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SUMMARY

Federal regulationsrequire
processors to control Listeria
monocytogenes in ready-to-eat (RTE)
meat and poultry produds. We
evaluaed lactic acid (5% v/v) and
sodium lauryl sulfate (0.5% wi/v),
aloneor asamixture for contol of L.
monocytogenes on frankfurters. L.
monocytogenes (10 straing) were
habituaed in afrankfurter
honmogenate (39°F, 72 h), combined
and then served as theinoaulum.
Frankfurters were sprayed (10s, 20
bar, 73+2°F) with antimicrobials or
distilled water before or after
inoaulation (4.8+0.1 log CFU/cm?),
vacuum-packaged and stored at 39°F
for 90 days. Samples were andyzed
periodically for the pathogen nunbers
(PALCAM agar). Sprayingwith lactic
acid or sodium lauryl sulfate after
inoaulation reduced numbers of L.
monocytogenes by 1.8+0.5 and
2.3+0.5 log CFU/cm?, respectively,
while ditilled water removed 1.3+0.1
log CFU/cm?. Lactic acid and sodium
lauryl sulfate applied as a mixture
before or after inoaulation reduced
pahogen popuktionsby 1.8+0.4 and
2.8+0.2 log CFU/cm?, respectively.
The pathogen count on untreated
samplesincreased after 15+0.8 days of
lag period and reached approximately
7 log CFU/cm? after 52 days of
storage. Spraying with antimicrobials
that contained lactic acid extendal the
lag phese of the pahogen. Therefore,
spraying of frankfurters with a mixture
of lactic acid and sodium lauryl sulfate
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may be an effective way of pathogen
control onfrankfurters even if
contamination occurs after the pod-
lethdity treatment.
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INTRODUCTION

Listeria monocytogenes does not
survive thermal treatment involved in
frankfurter processing (Zaikaet d.,
1990) However, re-contaminaion
may occur throughdirect contact of
the cooked produd with contaminaed
surfaces of the processing
environment during pegling and
packaging (Tompkin, 2002)

TheU.S. Depatment of
Agriculture Food Safety and
Ingpection Service (USDA-FSIS)
enforces a“zero-tolerance” rulefor L.
monocytogenes in ready-to-eat (RTE)
meats and requires food processors to
control the pahogen on produds that
are exposd to theenvironment after
thelethdity step (FSIS, 2006.
Specifically, theagency requires
application of oneout of three
aterndives: pog-lethdity treatment
combined with a growth inhibitor of L.
monocytogenes, pos-lethdity
treatment or a growth inhibitor, or
sanitation measures and frequent
environmental testing.

Lactic acid (LA) isfrequently
used by the meat indugry for
decontamination of beef carcasses. LA
can also beused as a surface treatment
of RTE meats for thecontrol of L.
monocytogenes (Sameliset d., 2002;
Barmpdiaet al., 2004 Geornaras et
al., 2009. Sodium lauryl sulfate (SLS)
isan acid anionic surfactant which is
approved by the U.S. Foodand Drug
Administration (FDA) as a whipping
or wetting agent or as an emulsifier in
awidevariety of foodssuch as egg
whites, fruit juices, vegetable oils and
other non-meat produds (FDA, 2006)
Theantimicrobial propetiesof SLS
aloneor combined with other
antimicrobials agang foodbone

pahogensin foodsand surfacesin
contact with foodare well doaumented
(Tamblyn and Conne 1997 Cords
2005. Theantibacterial effect of SLS
increases at pH bdow 4, with an
optimum in therangebeween 1.5 and
3.0 (Cords 2005)

To dae, we have knowedgeof
only onestudy tha has evaluaed the
effect of SLSagang L.
monocytogenes on frankfurters
(Byelashov, 2009. The study showed
that thedipping mixture of SLS (0.5%
wi/vol) and LA (5% vol/vol) reduced
counts of L. monocytogenes on
frankfurtersby 2.0 log
CFU/frankfurter. The antimicrobials
were applied before inoaulation based
onthehypotesistha contamination
with L. monocytogenes could occur at
almog any point alongthe processing
line Therefore, we conddered the
possibility of produd contamination
after application of the pog-lethdity
treatment, and then determined the
residud effect of the antimicrobials.
The objective of the present study was
to deerminetheeffect of spraying
with LA and SLS aloneor asa
mixture agang L. monocytogenes on
frankfurters, and to compare the effect
of LA and SL S mixture applied before
and after inoaulation.

MATERIALS AND METHODS

Preparation of frankfurters

The meat batter (60% pork and
40%fresh beef) was prepared usng
therecipedescribed by Samelis et al.
(2002)in avacuum(0.5 bar) bow
choppe (RMF, Kansas City, Mo.),
extruded througha meat stuffer
(Handmann, modd VF 50,
Biberach/Riss, Germany) into 22-mm
peelable cellulose casings(Nojax®
Viskase Co., Inc., Darien, 11l.), linked
and cooked in a humidity-controlled
smokehous (Alkar, DEC Intl. Inc,
Lodi, Wis.). Thecooking cycle was
designed in preliminary trials and
conssted of thefollowing stages:
dryingforlOminat 110°Fand 68%
relative humdity (RH) followed by 20
min at 145°Fand 50% RH; hot
smoking for 30 min; cooking for 20



min at 145°Fand 50% RH followed
by 20 min at 160°Cand 51% RH; and
steam cooking at 168°Fand RH 100%
until theinternd temperature of the
produd reached 160F. At theend of
thecycle, frankfurters were showered
with cold water for 20 min and then
keptin thewalk-in refrigerator at
4.0°Cfor 16-17 h, untl used.

Inoculation of frankfurters

The L. monocytogenes inoculum
congsted of ten strainsof food,
environmental or clinical origin: N1-
225,N1-227, R2-500 R2-501, R2-
763,R2-764,R2-765,558,NA-1 and
N-7150(Fuget et al., 2006) Working
cultures of each L. monocytogenes
strain were activated, habituated and
diluted Lianouet a. (2007 to
approximately 10" log CFU/ml in
frankfurter extract before the
inoaulation. Before or after spraying,
frankfurters were surface-inoaulated to
obtain atarget inoaulum level of
approximately 4.8 log CFU/cm?. After
inoaulation, frankfurters were kept in
thewalk-in refrigerator (39°F, 15 min)
to allow attachment of the cells before
being surface-treated or vacuum
packaged.

Treatment of frankfurters

Spraying solutions(73+2°F), 5%
(vol/vol) lactic acid (LA; Birko Co.
Denver, Colo.), 0.5% (wt/vol) sodium
lauryl sulfate (SLS; Stepanol®, Stepan
Co., Northfield, 1.), were applied
after inoaulation only, whereas
distilled water (DW) or SLS mixed
with LA (LASLS) were applied before
(DWBI or LASLSBI) or after (DWAI
or LASLSAI) inoaulation. Inoaulated
samples that were nottreated served
as control. After inoaulation and cell
attachment (LAAI, SLSAI, DWAI,
and LASL SAI) or before the
inoaulation (DWBI and LASL SBI),
frankfurters were placed on sterilized
grill wire netting and sprayed (cugom-
built spraying system, Chad Co.,
Olathe Kans; 20 bar; nozle type
H1/8 VVV95015,Spraying Systems
Co., Wheaton, lIl) with antimicrobials
or DW for 5 s, turned over, sprayed
for another 5 sand drained for 1 min.
Following treatment, inoaulated

samples were placed into vacuumbags
(2 frankfurters per bag; 15x 22¢cm, 3
mil std barrier, nylon/polyethylene
vacuumpoud, Koch, Kansas City,
Mo.) and vacuum-packaged. Treated,
but notinoalated frankfurters were
inoaulated, hdd in thewalk-in
refrigerator (39°F, 15 min) and
vacuum-packaged.

Microbiological analysis

Aliquots of appropriate dilutions
were surface-plated onto PALCAM
aga (Difco) for enuneration of the
pahogen. Inoalated agar plates were
incubaed at 86°Ffor 48 h. Thecount
were expressed as log CFU/cm? We
also monitored the pH throughoutthe
storage and measured the water
activity of thefrankfurters after the
inoaulation.

Statistical analysis

Two complete replicationsof the
experiment were conduded, each with
three samples per treatment at a
sampling time (n = 6). Thetreatments
conssted of six dipping solutions
(DWBI, BWALI, LAAI, SLSAI,
LASLSBI and LASLSAI) plusan
untreated control and eleven storage
times (0,7, 14,21,28,42,52,62,77
and 90d). Datawere andyzed asa
randorrized complete blodk design
with factorial arrangement of the
treatments using GLM procedure of
SAS; P-vauelessthan 0.05was
consdered significant. We used
DMFIT software (Ingitute of food
Research, Reading, U.K.), kindly
provided by Dr. J. Baranyi, to estimate
thelength of lag periodsand growth
rates of the pathogen.

RESULTS AND DISCUSSION

Thewater activity of the produd
after cooking and inoaulation was
0.9744).006 and it was not affected
by thetreatments. Theinitial pH of the
inoalated frankfurters tha were not
sprayed with DW or antimicrobials
was 6.04+0.1.The pH values of LA
andLASLSwere1.77and 1.81
respectively, and reduced (P<0.05) the
pH of theprodud by 0.22-0.29 pH

units. ThepH of SLS spraying
solution was 8.34; however, spraying
with SLS or DW did not affect the pH
of thefrankfurters (P>0.05).

Theinitial counts of L.
monocytogenes oninoallated
frankfurters were 4.79+0.111og
CFU/cm?.

Spraying solutionsthat were
applied after inoaulation (DWAI,
LAAI, SLSAI, and LASLSALI)
significantly (P<0.05) reduced the
initial levels of the pathogen (Table 1).
Specifically, DWAI removed 1.3 log
CFU/cm? of L. monocytogenes cells.
Anidentica (P>0.05) redudionwas
achieved by LAAI treatment which
reduced nunbers of the pahogen by
1.8 log CFU/cm?. Theeffect of LA
agang the pahogen was similar to
other studies (Barmpdiaet al., 2004;
Nufiez de Gonzlez et al., 2004)

The SLSAI reduced nunbers of
L. monocytogenes by 2.01og
CFU/c, the pahogen redudion with
SLSwas amog identical to tha
caused by DWAI or LAAI. Spraying
with LASLSAI reduced numbers of
the pahogen by 2.8 log CFU/cm?; the
redudion was greater (P<0.05) than
tha caused by DWAI or LAAI, but
was not significantly different from
that caused by SLSAI.

Spraying with DWBI did not
affect theinitial numbers of the
pahogen or thelag phase; however, it
increased the estimated maximum
specific growth rate. This can be
explained by possible increasing the
a,, of frankfurters surface by DW even
thoughan internd a, was not affected
by thetreatments. In contrast to
DWBI, LASLSBI reduced nunmbers of
the pahogen by 1.8 log CFU/cm?. The
decrease in pathogen levels with
LASLSBI was similar to that caused
by DWAI, LAAI, or SLSAI (P>0.05);
however, it was less effective than
LASLSAI. Themicrobial redudion
with LASL SBI was attributed to the
residud antimicrobial effect rather
then physcal removd of the pahogen.
This may beof particular importance
for control of L. monocytogenes in the
processing environment where
microbial contaminaion may take



place after application of pod-lethdity
treatment.

Thelag phase duration of the
pahogen on untreated (control)
frankfurterswas 14.6+0.8 d and it was
similar to thelag phase durationon
frankfurterstreated with DWBI,
DWAI and SLSAI. However,
treatments that contained LA had
extended lag phase duration even
when applied after inoalation.
Bactericidd propeatiesof LA asa
dipping solution agang L.
monocytogenes in vacuum-packaged
RTE meats stored at refrigerated
temperature are well doaumented
(Sameliset a., 2002;Barmpdiaet al.,
2004)

Theresults indicated tha spraying
frankfurters with LASLS can bemore
beneficial for pahogen control, than
spraying with LA or SLS onther
own. Themixture broughttogeher
listericidd and listeriogatic effects.
When applied after inoaulation,
LASLS provided significantly greater
redudion of L. monocytogenes than al
other tested solutions except SLSAI,
and ddayed growth of the pathogen
during vacuum-packaged storage of
thefrankfurters at 39°F. When applied
before theinoaulation, LASLS
showed astrongresidud effect,
significantly redudng counts of the
pahogen and suppressing its growth.

IMPLICATIONS

Themixture of lactic acid and
sodium lauryl sulfate may effectively
control L. monocytogenes on
frankfurters regardless of time of
possible contamination during
processing. Thetreatment can be used
asfirg alterndive accordingto the
FSISfind rule because it can both
reduce levels of the pahogen and
suppressits growth.
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