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ABSTRACT

The aim of this study was to estimate the overall effect of
chilling on the Salmonefla occurrence on pig corcosses
during pork processing. Meta-analyses were conducted on
the outcomes of research studies conducted in 32 abattoirs,
A random-effects model was applicd, and the between-
abattoir variability (°=0.548) was significant (p<0.001),
Results also showed that publication bias is unlikely, Thus,
this meta-analysis allowed the generalisation that chilling
reduces the Salmonella incidence by a factor of 1.62 (95%
Cl: 1.09-2.41). However, a multilevel meta-analysis showed
that the ‘number of sampling visits’, within abattoir,
significantly (p<0.05) affected the chilling effect size,
accounting for 40% of the betwecn-abaltoir variability,
Thus, the beneficial effiect of chilling only became apparent
in a consistent way when at least two sampling visils took
place in an abattoir,

INTRODUCTION

Meta-analysis concerns the statistical summarisation of the
results of o large collection of independently conducted
primary studies on one speeific research question (Glass
1976). Thus, mela-analysis aims to explain differences in
study outcomes by coding study characteristics such as
research design features, data collection procedures or type
of subjects sampled (Hox and de Leeuw 2003). In a fixed-
effects model, the studies are regarded as simple replications
of each other. This assumption considers that the possible
differences between study outcomes are due to sampling
error. However, heterogeneity in ponmary study outcomes is
expected as different studies employ different experimental
manipulations or measure the effects with different
methodologies. To address this heterogeneity, a random-
effects model is the best choice as it assumes that study
outcomes vary not only because of random sampling effects
{within-study variations), but also because of real
differences between studies. If heterogeneity among primary
studies is present, the next goal is then to identify the study
characteristics or moderators that explain the differences
between study oulcomes, For this, an original new analytic
direction was taken by Raudenbush and Bryk (1985). who
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argued that a meta-analysis could be regarded as a special
case of multileve! analvsis using hierarchical linear models,
with subjects between studies a1 the first level and studies g
the second level. The major advantage of using multileve]
analysis instead of classical meta-analysis methods is its
flexibility as it is simple 1o include moderators as
explanatory variables in the model (Hox and Lecuw 2003},

In foed safety research, meta-analysis may be conducted to
address 4 broad range of research questions such as disease
incidence,  consumer  practices,  prevalence  of
microorganisms, effect of interventions pre- and post-
harvest, ete. Performing o meta-analysis, Gonzales-Barron
et al. (2008) confirmed that chilling has a significant effect
on the reduction of pathogenic Safmonelle occurrence in pig
carcasses, However, the effect size of chilling was eslimated
using only pooled numbers of positive and tested carcasses
per primary studied; being a case of a classical meta-
analysis integratmg only summarnised oulcomes. As other
primary studies became available, it was realised that, for
most of the studies, the Safmonella occurrence data of pigs
pre and post chill could be broken down by abattoir. Thus,
the objectives of this research were (i) to revise the effect
size of chilling on Salmonella occurrence on pig carcasses
considering  the results of new primary studies; (i} to
quantify the between-abattoir variability in the effect of
chilling; and (iii) to demonstrate the use of simple
multilevel meta-analysis o attempt o explain  the
heterogeneity in the primary study outcomes.

METHODOLOGY

As indicated by Sargeant et al. (2005), to perform a meta-
analysis, threc important facets are 1o be considered:
population, intervention or tremtment and measured
outcome. The problem statement in this study was the
estimation of the overall effect of chilling on the prevalence
of Salmonella on pig carcasses during slaughterhouse
processing. The population was specilied as eviscerated pig
carcasses after veterinarian inspection in abattoirs. The
treatment is rvepresented by the chilling stage during
carcass/pork processing, which includes cooling and cold
storage (18 to 24 h) at -5 €. The measwred ontcone is the
detection of Salmonelld on the pig carcass surface.
Following the systematic review protocol presented by
Sargeant et al. (2005), and after assessing all the
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Table 1: Oceurrence of Salmonella-Positive Pig Carcasses By Abattoir Before and Afier Chilling
as Detected i Eleven Primary Studies

Primary study Coded Coded Number of Pre-chill group Post-chill group
study Abattoir visits (Control) ( Treated)
{” (v} S [ Sr Hi
Booteldorn et al. (2003) 1 | 2 14 55 9 55
2 I 2 30 3 20
Bouvet et al, (2003) 2 L 2 & ol 3 Gl)
4 2 1 62 3 a2
] 2 1 60 0 6l
Cutter (2003) 3 ] 1 0 23 4 23
7 I 0 30 2 30
b I 2 45 2 45
al g | 0 30 | 40
ls. 10 I 1 30 ] 15
at 11 1 1 15 0 15
gl 12 | ] 15 i 15
its Davics et al (1999) 4 13 | 7 25 3 23
s Dugan et al. (2010} 3 |4 4 | 66 1 6l
15 3 12 50 2 47
16 2 3 29 1 23
1o |7 3 2 30 | 30
5e Minvielle f 18 2 4 al 0 ]
of {unpublished data) ) 2 8 ol 4 oll
it- 2 2 4 i) L6 L
0 Owsterom et al. (1985) 7 21 NS 19 64 g 4
3 22 NS 4 7l 2 71
g 23 NS 4 75 l 75
ed Epling ct al (1993) 8 24 NS 61 188 72 [88
e Algino et al, (2009) 9 25 NS {4] 112 25 112
b De Busser et al. (2011) ] 26 2 i 39 0 39
4 27 2 2 43 0 43
o 28 2 23 51 4 =
£ 29 2 5 44 1 44
i 30 2 | 49 0 49
= Arguello et al. (2011) 11 3l 3 118 3 31 310
= 32 3 61 135 17 135
:_:} Y Number of visits within cach sampled abattoir not speeified
:f information presented in every study. eleven primary studies fitted using the same data set presented in Table L.
were considered appropriate for inclusion in the meta- However, as the number of visits per abattoir Mv were not
analysiz models ({Tablel). MNext, a parameterisation ot available in Oosterom et al. (1985), Epling et al. {1993) and
measure unit of the intervention’s effect size needs to be Algino et al. (2009), the results from these three primary
determined. The effect size (#) refers to the degree to which studies were removed for the multilevel model.
the hypothetical phenomenon 18 present in the population.
3 Relative risk (RR) was chosen as the effect size Fixed-effects meta-analysis
ﬂI parameterization for being less susceptible to differences in
Ilu study protocols (Gonzales-Barron et al. 2008). The outcome o its simplest form, a fixed-effects approach can be carried
data were available on mp pig carcasses in the post-chill out to make a conditional inference only about the § primary
cld group (treated group) and # pig carcasses in the pre-chill studies included in the meta-analysis (Hedges and Vevea
*T‘E group (control  group). The number of successes 1998}, On the other hand. a fixed-eflects meta-analysis can
I:Z {(Salmenella-positive carcasses) in the post-chill and pre- also be conducted under the assumption that the possible
2 chill group are represented by sr and sc respectively. differences between study results are only due to sampling
i Results in Table | are presented broken down by abattoir variance. In any case,
i surveyved {f)., and includes the study characteristic or
A moderating  variable of nuwmber of sampling visits per EJI =0@+e¢, (n
b}; abattoir  (Nv). A fixed-effects, random-effects and &
u multilevel model with the moderating variable Nv were

fitted, The fixed-effects and random-effects model were




with # the observed effect size in the abatwir f, @ the
population effect size, and g the residual error due lo
sampling variance. It is assumed that the & have a normal
distribution with mean zero and a true variance £, In our
particular case, the effect size & refers to the natural
logarithm of the relative risk (log RR). Apart from the
values of # from each abattoir, the standard error of the
effect size oy} are to be caleulaled.

B LT
0, =logRR=log—L—L (2)
S B
03
H, =& M — 8
cr(ﬂf}=cr{1ugRR]= e (3)
il T";T ”rl"'!"t ,

To estimate the population effect size ©, the observed size
effects & should be averaged. Because studies usually differ
in the reliability of estimating the true etfect size, for
instance, due to differences in study size, a weighted
average is preferred with weights w, equal to the precision in
estimating the population effect size. Because in this simple
fixed-effects model, it is assumed that the deviation of the
observed effect sizes from the population etfect size is due to
sampling error alone, the precision can be defined as the
inverse of the (estimated) sampling varianee. The estimated
population effect size and its standard error would be,

Z WISI

6(6)- ;.m (5)

Z o
g

H 2 4] o J v &
with  w, =l/o (ﬁ;-), Because  meta-analvses  are

performed retrospectively, in many situations studies may
differ from each other due to differences n messurmg
protocols, in the population from which the sample is
drawn, and in the kind of dose and treatment thai is offered;
all of these giving rise to heterogeneity. A popular
homogeneity test is the ¢ statistic,

When effect sizes across studies are homogeneous,
follows a chi-square distribution with (7-/} df. 1T the
hypothesis is rejected, there is evidence that there are
additional sources of variability other than within-study
sampling error. It is then common practice lo examing
moderator variables; divide the studies in homogeneous

-

groups to perform separate meta-analysis; or o use 4
random-effects model.

Random-effects meta-analysis

One way to model the heterogeneity among the true effecs
measured by the primary studies is Lo treat it as purely
random (Viechtbauer 2010). In contrast to the fixed-effects
model, random models provide an wnconditional mference
about o farger set of studies from which the 7 studies
included in the meta-analysis are assumed to be a random
sample (Hedges and Vewea 1998} In a random-effects
model, each study investigates its own true effect size &,

H,=@f+53=_{§+v,+3_, (7)

with E the mean true effeet size and v the deviation of the
true study effect size from the mean true effect size. The
values of v are normally distributed random effects with a
mean of zero and a variance of . In this approach, two
spurces ol variation are distinguished: sampling variation
{.f ) and variation between true effect sizes (7). By ncluding
', the standard error in the effect size estimates represents
random variability at both the subject level and the study
level. As in the fixed-effects approach, a weighted method i5
also used to estmate the mean true effect size and i
standard error. The inverse variance weight or precision of
the primary studies should then be corrected (w) by
addition of the between-study variability term o',

W, =—; T =)
o iE‘,- )+
with the variance © estimated from the O-statistic,
2 _ g-l=1
Sw, [ i /Ew,
! i i

T (%)

The mean true effect size @ and its standard error «(2) are
estimated with equations (4) and (5) vsing instead the
corrected weights w.

Multilevel meta-analysis

A meta-analysis can be considered a special case of
multifevel analysis using hierarchical linear models. with
subjects between studies ‘at the first level and studies at the
second level. If the between-study variance is shown to be
noteworthy, one or more moderators (study characteristics)
can be added to the model to account for at least part of the
heterogeneity in the true effects. In our meodel, the
moderator Mv (number of sampling visits in an abattoir) wias
added,

B,=0,+&g, =8, +BNv,+v, +g, (10)
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This model treats the moderator effect §; as fixed and the v,
as random effects that distribute normally with a mean of
zero and a variance of . Yet, © now denotes the amount of
residual heterogeneity among the true effects, or the
variahility among the true effects that 18 not accounted for
by the moderators included in the model. To estimate the
parameters, maximum likelihood  estimation  (MLE}
procedures are the most frequently used. In MLE, residuals
on both levels (v and & of Equation [0} are assumed o be
mdependently distributed. Meta-analysis models were fitted
in R version 2.14.2 (R Development Core Team) using the
‘metafor’ package (Viechtbaver 2010), which provides
functions for fitting the models deseribed above,

RESULTS AND DISCUSSION

The fixed-effects model provided sirong evidence that the
chilling stage in pork processing has a decreasing effect on
the occurrence of Salmonelfa on pig carcasses (p=<0.001).
After taking the inverse of the exponential of the estimated
overall effect size (0=-0.550 in Table 2}, it can be inferred
that, on aversge, chilling reduces the Samonedla incidence
by a factor of ~1.73 (95% CI: 1.49 — 2.02). Although there
is evidence of heterogeneity by the significant © statistic
(Table 2}, this fixed-effects model still provides wvalid
inferences as long as they are restricted to the set of studies
included in the meta-analysis (Viechtbauer 2010). The
forest plot shown in Figore | highlights the variability in
effect size estimates and precision between abattolr entries;
and the marker size illustrates the contribution of each
abattoir (weleht) o the overall effect estunate tor the fixed-
effects solution. It should be noticed that weights are not
only related to sample size, but instead to the number of
successes o failures in proportion (o the sample size
Analyzing the definition of the standard error of the Ln RR
parameterization {Equation 3), inverse-variance weights
will be small when the number of Safmonella-positive
carcasses  (successes) in either group (before or afler
chilling) is close o zero. For instance, abattors 26 and 34,
with @ reduced number of successes pre-chill and post-chill
(Table 1) produced very low weights (Figure 1), In contrast,

weights will be large when the number of successes in both
groups are high. Tn an extreme case. where there was no
Tailure in both groups, the weights would be equal to
infinity. That explains why abattoirs 24, 31 and 32 with the
highest sample sizes and the highest proportion of successes
(Table 1) produced the highest weights (Figure 1). Yel,
small studies can still be given a large weight when they
have relatively more successes. For instance, abattoir | with
a sample size (nc=n=3535) smaller than abattoir 5
{n=nr=>60) was assigned a higher weight (Figure 1) since
its number of successes in proportion to sample size was
much higher than the latter (Table 1). Thus, the inverse-
variunee weighting permits the consideration of’ small but
well-designed studies, thal otherwise would have been
disregarded because of their lack of statistical power to show
a significant different for the outcome of interest, had the
weighting been based on sample size alone.

A visual examination of the forest plot (Figure 1) gives an
idea of the discrepancy among abattoir entries, which is not
surprising given the several sources of variability among
studies and abattoirs such as sampling site, chilling
equipment, cross contamination of carcasses, level of
Sefmonella infection at slaughterhouses, differences in the
microbiological protocol, year and country, among others,
In the random-effect model, the overall effect size is still
significant although at a limiting p-value {Table 2). This
occurted  because the addition of the relatively high
variability at abaltoir level to the random variability at
carcass level, produced an increase of the standard error of
the overall effect size from 0.077 (fixed-effects) to 0.201
{random-etfects; Table 2). The overall effect size is still
significant bul lower than the one estimated by fixed effects,
and suggests that after chilling the Salmonella prevalence is
reduced on average by a factor of ~1.62 (©=-0.485 in Table
2). Accounting for the heterogeneity in the rrue log relative
risks between abattoirs {T7=0.548) led to a meta-analysis
with better fit quality than the fixed-effects model, as
indicated by the lower log-likelihood and Bayesian
Information Criterion (BIC).

Table 2: Resulls of the Abattoir-Level Meta-Analysis Models for the Risk of Safmonella Prevalence on Mg Carcasses After
Chilling Relative to Before Chilling

Model Fixed-effects

Random-effects Multilevel

Parameters
Intercept (8, k)
# visits in abattair ()

0550 (0.077)"

-0.485 (0.201)" 0.607 (0.612) ™

-0.589 (0.273)"

Heterogeneily
0 test 107.5 (df=31)
T:
I!
H*
OM noderators
QE residual heterog,

Goodness-of-fit
Log-likelthood -TH.2882
BIC [ 60,042

0.548 0.331
68.3%
3.15
4.66 (dE=1)
34.05 (df=25) ™
40 6887 -41.2337
106.2453 92,1240

Significance codes: 0 **** 0,001 ***" (.01 **7 0.05 *." &1 * ° Non-significant ="
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Other measures can be computed to facilitate the
interpretation of the estimated amount of beiween-abattoir
heterogeneity. The I statistics or intra-class correlation
estimates the proportion of between-study variance from the
total variance. This is analogous to using the proportion of
explained variance in standard regression models to indicate
the importance of specific predictor variables. Hunter and
Schmidt (1990) pointed out that with a large number of
studies, the power of the significance test is high, and small
variances will become significant, However, when the
number of studies is small, lack of significance for t* does
not dmply that the oulcome are  homogeneous,  So,
theypropose a 25% rule of thumb; this is, if the intra-class
variance is higher than 25% of the total variance, the
variance between studies can be deemed as large enough to
attempt 1o model it using available study characteristics. In
our case, the intra-class correlation {1°=68.3%) underscored
the presence of between-abattoir vanance, and that
consequently some siudy charactenistics could be coded 1o
attempl to expluin such heterogencity among the true

effects. The H° statistic is the ratio of the total amoun of
variability in the observed outcome to the amoun: g
s-a_mpling variability (If =0, then H*=1). In this model, the
H ratio was 3.15 (Table 2). In contrast with the fixeg.
effects solution, the overall effect size — or incidence
reduction ratio due to chilling (95% CL: LO0O9 — 2.4 _
obtained by the random-effects approach can be generaliseg
beyond the specific set of abattoirs at hand, and this is alg,
susiained by the unlikely presence of publication bias. This
will be later discussed,

The power of multilevel meta-analysis becomes apparent
when attempting to model the significant differences in the
abattoir outcomes. We hypothesised that as an abattoir way
visited more number of times (i.e., sampled more), the effegy
size of chilling on Salmonella occurrence became mose
clear and larger; and that at least part of the heterogeneity
found between aballoirs may be due to the influence of the
number of sampling visits (Nv) defined in the experimenial
design of the primary studics. The results of the multileve]

Abattoir Log RR [95%Cl]
%a%ir% et -&4411 [-1.19, g.ah
atolr 3 —n—it 0831983 Gad!
fhetor = PRHE

r v i L 5 3l
B e 2201087 850

a8 r ! H - f « . B
sgator g == 450179 1%

r = 1 : A o
ttoir 10 - ' 044 [-358, 2.71]
Maﬁbaﬁlnpr % — 4 -aég 422 203 i

ir T y " i

ﬁbﬂﬁgirﬂ —— 0. [3%%%
spatot 18 — 0081267 £33
Abattoir 16 R -0.87 -%ius'. 1.33]
Abattoir 17 e -g, %04. 1.65 |
ttoir 18 R — 2. 10! 070
tioir 19 — -069[-1.84 . 0.45]
ﬂbaﬂﬂggr%ﬁ! P —— ‘T?Q %].251 23%
Abatioir 2 it '-%'.s% 2g% ﬁig?f
Abattoir 23 et -1.39[-355, 0.78
Abattoir 24 . 017 (-011, 0.44]
Abattoir 25 ] n.gg 23 160
Abattoir 26 ' . 0.0 §g . 390]
Abatiolr 56 —— e 575078

r : -1, «2.74 0,
attoir e -1.61 -3.?2,'8.53'
Aoation 31 T 13817170 597

i : -1. =1.70 , 0.
ttoir 3. - 2381477 881

| 0 55[-0.70 , 0.4
RE Mode! - 33848 888

] T | ] ]
743  -357 001 354 7.1

Log Relative Risk

Figure 1: Forest Plot of the Risk of Safmonelia Prevalence on Pig Carcasses After Chilling relative to Before Chilling. Primary
Study Estimates and Overall Fixed and Random Effects are shown with 95% Confidence Intervals
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Figure 2: Effect of the Number of Sampling Visits in a
Study Experimental Design on the Estimation of the Effect
of Chilling on Salmenella Incidence on Pig Carcasses

model (Table 2) showed that, apparently, our ¢stimale of the
effect size of chilling is subject to the number of times an
abattoir is visited. This is supported by the significant
coefficient 5, and the significant QM test for the moderating
variable, In the multilevel model. the estimated amount of
residual heterogeneity is v=0.331, suggesting that 39.6%
(0.548-0.331)/0.548) of the total amount of heterogeneity
between abattoirs can be accounted for by including the
‘number of sampling visils” in the model. The QE statistic
indicates that the residual heterogeneity is no longer
significant. However, we can assume that the number of
sampling visits per abattoir may be accounting for some of
the between-abattoir variability, and that other non-coded
study characteristics may be also noteworthy,

The value of the coefficient [, indicates that an increase in
one sampling visit in abattoir corresponds to a change of -
0.589 units in terms of the average log relative risk (Table
2). Because the abattoir outcome depends on the number of
sampling visits, reporting an overall effect size does not
convey the relevant information. To  facilitate  the
interpretation of the moderator, predicted average log
relative risks for different number of sampling visits can be
reported. Figure 2 shows a plot of the log RR as a function
of the number of sampling visits. The observed RR ure
drawn proportional to the weights. and predictions are
shown with corresponding 95% confidence interval bounds.
Results suggest that when an abattoir is sampled only once,
the observation of an effect (either increasing or decreasing)
Is inconsistent, and thercfore, on average no effect is
observed (notice that on average the Log RR is zero when
one sampling visit is performed). Seemingly, the decreasing
effect of chilling on the Safmonella prevalence becomes
noticeable (and significant) with at least two sampling
visits, These interesting results may be explained by the fact
that, although Safmonella viability has been proven, at least

at laboratory level, to be affected by both temperature (cold
shock and refrigerated storage) and water activity (osmotic
shock); still the efficacy of the chilling operation for the
reduction of Salmonella is also affected by other egually
important factors, related to chilling systems, abattoir
logistics, cross-contamination, abattoir hygiene, etc. In
addition, Salmonella cells are not homogeneously
distributed on carcasses, which will greatly add to the
uncertainty in the measured outcomes (i.c., although a pre-
chill carcass may contain Salmonella cells, swabhing a
Satmonella-free area will lead to a negative result). On the
other hand, the pre-chill and post-chill measurements were
most of the times performed on different carcasses, which
adds extra randomness to the measured outcome. Thus, it 15
then expected that, with so many factors affecting the
efficacy (and the measurement itself of the efficacy) of the
chilling operation, results from only one abattoir visit made
up of un average of 30 pig carcasses, will not be sufficient to
consistently elucidate any effect. Results from the mulilevel
meta-analysis indicated that a significant reduction ratio
(~1.77) of chilling on the Salmonella incidence on pig
carcasses was observed with at least two sampling wisits
consisting of a total of 50 carcasses on average. A greater
Salmonefla incidence reduction ratio (~3.20) was noticed
with data from three sampling visits {Figure 2). This meta-
analysis model however is not supposed to be extrapolated
for four or more sampling visits, as the number of sampling
ocassions is not a continuvous variable bul a categorical one,

An impertant problem in meta-analysis is the so-called file
drawer problem or publication bias. The data for a meta-
analysis are the results from previously published studies.
Studies that find significant results may have a larger
probability 1o be published. As a result, a sample of
published studies can be biased in the direction of reporting
large effecis. An approach to investigate publication bias is
by means of a funnel plot which is a plot of the effect sizes
versus their standard errors. If the sample of available
studies is “well behaved’, this plot should have the shape of
a funnel. The outcomes from smaller studies (normally of
higher standard errors) are more variable but estimate the
same underlying population parameter, If large effects are
found predominantly in smaller studies, this indicates the
possibility of publication bias, and the possibility of many
others insignificant small studies remaining unpublished
{Hox and De Leeuw 2003). In the case of multilevel models
with moderating variables, the funnel plot should not be
based on the observed oulcomes (i.e., effect sizes versus
standard errors) because part of the variability in the plot
could be due to the explanatory study characteristics. Thus,
it is more appropriate to use a funnel plot after removing the
covariate effects. Figure 3 shows a funnel plot of the effict
size residuals against their corresponding standard errors,
and does not suggest evidence of publication bias,

CONCLUSION
Baoth the fixed-effects and random-efects model confirmed

the effect of chilling in decreasing Salmonella incidence;
although the random-effects model was preferred to account

| "



for the high variability observed among the 32 abattoirs
surveyed in the 13 primary studies. As o funnel plot
suggested no evidence of publication bias, it can be safely
generalised that the chilling effect reduces the incidence of
Salmonella by a factor of 1.62 (95% CL 109 - 2.41) in
relation to the occurrence in pre-chill pig carcasses. The
heterogeneity in effect size between surveyed abattoirs
(T'=00.548), investigated by means of a multilevel muodel,
revealed that the *number of sampling visits” performed in
an abattoir is a study characteristic that has a major
influence on the estimated chilling effect. This moderating
variable (covariant) explained 40% of the between-abattoir
variability, and revealed that only one sampling visit -
consisting of an average of 30 carcasses - was not sufficient
to consistently elucidate any chilling effect: most likely
because of the many factors mfluencing both the efficacy of
the chilling eperation (i.e. chilling sysiems, abattoir
logistics, proximity between carcasses, cross-contamination,
ete.) and the measurement self (Le, heterogeneous
distribution of bacterial cells on carcasses; uncertainties
associated with the different carcasses sampled before and
after chilling; and with the microbial test protocol). The
beneficial effect of chilling became only evident in a
consistent way with at least two sampling visits per abattoir;
this is with higher sample sizes that could surmount the
different sources of variability and uncertainty affecting the
efficiency of the chilling operation. Meta-analysis
applications such as the one conducted in this study are of
importance in the development of risk assessment models;
in the design of future statistically-sound 1ncidence surveys
in abattoirs, and ultimately in the compilation and better
understanding of the differing outcomes found by primary
studies.
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Figure 3: Funnel Plot of the Residuals of the Risk of
Safmonella Prevalence on Pig Carcasses Afier Chilling
relative to Before Chilling
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