potassium sorbate (control) showed stgnlfil:-antly IP<O,Oll increase in L. mOH()qJIO~ 

genes COUllls from 8,04 to 9.553 log CFU/g by the 7 day, 1_ rnonocytogenes counts d{"er{'as('d no! 

significantly from 9.553 to 9,393 log CFU/g by the day 21. potassium sorlJate signilkantly 

(P<O,Ol) decreased L lTlortocytogenes counts from 7.952 to 3.996 log unils by the d"IY 21 

(LSD.O.554). 

TIle maximum levels of the preservattve allowed In food were suHkient to Inhjbit the hi)'OW! h of 

L monocylogenes tn beef mince (Hammad. 1996J. 

It was observed In table 15) that the Jnoculated raw ground beef untrealed wHh potaS~jWl1 ni­

trite showed SIgnificant (p<O.Ol) Increase in counts from 8,076 to 9.553 log CFU/J.! hy the day 7. 

1~ monocytcgenes decreased not significantly from 9.55:3 to 9.44 log CFU/g by the day 21. potu!'>" 

f.ium nitrite at concentraUon of 125 ppm exhibited significant fp<O,Oll inhibitory prop<'rtles 

against L. monoc!)Wgenes from 7.65 to 3.159 log units by the day 21 (LSD = 0.509) 

Sod[um nttrlte has a significant ooctertostalc activity aga1nst 1 ... monocyt~l't1CS and prnvi(kd 

cured meat with a degree of protection against this microorganism partlt:ularly if lmployecl in 

conjunction with a combination of actdlc pH, vacuum packagJng. high salt conccntraHon anti ad~ 

equate refrigerat~(m (8uncbanan et at •• 1989). 
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The data presented in table (6) indicated iliat L. 11ll)ltocyiogenes counts were signlficantiy 

(P<O.Ol) Increased from 8.0t to 9.54 log CFU by the day 7 and the counts decreased not signIfi­

cantly from 9.54 to 9.363 log unUs by the day 21. TIu: treatment of inoculated raw ground ~am~ 

pies with p<)tasslum ascorbate at 550 ppm sbowed significant decreases in I.... lOOIlDC[jI0!lenes 

eounts W<O.Ol) from 7.893 to 3.576 log C1'U/g by the day 21 (LSD = 0,251). 

Compared to the control on the day 0, 1.. monocytogenes counts decreAsed not significantly 

from 8.01 to 1.893 log CFU/g. Significant differences (LSD at 0,01::::: 0.267) between I.... mOttoql/o" 

genes eounts lu treated and untreated samples were detected at 7. 14, and '2 t day of rcfrigerakd 

storage. 

Duffy et aI •• (1994) reported that sodium nitrite reduced the growth rate and increased log 

titer. The effectiveness of nitJ1te waS slgnlfk'AlnUy Increased by sodium ascorbatf> 10,042 '~hl, hl 

the absen<:e of nitrite. ascorbate had no detectable effect on growth. 

It was observed from table (7) that the treatment of inoeulated raw ground beef with coupHm; 

of nIsin with potass-lunl nitrite. potassium sorbate and potassium ascorbate show(',d an inllnedj~ 

ate significant decrease in L. monOCtJt~nes counts and a maximum significant reducthm 10 

2,257 iog CfU/g was observed at the day l4, The treatment of inoculated raw ground beefwHh 

this eomblnation resulted In a larger reduction in L, monocylogenes counts comparing to thai 

obtained by other treatment 1It this study except with nisin h'catment at 1600 (U/g al til(' day 

14. 

TIie anUUstertai aclton of nitrite was predominately bacteriostatic. Sorbate alone had a bacte­

riostatic effect. where sorbate aeung In the presence of nitrite produced a marked Uskrlddal ('f­

feet, Nisin actlng alonc produeed an almost Immedlatc 90% of lislerteldal responS(': but inittal 

numbers were restored within 14 days. $orOOle and nJsln acting In combination produced t'u· 

hanced Hsterlcidal effect which was also secn In {he presence of curing salts. but wacs deh:tyt'd 

(Bunele et al .. 1996). 
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Table (1) : Thermal trsalmenl of iSolaled L monocytogenes serotype 1 (108 CFU!gl 

in the inoculated raw ground boel . 

, 

, 

;t Mean IQ9 CFUlg ± SO 
, 

Elapsed lime 
In minutes At 55°C AI 60°C At 70°C 

Zero 8.000±0.00at 8.0oot.O.000a B.OOO±O.OOOa 

10 7.735±O.1268b 7.682±O.100a 5.576±OJl9b 

20 7,361±0.180b 5,259±0.14sb 2.586±(},086C 

30 5.291±O.111 C 4.651 ±O. 156C · 

40 5.111±O.111 Cd 3.938±0,22Sd · 
50 4.725±O.123d , 3.269±O.14ZC · , 
60 3J2&±0,06se L997±0.30Si · 

.. LSD a' 0-01 0519 QAOI 0.169 

• MS"ans of Irlpt:ca\c sampl&S analyzed in duplk.<lte and eJ::lmssed by log CFU/g. 

1 Means wilh di!terenl superscript with same column are significantly :iil/emn! (p<O.Ol) . 

•• LSD", ... east signiiicant difference . 

Table (2) : Elloct 01 frozen sto¥age al·1SoC on the survll/al of I$olated L monoey' 

logenoosefolype 1 (108 CFU/g, inlhe inoculated raw ground bool. 

Weeks of Storage " Mean log CFU/g ± SO 

° 8,041 ± 0,040at 

1 7.541±O.7sab 

2 7.033±O.80b 

3 6.000±O.301 c 

4 SA40.±,O,125Cd 

5 4,999±O.301de 

6 4.500±O.100e 

7 2,566±O.30Sf 

8 Z,QOO±0,300f 

•• LSD af 0,01 0.574 

• Means of trlphca!e sa'TlPJes analyzed in duplicate and expressed by log CFU/g 

t Means with differenl $!Jpilrs.:rip! wilh $a-ne roIu"M are significantly <htlelenl (p<O.Ol) 

•• LSD =: leasl signilic9l1t dJlferonco. 
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Table {3J : Effect of 000 alld 1600 IV 015in/g on the survival of isolaled L monocYlogones 

serotype 1 (106 CFUlgj in lhe Inoculated raw ground beef stored al4oC. 

Treatment , ~ Mean log CFUlg ± SO 
, 

Oayo Day 7 Day 14 i Day 21 

lm only (108 8.QB±O.OSbt 9.090±O.1073 9.777±O.07sa 9,327±Q,OJ1 3 

CFU/g) 

Lm + 800 IU 6.985±O.1570 5.87±O.OBSd 3.249±OO66e 2.95B±O.242ef 

nlsinfg 

lm + 1500 IU 7.1D±O,173C 5.S93±O.107d 2.008±O.Oafg j.993±O.0989 , 
, 
, 

nlsinig i 

• Means of Iriptlcate samples analyzed in dUpUcale and e)(preS5ed by log CFU/g. 

t Means with diffarent superscript with same column are signiftGanlly <liBerum (p<Qm). 

• FOI cotnpanng h'ocutaled tfOOled wtth unilealed (contrOl) samplas. at the same por.oo, the LSD ,,\ 0.0 I 
'>'fas cc- 0.912. 

• For COInparlng periods with inocula\e<i trealed or uolreatad (conlrol) safTllles, LSD al Q (il Has '" 

0.983. 

• Un. lisled", monocytogenes. 

Table (4) : Eltect of potassium soroate 0,26% en Ihe slJrvi"al of isolated L monocytogenes 

serotype 1 (108 CFUlg) in the inoculated raw ground beel stored al4oC. 

Treatment 
• Mean log CFUlg ± SO 

Day 0 Oay7 Day 14 08y21 

Lm only (lOB 8.04±(j.04bt 9.553±Q.064' 9.513±O.27S' 9.393±O.090a 
CFUIg) 

, 
Lm + potassium i 7.952±O.04b 7.127,±:O.151C I 5.259±O.451 d 3.996±O,306e , , , 
somate 

l. i 
• Means o/triplicate samples anatyz.ed in dUplicate and expressed by log CFU/g. 
t MeanS with diHerent superscripj with same column ate signiflcanHy different (p<O.Q1) . 
.. For comparing inoculated treated with untreated (contrOl) samples, al the same period. Ihe 

LSD at 0,01 was::::: 0.6t9. 
• For comparing periods Wllh iMculated Iteated or untreale<l (control) samples, LSD at 0.01 

was::::: 0.554 
.. Lm. Listeria mooocylogenes. 

100 
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Table (5) : Ellett 01 polassium nitrile 1125 ppm) on the survival oj Isolated L. mOfloc"y-/ogcncs 

serolype 1 (108 CFUlg) illihe inoculaled raw ground beef stoted al40C 

Treatment '" Mean log CFUJg ± SO 

Day 0 Oay7 I Day 14 Oay 21 
, 

Lm only (iOB 8.076±O,12sbt 9"S53±O,064a I 9's37±.O.27aa 9A4~O 135il 

CFlJ/g) 

, Lm + pOlassium 7.65±0.15Sb 6.976±O.72OC 3.919±O.20S0 3153±0.204" I , , 
i nitrite 

, , 

• Means olllipJicaw S<lrnples al',alytoo in dup"cate and expressed by log CFUfg 

t Means with diflerent supersCript wilh same column ate sigmlicantly mi!erellt (p«L01) 

.. For comparing: inoC1Jlated {(Outed with untroal00 \conlrol) sampleS. at the same POfle<1, the lS;) al () 0 I 

w.;!S '" (),529. 

• For companng periodS w,lh Inoculated trealed or Ul11re;)led (conlrol; SM'Pies, LSD ill 0.01 waS " 

0,509-

• lm. USlmia mOflocylogenes. 

Tab~ (f;S) : Elfect QI potassium ascorbate (550 ppm} on the survival 01 isolated L mcnocyto­

genes serolyP'3 1 (108 CFlJ/g) in the Inoculated raw ground boof stored al4 °c 

Treatment " Mean log CFUlg ± SO 

Day 0 Day 7 Day 14 Day 21 

un onlv (108 s'ol±O,065bt 9.54±O.062a 9.43±O" i2Sa 9.363±O OOSb 

CFUlg) 

Lm + potassium 7.893±O,111b fL963±O.169C 4.44±O.126d 3,576,0.089" 

! ascorbate 
, 
, , 

• Means of triplicate samples analyzed in duplwate and exprasseQ by log CFUtg 

~ Means w>lh dllferun! super$C!'lfJt WIth same column are sigfllhcsfJ1y d!l1elenl IP..:O 01) 

• For co:nparing inoculate<! Ira<lted with untreated {ronlrofj samples, al ihe same period tim LSD ;II !) 01 
was", 0.267 

"For campanng pcrkds w!h lnoculaloo Irealed or untroated (control) samples, lSDal CJ:; 1 was", 0 251. 

~ un. USleria monocylogcoos. 

101 

, 

J. Vet. Med. Res. Vol. Iff. No.2. 2001 



S<Uld S. M. ct al... 

Table (7) : Enect of comWnalion of nisin, potassium sOlbate, potassium nitrile. and polassium ascor· 
bate (800 lUlg, 0.28%, 125 ppm and 550 ppm raspectively) (m the s1JlVNal of isolated L 
m<mocytog~$ sO(otype 1 (toB CFU/g) in the moculated raw grQund beef stored al 4 °c . 

Treatment 
.- Mean log CFU/g ± SO 

DoyO Day 7 Day 14 Day 21 

Lm only (108 CFUIg) 8,088±O,Q44bt 9.605±Q.OSea 9.557±O.06Sa 9.447±O.133a 

Lm + combination of 0, 6.938±0,2420 6.260±O.043C 2257±0.23Sd 1.95B±Q242d 

PSt pn, and pa 

n : nISin ps : Potassium sorbala pn : potassium nitrile pa : potassium flsoorbale . 
• Means or triplicate samples analyzed in duplicate and expressed b'llog CFUfg. 
t Means with different superscript with same cQlumn or raw are Significantly di!terenl (pc:O.Ol J . 
.. For comparing inoculated !rooted with untroated (conCroi. samples. al the same period. the LSD al 

0.01 was = 0.693 . 
.. For COfTIparing p0fiods wllh inocwaled treated or untreated (control) samples, LSD at O.Q1 was = 

1.015 . 
• Lm, listeria mooocytogenes. 

102 
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