Presented at the 56 ™ International Congress of Meat Science and Technology (ICOMST), Jeju (Korea), August 15-20, 2010

CHILLING OF CARCASSES FROM DOUBLE MUSCLED CATTLE : TIME-
TEMPERATURE EVOLUTION AND PREDICTIVE MODELLING OF G ROWTH OF
LISTERIA MONOCYTOGENES AND CLOSTRIDIUM PERFRINGENS

L. Delhalle, B. Collignon, S. Dehard, P. Imazaki,@ube and A. Clinquart
University of Lieége, Faculty of Veterinary MedicinBepartment of Food Science, Sart Tilman B43bif040ege, Belgium
"Corresponding author (phone: +32-43664040; fax: 43864048; e-mail: antoine.clinquart@ulg.ac.be)

Abstract —The time/temperature combination during carcass citling is of concern in order to avoid bacterial
growth. The chilling speed is lower in carcasses thi high muscular development such as large cattledm the
Belgian Blue breed. Three slaughterhouses were setled for temperature and pH measurements during the
chilling process at 6 different days on 4 half ca@sses in order to obtain representative data from éavy
carcasses with high muscular development. Predic&vmicrobiology was used to evaluate the potentiat@wth
of Listeria monocytogenes and Clostridium perfringens on the surface and in the depth of the carcassebhe
gamma concept was chosen as secondary model takingp account the effect of temperature, pH and wate
activity on the selected bacteria during the chillig process. The predicted growth potential ofListeria
monocytogenes is influenced by the different environmental condions of the selected slaughterhouses and
could reach 1.4 log CFU/cm? after the chilling proess. The potential growth ofClostridium perfringens is
limited due to unfavourable conditions during the frst hours and to low temperature later. It can be
concluded that when the initial level of contaminahg bacteria is not excessive the speed at whichetlcarcass is
currently chilled is sufficient to limit the growth of these two pathogens and to ensure the productiglity.

Index Terms—predictive microbiology, chilling, cattle, pathoges

[. INTRODUCTION

According to the European Regulation (EC) N°85320#ying down specific hygiene rules for food ofraal
origin (Annex Ill, Chap. VII, point 1) (European flament and Council of the European Union, 2004pst-
mortem inspection must be followed immediately bilirg in the slaughterhouse to ensure a tempemtu
throughout the meat of not more than 3 °C for offatl 7 °C for other meat along a chilling curve ttlegsures a
continuous decrease of the temperatufiehis regulation does not mention any requirenfenthe speed and/or for
the maximal duration of the chilling process. Ihevertheless well know that the chilling processmot be too long,
in order to avoid microbial growth, particularly the depth of the carcass where putrefaction canroguickly at
high temperature, once anaerobic conditions haee beached. As an example, Rosset and Roussel+@i(L@84)
recommend that an internal temperature of +15°@#&ched in 24tpost-mortem Taking into account that the
chilling speed is lower in heavy carcasses withhhigiscular development such as large cattle frenB#dgian Blue
(BB) breed, the first objective of the present eékpent was to study the feasibility of such recomdeions in large
cattle from the BB breed, particularly in the certf the hindquarter.

Predictive microbiology can be used to assessiske of food processing, distribution, storage foatl handling;
and, to implement control measures in order togutdhe microbiological quality, important for bdthod safety and
product quality (Brul, van Gerwen & Zwietering, 200 Predictive microbiology uses mathematical medelilt
with data from laboratory testing) and computetwsafes to describe the responses of microorganismarticular
environmental conditions (McKellar, 2004). Thanksptredictive microbiology, the growth of selecteztteria can
be simulated in function of temperature, pH andewattivity (g, fluctuations. The second objective of the present
experiment was to predict the potential growthisteria monocytogenesn the surface an@lostridium perfringens
in the depth of carcasses from such animals.

. MATERIALS AND METHODS

A. Data source of temperature and pH

Three slaughterhouses representative of practiilihg conditions usually observed in Belgium wesedected for
the present experiment, two of them (A, C) usirira steps chilling process (2h30 shock chillinghillmg room),
the third one (B) using a 1 step chilling procedsiljng room). In each slaughterhouse, the measargs were
repeated at 6 different days on 4 half-carcasseegmonding to two different BB large cattle witketfollowing
characteristics : hot carcass weight : 494 + 43,432 and 476 * 25 kg in slaughterhouses A, B,@mdspectively;
European classification types DS2 or AS2. Tempegatuas registered continuously (1 measurement/rdiming
48h with Testo 171-4 or 171-8 data-loggers andnleeouple or thermistance probes (Testo, LenzkiBgrmany) at
three different locations : ambience near the cardaneasured at a height of 40 cm, between boftcaalasses
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distant of 10 cm), superficially (under the supzdii aponevrosis of the fore-leg, at the levelh#riadial extensoiof

the carpus at half-distance between the bend and the déstdl of the leg) and core (the deepest point of the
hindquarter i.e. near the proximal end of the feahdwone, the probe being inserted via the interfaetveen the
pectineusand adductormuscles). The temperature usually being measuredeilongissimus dorsmuscle, it was
also punctually measured 1, 2, 4, 8 and 4®ist-mortemat this location (at the level of the 7-8-9ibs) in
combination with pH, using a Knick Portamess tyd@ alimatic pH meter, a Mettler Toledo LoT406-Mé&iR
combined insertion probe and a Pt1000 temperatafgep

B. Predictive microbiology

The growth ofListeria monocytogenesnd Clostridium perfringensould be described by the linear three-phase
primary growth model (Equation 1) (Buchanan, Wit Damert, 1997). The lag phase was neglected.i&ieria
monocytogeneflag = 0 h). The lag phase 6lostridium perfringensvas estimated at 10 h taking into account the
positive redox potential period (Rosset & Roussigu@rd, 1984) and the time needed to germinateinDuhis
period the anaerobic bacteria can not grow (Intesnal Commission on Microbiological Specificatiofts Foods,
1996). The @ was estimated at 0.98 at the surface and 0.9Beirdépth of the carcass (Anonymous, 2007). The
initial concentration of.isteria monocytogenest the surface an@lostridium perfringensn the depth of the carcass
was fixed at 1.0 Log cfu/cm? and g, respectivelzjol can be considered as the “worst case”. Thengmeoncept
was chosen for secondary growth model to expressnftuence of temperature, pH ang an the growth rate
(equations 2, 3, 4 and 5) (te Giffel & Zwieterii@99).

The equations can be written as follow:

In(N,, ) =In(N,) ift<lag

=In(N, )+ Hray, , Dty (Equation 1)

- In(N ) if N(t) > Niax
Himax, o = Hop/ (T 4 I PH; (k))V(awiJ(k) ) (Equation 2)

2
Tito = Tiin Equation 3
y(Tij(k)) :|:Tjo(pt)_Tmin } ( q )
Y(PH | ) = (PH 4o = PH min J(PH 1 = PH (1) (Equation 4)
: (pH opt - pH min )( pH max pH opt)

Wy, ):M (Equation 5)

19 1=aymin
where:

i is one of the recorded steps along the chillimcpss withi=1, ..., n

j is one of the three visited slaughterhouses jnth, 2, 3

k is the recorded parameter index in the stageh kv 1,...,

At, is the time interval withAt, =t, —t, ;. In the experiment, thAt, is constant and\t, = At =1 hour

Ntk is the bacterial population at tintg (cfu.mr?)

N, is the initial bacterial population (cfutgr cfu.cm?)

,uoptis the optimal bacterial growth rate’jh

'Umaxi,-(k) is the bacterial growth rate following the envircemtal factors at time t

T.j (k) is the recorded temperature at tipn€°€)

PH; ( is the recorded pH at time(°C)

a, Y is the recorded water activity at timg(tC)
pH.,, and pHopt, Qi @and @, are the theoretical minimal and optimal tempergtyH and

ij(

T, @and Topt,

water activity of growth for the considered baderistrain, respectively (International Commissiom o
Microbiological Specifications for Foods, 1996)

- for Listeria monocytogenesT ;. = -0.65°C, T, = 37°C, pH,;, = 4.5, pH,, =6.7,8,,,, =0.92,8,,, =
=43°C, pH,_,, =5.0, pHopt =6.5,a =0.94,a 1
To calculate £, for each bacterial strain, the bacterial growtie reas collected from Combase by selection of the
microorganisms with the specific environment.

1

- for Clostridium perfringensT,,, = 9.8°C, T, min wmin wopt =
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[l RESULTS AND DISCUSSION

The superficial and core temperature evolutionthefcarcasses are presented respectively in theefig(a and b).
The superficial temperature evolution was systerall§i in conformity with a recommendation from tBanadian
Agency for Food Inspection (2002) suggesting tlet temperature has to be lower than +7°C after Z4is
threshold has been reached after 12h, 9h and 1akeyage in slaughterhouses A, B and C respectiltafydifficult
to conclude about another recommendation from Roasé Roussel-Ciquard (1984) who suggested that a
temperature of +5°C is reached “as soon as po&sibhe internal temperature (+7°C) required by Egopean
Regulation (EC) No 853/2004 has been reached arthend8' hour of refrigeration in the deepest point of tiied-
leg of the carcasses evaluated during the pregeetiement. An internal temperature of +15°C witBi hourspost-
mortemis recommended to reduce microbiological risks o€ Roussel-Ciquard, 1984). This limit of +15°@swv
reached after 23 hours on average in the presedy.SEurthermore, according to the CSIRO Australidvision of
Food Processing (1989), the +15°C threshold hé® teeached after 20h. This recommendation seeims tlifficult
to put into practice with heavy BB carcasses. # tmabe noticed that the temperature inltmgissimus dorsiuscle
cannot be used as an indicator of the “core tenyerasince the temperature at that point was 8.8, 13.3, 15.6
and 4.5°C lower than the deep leg temperature,&H,Hh, 8h and 48host-mortenrespectively.
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Figure 1 : Superficial (a) and core (b) temperatewelution of heavy half-carcasses from the Beldshme breed during the
chilling process in three representative slaugloigsbs.

The figure 2 gives the pH evolution in tlmngissimus dorsimuscle during chilling. For the slaughterhousesndl
C, the average pH of the carcasses decreased fbto 6.8 during the first 8 h and further decrelasiewly from
5.8 to 5.5 until the end of the process. In thaigiderhouse B, a faster evolution was observedtauaectrical
stimulation of the carcasses before chilling. Tladugs of temperature in deep leg and in deegissimus dorsi
muscle combined with those of pH, led to the cosidu that in the three slaughterhouses, no riskooid
shortening (= alteration of tenderness due to an excesdiiéng rate earlypost-morterhas to be expected.
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Figure 2 :Post-mortemevolution of pH in thdongissimus dorsmuscle of heavy half-carcasses from the Belgian Bheed
during the chilling process in three representaglaeghterhouses.

The figure 3 gives the predicted growth curved.isteria monocytogeneg®) andClostridium perfringengb) in
function of temperature and pH profiles measuredhin three slaughterhouses. The growth potentiehglithe
chilling process forlListeria monocytogenedepends of the environmental conditions of theighéerhouses and
varies from 0.8 to 1.4 log cfu in function of théaughterhouse ; the predicted growth being lowerthia
slaughterhouse Rlue to lower pH of the carcasses. The growth piatenf Listeria monocytogenebas to be
considered as important in the first hours of thiling process where conditions are most favorabking electrical
stimulation permits to reduce growth potential dgrithe chilling process. The growth potential @bstridium
perfringensis similar for the three slaughterhouses andtisnased around 0.7 log cfu ; the effect of the obed pH
variation being negligible. The positive redox putal during the first hours of the chilling proseand the time
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needed to germinate prevents any growth of thiequsn during this period. After this lag phase, ghewth of
Clostridium perfringenss limited due unfavorable temperature conditiongarticular after 16h and later when the
internal temperature reaches values lower thanG20°
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Figure 3: Predicted growth dfisteria monocytogenesn the surface (a) ar@lostridium perfringensn the depth (b) of heavy
half-carcasses from the Belgian Blue breed duringctii#ing process with the environmental conditionisserved in three
representative slaughterhouses.

V. CONCLUSION

Control of the growth of pathogenic micro-organisimshe main food-safety concern during the chillprocess
of red-meat carcasses. The observed time-temperatimbinations in the selected slaughterhouses lgowith
recommendations and limit the growth of these pg¢hs in case of accidental contamination of caesasbhis
study contributes to demonstrate that modeling @t could be used on available environmental idatader to
evaluate the risk associated with pathogens. Thmadiof the variation of environmental conditiorencalso be
evaluated.
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