Saad S. M. et al... ISSN 11107219 93

VIABWITY OF LISTERIA. MONOCYTOGENES IN
RAW GROUND BEEF

Saad S. M., Hammat M. Ibrahim,
Zienab M. Niazi* and Hanan M. El-Lawendy*

Fac. Vel. Med.. Moshtohour, Zagazig University, Benha branch.

= Animal Health Research Institute, Dolcki, Giza. and Zagaziyg hranci

ABSTRACT

The effect of some slress factors on the viability of isoluted L. monocytogenes sero-

lype 1 inoculated in raw ground beef was studied.

The temperature of 70°C for more than 20 minutes (a the center of the product will

ensure a total kill of L. monocytogenes, even in a heavily contaminated one.

Freezing and storage of the inoculuted raw ground beef at - 18°C decreased the
couwnts from 8.041 (o 2.00 log CFU/g afler 8 wecls. L. inonocytogenes significantly de-
crcused from 7.033 to G log CFFU/g by the weel 3 and from 4.5 (o 2.566 logy CFU/¢g by
the weelc 7.

Nisin at concentration of 1600 Hi/g of raw ground heef stored atl 4°C may he uscful

in controlling of L. monocytoyenes.

Fhe Ireatment of the inoculated yround beef with potasium sorbate ai 0.20% cxhibit-
ed sigmlficant inhibitory properties against L. monocyfogenes from 7.952 io 3.990 log

CIU/g by the day 2} of refrigeruied storage.

The {reatment of the tnoculated ground beef with potassiwum nitrite (125 ppm) signili-

cantly decreased L. monocyolgenes counts from 7.G5 t0 3.139 by the day 21.

Combinution of nisin, potlassium nifritc and polassiun ascorbate produceed ¢n-

hanced listericidul effect more ifian the use of each prescrvative alone.

INTRODUCTION

fn recent years. Hsleriosls hlas come {o prominence as a leading cause of dealh from food
baorne iliness. Although the responsible organism. Listeriu monocytogenes mainly infects -

nocomiproruised and otherwise susceptible individuals estimates indicate that in the United
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States alone. 1.092 cases and 248 deaths occurred in 1993 as a resull of inlection with this
pathogen (Tappero et al. 1995).

Control of L. manocytagenes is difflcult for two reasons. The lirst is its ubiquitous nature, il is
comimmonly found in plant, soil. and surface water samples and has also been isolated [rom the
feces of livestack. in slaughterhouses, food - proeessing environments, and at lome. i has heen
reported to contaminate 6.2 to more than 60% of fresh meat and poultry and about one - third of
processed, ready - Lo - cat meat products. Meanwhile its ability to (olerate environmental stress-
¢s The second reason is its abilily to tolerate envizonmental stresses (Farbar and Peterkin
1991).

The heat resistanee ol bacterla may be aflccted by a number of {actors other the heating mes-
trum, such as environmental eondiilons, examplc the composition and temperature of culture
medium, age ol baeterlal cullure studied (Farber and Brown, 19980). rate of thermal treafnient
(Quintavalla and Campanini, 1991) and the procedure used in a study for the recovery ol Licat

treated cells may be also Influence the obtained heat resistance values (Sorquist, 1994).

Listcria was not delecled In meat products (minced meat and sausage) which had bheen lieal
trealed Lo reach a eore temperature of 71°C (Radistic and paunovic, 19982). Furthermore L.
monocytogencs was not detected in the hot smoked sausage healed lo an internal temperature
of 70-75°C afict the smoking process (Buncic, 1991).

Freezing and storage of L. monocylogenes Scott A lor one month in phosphate bufler at - 180C
lead to 87 % death and 79% injury. furthermore repeated freczing and thawing caused more

death and tnjury than did a single frceze thawing cycle (El-kest and Marth, 1992).

Nisin {s a small antimicrobial polypeptide produced by some strains af lactacoccus lactis {(Mar-
rick and Hirsch, 19894). It inhibils the growth of a broad spectruin ol gram positive miero-
organisms including L. monocylogenes (Okereke and Montville, 1991). Nisin is approved by the
World Health Organization and has enjoyed international for approximately 45 vears in o wide
varicty ol food products (Delves, 1880). Furthenmore nisin was also recoonmended lor use us a

lood preservative in the food and dairy industries.

The concentration of 0.25 or 3% potassium sorbate completely inhibited the growth and
caused complete inaetlvation of the pathogens. whereas presence of less than or equal 0.15% po-
Lassium sorbate allowed growth of the pathogens. higher concentration caused cither complete

inhlhitory or inhibition plus partial or complete inactivatlon ol L. monocytogencs (Unda et al.,
1991).

The inhihitory effect of sodium nitrite upon L monocyiog. ¢ne was found 1o depend dreatly
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upon pH and concentration of nitrite as high as 25000 ppin were Insullficient {o prevent growth
at pH 7.4. The bacteriostatic eflccts were enhanced by low pll and by low temperature (Sahamat
et al., 1980).

So, the aim of thc present study is to throw a light on the effect of stress tactor inctuding
heating, freezing and addltion of preservatives on the survival of L. monocylogenes. Beside that
the eflect of storage temperatur on the growth rate of L. monocylogenes inoculated in minced

meat.

MATERIAL AND METHODS
Preparation of inocula :

L. monocytogenes serotype 1 previously isolated from frozen beel according (o Hanan El-
Lawendy (2001) were maintained as stock cultures with monthly transfers ol (rypticase sova
agar supplemented with 0.6 % yeast extract (TSA-YE) agar slants. Cultures frot TSA-YIZ agar
were subcultured overnight in TSB-supplemented with 0.6°/0 YE {o obtain working cultures tor
cach expeniment. The eullures were harvested using centrifugation, washed twice (n sterile phios-
phate buffered saline (PBS) then seral dilutions werc made in P13S and triplicate 0.1 mil vohimes
of the dllutions were surfaec - platcd on Listcria isolation Palcam agar. The colonies were count -
ed after incubation at 309C jor 48 hours. The cullures wcre inoculated in ground beel samples
to reach the final fnoculum levels 108 CFU ml / g of raw ground beel. These samples were sub-
jeeted to study the elfect of stress factors on the survival of isolated L. monocytogenes ine raw

ground becf as follows:

1. Thermal wreatment of L. mionoeytogenes at 55. GO, 70°C, for zcro, 10. 20. 40. B0, and 60
minutes uecording (o Dorsa et nl. (1092).

2. Effcct of freezing and storage at - 1 8°C for 2 months. Triplicate inoculated samples were

analyzed at 1, 2, 3. 4, 5, 6, 7. and 8 weeks of {rcezing.,

3. Effcel of nisin (800 and 1600 1U) aecording to Nassar and Farrag (1895). potassiuim soi-
bate (0.26%) according to Wederquist et al. (1994), potassiun nitrite (125 ppni) according

to Grau and Vanderlinde (1992), potassium ascorbate (550 ppin) according to Unda et al.
(1991).

4. Effect of Interacuon of nisin (800 [U). potassium sorbate (0.26%). potassitum nitrite {125

ppm) and potassium ascorbate (550 ppm).

Triplicate Inoculated treated and untrcated samples were analyzed at 0. 7 14, 21 days.of stor-
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age. Mean values of L. monocytogenes were reported and it's number was cxpressed as Log,q
CFU/g.

Statistical analysis :

F - test for eomplete randomized design. The analysls of variance (ANOVA) was carried out fol-
lowing the method explalned by Snedecor and Cochran (1989).

RESULTS AND DISCUSSION

Listeria monocytogenes is widespread in the environment and amony ornte uf (he heat resistant
and osmotolerant non sporing food pathogen (Marth, 1993). The use of hcat for control of mi-

croorganisms is fundamental in food prcservation (Toledo, 1991).

The thermal treatment of {noculated ground beef at 60°C [or 60 minutes dccreased the
counts of L. monocytogenes from inltial mean log (8.0) to 1.997 log CFU/g. Thermal treatment at
60°C for 10 minutes dcercased not signilicantly L. monocytogenes count from 8 to 7.682 log
CFU/g. Altcr 10 minutes of thermal treatmcent at 60°C L. monocytogenes count signiflcantly de-
crcascd (LSD at 0.01 = 0.401) from 7.682 to a (Inal count of 1.997 log CFU/g (Table 1).

Results presented in Table 1| showed that the hcating of Inoculated ground bceef at 70°C for
20 minulcs significantly decreased (LSD at 0.01=0.169) L. monocytogenes counts from 8 to
2.586 log CFU/g. on viable population werc recorded alter 20 minutes of thcrmal treatment at
70°C.

From thc above mentioned results we ean coinclude that the treatment at 70°C for 20 minutes
was morc clficient than the heat treatment at 55°C and 60°C for 60 minutes. However, Kwiatek
and wojton {1993) concluded that a temperature greater than 68.9°C In the center of the prod-
uct will ensure klll of L. monocytogenes, cven In heavily contaminated products.

Results obtained in Table (2) showed that L. monocytogenes, decreased from 8.041 to 2 log
CFU/g after 8 weeks of frozen storage at - 1 8°C. After two weeks of frozen storage at - 18°C L.
monocytogenes, counts signiflcantly decreased (LSD at 0.01=0.574) when were compared to con-

trol.

The obtained data revealed thal L. monocytogenes signilicantly decreased (£<0.01) from 7.033
to 6.00 Log CFU/¢g by thc week 3. Nearly simtlar findings after 14 days of frozen storage were
published by Golden et al. (1988).

When tlic temperature is lowered rapidly. the frozen cclls of microorganisms will be injured

mechanlcally by intra and extracellular-ice crystals. As water is removed there is a concentration
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of cell solutes lead to dissoelation of cellular lipoprotein. thawing of [rozen mieroorganisms lead
to changes in cellular morphology. release and denaturation of macro-molecules (El kest and
Marth, 1992).

The results reparted in table (3) revealed that there was no slgnificant diflerence between the
inhibitory eflect of two eoncentrations of nisin (800 and 1600 [U/g) an L. manocytogenes counts
at the day O and the day 7 when comparing the counlts of L. monocytogenes in treated samples

at two coneentrations.

On the other hand the obtained results were compared with thc control on the day O. nisin
treatment at two diflcrent concentrations showed signifieant decreases (L.SD at 0.01=0.912) in L.
monocylogenes counts ylelding a count of 6.985 CFU/g and counts of 7.10 CFU/g at 800 and
1600 1U/g of raw ground beel stored at 49C respectively.

In conclusion, the antillsterial action of nisin at two concentrations occurred immediately (day
0) after treatment with this baeterocin. Nisin treatment at 1600 1U/¢ ground beel may be uscful

in controlling L. monocytogenes.

Potassium sorbate {s an antimlcrobial agent with a broad spectrum activity and 1s used (o ¢x-
tend the shelf life of many foods (EL - Shenawy and Marth, 1991).

The inhibitory eflect of potassium sorbate was summarized in (able (4). [noculated untrealed
ground beel by potassium sorbate (control) showed signiticantly (P<0.01) increasc in L. monocyto-
genes counis from 8.04 to 9.553 log CFU/g by the 7 day. L. monocylogenes counts decrcased nol
significantly from 9.553 to 9.393 log CFU/g by the day 21. potassium sorbate signilicantly
(P<0.01) decreased L monocylogenes counts from 7.952 to 3.996 log unils by ihe dav 21
(LSD=0.554),

The maximum levels of the preservative allowed in food were sufficient to inhibit the grow(h of

L. monocytogenes in beef mince (Hammad, 1896).

It was observed In table (5) that the inoculated raw ground beefl untreated wilh potassium ni-
trite showed significant {p<0.01) increase in eounts from 8.076 to 9.553 log CFU/g by the day 7.
L. monocytogenes decreased not significantly from 9.553 to 9.44 log CFU/g by the day 21. potas-
sium nitrite at concentration of 125 ppm exhibited significant (p<0.01) inhibilory properties
agalnst L. monocytogenes from 7.65 to 3.159 log units by the day 21 (LSD = 0.509)

Saedium nitrite has a significant bacteriostaic activity against L. monocylogenes and provided
cured mcat with a degree of protection against this microorganism particularly if imploved in
conjunction with a combinatfon of acidic pH, vacuuin packaging. high salt concentration and ad-

equate refrigeral!on (Bunchanan et al., 1989).
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The data presented in table (6) indicated that L. monocylogenes counts were significantly
(P<0.01) increased (rom 8.01 to 9.54 log CFU by the day 7 and the counts decreased not signifi-
eantly from 9.54 to 9.363 log units by the day 21. The treatment ol inoculated raw ground sam-
ples with potassium ascorbate at 550 ppm sbowed significant decreases in L. monocylogenes
eounts (P<0.01) from 7.893 to 3.576 log CFU/g by the day 21 (LSD = 0.251).

Compared to the control on the day 0. L. monocytogenes counts decreased not significantly
from 8.01 to 7.893 log CFU/g. Significant differences (LSD at 0.01 = 0.267) between L. monocijlo-
genes eounts in treated and untreated samples were detected at 7. 14, and 21 day of refrigerated

storage.

Duffy et al., (1994) reported that sodlum nitritc reduced the growth rate and incrcased log
titer. The eflectiveness ol nitrite was signlificantly increased by sodium ascorbate (0.042 %). In

the absence of nitrite, ascorbate had no detectable eflect on growth.

It was observed from table (7) that the treatment of inoeulated raw ground beel with coupling
of nisin with potassium nitrite, potassium sorbate and potassium ascorbate showed an immcdi-
ate significant decrease in L. monocytogenes counts and a maximum significant reduction to
2.257 log CFU/g was observed al the day 14. The treatment of inuculated raw ground beel with
this eombination resulted in a larger reduction in L. monocylogenes counis comparing lo (hatl
obtained by other treatment in this study except with nisin treatment at 1600 1U/g at the day
14.

The anlilisterial action of nitrite was predominately bacteriostatic. Sorbate alone had a bacte-
riostatic effeet, where sorbate aeting In the presence of nitrite produced a marked listericidal el-
fect. Nisin acting alone produeed an almost immediate 90% of listerieidal respanse but initial
numbers were restored within 14 days. Sorbate and nisin acting in combination produced en-
hanced listericidal effect which was also secn In the presence of curing salts, but was delayed
(Buncic et al., 1998).
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Table (1) : Thermal frealmenl of isolated L. monocylogenes serolype | (108 CFU/g)

in the inoculated raw ground beel .

Elapsed time . Mean(log.CFUIg + 8D |
in minutes At 55°C At 60°C At 70°C
Zero 8.000+0.00at | 8.000£0.000a | 8000+0.000a
10 7.735+0.126ab | 7.682+0.1002 5.576+0.89b
20 7.367+0.1800 | 5.25930.146b 2.586+0.086C
30 5.291+0.111C | 4.651+0.156C -
40 5.11110.111¢d | 3.938:+0.2280
50 4.725+0.1230 | 3.269+0.142€ -
60 3.726+0.069€ 1.997+0.305!
** LSD at 0.01 0.519 0.401 0.169

* Means of tripkcate samples analy2ed in duplicate and expressed by log CFU/g.
1 Means with different suparscript with same column are signilicantly dilferenl (p<0.01).

** LSD = Leasi significant difference .

Table (2) : Eflect of frozen storage at-18°C on ihe survival of isolated L. monocy-

logenes sefotype 1 (108 CFU/g) in the inoculated raw ground beel .

| Weeks of Storage

* Mean log CFU/g + SD

—

N O s W

8
**{SD at 0.01

8.041+ 0.040at
7.541+0.752b
7.033+0.80D
6.000+0.301¢

5.440+0.125¢d

4,999+0.301de
4.500£0.100€
2.566+0.305!
2.000+0.300f

0.574

* Means of {riplicate samples analyzed in

duplicale ana expressed by log CFU/g.

T Means with diferent superscripl with same column are significantly different (p<0.01)

** LSD = Leas! signilicant differance .
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Table (3) : Effect ol 800 and 1600 1U nisin/g on the survival of isolaled L. monocytogenes
sarolype 1 (108 CFU/g) in the inoculated raw ground beet stared al 4°C.

Treatment ‘ * Mean log CFU/g + SD

Day 0 Day 7 Day 14 Day 21

Lm only (108 | 8.08+0.056t | 9.09040.1072 | 9.777+0.0752 | 9.327+0.0312

CFU/g)
Lm + 800 IU | 6.985+0.157¢ | 5.87+0.088d | 3.249+0.066€ | 2.958+0.24 26l
nisin/g
Lm + 1500 U | 7.10+0.173¢ | 5.593:0.107d | 2.088+0.08!9 | 1.993+0.0969
nisin/g

* Means of iriplicate samples analyzed in duplicale and expressed by log CFU/g.
1 Means wilh dilierent superscripl with same column are significanlly differsnt (p<0.01).

« For comparing inoculaled lrealed with untceated (contiol) samples, at the same pericd, the LSD a1 0 0!
was = 0.912.

s For comnparingy periods with inoculated treated or unirealed (conlrol) samples, LSD al 00t was =
0.963.

= Lm. Lisleria monocytogenes.

Table (4) : Eltect of potassium sorbate 0.26% en the survival of isolated L. monocytogenes
seratype 1 (108 CFU/g) in he inoculated raw ground beel stored at 49C.

* Mean log CFU/ sSD
Treatment g 9t

Day 0 Day 7 Day 14 Day 21

Lm only (108 8.0410.04bt | 9.55330.0642 | 9.513+0.2783 | 9.393+0.0902
CFU/g)

Lm + potassium | 7.952+0.04b | 7.12740.151C | 5.2594+0.451d | 3.996+0.306¢€
sorbate

* Means ol friplicate samples analyzed in duplicals and expressed by log CFU/g.

1 Means with different superscript with same column are significantly ditierent (p<0.01).

« For comparing inoculated (realed wilh unireated (conlrol) samples, al the same period. (he
LSD al 0.01 was = 0.619.

s For comparing periods with inoculaled ireated or untreated {(conirol) samples, LSD ai 0.0?
was = 0.554.

+ Lm. Listeria monocylogenes.
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Table (5) : Effect of polassium niffite (125 ppm) on the survival of 1solated L. monocylogenes
serolype 1 (1 08 CFU/g) in he Inoculaled raw ground beet stored at 4°C.

Treatment * Mean log CFU/g + SD

Day 0 Day 7 Day 14 Day 21

Lm only (108 |8.07640.125Dt| 9.553+0.0648 | 9.53740.2782 | 9.4410.1352
CFU/q)
Lm + polassium | 7.65+0.1560 | 6.976+0.720¢ | 3.919+0.208d | 3 159+0.204€

nitrite

* Means of tripicate samples analyzed in duplicate and expressed by lug CFU/g.

t Means with different superscnpl with same column are signilicantly different (p<0.01).

» For comparing inoculaled lreatad with untrealed (controly samples. at ihe same period, the LSD at 0 0
was =0 529.

« For comparing peniods with inoculaled trealed or unireated (control) samples, LSO at 0.01 was =
0 509.

s Lm, Lisleria monocylogenes.

Table (6) : Eltect of polassium ascorbate (550 ppm}) on the survival ol 1salaled L. monocylo-
genes serotype 1 (108 CFU/qg) in the mnoculated raw ground beel stared at 4 °C.

Treatment * Mean log CFU/g + SD

Day 0 Day 7 Day 14 Day 21

Lm only (108 | 8.01+0.06501 | 9.54+0.062a | 9.43+0.1252 | 936320065
CFU/qg)
Lm + potassium | 7.893:+0.1110 | 6.963+0.169C | 4.4430.126d | 3.576+0.089€
ascorbate |

* Means of Iriplicate samples analyzed in duplicale and expressed by log CFU/g.

t Means with ditferent superscript with same column are sigruficantly ditferent (p<0 01).

» For camparing inoculated treated with unireated (contro!) samples, al the same pernad. the LSD al 0.01
was = 0.267

= For comparing periods wilh inoculated treated or unireated (control) samples, LSO al 0.01 was = 0 253,

» Lin. Listeria monocytogenas.
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Table (7) : EHoct ot combination of nisin, polassium sorbate, potassium nilrite, and potassium ascor-
bate (800 IU/g, 0.28%, 125 ppm and 550 ppm raspectively) on the survival of isolated L.
monocytogenes serotype 1 (108 CFU/g) in the inoculated raw ground beel stored al 4 °C.

* Mean log CFU/g + SD
Trealment

Day @ Day 7 Day 14 Day 21

Lm only (10B CFU/g)  |8.08840.044b¢ | 9.60540.0582 | 9.557+0.0682 | 9.447+0.1333

Lm + combination of n, | 6.938+0.242C | 6.280+0.043C | 2.257+0.238d | 1.958+0.242d
ps, pn, and pa

N : nisin ps : Potassium sorbata pn : potassium rutie pa : potassium ascorbate .

* Means ol lriplicate samples analyzed in duplicate and expressed by tog CFU/q.

T Means with different superscripl with same column or raw are signilicantly different (p<0.01).

+ For comparing inoculated treated with untreated (control) samples, at the same period, the LSD at
0.01 was = 0.693.

» For comparing periods wilh inoculated treated or unireated (control) samples, LSD at 0.01 was =
1.015.

» Lm. Listeria monocytogenes.
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