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Abstract —The time/temperature combination during carcass cifling 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 sefled for temperature and pH measurements during the
chilling process at 6 different days on 4 half camsses in order to obtain representative data from davy

carcasses with high muscular development. Predicivmicrobiology was used to evaluate the potentiatgwth of

Listeria monocytogenes and Clostridium perfringens on the surface and in the depth of the carcasseEhe gamma
concept was chosen as secondary model taking intocaunt the effect of temperature, pH and water actity on

the selected bacteria during the chilling processThe predicted growth potential of Listeria monocytogenes is

influenced by the different environmental conditiors of the selected slaughterhouses and could reach! 1og

CFU/cm2 after the chilling process. The potential @wth of Clostridium perfringens is limited due to

unfavourable conditions during the first hours andto low temperature later. It can be concluded thatvhen the

initial level of contaminating bacteria is not excesive the speed at which the carcass is currenthhitted is

sufficient to limit the growth of these two pathoges and to ensure the product quality.

Index Terms—predictive microbiology, chilling, cattle, pathoges

[. INTRODUCTION

According to the European Regulation (EC) N°8532&ying down specific hygiene rules for food ofraal origin
(Annex I, Chap. VII, point 1) (European Parlianmiesnd Council of the European Union, 2004poSst-mortem
inspection must be followed immediately by chilimghe slaughterhouse to ensure a temperatureutjinout the meat
of not more than 3 °C for offal and 7 °C for otmeeat along a chilling curve that ensures a contimidecrease of the
temperaturé This regulation does not mention any requirenfentthe speed and/or for the maximal durationhaf t
chilling process. It is nevertheless well know tha chilling process cannot be too long, in orieavoid microbial
growth, particularly in the depth of the carcassemh putrefaction can occur quickly at high tempeest once
anaerobic conditions have been reached. As an deampsset and Roussel-Ciquard (1984) recommend athha
internal temperature of +15°C is reached in pdkt-mortemTaking into account that the chilling speed i&édo in
heavy carcasses with high muscular development agclarge cattle from the Belgian Blue (BB) bretw first
objective of the present experiment was to stuayféasibility of such recommendations in largeledtiom the BB
breed, particularly in the centre of the hindquarte

Predictive microbiology can be used to assessishs pf food processing, distribution, storage &t handling;
and, to implement control measures in order togmtathe microbiological quality, important for bditod safety and
product quality (Brul, van Gerwen & Zwietering, ZQ0Predictive microbiology uses mathematical medbuilt with
data from laboratory testing) and computer softwai® describe the responses of microorganisms tocplar
environmental conditions (McKellar, 2004). Thankspredictive microbiology, the growth of selecteatteria can be
simulated in function of temperature, pH and watetivity (a,) fluctuations. The second objective of the present
experiment was to predict the potential growtliisteria monocytogenem the surface an@lostridium perfringensn
the depth of carcasses from such animals.

. MATERIALS AND METHODS

A. Data source of temperature and pH

Three slaughterhouses representative of practigding conditions usually observed in Belgium weselected for
the present experiment, two of them (A, C) using@ steps chilling process (2h30 shock chillinghtllimg room), the
third one (B) using a 1 step chilling process (ofdl room). In each slaughterhouse, the measureswesrte repeated at
6 different days on 4 half-carcasses corresponttirtgvo different BB large cattle with the followirgharacteristics :
hot carcass weight : 494 +49, 473 £ 32 and 4766@ in slaughterhouses A, B, and C respectivelysogean
classification types DS2 or AS2. Temperature wasstered continuously (1 measurement/min.) duri@ly @ith Testo
171-4 or 171-8 data-loggers and thermocouple antiséance probes (Testo, Lenzkirch, Germany) aethtifferent
locations : ambience near the carcass (measuracheight of 40 cm, between both half-carcasseartistf 10 cm),



superficially (under the superficial aponevrosigiadf fore-leg, at the level of thadial extensoiof the carpusat half-
distance between the bend and the distal end oletijeand core (the deepest point of the hindquéame near the
proximal end of the femoral bone, the probe beimggited via the interface between hectineusand adductor
muscles). The temperature usually being measurétkilongissimus dorsmuscle, it was also punctually measured 1,
2, 4, 8 and 48lpost-mortemat this location (at the level of the 7-8-8ibs) in combination with pH, using a Knick
Portamess type 913 Calimatic pH meter, a Mettldedm LoT406-M6-DXK combined insertion probe and tad@0
temperature probe.

B. Predictive microbiology

The growth ofListeria monocytogeneand Clostridium perfringenscould be described by the linear three-phase
primary growth model (Equation 1) (Buchanan, Wlgti& Damert, 1997). The lag phase was neglected ifsteria
monocytogene@ag = 0 h). The lag phase @lostridium perfringensvas estimated at 10 h taking into account the
positive redox potential period (Rosset & Roussigle@rd, 1984) and the time needed to germinateinDuhis period
the anaerobic bacteria can not grow (Internati@wmhmission on Microbiological Specifications fordes, 1996). The
a, was estimated at 0.98 at the surface and 0.9%héndepth of the carcass (Anonymous, 2007). Thealinit
concentration oListeria monocytogenest the surface an@lostridium perfringensn the depth of the carcass was
fixed at 1.0 Log cfu/cm? and g, respectively, whidn be considered as the “worst case”. The ganumeept was
chosen for secondary growth model to express thgeimce of temperature, pH ang an the growth rate (equations 2,
3, 4 and 5) (te Giffel & Zwietering, 1999).

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, :,Uopty(Tij(k))y(pHij(k))V(aww)) (Equation 2)
2
Tito = Tiin Equation 3
y(Tij(k)) Z{.I_Jo(pt)_.rmin } ( q )
Y(PH | ) = (PH (k) = PH i J(PH (i = PH (1)) (Equation 4)
: (pH opt - pH min )( pH max pH opt)
Ay~ 3ymin :
=ik T Equation 5
V(awu(k)) 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

Iumax-.(k) is the bacterial growth rate following the envircemtal factors at time t
ij

I
PH; (s the recorded pH at timg (€C)
aWij(
T andT,

opt’

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

Y is the recorded water activity at timegtC)
pHmin and pH

activity of growth for the considered bacterialagty respectively (International Commission on Mhiplogical
Specifications for Foods, 1996)
- for Listeria monocytogenesT . = -0.65°C, T, = 37°C, pH wopt =
- for Clostridium perfringensT,;, = 9.8°C, T, =43°C, pH 1
To calculate 44, for each bacterial strain, the bacterial growtte naas collected from Combase by selection of the

microorganisms with the specific environment.

optr Qwmin @Nd A, are the theoretical minimal and optimal tempegtpH and water

=45, pH,, =6.7,8,,,, =0.92,a 1

* F'wmin

=5.0, pH,, =6.5,8,.,, =0.94,a

* 'wmin

min

min wopt =



[l RESULTS AND DISCUSSION

The superficial and core temperature evolutionthefcarcasses are presented respectively in theefig (a and b).
The superficial temperature evolution was systerali§i in conformity with a recommendation from t@anadian
Agency for Food Inspection (2002) suggesting thattemperature has to be lower than +7°C after 2His. threshold
has been reached after 12h, 9h and 11h on averafguighterhouses A, B and C respectively. Itfigcdit to conclude
about another recommendation from Rosset and RieQ&paard (1984) who suggested that a temperatfirebeC is
reached “as soon as possible”. The internal tenyerg+7°C) required by the European Regulation)(EG 853/2004
has been reached around thd' #®ur of refrigeration in the deepest point of ttied-leg of the carcasses evaluated
during the present experiment. An internal tempgeabf +15°C within 24 hourpost-mortemis recommended to
reduce microbiological risks (Rosset & Roussel-@igy 1984). This limit of +15°C was reached aft8rhdurs on
average in the present study. Furthermore, acapitdithe CSIRO Australian Division of Food Procegs{1989), the
+15°C threshold has to be reached after 20h. Husmmendation seems to be difficult to put intacpica with heavy
BB carcasses. It has to be noticed that the terhperan thelongissimus dorsmnuscle cannot be used as an indicator of
the “core temperature” since the temperature atghmt was 3.6, 6.2, 13.3, 15.6 and 4.5°C lowamntkthe deep leg
temperature at 1h, 2h, 4h, 8h and $8kt-mortenrespectively.
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Figure 1 : Superficial (a) and core (b) temperatwelution of heavy half-carcasses from the Beld@are breed during the chilling
process in three representative slaughterhouses.

The figure 2 gives the pH evolution in tlengissimus dorsmuscle during chilling. For the slaughterhouseasndl C,
the average pH of the carcasses decreased froto 6.8 during the first 8 h and further decreadedly from 5.8 to
5.5 until the end of the process. In the slauglatesk B, a faster evolution was observed due tdrlakcstimulation of
the carcasses before chilling. The values of teatpez in deep leg and in dekmgissimus dorsimuscle combined
with those of pH, led to the conclusion that in theee slaughterhouses, no risk obfd shortening (= alteration of
tenderness due to an excessive chilling rate ady-mortehhas to be expected.
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Figure 2 :Post-mortenevolution of pH in thdongissimus dorsimuscle of heavy half-carcasses from the Belgian Bheed during
the chilling process in three representative slgerglouses.

The figure 3 gives the predicted growth curved.isteria monocytogene&) andClostridium perfringengb) in
function of temperature and pH profiles measureithénthree slaughterhouses. The growth potenti@hgthe chilling
process foListeria monocytogenedepends of the environmental conditions of thagiéerhouses and varies from 0.8
to 1.4 log cfu in function of the slaughterhoudke predicted growth being lower in the slaughteggoBdue to lower
pH of the carcasses. The growth potentidlisferia monocytogendsas to be considered as important in the firstdou
of the chilling process where conditions are mastofable. Using electrical stimulation permits tuce growth
potential during the chilling process. The growtbhtgmtial of Clostridium perfringensis similar for the three
slaughterhouses and is estimated around 0.7 log ttfa effect of the observed pH variation beingliggble. The
positive redox potential during the first hourstb& chilling process and the time needed to gertmipaevents any



growth of this pathogen during this period. Aftarstlag phase, the growth @fostridium perfringenss limited due
unfavorable temperature conditions, in particufeeral6h and later when the internal temperatuaehies values lower
than +20°C.
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Figure 3: Predicted growth dfsteria monocytogenesn the surface (a) ar@ostridium perfringensn the depth (b) of heavy half-
carcasses from the Belgian Blue breed during thérghiprocess with the environmental conditions obsé in three representative
slaughterhouses.

\A CONCLUSION

Control of the growth of pathogenic micro-organisisishe main food-safety concern during the chgllprocess of
red-meat carcasses. The observed time-temperaturdiations in the selected slaughterhouses comytia
recommendations and limit the growth of these pghs in case of accidental contamination of caesaskhis study
contributes to demonstrate that modeling approacidcbe used on available environmental data iotd evaluate
the risk associated with pathogens. The impadti@f/ariation of environmental conditions can alsehkaluated.
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