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ABSTRACT 

A literature review was conducted covering the period 2000-2012 to gather information concerning the presence 

and counts of E. coli and Enterobacteriaceae on carcasses of main livestock species during different stages of 

the slaughterline (review question 1); risk factors that could explain the variability of the counts of the indicator 

organisms (review question 2) and the relationship between the counts of indicator organisms and visual faecal 

contamination on carcasses (review question 3). In total, 86 papers considering the main livestock species (cattle, 

pigs, sheep and goats) with the exception of poultry, and providing pertinent data for the scopes of the search, 

were retrieved. In relation to review question 1, the steps of the processing line where a decrease of indicator 

bacteria was more evident were: sequential decontamination treatments such as pasteurization and hot water 

washing applied before chilling for cattle; scalding and also according to some authors, pasteurization and 

chilling for pigs, plus chilling and pasteurization for small ruminants. Concerning review question 2, most of the 

retrieved studies investigated risk factors related to slaughtering process. Hot water washing and steam 

pasteurization were clearly effective in reducing bacterial load on beef carcasses. Hot water treatments were 

effective also for pig carcasses. The dressing technique and pasteurization treatment were described as factors 

able to control bacterial contamination of small ruminant carcasses. In relation to review question 3, only studies 

providing data about ruminants were available and the reported results confirmed that the presence of visible 

faecal contamination led to higher bacterial loads on carcasses of dirty animals than those obtained from clean 

animals and the application of additional hygienic measures can be effective in order to reduce bacterial load of 

contaminated carcasses at the end of the processing line.  
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Aerobic col

Enterobac

Salmo
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microbiological criteria for foodstuff

 coli and Enterobacteriaceae counts on pig and rumin

EN-634 
d adopted by the bodies identified above as author(s). This task has
t between the European Food Safety Authority and the author(s),
ed complying with the transparency principle to which the Autho

hority. The European Food Safety Authority reserves its rights, view
d in the present document, without prejudice to the rights of the auth

quate or unhygienic processing or inappropriate

ation (EC) No 2073/20053 and Regulation (EC
d-stuffs has established the monitoring of Aerob
ygiene criteria for carcasses of cattle, sheep, goats

o different types of criteria: Food Safety Criteria 
riteria (FSC) defines the acceptability of food pr

met, the product/batch has to be withdrawn from
C) is an indicator of the acceptable functioning of 

) system-based manufacturing handling and distr
vel. It sets an indicative contamination value ab

rion is not met, the process has to be reviewed an
to be applied in red meat slaughterhouses.  

ria applied in red meat slaughterhouses as defined
EC) No 1441/2007 

rganism Limits 

lony count 

<3.5 log CFU/cm2: acceptable 
3.5-5.0 log CFU/cm2: marginal 

> 5.0 log CFU/cm2: unacceptable 
 

cteriaceae 

<1.5 log CFU/ cm2: acceptable 
1.5-2.5 log CFU/ cm2: marginal 

> 2.5 log CFU/ cm2 : unacceptable 
 

onella up to 2 out of 50 samples can be positiv

lony count 

 
 

< 4.0 log CFU/cm2: acceptable 
4.0-5.0 log CFU/cm2: marginal 

> 5.0 log CFU/ cm2: unacceptable 
 

cteriaceae 

< 2.0 log CFU/ cm2: acceptable 
2.0-3.0 log CFU/ cm2: marginal 

> 3.0 log CFU/ cm2: unacceptable 
 

onella up to 5 out of 50 samples can be positiv

073/2005 of 15 November 2005 on microbiological criteria

1441/2007 of 5 December 2007 amending Regulation 
ffs. OJ L 322, 7.12.2007, p. 12–29. 

nant carcasses: a review 

s been carried out exclusively 
, awarded following a tender 
rity is subject. It may not be 
w and position as regards the 

hors. 

11

e handling or storage 

C) No 1441/20074 on 
bic colony count and 
s, horses and pigs. 

and Process Hygiene 
roducts placed on the 

m the market. An EU 
f Hazard Analysis and 
ribution processes, so 
ove which corrective 
nd improved. Table 1 

d by Regulation (EC) 

Stage where the 
criterion applies 

Carcasses after 
dressing but 

before chilling 

ve 

ve 

a for foodstuffs. OJ L 338, 

(EC) No 2073/2005 on 



  E.
 

EFSA supporting publication 2014:E
The present document has been produced and
by the author(s) in the context of a contract
procedure. The present document is publishe
considered as an output adopted by the Auth
issues addressed and the conclusions reached
 

In Europe, Regulation (EC) No 
animal origin, provides that food
water to remove surface contami
been approved in accordance wi
Safety Authority (EFSA) adopte
lactic acid for the removal of
trimmings. It was concluded that
and applied either by spraying o
variable, the microbial reduction
unlikely that such treatments wou

This opinion is the scientific bas
business operators are allowed t
domestic bovine carcasses or 
compliance with the conditions s
into good hygienic practices and 

A literature search considering 
conducted to obtain data on:  

• the presence of the indi
carcasses during differen

• factors that could lead to
design of the slaughte
techniques, and any othe

• any potential relationsh
contamination on carcass

The present report specifically c
(cattle, pigs, small ruminants). Th

 

  

                                                     
5 Commission Regulation (EC) No 8

origin. OJ L 139, 30.4.2004, p. 55–2
6  Commission Regulation (EC) No

microbiological surface contaminati

 coli and Enterobacteriaceae counts on pig and rumin

EN-634 
d adopted by the bodies identified above as author(s). This task has
t between the European Food Safety Authority and the author(s),
ed complying with the transparency principle to which the Autho

hority. The European Food Safety Authority reserves its rights, view
d in the present document, without prejudice to the rights of the auth

853/20045, which lays down specific rules on th
d business operators should not use any substan
ination from products of animal origin, unless use
ith that Regulation. In this context, on July 201

ed a Scientific Opinion on the evaluation of the s
f microbial surface contamination from beef 
t the use of lactic acid (from 2 to 5 %, at temper
or misting) for decontamination is not a safety c
ns achieved by treatment of beef are generally sig
uld contribute to the development of microbial re

sis for the Regulation (EC) No. 101/20136, which
to use lactic acid to reduce microbiological surfa
half carcasses or quarters at the level of th

set out in the Annex of the Regulation and when
HACCP-based systems. 

all the main livestock species (poultry, pigs 

cator organisms E. coli and Enterobacteriaceae
nt stages in the slaughterline;  

o the variability of the counts of these indicator o
erhouses, the throughput of the slaughterho

er batch specific information; 

hip between the counts of indicator organism
ses. 

considers data related to the main livestock speci
he review considered studies performed worldwid

853/2004 of 29 April 2004 laying down specific hygiene 
205. 
o 101/2013 of 4 February 2013 concerning the use o
on on bovine carcasses. OJ L 34, 5.2.2013, p. 1-3.  

nant carcasses: a review 

s been carried out exclusively 
, awarded following a tender 
rity is subject. It may not be 
w and position as regards the 

hors. 

12

he hygiene of food of 
ce other than potable 
e of the substance has 
1 the European Food 
safety and efficacy of 

carcasses, cuts and 
ratures of up to 55 °C 
concern and although 
gnificant and that it is 
esistance. 

h lays down that food 
ace contamination on 
he slaughterhouse in 
n the use is integrated 

and ruminants) was 

e and their counts on 

rganisms, such as the 
ouse, the processing 

ms and visual faecal 

ies other than poultry 
de.  

rules for food of animal 

of lactic acid to reduce 



  E.
 

EFSA supporting publication 2014:E
The present document has been produced and
by the author(s) in the context of a contract
procedure. The present document is publishe
considered as an output adopted by the Auth
issues addressed and the conclusions reached
 

1. MATERIALS AND METHOD

The principles of “systematic 
literature search. This involved th

- defining the review ques

- searching for research stu

- selecting studies for inclu

- collecting data from the i

- assessing validity and qu

- synthesising data from in

- presenting data and resul

- interpreting results and d

1.1. Defining the review qu

The first step of the literature rev
order to identify the key element

Review question 1 is relate
Enterobacteriaceae, and their co
elements of the question are:  

• the population of interest

• the outcome, represente
Enterobacteriaceae) on c

• the setting, represented b

Review question 2 is related to t
terms of amount of the indicator 

• the population of interest

• the intervention strateg
represented by structura
handling of animals (e
withdrawal period before

• the scenarios against wh
batches slaughtered in
characteristics, animals h

• the outcome, represente
Enterobacteriaceae) on c
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view process consisted of the analysis of the thre
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t, represented by the main livestock species (rumi
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carcasses; 
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the identification of the factors which could expl
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• the setting, represented b

Review question 3 is related to 
and visual faecal contamination o

• the population of interest

• the outcome, represente
Enterobacteriaceae) on c

• the setting, represented b

The three key elements (popula
unchanged also for review quest
aspects, such as variables influ
outcome of interest and other fa
shared these main key elements
literature search. 

1.2. Searching for research

Electronic databases (search A) a

1.2.1. Search A: electronic d

For search A, the search terms
questions related to “outcome”, “

Terms related to the “population
as possible and then to select the
the screening process. 

Regarding the “intervention stra
were included in the search str
selected in order to include as m
considered the most important on

More specifically, the search strin

(E. coli) OR (Coliform*) OR (
(Microbi*) AND (Slaughter) OR
(Chill*) OR (Eviscerat*) OR (De
OR (Pre harvest) OR (Pre-harves

Before identifying the definitive
tested, but they were not include
in the retrieval of any additional 

After having adjusted the search 
bibliographic databases: PubMed

The search covered the period Ja
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ation, outcome and setting) identified for review
tions 2 and 3, although for these last two review
uencing the outcome of interest and the relat

actors, have to be considered respectively. Since 
s it was decided to combine the three review q

h studies 

and Web-searching (search B) were used to retrie

databases 

s used in relation to the specific key elements 
“setting” and “intervention strategy /scenarios”, a

n” were omitted from the search string in order to
e relevant ones in terms of species of interest in t

ategy /scenarios” related to review question 2, no
ring. Conversely, for “outcome” and “setting” 
many synonymous terms as possible, since thes
nes to retrieve relevant papers.  

ng used was:  

(Escheric*) OR (Enterobacter*) OR (Indicator)
R (Slaughterhouse*) OR (Abattoir*) OR (Carcas
efeathering) OR (De-feathering) OR (Post-harve
st) OR (Holding pen*) 

e search terms some other terms, such as “coli”
d in the final search string since it was verified th
relevant papers. 

string for minor differences in syntax, it was app
d and Web of Science.  
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ganisms (E. coli and 
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w question 1 remain 
w questions additional 
tionship between the 
the review questions 

questions in a unique 

eve pertinent studies.  

of the three review 
are listed in Table 2. 

o get as many papers 
the following steps of 

ot all plausible terms 
the terms used were 
e two elements were 

) OR (Hygien*) OR 
*) OR (HACCP) OR 
st) OR (Post harvest) 

” and “process” were 
hat they did not result 

plied to two electronic 
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The bibliographic software RefW
from the electronic databases.  

Table 2: List of the terms includ
three review questions 

Outcome Setting
E. coli Slaugh
Escheric* Slaugh
Enterobacter* Abatto
Coliform* Carcas
Indicator  
Hygien*  
Microbi*  
  
  
  

1.2.2. Search B: Web-search

Search B was conducted by using

Since Google Scholar looks fo
conducted by using a few ve
Enterobacteriaceae) and the “s
pertinent articles the terms O157

The search string used was:  

((Escherichia coli) OR Enterobac

The titles of the first 500 returns 

1.3. Selecting studies for in

For the purpose of the present r
providing data on the presence/c
species of interest were considere

Moreover, the relevant studies w

– referring to slaughtering
to the conclusion of the c

– providing data on the car

For both searches A and B, pape
Geographical restrictions were no

The screening process was indep

In the following paragraphs the e
level are described. Moreover, in
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De-feathering 
Post-harvest 
Post harvest 
Pre harvest 
Pre-harvest 
Holding pen* 

hing  

g the Internet search engine Google Scholar.  

r the search terms in the entire document the
ery specific terms, related to the “outcome” 
setting” (slaughterhouse). Moreover, to limit t
 and resistance were excluded from results.  

cteriaceae) AND (slaughterhouse)) NOT (O157) N

were assessed in order to identify the pertinent do

nclusion or exclusion in the review  

eview, primary research studies performed at th
counts of E. coli and Enterobacteriaceae on carca
ed.  

were defined as the ones: 

 process from the point at which animals enter t
chilling phase; 

rcasses collected at the slaughterhouses.  

ers/documents in English, French, Spanish or Ital
ot imposed. 
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n Appendix A the checklists developed to identi

nant carcasses: a review 

s been carried out exclusively 
, awarded following a tender 
rity is subject. It may not be 
w and position as regards the 

hors. 

15

ferences downloaded 

c key elements of the 

os 

e search process was 
(Escherichia coli – 

the retrieval of non-

NOT (resistance). 

ocuments. 

he slaughterhouse and 
asses of the livestock 

the slaughterhouse up 

lian were considered. 

t abstract and full text 
ify relevant papers at 



  E.
 

EFSA supporting publication 2014:E
The present document has been produced and
by the author(s) in the context of a contract
procedure. The present document is publishe
considered as an output adopted by the Auth
issues addressed and the conclusions reached
 

the different steps of the screeni
by the three reviewers involved i

1.3.1. Screening of the titles 

For Search A, the first level ass
papers. For Search B, the first le
was pertinent, also abstract (when

The first level assessment cons
considered in these steps were di

For the first step, it was define
written in languages different fro
not necessary to proceed with the

This first step consisted of selecti

1) were written in Engl

2) described data provid

3) provided data related

4) provided data on 
Enterobacteriaceae; 

5) did not have the inve

The second step consisted of sele

1) provided data on m
influencing the load

2) provided data on c
secondary process w

When the abstract screening di
criterion, the reviewers provide
exclusion of the paper.  

Each retrieved paper was individ
case of disagreements between th
to the next step of the screening p
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2. RESULTS 

2.1. Literature search and 
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2.3.1. General information a

Among the retrieved papers rela
the three review questions.  

Fifteen papers corresponded to 
outside Europe. All papers desc
results obtained from an experim

Twenty papers provided data o
considered both the indicator bac

Seven papers provided informa
question 2, three papers dealt w
review question 3. 

The most common sampling met
and meat excision was used in th
log cfu/cm2. The sampling site o
analytical method used to cultur
plating system. 

More details concerning the gen
(Appendix C). 

2.3.2. General information a
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Figure 2:  Flow-chart summar
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The retrieved studies described 
technologies. Hence, the data re
cannot be directly compared. Th
one of the variables that should
effect of each step of the slaughte

Other variables, such as the sam
carcass further hamper the compa

2.3.3. Review question 1  

As regards the presence and am
different stages of the slaughterl
on E. coli, three papers on Enter
obtained through observational st

The main challenge in identifyin
indicator bacteria counts on the c
and after a single stage. Data hav
different decontamination treatm
the single stages in a change in c
necessary to draw conclusions a
among studies. 

In order to identify the steps o
bacterial loads, as reported in lite
two sampling points were consid

Gill et al. (2003) examined the tr
plant in Canada. These authors 
from less than 15 out of the 25 s
bacterial load after pre-eviscerati
the numbers recovered after h
vacuum/hot water cleaning and
reduced by the washing of the ca
spraying with lactic acid led to a
hours E. coli counts increased 
removal and trimming had only t
and steam pasteurization of evis
Finally, after chilling, the numb
applying the decontamination tr
growth of injured bacterial cells r

Another study conducted in Can
E. coli from carcasses after hi
contamination was due to the de
1.5 % sodium hydroxide at 55 
carcasses were washed, a reduct
evisceration and trimming opera
by spraying carcasses with lacti
were recovered from the sampled
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Another study (McEvoy et al
Enterobacteriaceae contaminatio
and at different steps along the 
obtained from the hock, bung an
from the cranial back. After evis
the previous step in all the samp
was reported. Trimming, splittin
0.5 log unit for all sites apart fro
reported. Finally, chilling caused
from the bung samples where a
same study, Enterobacteriaceae 
and at the same points of the s
cranial back were more than 1 lo
units was reported after splittin
recovered from all sites, and af
obtained for all sites apart from 
Enterobacteriaceae counts wer
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temperature. 

The effectiveness of applying 
investigated in different retrieved

Bacon et al. (2000) conducted
decontamination technologies. A
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the application of multiple decon
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- after evisceration, carca
water, hot water and lact

Also in this study, as reported b
was quite high (5.28 log cfu/100
1.04 cfu/cm2. A slight reduction
evisceration was described and 
treatments (-0.38 log cfu/100
Enterobacteriaceae counts (0.2 l

Bacon et al. (2000) reported tha
reducing or blocking the bacteri
whereas Ruby et al. (2007) desc
last study, the bacterial load of 
three studies, authors demonstrat
reducing bacterial loads on carca
and before chilling. These studie
chilled samples effectively reduc

Two other studies (Rigobelo et
frequency of recovery and the co
detailed information about the
decontamination treatments used
had an effect on the reported red
three plants. E. coli and Enteroba
evisceration and after washing.
slaughter process was described
investigated and samples were 
splitting and trimming (post-evi
processing). The frequency of 
evisceration step (58 %) to the po

An opposite trend was describe
brisket and renal sites of carcass
In this case also, detailed inform
treatments used were not availab
then after washing a marginal de
about 1 log unit higher than tho
bacterial load remained essential
carcass with cold water produc
removing the contamination.  

The same sampling points along
estimated the Enterobacteriaceae
splitting and after washing-befor
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casses were steam vacuumed, 
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asses were steam vacuumed, then sprayed with 
tic acid.  

by Arthur et al. (2004), the initial load of Entero
 cm2), and after hide removal bacterial load on c
n down to an Enterobacteriaceae load of 0.8 lo
a further reduction was reported at the end of 

0 cm2). Finally the chilling step led to a
og cfu/100 cm2). 

at the chilling step was an effective phase of th
ial load. These findings were confirmed also by 
cribed an increase of bacterial load during this st

carcasses before starting chilling were extreme
ted the effectiveness of using sequential decontam
asses, especially when these treatments are appl

es showed that the overall intervention processes 
ced microbiological contamination of carcasses. 

t al., 2008; Nero et al., 2012), conducted in B
ounts of indicator bacteria at different points of 
e techniques applied along the processing l
d were available, so it was not possible to infer 
duction. Nero et al. (2012) presented the results 
acteriaceae counts were estimated after bleeding
 A progressive decrease of the microbiologica

d. In the second study (Rigobelo et al., 2008),
collected immediately after hide removal (pr

isceration) and after washing carcasses hanging
E. coli positive carcasses progressively decre

ost-processing step (32 %).  

ed by Barboza et al. (2002), who estimated E. 
es after hide removal, after trimming and splittin

mation about the stages of the processing line and
ble. A clear increase of the E. coli counts was re
ecrease of the bacterial load was registered, and 
se recovered after hide removal. Then, during th
lly unchanged and the authors concluded that at
es a redistribution of bacteria over the entire c

g the slaughterline were investigated by Madde
e counts on brisket samples collected after hide r
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atments used in three 
ng line were:  

ambient temperature 

bacteriaceae on hide 
arcasses was equal to 
og cfu/100 cm2 after 
the decontamination 

an increase of the 

he processing line for 
Arthur et al. (2004), 

tage; however, in this 
ely low. In these last 
mination treatments in 
ied after evisceration 
from hide-on to post-

Brazil, estimated the 
the slaughterline. No 
ine as well as the 
if specific treatments 
of a study involving 

g, after skinning, after 
al counts during the 
 only one plant was 

re-evisceration), after 
g in the cooler (post-
eased from the pre-

coli counts on neck, 
ng, and after washing. 
d the decontamination 
eported after splitting, 
the final counts were 

he washing phase the 
t best, the washing of 
carcasses, rather than 

en et al. (2004), who 
removal, after carcass 
. The counts reported 



  E.
 

EFSA supporting publication 2014:E
The present document has been produced and
by the author(s) in the context of a contract
procedure. The present document is publishe
considered as an output adopted by the Auth
issues addressed and the conclusions reached
 

after hide removal were compara
one of the sampled plants, the 
concluded that washing with po
bacterial load on carcasses. They
the posterior region (mainly faec
the anterior areas of the carcasses

In order to identify the steps o
bacterial loads, as reported in lit
sampling points were considered
unit were regarded as similar, wh

In the following graph (Figure 3
of the slaughterline are summariz

It should be pointed out that in so
or decrease of bacterial loads wa
applied on carcasses since, as rep
data before and after a specific p
at distant points on the slaughter
data collected in the retrieved stu

One study described the decre
eviscerated, whereas another stu
acid, no effect in terms of E. col
before evisceration was effective
an increase of microbial load in
correlated to these slaughter ph
considered as an effective strateg
studies demonstrated that washin
The application of different sequ
or washing with acids in all ca
Finally, at the chilling step, confl
higher E. coli and Enterobacteri
E. coli counts was reported 
Enterobacteriaceae counts.  

The counts of E. coli on beef ca
slaughterline are reported in T
presented in Table 10 (Appendix
increase or decrease of the count
these data were available. 
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d of no practical importance. Therefore, values d
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3), trends of E. coli and Enterobacteriaceae coun
zed. Only studies providing quantitative data were

ome cases it was very hard to identify if the effec
as due to a specific phase of the slaughterline or
ported above, in only very few cases did the retr

point of the processing line. Moreover, samples w
rline. The trends summarised in Figure 3 were de
udies as well as the considerations reported by the

ease of E. coli counts after carcasses were w
udy showed that when this was combined with 
li counts reduction was observed. Decontaminatio
e in reducing bacterial load (1 study). Evisceration
n one study, whereas in five other studies, chang
hases were not observed. Washing treatment af
gy to reduce the E. coli load of carcasses in one 
ng at this step had no effect on E. coli and Entero
uential decontamination treatments, such as hot 
ases (five) led to reductions in numbers of bot
flicting data were collected. In two studies, carcas
iaceae counts than in the previous phases, in one
and for another study, this step did not h

arcasses described in the selected papers at the d
able 9 (Appendix D), while the counts of En
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ng, whereas in at least 
ial load. The authors 
e treatment to reduce 
heavy bacterial load at 
t also redistributed to 

ariation of carcasses 
log unit between two 
differing by < 0.5 log 
arded as different.  

nts at different stages 
e considered.  

ct in terms of increase 
r a specific treatment 

rieved studies provide 
were usually collected 
efined considering the 
eir authors. 

washed before being 
spraying with lactic 

on treatments applied 
n and trimming led to 
ges of bacterial loads 
fter evisceration was 
study, whereas three 

obacteriaceae counts. 
water, pasteurization 
th indicator bacteria. 
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e study, a drop of the 
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different stages of the 
nterobacteriaceae are 
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2.3.4. Review question 2  

According to the defined search
dealing with risk factors influen
obtained. Fifteen papers descr
Enterobacteriaceae counts and fi

As already mentioned for the r
studies was hampered by differe
area sampled on the carcass and
across studies. Hence, different
conclusions drawn and not in te
specific risk factors investigated 

The effect of the annual season o
different studies (Rigobelo et al
season could have a direct impa
particular, it was demonstrated t
during the rainy season (Rigobel
July) could lead to higher Enter
December and March) (Ruby et 
factors and also concluded that 
samples significantly influence th

E. coli and Enterobacteriaceae 
where the slaughtering took plac
design of the plant, the through
some other cases differences amo
without attributing these findings

Zweifel et al. (2008) conducte
animals slaughtered annually). E
55 % and some differences amo
study dealing with this point was
Enterobacteriaceae loads on car
both cases it was not possible to
for such differences.  

The influence of plant feature
Blagojevic et al. (2011), who inv
(before dehiding) and at the end 
that the Enterobacteriaceae coun

Also the effect of the plant d
Enterobacteriaceae loads of bee
was a linear rail plant and had 
second abattoir had a serpentine
level up to a higher level slaug
clearly influenced the airborn
Enterobacteriaceae load of the 
contamination is poor. 
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five papers considered both types of indicator bact

review question 1, the comparability of data p
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d the decontamination treatments applied, which
t studies considering the same factor were co
rms of counts reported. However, many other a
could influence the final results presented in the r

on the prevalence of E. coli on beef carcasses wa
l., 2006; Ruby et al., 2007; Rigobelo et al., 20
act on indicator bacteria prevalence and counts 
that there is a higher probability of finding E. co
lo et al., 2006; Rigobelo et al., 2008), and that w
robacteriaceae counts on carcasses than colder
al., 2007). These last authors investigated the in
the geographical position of the plant and the 

he bacterial loads of beef carcasses (Ruby et al., 2

counts on carcasses varied, perhaps according t
ce. In some studies, specific aspects related to th

hput, or the surveillance system in place were e
ong plants in terms of bacterial loads of carcasse
s to some specific reasons. 

d a survey in low-throughput abattoirs in Sw
Enterobacteriaceae prevalence on cattle carcasses
ong the slaughterhouses in terms of counts were
s conducted in France and reported significant di
rcasses collected at four different plants (Collo
 identify which main features of the plants invol

es on microbial carcass contamination has al
vestigated two different abattoirs collecting sam
of the slaughterline (before chilling). In this case

nts did not significantly differ between the two ab

design was investigated. Prendergast et al. (2
ef carcasses obtained in two Irish slaughterhous
slaughter, dressing and chilling systems on a si
e rail on two floors and animals moved from th
ghter and dressing line. The authors concluded 
ne bacterial numbers, but it did not have 

carcasses, and that the relationship between a

nant carcasses: a review 

s been carried out exclusively 
, awarded following a tender 
rity is subject. It may not be 
w and position as regards the 

hors. 

27

 a total of 29 papers 
n beef carcasses were 
nine papers reported 
teria.  

provided by different 
it of enumeration, the 
h were not consistent 
ompared in terms of 
spects apart from the 
retrieved papers.  

as addressed by three 
008), concluding that 
on beef carcasses. In 
oli positive carcasses 

warmer months (June, 
r months (November, 
nfluence of other risk 
year of collection of 

2007). 

to the slaughterhouse 
his point, such as the 
evaluated, whereas in 
es are simply reported 

witzerland (about 220 
s ranged from 0 % to 
e reported. The other 
ifferences in terms of 

obert et al., 2002). In 
lved were responsible 

lso been studied by 
mples at the beginning 
e, the authors reported 
battoirs.  

2004), compared the 
ses. The first abattoir 
ingle floor, while the 
he lairage on a lower 
that the plant design 
any effect on the 

airborne and carcass 
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The effect of plant throughput on
Australian studies addressed thi
prevalence of E. coli on carcass
supplying the domestic market 
slaughterhouse differed signifi
processing operations, the author
slaughterhouses. Opposite conclu
lower E. coli prevalences on c
throughput slaughterhouses (28.
counts on carcasses from high
throughput plants (-0.54 log 
slaughterhouses were not signifi
bacteria (E. coli and Enterobact
higher (2.07 and 2.18 log cfu/c
cfu/cm2). Also, in this last case
statistically significant, probably 
Finally, the last retrieved paper
prevalence of E. coli positive car
(41 %). Also in this last case 
statistically significant. 

Authors generally reported lower
were the differences between the
plants applied more modern a
satisfactory data were generally
slaughter rate that may result in b

Different slaughterhouses could 
data collected from the retrieved
to different slaughterhouses coul

Also the effect of the surveillanc
influencing indicator bacteria co
plants in Australia. E. coli was 
survey demonstrated that levels
system were comparable to thos
by government inspectors (Bass e
faecal contamination caused by 
verify how it could influence c
application of this online monito
consequently it was an effective m

The effect of using physical and 
another aspect that was common
conducted on developing pathog
animal carcasses. Among these 
recognised as two of the most
carcasses.  

Treatments with steam or hot wa
in a high-throughput beef slaugh
evaluated the decontamination e
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n indicator bacteria counts was frequently invest
is point. Phillips et al. (2001) carried out a com
ses among slaughterhouses concentrating on exp

and low-throughput slaughterhouses. Although
cantly for standards of construction, govern
rs concluded that the incidence of E. coli was co
usions were drawn by Sumner et al. (2003), who r
carcasses at low-throughput slaughterhouses (4
.4 %). Also Bohaychuk et al. (2011) reported 
h-throughput plants (-0.23 log cfu/cm2) than 
cfu/cm2), but the differences found between
cant. Then, Ozdemir et al. (2010), reported that t

teriaceae) on beef carcasses at high-throughput s
cm2) than at the low-throughput slaughterhouses
e, the difference between the two types of slau
because the same slaughtering technique was use

r reported an opposite finding. Hansson et al. (2
rcasses in high-throughput plants (34 %), than in 
the difference between the two types of slau

r prevalences/counts in lower throughput plants, 
e two types of slaughterhouses significant. Altho
and specialized techniques than the low-throu
y found at low-throughput plants, which could 
better hygiene (Sumner et al., 2003). 

induce different effects on the bacterial counts 
d studies did not clarify which one among the dif
d have a main effect.  

ce system in place in the slaughterhouses was inv
ounts. For this scope a microbiological baseline 

detected in 25 % of carcasses (mean log posit
s of indicator bacteria on carcasses processed v
e established in abattoirs that operate the traditio
et al., 2011). Moreover, the application of an onli
dehairing and evisceration operations was also 

carcass hygiene. Tergney and Bolton (2006) d
oring system led to a reduction of the faecal con
mean of reducing the enteric counts.  

chemical decontamination treatments on indicato
nly investigated in the retrieved studies. Extensi
gen reduction technologies to improve the micr
technologies, steam pasteurisation and steam v

t effective methods for decreasing bacterial po

ater have been tested by different authors. Retzlaf
hterhouse, a chamber steam pasteurisation unit 
ffect of seven different chamber temperatures (f
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tigated. Two different 
mparison in terms of 
port, slaughterhouses 
h the three types of 

nment oversight and 
omparable among the 
reported significantly 
4.7 %) than at high-
higher mean E. coli 
on those from low-

n the two types of 
the mean numbers of 
slaughterhouses were 
s (1.90 and 1.98 log 
ughterhouse was not 
ed in all plants. 
2001) found a lower 
low-throughput ones 

ughterhouse was not 

but in only one study 
ough high-throughput 
ughput plants, more 
be due to the lower 

of carcasses, but the 
fferent aspects related 

vestigated as a factor 
was conducted in 16 

tives -0.61/cm2). The 
via the co-regulatory 
onal system overseen 
ine system to monitor 
evaluated in order to 

demonstrated that the 
ntamination rates and 

or bacteria counts was 
ive research has been 
robiological safety of 
vacuuming have been 
opulations on animal 

ff et al. (2005) tested, 
and they specifically 

from 71.1 to 87.7 °C) 
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at the pre-rigor step. When the tr
and Enterobacteriaceae were red

Also, Minihan et al. (2003) demo
exposure time); the tested tr
Enterobacteriaceae at the more 
decontamination of the carcass.  

The same conclusions were dra
different decontaminant treatme
was always effective for substant
Pasteurisation equipment, consis
side of carcass to be treated ind
under steam pressure at an appro
bacterial loads were significantl
(Trivedi et al., 2007), the effect
meat-processing plants (economi
last case, the steam pasteurisati
three anatomical areas sampled o

The five studies addressing this p
Enterobacteriaceae counts on b
throughput plants, and all studi
carcasses due to this decontamina

Similarly, hot water pasteurisatio
quality of the beef carcasses, bu
negated by a worsening of the or

In a study conducted by Gill an
for different time frames (from 
reductions increased with longe
treatment was applied for 11 or 
to be less desirable than that of th

Also Kiermeier et al. (2006), wh
prevalences reported in some Au
water decontamination systems 
registered in slaughterhouses t
contaminations of the livestock in

The use of hot water as a pre-ev
Bosilevac et al. (2006), and its e
hot water carcass wash cabinet 
counts by 2.7 log CFU/100 cm
cabinet, applying 2 % lactic acid
this case the reduction was mor
were used sequentially, a reduct
authors concluded that hot wate
beef carcasses before evisceration
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reatment was conducted at temperatures higher th
duced to undetectable levels (<0.4 CFU/cm2). 

onstrated the positive effect of steam pasteurizati
reatment significantly reduced the level of 
contaminated sites of the carcasses, but it did n

awn by Gill and Landers (2003a), who confirm
ents they investigated, only pasteurisation with 
tially reducing the bacterial load of beef carcasses
sting of a fixed cabinet equipped with a carousel
dividually was tested (Corantin et al., 2005). Ca
oximate operating temperature of 74.5 °C for 8 s
ly lower than those of untreated carcasses. Fina
tiveness of a steam cleaner suitable for low-to 
ic and easy to operate and install equipment) was
ion treatment significantly reduced Enterobacte
on beef carcasses.  

point showed that steam pasteurisation effectively
eef carcasses. The equipment tested was used b
ies reported a clear reduction of both indicato
ation treatment. 

on was demonstrated as an effective way to imp
ut in this case the improvement of microbiolog
rganoleptic features.  

d Bryan (2000), beef carcasses were pasteurised
8 to 12 seconds) and all treatments reduced E.

er treatment time and the highest reduction wa
12 seconds. However, the appearance of treated 
he untreated ones. 

ho conducted an investigation to clarify the reaso
ustralian slaughterhouses, concluded that the slaug

had lowest E. coli prevalences and this posi
that had substantial incoming problems relate
ntroduced.  

visceration wash in a commercial slaughterhous
effect was compared with that of lactic acid wash

tested, applying 74 °C water for 5.5 s, reduced
m2 on the pre-evisceration carcasses. Similarly,
d at approximately 42 °C, reduced Enterobacter
re limited (1.0 log CFU/100 cm2). Moreover, w
tion equal to 2.5 log CFU/100 cm2 was obtaine
er washing was the more effective procedure for
n.  
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han 85 °C both E. coli 

ion (90 °C for 10 s of 
both E. coli and 

not result in complete 

med that among the 
steam and hot water 
s.  
 that allows each full 
arcasses were treated 
seconds, and the final 
ally, in the last study 
very low-throughput 

s verified. Also in this 
riaceae counts at all 

y reduced E. coli and 
both in high and low 
or bacteria counts on 

prove microbiological 
gical quality could be 

d with water at 85 °C 
. coli counts, but the 

as obtained when the 
carcasses was judged 

ons for higher E. coli 
ghterhouses using hot 
itive result was also 
ed to high level of 

se was tested also by 
hing. The commercial 
d Enterobacteriaceae 
, a lactic acid spray 

riaceae counts, but in 
hen the two cabinets 

ed. Consequently, the 
r decontamination of 
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Hence, hot water washing as w
reducing the bacterial load of bee

The effect of washing with pot
different studies. Mies et al. (2
ineffective in reducing bacterial 
potable water is a redistribution o
be an efficacious or desirable wa

Gill and Landers (2003a) demon
the washing treatments applied. 
when the initial bacterial load on
plausible explanation for this fin
associated with particles, which a
operation. When numbers are lo
may be refractory to physical rem

In the retrieved studies the usage
results obtained were rather contr

Mies et al., 2004 evaluated the 
double water wash, water wash 
reduce the bacterial contamina
application of each of the treatm
Gill and Landers (2003a), who
treatments applied at four slaugh
ineffective treatment in reducing
drawn for peroxyacetic acid spr
treatments may be due to the d
washing or condensation from ste

Barboza et al., (2002) evaluated 
for beef carcasses. Lactic acid an
populations on the carcasses, wh
The conflicting results reported
slaughterline where the treatmen
washing procedure on hides of 
before carcasses moved into the c

Moreover, another study (Alg
decontamination treatments in 
without water), spray-chilling, 
(commercial vinegar) and a mix
All the interventions considere
Enterobacteriaceae counts on be

Also the application of other che
be equally effective as demonstra
to clean cattle hides before c
approximately 2 logs of Entero
consisting in the removal of hair
subsequent neutralization with a 
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well as steam pasteurisation appears to be an ef
ef carcasses at different stages of the slaughterline

table water at ambient temperature was also ta
004) and Barboza et al. (2002) concluded that
loads on beef carcasses. The main effect observe
of microbial contamination over the carcass surfa

ay to reduce bacterial loads. 

nstrated that different effects could be accounted 
Moreover, the same authors indicated that was

n carcasses was low, but effective when the load w
nding could be that when counts are high the b
are washed from the carcass by the large volumes
ow, the bacteria are probably directly associated
moval by washing (Gill and Landers, 2003a).  

e of alternative decontaminant treatments was also
roversial.  

effectiveness of the following washing systems
with 0.5 % lactic acid and water wash with 50

ation on hides of cattle before entering the 
ent resulted in an increase in the bacterial loads o
o investigated the antimicrobial effect of diff

hterhouses confirmed that spraying carcasses with
g microbial contamination on carcasses. The sam
raying. The authors supposed that the apparent 
dilution of the applied solution by water presen
eam rather than from bacterial resistance.  

the effect of organic acids and bacteriocin wash
nd the mixture of lactic acid and nisin produced 
hereas when only nisin was used, no positive e
d in the last cited papers could be also due

nts were applied. Mies et al. (2004) described data
cattle before entering the slaughterhouse, Barbo
chilling area.  

gino et al., 2007) investigated different phy
low-throughput plants, such as dry aging (m
low pressure and high pressure hot water

xture of different acids (citric acid + ascorbic aci
ed led to a significant decrease in mean lev
eef carcasses.  

emicals as decontaminants at different steps of th
ated by Nou et al. (2003), who tested the chemica
arcass dressing. This treatment led to a sign
obacteriaceae counts immediately after hide re
r and extraneous matter from hide with a sodium 
hydrogen peroxide solution, and a water washing
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ffective treatment for 
e. 

aken into account by 
t water washing was 
ed after washing with 
ace, so this would not 

for by differences in 
shing was ineffective 
was relatively high. A 
bacteria are probably 
s of water in washing 

d with tissues, and so 

o investigated and the 

s: single water wash, 
0 ppm of chlorine, to 
slaughterhouse. The 

of the carcasses. Also 
ferent decontaminant 
h 2 % lactic acid is an 
me conclusions were 
failure of these two 

nt on carcasses from 

hes as decontaminants 
a reduction of E. coli 

effects were reported. 
e to the step of the 
a obtained applying a 
oza et al. (2002) just 

ysical and chemical 
multiday refrigeration 

, 2.5 % acetic acid 
id + erythorbic acid). 
vels of E. coli and 

he slaughterline could 
al dehairing, designed 
nificant reduction of 
emoval. The process 
sulphite solution, the 
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The effect of chemical deconta
opposite results related to their ef

The effect of spray-chilling on th
considered a crucial phase of the
consequently slowing proliferati
used for this purpose, and it has 
the carcass surface. However, th
and result in a substantial reducti
the process termed spray-chilling
during the first part of the cooling

One study evaluated the effect 
Landers, 2003b) in four plant
slaughterline. This study demons
coli recovered from cooled carca
dressed carcasses, for one plant 
of E. coli declined by about 1 lo
were not due to the spray-cool
decontamination treatments appl
entering the cooling chamber.  

Kinsella et al. (2006) investigat
chamber to provide intermittent w
Carcasses were sampled after dr
suggested that this spray-chilling
surface counts of indicator bacter

The two studies addressing the 
extremely different treatments an
not possible to produce a definiti
carcasses.  

Only one study considered bat
carcasses. Feed regimen just be
influencing bacterial load of car
administration of an experiment
confirmed that no main effects o
on numbers of E. coli recovered 

In the following tables (Tables 3a
in terms of increase-decrease-no
studies which described differe
investigating which risk factors c
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e slaughter process, reducing the internal tempera
ion of most mesophilic bacteria. Air cooling is 
the positive effect of limiting bacterial growth on

his methodology can provoke water evaporation f
ion in carcass weight (and therefore, carcass valu
g or spray-cooling, the carcasses are intermittentl
g process in order to limit weight loss.  

of a spray-cooling process on E. coli counts on
ts, which applied different decontamination t
strated that for two out of the four plants examin
asses were at least 1 log unit higher than the num
the bacterial load remained unchanged and in th

og unit during carcass cooling. It is likely that the
ling step, but they could be partly explained b
lied along the line and the bacterial loads of the 

ted the effect of a chilling system that consisted
water spraying of carcasses (spray cycle 2 min on
ressing and after 24 h in the spray-chilling unit, a
g system can limit carcass shrinkage, without sign
ria.  

effect of spray-chilling on bacterial loads of c
nd, therefore, the results presented cannot be com
ive indication about the effect of spray-chilling on

ch related risk factors on indicator bacteria co
efore moving animals to the slaughterhouse is
rcasses. Anderson et al. (2005) verified the eff
tal chlorate preparation on E. coli on beef carc

of feed and water treatment or any possible intera
from hide or carcasses. 

a-3b-3c), the effect of the risk factors described in
 effect of indicator bacteria on beef carcasses are
nces between the variables investigated, but w
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nant carcasses: a review 

s been carried out exclusively 
, awarded following a tender 
rity is subject. It may not be 
w and position as regards the 

hors. 

31

ent studies described 
arcasses. 

ntroversial. Chilling is 
ature of carcasses and 
a process commonly 
n carcasses by drying 
from carcass surfaces 

ue). For this reason, in 
ly sprayed with water 

n carcasses (Gill and 
treatments along the 
ned, the number of E. 
mber recovered from 

he last plant, numbers 
ese conflicting results 
by the effects of the 
carcasses just before 

d of a humidification 
n, 1 min off) for 15 h. 
and the data obtained 
nificantly altering the 

carcasses investigated 
mpared. Hence, it was 
n the bacterial load of 

ontamination of beef 
s considered a factor 
fect of feed or water 
asses. Data collected 

actions were observed 

n the retrieved papers 
e summarized. Those 

without specifying or 
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  E.
 

EFSA supporting publication 2014:E
The present document has been produced and
by the author(s) in the context of a contract
procedure. The present document is publishe
considered as an output adopted by the Auth
issues addressed and the conclusions reached
 

Table 3a: Slaughterhouse and fa
decrease/increase/or with no effe

Effect Risk factor/Treatm

Decrease 
dry season 

 

 low -throughput slaugh

 on line monitoring f
contamination 

 decontamination – s
pasteurization temperatu

 decontamination - st
pasteurization 

 decontamination – hot

 decontamination – lactic a
acid + nisin 

 

decontamination (low-th
plants) – day aging – ace

mixture of different acids
high pressure hot w

 spray cooling (1 slaught

Decrease Total  

Increase 

decontamination - si
wash/double wash/ water 

0.5% lactic acid / water wa
ppm of chlorine

 spray cooling (2 slaughte

Increase Total  

No effect 
high-throughput slaugh

 

 co-regulatory inspection

 washing with wat

 decontamination: lacti
peroxyacetic acid spr

 diet - sodium chlorate feed
chlorate water 

 spray cooling (1 slaught

No effect Total  
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arm related risk factors investigated in the retriev
ect on E. coli counts on beef carcasses 

ment Comparison factor /control Refe

wet season 
Rigobelo et 

Rigobelo et a

terhouse high-throughput  Sumner et a

faecal control Tergney and Bo

steam 
re > 85°C temperature 71.1 - 82.2 °C Retzlaff et a

team control - unpasteurized 

Minihan et a

Corantin et a

Gill and Lande

t water control - untreated 
Gill and Brya

Kiermeier et 

acid – lactic control - untreated Barboza et a

hroughput 
etic acid – 
 – low and 

water 

control - untreated Algino et al

terhouse) control - before cooling Gill and Lande

  
ingle 
wash with 

ash with 50 
e 

control untreated Mies et al., 

erhouses) control - before cooling Gill and Lande

  

hterhouse low-throughput  

Phillips et al

Bohaychuk et

Ozdemir et a

Hansson et a

n system governmental inspection system Bass et al.

ter control - other decontamination 
treatments 

Mies et al.

Barboza et a

c acid - 
raying control Gill and Lande

d – sodium control Anderson et 

terhouse) ²control - before cooling Gill and Lande
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ved studies leading to 

erence N° of 
studies 

al. 2008 (BR) 
2 

al., 2006 (BR) 

l., 2003 (AU) 1 

olton, 2006 (TR) 1 

al., 2005 (US) 1 

al., 2003 (IE) 

3 al., 2005 (CA) 

ers, 2003a (CA) 

ant, 2000 (CA) 
2 

al., 2006 (AU) 

al., 2002(VE) 1 

l., 2007 (US) 1 

ers, 2003b (CA) 1 

 13 

2004 (USA) 1 

ers, 2003b (CA) 1 

 2 

l., 2001 (AU) 

4 
t al., 2011 (CA) 

al., 2010 (TR) 

al., 2001 (SE) 

 2011 (AU) 1 

, 2004 (US) 
2 

al., 2002 (VE) 

ers, 2003a (CA) 1 

al., 2005 (US) 1 

ers, 2003b (CA) 1 

 10 
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Table 3b: Slaughterhouse rela
decrease/increase/or with no effe

Effect Risk factor/Treat

Decrease dry season 

 slaughter character

 high-throughput slaugh

 on line monitoring 
contamination

 decontamination – steam p
temperature > 85

 decontamination - steam p

 decontamination - ho

 

decontamination (low-t
plants) – day aging – ac

mixture of different acid
high pressure hot w

 decontamination - chemic

Decrease Total  

No effect 
slaughterhouse design: lin

floor 
high-throughput slaugh

 slaughter character

 cooling–novel spray-

No effect Total  

 

2.3.5. Review question 3  

Five papers provided informatio
and their E. coli and/or Enteroba
on Enterobacteriaceae and one 
contaminated carcasses and were

It is generally accepted that the d
the amount of dirt transferred to t
to meat can result in improved
investigated these points were ret

In the study conducted by Sarr
cleanliness at the beginning of 
from 1 (very clean) to 5 (very 
selection of carcasses from each 
4 and 5) animals had the highe
(categories 1, 2 and 3). A direct c
and the level of microbial con
slaughter visual evaluation of 
measures (e.g. rejection of the an
microbial contamination) could
slaughterline. 
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ated risk factors investigated in the retrieved
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wet season Ruby et 

ristics control 
Zweifel et
Collobert e

hterhouse low-throughput  Ozdemir e
faecal 

n control Tergney and 

pasteurization 
5°C temperature 71.1 - 82.2 °C Retzlaff et

pasteurization control - unpasteurized 
Minihan e
Trivedi et

ot water lactic acid / lactic acid + hot water Bosilevac e
throughput 
cetic acid – 
ds – low and 
water 

control - untreated Algino et

cal dehairing control - untreated Nou et a

 
near rail one serpentine rail and two floors Prendergast

hterhouse low-throughput  Ozdemir e

ristics control  Blagojevic 

-cooling control Kinsella e

 

n on the relationship between faecal contaminat
acteriaceae counts. Two papers provided data o
paper on both the indicator bacteria. All papers 

e conducted in commercial slaughterhouses.  

dirtiness of animals at the time of slaughter is dir
the carcass, and that procedures avoiding the tran

d microbiological quality of the carcasses. Very
trieved.  

raino et al. (2012), beef carcasses were classif
the slaughterline and were categorised accordin
dirty). Enterobacteriaceae and E. coli counts w
category and the data collected confirmed that th

est bacterial loads on carcasses in comparison 
correlation was observed between visual cleanlin

ntamination of carcasses. Hence, the authors co
animals’ cleanliness and the consequent appli
nimals, washing or application of additional proc
d be effective to limit carcass contamination
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d studies leading to 
es 

eference N° of 
studies 

al. 2007 (US) 1 
t al., 2008 (CH) 

2 
et al., 2002 (FR) 
et al., 2010 (TR) 1 

Bolton, 2006 (TR) 1 

t al., 2005 (US) 1 

et al., 2003 (IE) 
2 

t al., 2007 (US) 
et al., 2006 (US) 1 

t al., 2007 (US) 1 

al., 2003 (US) 1 

 11 

t et al., 2004 (IE) 1 

et al., 2010 (TR) 1 

et al., 2011 (RS) 1 

et al., 2006 (IE) 1 

 4 

tion of beef carcasses 
on E. coli, two papers 

considered naturally 

rectly correlated with 
nsfer of dirt from hide 
y few studies which 

fied in terms of hide 
ng to a scale ranging 
were estimated for a 
he dirtiest (categories 
to the cleanest ones 

ness category of hides 
oncluded that a pre-
ication of corrective 
cedures to reduce the 

n at the end of the 
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Similar conclusions were drawn 
that the simplification of the cat
two main categories, including t
practice to identify the carcas
potentially have the highest mic
three different classes (1: clean, 
conducted in two beef abattoirs i
after hide removal, at the beginn
with visually clean hides prod
However, at the next step of 
significantly higher levels of ca
carcasses are treated more caref
microbiological quality of the 
comparable E. coli counts regard
 
The same findings were repo
contamination of animals carca
conducted at four slaughterhous
collected on the detaining rail an
contaminated area and from ano
same sampling scheme was repe
arrived at chilling after the 
slaughterhouses had been applie
procedures, bacterial loads of s
trimmed area or that were ran
microbiological quality of the ca
better than, the other carcasses ro
 
In the last study dealing with thi
mortem and post-mortem hide cl
livestock policy was introduced i
1-5, with animals in categories
slaughter without taking further 
ante-mortem and taking additio
conducted both in the lairage or 
Clipping procedures are aimed
contamination to the carcass duri
from 1 to 4, according to the leve
was analysed for Enterobacteri
further precautions, whereas ca
mortem on the slaughterline. An
between the Enterobacteriaceae 
mortem or post-mortem). Clipp
quality to those derived from clea

In conclusion, the studies retrie
bacterial load than those deriv
contaminated cattle and applica
slaughterhouse and/or along th
contamination level of carcasses 
the studies support the conclusio
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by Blagojevic et al. (2012), but in this case the a
tegorization scheme, and the classification of th
the very dirty animals and the less dirty ones, 
ses that should be managed with particular 
crobial loads. Similarly, a simplified classificati
2: moderately dirty and 3: very dirty) was descr
in Norway (Hauge et al., 2012). Samples were c
ning and at the end of the slaughterline. After h

duced carcasses with a lower amount of bacte
f the slaughterline, the dirtiest animals were 
arcass contamination. This could be due to the 
fully and such extra care might lead to a clear 
carcasses. At the end of the process all carc

dless of the initial level of contamination.  

orted by Gill and Landers (2004b), who eva
sses detained for removal of visible contamina
ses in Canada. A selection of visibly contamin
nd sampled within the contaminated area, from 
other non-contaminated area of the carcass, ran
eated on the carcasses after trimming, and again

routine washing and decontamination treat
d. The data collected confirmed that after compl

sites that had been visibly contaminated, that w
ndomly selected were all similar. Moreover, 
arcasses that were initially detained was generally
outinely processed at the same plant. 

is point, authors (McCleery et al., 2008) evaluat
lipping on the microbiological quality of carcasse
in 2007 based on the categorization of animals, a
s 1 and 2 being the cleanest and consequently
precautions, category 3 animals being rejected a

onal measures like clipping to facilitate cleani
on the slaughterline after stunning and bleeding

d to remove visible dirt from the hide in or
ing slaughter process. In the study, a selection of 
el of visual contamination of hides before enterin
iaceae counts. Category 1 and 2 animals were 
ategory 3 and 4 animals were either clipped a
alysis of data obtained revealed no statistically s
population recovered and animal category or cli

ped animals produced carcasses with a compar
an animals.  

eved confirmed that carcasses derived from cle
ved from visibly dirty animals. However, iden
ation of effective measures either on animals 
he slaughterline can lead to lower bacterial 
at the end of the process comparable to that of c

on that the pre-slaughter visual evaluation of the 
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authors demonstrated 
he carcasses into only 
could be effective in 
attention since they 

ion system, based on 
ribed in another study 
collected immediately 
hide removal, animals 
eria than dirty ones. 
not associated with 
fact that the dirtiest 
improvement of the 

casses had the same 

aluated the level of 
ation. The study was 
nated carcasses were 
a site adjacent to the 

ndomly selected. The 
n when the carcasses 
tments used in the 
letion of the dressing 
were adjacent to the 
it emerged that the 

y comparable with, or 

ted the effect of ante-
es. In the UK, a clean 
ccording to a scale of 

y considered safe for 
at first presentation at 
ng. Clipping can be 

g but before dehiding. 
rder to reduce cross 
carcasses categorised 

ng the slaughterhouse, 
slaughtered without 

ante-mortem or post-
ignificant association 
ipping location (ante-
rable microbiological 

ean cattle had lower 
ntification of visibly 

before entering the 
contamination or a 

clean animals. Hence, 
level of hide-carcass 
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contamination and the applicatio
the initially contaminated animal
end of the slaughterline.  

Table 21 (Appendix F) summar
along the slaughterline in relation

2.4. Pigs 

2.4.1. General information a

Among the retrieved papers, 31 p
questions. Seventeen papers wer
studies identified described obse
experimental design. Eighteen pa
three papers considered both indi

Fourteen papers provided inform
2, two papers dealt with both re
visual faecal contamination in o
question 3) were retrieved.  

The most common sampling met
sampling method used in three st
The sampling site on carcasses 
method; in this case the most com

More information about the 
(Appendix C).  
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on of proper corrective measures along the slaugh
ls can be an effective approach to reduce carcass

rizes the counts of E. coli and Enterobacteriace
n to the level of visual faecal contamination.  

about the considered papers 

papers were eligible to provide data on pigs regar
e conducted in Europe, and the other fourteen ou
ervational studies with the exception of five stu
apers provided data on E. coli, ten papers on En
icator bacteria.  

mation on review question 1, fifteen papers addre
eview question 1 and 2, while no papers dealing
rder to study the effect of this variable on indic

thod was swabbing (28 out of 31 papers), while s
tudies. The unit of enumeration most commonly u
varied greatly among the retrieved studies as w

mmon was classified as ISO but also Petrifilm, an

characteristics of the selected papers are av
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hterline especially for 
s contamination at the 

eae on beef carcasses 

rding the three review 
utside Europe. All the 
udies dealing with an 
nterobacteriaceae and 

essed review question 
g with the scoring of 
cator bacteria (review 

skin excision was the 
used was log cfu/cm2. 
well as the analytical 
nd MPN were used.  

vailable in Table 7 
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2.4.2. General information a

Figure 4: Flow-chart summarizin

 

2.4.3. Review question 1  

This section is aimed at the eval
counts of indicator bacteria in sw
with this issue. In particular, sev
counts and two counts of both
described in the selected studies 

The retrieved papers provided da
the steps of the slaughterline tha
carcasses is the difficulty of fin
Data have been generally collect
single stage toward a change in b

E. coli 

Different studies investigating th
Warriner et al. (2002) evaluated
carcass every 45-50 minutes. T
carcasses according to the slau
performed after scalding, and by
after it. Moreover, carcasses un
reduction of bacterial counts to s

Holding Stunni

EvisceraSplitting 

Chilling 

Head 
removal 

Pasteurization
Trimming 

Lactic acid w
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about the slaughtering process 

ng the activities carried out along the pig slaughte

luation of the effect of the different stages of the
wine carcasses. Fourteen papers were retrieved fr
ven papers reported Escherichia coli counts, five
h indicator bacteria. In Figure 4, the main sla
are presented. 

ata that were not always comparable. A main cha
at lead to a decrease or an increase of indicator b
ding studies providing data obtained before and
ted at distant sampling points; as a consequence t
bacterial levels is not always evident. 

he trend of E. coli counts along the slaughterlin
d the effect of slaughtering on E. coli counts b

This study evaluated also differences in terms 
ughter time in the day. The process was chara
y a double polishing technique performed dry bef
nderwent a washing treatment before chilling. A
scalding and singeing; however, since the sampl

ing Bleeding 

Singeing 

Sticking 

Polishing ation 

Sc
Dry 

S

Wa

n 

Pasteurization 
Anal closure 

wash 
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erline. 

e slaughterline on the 
rom literature dealing 
e Enterobacteriaceae 

aughtering operations 

allenge in identifying 
bacteria counts on the 
d after a single stage. 
the effective role of a 

ne are described here. 
by sampling a single 
of bacterial loads of 

acterised by scraping 
fore singeing and wet 

Authors attributed the 
ing of carcasses after 

Scalding 

Dehairing 

craping 
polishing 

Shaving 

ashing 
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these specific stages was not pos
real sampling points (after scra
obtained for Enterobacteriacea
significant for E. coli. 

Variations of E. coli counts w
characterized by a dry and wet 
anal closure routinely performed
coli counts decreased during sca
et al., 2000). 

Nesbakken et al. (2008) evaluate
E. coli, a slight reduction was 
reduction was stated as significan

A Danish study (Wu et al., 2009
close to the anus, in a high thr
reduced significantly (by 1-2 lo
attributed by authors to scalding
immediately after the stages con
after splitting were compared to 
performed such as singeing, polis

Gill et al. (2000) investigated eig
only, polished carcasses were p
Sampling was performed by swa
grid. Moreover, E. coli counts
procedure. From each plant, sets
coli recovered indicated that sub
the dressing processes at four of
reduced during the chilling witho

Tamplin et al. (2001) examined t
throughput (7,000 pigs/day) slau
point-based inspection models p
following exsanguination and af
coli was found on all carcasses 
numbers recovered on different 
cfu/cm2). 

In Canada, a study to evaluate th
was performed at Lacombe Res
study was to compare the lev
investigated animals were raise
provided. Samples were obtaine
samples belonging to a comme
experimental design. In the LR
sampled. However E. coli coun
Carcasses were sampled befor
washing. Random carcass sampl
importance of pasteurisation wa
case, carcasses had noticeable de
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sible in the study, these results are presented in ta
aping and after polishing, respectively). In cont
ae, the increase observed during evisceration 

were also investigated in an Iberian study. Th
scraping technique, as in the previously describ

d before evisceration in order to prevent gut con
alding, but increased during evisceration despite 

ed the effect of blast chilling on different bacterial
observed after the application of this chilling

nt. 

9) investigated the behaviour of E. coli by sampl
roughput slaughterhouse (10,000 pigs per day). 
og units) at sequential stages of processing and
g, singeing and chilling. However, sampling poi
sidered effective. As an example, bacterial loads
ones collected after scalding. In between, several
shing, evisceration and splitting. 

ght slaughterhouses processing 200 to 800 pigs p
pasteurised before dressing commenced. Blast c
abbing a random site on carcasses chosen from a p
s were estimated by using the hydrophobic g
s of 25 samples were collected at three differen
bstantial numbers of those organisms were added
f the plants, and that bacterial levels on carcass
out spraying process at two plants. 

the prevalence and quantity of E. coli on swine ca
ughterhouse operating under the hazard analysi

project (HIMP) program. Carcasses were sampled
fter the carcasses were washed, eviscerated and 
sampled after bleeding and on 30.1 % of the chi
days varied greatly, in particular after exsangui

he impact of slaughtering stages on E. coli count
search Center (LRC) (Jones and Johns, 2012). 
vel of F-RNA coliphages with different ind
ed and slaughtered in LRC pilot plant and M
ed from anal region and from random sites on 
ercial slaughterhouse were also analysed and u

RC pilot plant, E. coli numbers varied accordin
nts in the anal region decreased at each samplin
re pasteurisation, after pasteurisation, after ev
les showed a decrease in E. coli counts only afte
s also confirmed by results obtained in the com

ecreases of E. coli counts after bleeding and after p
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Another study was conducted in 
evaluate which processing result
carcasses carried relatively large
of carcasses was applied in ear
muscle surface; however the
recontamination during head re
removal, instead of before. How
and washing) led to a new inc
carcasses that were pasteurised a
of E. coli. 

Gill and Landers (2004a) analy
before and after cooling and dem

Namvar and Warriner (2006), in
pig slaughterline, described the
carcasses. In particular, twelve 
visits after the following operatio
E. coli numbers on carcasses fol
but progressively decreased tow
significantly reduced by scalding
the polishing process. E. coli w
evisceration, splitting and the fin
lactic acid washed carcasses t
evisceration or splitting. Accord
coli represented a stable endem
abattoir. 

Finally, in order to understand w
pig carcasses, different papers in
belonging to the retrieved papers

Regarding scalding, all five stud
bacterial numbers (Wu et al., 20
2002). Namvar and Warriner (2
water temperature of 65 °C. War
but attributed this reduction to th

Singeing was investigated in one
general, the sampling of carcass
considered study attributed to si
scraping increased bacterial coun
(Namvar and Warriner, 2002). 
reduce E. coli counts, but in 
additional operations such as pol

As regards pasteurisation, two p
reduce E. coli counts (Jones an
described a reduction in E. coli c
from a grid and the anal region. I
polishing. In the second paper, t
should be noted that in this case, 
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lighted a reduction in 
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The washing process was invest
led to significant results justifyin
Warriner et al., 2002; Jones and 
underline that in the study perfo
during this step, but there was no
number of lactic acid washed c
evisceration and after splitting. A
coli over carcass surface. As prev
evaluation of the slaughtering 
sequential processing stages alon

The final phase of the slaughterin
but within each study, the study 
reported bacterial counts before
decrease E. coli counts (Nesbak
chilling process was characteris
2008). Two studies were not u
obtained after chilling with coun
(Tamplin et al., 2001) or after sp
in E. coli counts on carcasses a
2000). 

Figure 5: Trends (increase or de
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Enterobacteriaceae 

One study (Spescha et al. 200
analysed data belonging to diffe
characteristic of the first abattoir
there was a combined dehairing
water before chilling. In both ab
carcass sites tested) and after ch
counts decreased after singeing 
decreased after polishing. 

Another study (Duggan et al. 201
Salmonella presence. Results rep
of Enterobacteriaceae counts dur

Lenahan et al. (2006) also evalu
belonging to four different plant
was not always demonstrated s
conclusion was that chilling co
relation to Decision 2001/471/EC

Hurd et al. (2008) evaluated th
samples and observed an increas
evisceration. However, it shoul
complex and had different aims, 
from the context. Moreover, sam
were collected from bung and ple

The evisceration stage was evalu
PDR processing sixty to eighty 
during evisceration (Inthavong et
hygienic practices, if compared w

Warriner et al. (2002) evaluated t
single pig carcass every 45-50 m
time of the day. The process w
performed dry before singeing 
chilling. The authors described a
increase in Enterobacteriaceae le
cross-contamination operation. 

The microbial contamination of 
paper (Rivas et al., 2000) dealing
slaughtering process. The proce
stages before and after the si
Enterobacteriaceae counts decre
evisceration. According to auth
technique but to the singeing pro
of scraping. Interestingly, desp
observed during evisceration. 
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hors, the unexpected decrease during scraping 
ocess that, as described above, was performed bet
pite anal plugging, an increase in Enterobacte

nant carcasses: a review 

s been carried out exclusively 
, awarded following a tender 
rity is subject. It may not be 
w and position as regards the 

hors. 

40

ong the slaughterline 
160 pigs per hour. A 
in the second abattoir 
arcasses with potable 
er scalding (in all the 
, in the first abattoir, 
the second plant they 

cteriaceae counts and 
y significant reduction 

ae counts in carcasses 
at carcass level, this 
during chilling. The 
ass categorisation in 

evalence in pools of 
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The effect of different operation
also shown in Figure 6.  

As already observed for E. coli, 
studies (Spescha et al., 2006; Riv
critical to reduce initial bacter
managing of activity at plant leve

The same studies mentioned bef
of contamination in two out of th
et al. (2006) determined the joint
an increase in Enterobacteriacea
three different studies (Spescha e
Evisceration is a key contaminat
2002; Inthavong et al., 2006; Hu
bacterial contamination only in te

The last operation that, according
is chilling. A decrease in Enter
Spescha et al., 2006) out of four 
al., 2010). The fourth study (D
reported results of Enterobacteri
bacteria variations between differ

Figure 6: Trends (increase or 
slaughterline in pig slaughterhou
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Enterobacteriaceae are presente
analysed at each step, the increa
deviation are reported when these

2.4.4. Review question 2  

A total of 18 papers were collect
swine carcasses. In particular, 1
Enterobacteriaceae and two cons

As already mentioned for review
was hampered by different aspec
were not consistent across studie
in terms of conclusions drawn an

Since some papers provided dat
factor influencing bacterial coun
instead of the papers. In Tables 
indicator bacteria. 

E. coli 

A total of 30 risk factors or tre
carcasses at slaughterhouse in the

Only one paper considered the
considered 12 treatment groups
versus 5), the feed type (pelleted 
to a 2×2×3 factorial design. T
treatment, according to the statis
the thoracic area was feeding th
contrast, the highest counts were
fast. A statistical difference was
analysis. No correlation was fo
between E. coli levels on carcass
2007). 

Attention has been paid also to
(2007) evaluated the influence o
In particular, pigs were divided
handling. The rough treatment 
gentle handling was characterise
Neither handling nor group dime
of differences between groups s
carcass microbial quality. 

The effect of the plant through
compared four low throughput
presumptive E. coli (74 %) repo
pigs/year) was higher compared
year). These differences were sta
evaluation of other bacteria, an
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w question 1, the comparability of data provided
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s. Hence, different studies considering the same f

nd not in terms of counts reported. 

ta on both types of indicator bacteria, or consid
nts, it was more convenient to consider the indiv

4a and 4b, the risk factors investigated are sum

eatments were investigated in relation to Escher
e collected papers. 

e influence of risk factors at farm level. This
 and different conditions regarding the number
vs mash) and the fasting time before slaughter (4

The slaughter process took place in an experim
stical model performed, which resulted in the low
he pigs pelleted feed five times a day followe
e recovered from pigs fed mash, five times a da
s observed between these two treatments with 

ound between stomach weight and E. coli coun
ses and the weight of faeces collected on the truck

 the management of the animals before slaught
of handling and group dimension on microbial ca
d in groups of 10 and 30 individuals subjected 
consisted in a quickly handling with electric p

ed by slow handling managed with the use of a p
ension significantly influenced E. coli counts on
suggested that the stress condition applied had 

hput on bacterial counts was investigated by H
t with four high throughput slaughterhouses. 
orted on pig carcasses in high throughput plants
d to the percentage (58 %) in low throughput p
atistically significant. However, since the study w
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e number of samples 
mean and the standard 

ng bacterial counts on 
. coli, five papers on 

d by different studies 
f enumeration, which 
factor were compared 

dered more than one 
vidual studies (trials), 

mmarised for both the 

richia coli counts on 

s study in particular 
r of daily feeding (2 
4, 14, 24 h) according 
mental abattoir. The 
wer E. coli counts on 
d by a 24 h fast. In 
ay followed by a 4 h 
an a posteriori Tobit 
nts on carcasses and 
k floor (Saucier et al., 

tering. Rabaste et al. 
arcass contamination. 
to rough and gentle 

pod; on the contrary, 
plastic board or whip. 
n carcasses. This lack 

a limited impact on 

Hansson (2000), who 
 The percentage of 
s (250,000-1,300,000 
plants (450-800 pigs 
was aimed also at the 
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concluded that level of carcas
slaughterhouse. 

In contrast, another study deali
Canada found no relation betwe
bacterial counts (Bohaychuk et 
samples was reported. Most of 
cfu/cm2.  

The effect of the surveillance sys
influencing the counts of indica
conducted in 7 plants located in
carcasses (mean log of positive s
coli on carcasses processed via
abattoirs that operate the tradition

In another paper, Lindblad et al. 
Swedish slaughterhouses. Both E
baseline value, but only E. coli 
which slaughtering was perform
carcasses were obtained in the p
period, so thus the seasonal varia

Delhalle et al. (2008) studied se
carcasses in the 10 largest Belg
variables through a questionnaire
(univariate mixed logistic regres
models with microbiological dat
particular that the use of water 
resulted in lower E. coli counts.
was considered hot by operators 
practice of refreshing animals aft
were spraying 75 % of the tim
temperature. According to the a
carefully. Moreover, the E. col
processing time between killing
contamination, were a scalding 
splitting machine three times a da

Hamilton et al. (2009) evaluate
carcasses. The study focused in 
two different high throughput ab
with hot water (15 sec with wa
water (SANOVA solution) wer
sampled using a meat excision te
abattoir was significantly and 
compared to the control. This re
contamination. Further, the two
although SANOVA treatment i
regarding the use of hot water, 
reduce E. coli levels on slaughter
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al., 2011). An overall prevalence of 33.7 % E
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ator bacteria. For this scope, a microbiological
n New South Wales, Australia. E. coli was dete
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a the co-regulatory system were comparable to 
nal system overseen by government inspectors (B

(2006) described the results of a microbiological
E. coli and Enterobacteriaceae were taken into 
data have been analysed in order to study the ef
med. Authors observed that the highest E. col
eriod June-July; however, the study was conduct

ation has not been confirmed for data belonging to

everal managerial factors that could influence m
gian slaughterhouses. In particular, they investi
e, data from which were then incorporated into t
ssion and multivariate mixed linear regression) a
a obtained from a total of 584 carcass samples. R
during lairage cleaning and a high frequency o

. In contrast, spraying of live animals when the 
was correlated with an increase in carcass E. col

fter transport is common. Other possibilities conte
me during lairage and spraying automatically in
authors, however, this conclusion about spraying
li counts on carcasses increased proportionally

g and scalding. In contrast, protective factors, w
procedure using steam instead of immersion, th
ay and the change of carcass hooks before chillin

d the effect of decontamination treatments on E
particular on the effect of two decontamination t
battoirs over three days. In each trial, two treatm
ater 81.9-83.5 °C) and one performed with acidi
re compared with the standard hygiene proced
echnique at belly level. The prevalence of E. coli
substantially reduced for both hot water and 

esult was also achieved if one abattoir had highe
o treatments did not differ significantly. It sho
is not approved according to EU legislation, 
and thus, this could be an effective efficient alt
red pig carcasses.  
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e throughput of the 

0 slaughterhouses in 
he cut-off value) and 
E. coli-positive swine 
lower or equal to 10 

d as a potential factor 
l baseline study was 
ected in 63 % of pig 
trated that levels of E. 

those established in 
Bass et al., 2011).  

l survey performed at 
account to assess the 
ffect of the season in 
li counts on the pig 
ted during a one year 
o other years. 

microbial status of pig 
igated different plant 
two statistical models 
and they then fed the 
Results highlighted in 
f lairage disinfection 
external temperature 

li contamination. The 
emplated in the study 

n relation to external 
g must be considered 
y with the length of 

which reduced E. coli 
he disinfection of the 
ng.  

E. coli counts in pig 
techniques applied in 

ments, one performed 
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dure. Carcasses were 
i on carcasses in each 
SANOVA treatment 

er levels of microbial 
ould be noticed that 
no restriction exists 

ternative operation to 
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Different treatment conditions o
study reported data aimed at ev
E. coli counts on pig carcasses. 
throughput slaughterhouses in W
there was a reduction in E. co
washing treatment, it was found
water temperature applied. In f
ranging from <12.8 °C to >32.2 
days) effectively reduced E. coli 

In contrast, another study invest
effective lowering of E. coli lev
normally processed (anal plug
Manufacturing Practices (GMP)
carcasses (which were processed
evisceration to avoid intestinal r
water at the end of the slaughte
during evisceration in order to re
use of carcass washing (Rivas et 

Since tissues exposed during the
slaughtering, it is required to trim
investigated the effect of this pra
before and after their application
reduce the numbers of E. coli
ineffective for that purpose proba

The technique of trimming c
contamination was investigated
contaminated site on the microb
sites and a random site on the c
was investigated through the p
harboured high level of bacteria
processing. According to the au
found to be effective in decreasin
selected ones. 

Conter et al. (2006) investigated
which a prototype steam deco
slaughter process. This treatment
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valuating the effect of different risk factors tow
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Wisconsin (Algino et al., 2009). Between the selec
li levels on both skinned and unskinned carca

d to be always effective in reducing E. coli coun
fact, in this study, washing was performed with

°C in different trials. Also both the tested chille
levels on the carcasses.  

tigating the effect of pig carcass washing failed
vels. More specifically, the authors divided carca
gging was routinely applied before eviscerat
) applied at this step to avoid intestinal ruptu

d with particular attention to the Good Manufactu
ruptures) and washed GMP carcasses (25 sec o
erline). Results highlighted the effectiveness of
educe of E. coli counts. In contrast, no effect wa
al., 2000).  

e sticking of pigs are likely to be contaminated 
m the tissue around wound before evisceration. Gi
actice as well as the effect of pasteurisation by an
n. The authors concluded that while the pasteurisa
i on the cut tissue of sticking wounds, the tr
ably because of contamination during the routine 

ontaminated sites on pig carcasses detained 
d. One paper in particular described the effe
bial level of carcasses by sampling on both the s
carcasses (Gill and Landers, 2004a). Moreover, 
previously mentioned sampling scheme. Visibly
a and were considered potential sources of bacte
uthors, the trimming technique, as well as the c
ng E. coli counts on contaminated carcass sites as

d the effect of pasteurisation treatment in an Itali
ntamination unit was installed before eviscera
t provided a  significant reduction of E. coli count
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y several papers. One 
ward the variations in 
er chilling in 10 low-
cted sampling points, 

asses. As regards the 
nts, regardless of the 
h water temperatures 
er hold times (1 or 2 

d to demonstrate any 
asses in three groups: 
tion), but no Good 

ures; unwashed GMP 
uring Practices during 
of high pressure cold 
f implementing GMP 
as associated with the 

with bacteria during 
ill and Badoni (2001) 
nalysing these tissues 
ation of carcasses can 
rimming is probably 
operation. 

because of visible 
ect of trimming the 
specific contaminated 
the effect of chilling 
y contaminated sites 

erial spreading during 
cooling process, were 
s well as on randomly 

ian slaughterhouse in 
ation during the pig 
ts on pig carcasses. 
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Table 4a: Slaughterhouse and fa
decrease/increase/or with no effe

Effect Risk factor/Treatment 

Decrease Acidified sodium chlorite 
 Chilling 
  
 Chilling contaminated site

 Cleaning and disinfection 
times a day 

 Frequency of lairage disin

 Hot water carcass washing
(83.5°C) 

 Lairage cleaning with wat

 Low throughput slaughter

 Meal frequency 5, Feed ty
(pelleted), fasting time ( 2

 New hooks for carcasses b
chilling 

 Pasteurized sticking woun

 Scalding with steam 

 Steam treatment (before 
pasteurization) 

 Trimming of the contamin
 Unwashed+GMP 
 Washing 
Decrease Total 
Increase June-July 
 Skinned 

 Spraying when ext temp is
considered hot 

 Time between killing and 
Increase Total 

No effect Co-regulatory system 

 Gentle handling 

 Low throughput slaughter

 Small group (10 animals) 
 Sticking wounds trimming
 Washed+GMP 
 Washing T 
No effect Total 
Total 

* Risk factor referring to farm managem
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arm related risk factors investigated in the retriev
ect on E. coli counts on swine carcasses 

Compared factor/ Control Reference  

washing Standard hygiene procedure Hamilton et
No chilling Gill and Lan
Prewashed carcass Algino et al

e No chilling Gill and Lan
three Others regimen Delhalle et 

nfection Other frequencies Delhalle et 
g Standard hygiene procedure Hamilton et

ter Other cleaning solutions Delhalle et 

rhouses High throughput 
slaughterhouses Hansson 20

ype 
4 h) 

Meal frequency (2; 5), Feed 
type (pelleted; mash), fasting 
time (4; 14; 24 h) 

Saucier et a

before Same hooks Delhalle et 

nds Not pasteurized sticking 
wounds Gill and Ba

Immersion scalding Delhalle et 

No steam treatment Conter et al

nated site No trimming Gill and Lan
Unwashed Rivas et al. 
Prewashed carcass Algino et al
  
Other months Lindblad et 
Unskinned Algino et al

s Spraying with others rules Delhalle et 

scalding Continuous variable Delhalle et 
  
Governmental inspection 
system Bass et al. 2

Rough handling Rabaste et a

rhouses High throughput 
slaughterhouses Bohaychuk 

Large group (30 animals) Rabaste et a
g Not trimmed sticking wounds Gill and Ba

Unwashed+GMP Rivas et al. 
Prewashed carcass Algino et al
  
  

ment; ** Risk factor referring to pre slaughter operations 
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ved studies leading to 

N° of 
studies

t al. 2009 (AU) 1 
nders 2004 (CA) 1 
l. 2009 (US) 1 
nders 2004 (CA) 1 

al., 2008 (BE) 1 

al., 2008 (BE) 1 

t al. 2009 (AU) 1 

al., 2008 (BE) 1 

000 (SE) 1 

al. 2007 (CA)* 1 

al., 2008 (BE) 1 

doni 2001 (CA) 1 

al., 2008 (BE) 1 

l., 2006 (IT) 1 

nders 2004 (CA) 1 
2000 (ES) 1 

l. 2009 (US) 1 
17 

al. 2007 (SE) 1 
l. 2009 (US) 1 

al., 2008 (BE) 1 

al., 2008 (BE) 1 
4 

2011 (AU) 1 

al. 2006 (CA)** 1 

et al. 2011 (CA) 1 

al. 2006 (CA)** 1 
doni 2001 (CA) 1 
2000 (ES) 1 

l. 2009 (US) 1 
7 

28 
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Enterobacteriaceae 

A total of 19 papers were r
Enterobacteriaceae counts on pig

Zweifel et al. (2007) evaluated 
throughput Swiss abattoirs with
were collected from 750 carcas
small subset of microorganisms.
comparison (log of the total n
important difference between car
of positive sites on carcasses ran
useful indicator of abattoir-specif

The influence of plant features o
al. (2011), who investigated two
from randomly selected pig carc
skin microflora was calculated i
transfer of incoming microb
Enterobacteriaceae load was sig
that, despite the EU process hyg
discriminating between the proc
hygienic according to the compa
evaluated in the study was sugge

Both papers described the impac
other studies tried to demonstra
microbial contamination.  

The use of anal plugging prior 
throughput abattoir (Purnell et a
bacon market and were cons
Enterobacteriaceae counts aroun
was observed, while slight non s
to the authors, the results, togeth
leakage can occur during these 
reduce pig carcass contamination

Different risk factors were inves
skinning, washing temperature an
(Algino et al., 2009). In each sl
other halves of the correspondin
decreased in both skinned and 
leaving the carcasses unskinn
Enterobacteriaceae. Washing wa
water temperature ranged from <
supposed that the highest water 
and underlying tissue thus enha
holding times (1 or 2 days) was
swine carcasses.  
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retrieved dealing with risk factors or treatm
g carcasses at slaughter. 

the microbiological contamination of pig carcas
h a median annual slaughter of 600 animals. In 
sses. Authors noticed that Enterobacteriaceae a
 Because log normality was not ensured, log N 
number recovered per square centimetre). Re
rcass contamination within the selected abattoirs
nging from 9 % to 22 %. Thus Enterobacteriace
fic hygienic weak points in low throughput plants

on microbial carcass contamination was also stud
o different abattoirs (A and B), through the colle
casses. In particular, the ratio between carcass 
in order to assess the process with respect to its 
bial loads onto dressed carcasses. In bo
gnificantly reduced during processing. However, 
giene criteria (PHC, based on daily mean log val
cesses in the two abattoirs, the process in plant
arison of individual carcasses. Consequently a PH
sted.  

ct of slaughterhouse characteristics on the proce
ate which specific stages and factors exerted d

to scalding and dehairing was investigated in 
al., 2010). These carcasses were produced for the
sequently not singed after dehairing. A sig
nd the anal areas of unplugged carcasses after sc
significant decreases were observed on plugged 

her with visual observation during the work, clear
processing stages and that methods avoiding i

n. 

stigated in another study in which the authors con
nd chilling duration in 10 very low-throughput a
laughterhouse, carcass halves were sampled bef
ng carcasses were sampled after chilling. Entero

unskinned carcasses between pre-washing an
ned during chilling was associated with low
as effective in reducing Enterobacteriaceae leve
<12.8° to 32.2 °C, but not when temperature wa
temperature resulted in the least chilling and co

ancing bacterial attachment. Also, chilling for b
s effective in significantly reducing Enterobacter
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ments in relation to 

sses in different low-
total, 3,000 samples 

accounted only for a 
values were used for 

esults highlighted an 
s, with the percentage 
eae was considered a 
s. 

died by Blagojevic et 
ection of 100 samples 
(before chilling) and 
ability to reduce the 

oth slaughterhouses, 
the authors observed 

lue for carcasses) not 
t B was clearly more 
HC based on the ratio 

essing hygiene, while 
deleterious effects on 

a EU licensed low-
e pork rather than the 
nificant increase in 

calding and dehairing 
carcasses. According 

rly showed that faecal 
it could be useful to 

nsidered the effect of 
abattoirs in Wisconsin 
fore washing and the 
obacteriaceae counts 

nd chilling; however, 
wer mean levels of 
els on carcasses when 
as >32.2 °C. Authors 
ontraction of the skin 
oth the tested chiller 
riaceae levels on the 
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Trivedi et al. (2006) evaluated t
for reducing naturally occurring 
or very low throughput abattoirs
before any organic acid treatme
effect on Enterobacteriaceae lev
cold storage. The steam treatm
locations with no differences in t
h after the application of steam
cleaning systems as a critical con

The effect of GMP and washin
authors divided carcasses in thr
before evisceration, but GMP w
(which were processed with p
evisceration) and washed GMP
slaughterline). Interestingly, re
evisceration thus demonstrating t
levels when GMP are implem
Enterobacteriaceae levels after t
2000).  

Finally, Tomovic et al. (2011) e
populations. Two regimens of ra
then 2-4 °C until 8 h post-morte
then carcasses were left at 2-4 °C
Enterobacteriaceae counts in a 
decrease them. Authors conclude
a rapid chilling treatment is impl

Tables 17 and 18 (Appendix E) r
with the effect of the slaughterh
slaughtering line) on the indicato
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the effectiveness of a commercially-available do
bacterial populations on freshly slaughtered pig 

s. A 60 second steam treatment was applied afte
ent on three anatomical sites on the right half o
vel was evaluated immediately after the treatmen
ent significantly reduced microbial contaminati
term of mean Enterobacteriaceae population imm

m. The authors thus suggested the use of house
ntrol measure in low and very low throughput mea

ng during processing was investigated by Rivas 
ee groups: normally processed (anal plugging w

was not implemented during evisceration); unwa
particular attention to the Good Manufacturi

P carcasses (25 sec of high pressure cold wate
esults showed the effectiveness of impleme
that anal plugging could be more efficient agains

mented. In contrast no significant effect was o
the addition of the washing treatment during pro

evaluated the effect of rapid chilling of swine c
apid chilling were applied. Treatment 1 consisted
em, while the first phase of the second treatmen
C for 24 h. Interestingly, results highlighted that t

highly significant way; in contrast treatment 1 
ed that rapid chilling can improve the microbiolog
emented together with a 24 h duration of the entir

report E. coli and Enterobacteriaceae counts from
house and farm related features (general and at d
or bacteria on pig carcasses.  
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omestic steam cleaner 
carcasses in four low 
er the final wash and 
of the carcasses. The 
nt and 24-h later after 
ion at all anatomical 

mediately after and 24 
hold domestic steam 
at processing plants.  

et al. (2000). These 
was routinely applied 
ashed GMP carcasses 
ing Practices during 
er at the end of the 
enting GMP during 
st Enterobacteriaceae 
observed on carcass 

ocessing (Rivas et al., 

carcasses on bacterial 
d of 3h at -31 °C and 

nt was equivalent, but 
treatment 2 decreased 
did not significantly 

gical safety of pork if 
re chilling operation. 

m the studies dealing 
different stages of the 
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Table 4b: Slaughterhouse rela
decrease/increase/or with no effe

Effect Treatment/R

Decrease Anal plugging

  
GMP applied
evisceration t
ruptures 

  Chilling time

  Chilling time
+ 24 h 2-4 °C

  Steam decont
  Washing T° (
Decrease Total   

Effect Plant features

  Plant features
Effect Total   

No effect Chilling time
31 °C+ 8 h 2-

  Washing 
No effect Total   
Total   

2.5. Small ruminants 

2.5.1. General information a

Among the retrieved papers, 21
regarding the three review questi

Half of the papers (11) were con
(2), Canada (1), Brazil (1), Moro
the exception of one paper; ten 
and three papers considered both

Four papers provided informatio
one paper dealt with review ques

Twenty out of twenty-one pape
papers, samples were collected fr

The most common sampling me
the unit of enumeration mostly u

Alternative plate count was the a
by Petrifilm (seven papers).  

Concerning the sampled area, it 
surface of the sampled area range

Table 8 (Appendix C) reports ge
questions (1, 2, 3) for which each
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ated risk factors investigated in the retrieved
ect on Enterobacteriaceae counts on swine carcas

Risk Factor Compared 
factor/Control Ref

g No anal plugging Purnell et al
d during 
to reduce No such GMP applied Rivas et al. 

 Pre-chilling Algino et al
 (3h -31°C 

C) Pre chilling Tomovic et 

tamination No steam treatment Trivedi et al
(< 32.2 °C) Pre-washing Algino et al

   

s Another plant Blagojevic e
(SRB) 

s Different plants Zweifel et a
   

 (3 h -
-4 °C) Pre-chilling Tomovic et 

Unwashing Rivas et al. 
   
   

about the considered papers 

1 papers were eligible in order to provide data
ions.  

nducted in Europe, while the remainder were from
occo (1) and India (1). All papers described obser
papers provided data on E. coli, eight papers on

h indicator bacteria.  

on on review question 1, thirteen papers addresse
stion 3, while three papers answered all three revi

ers described studies that analysed pooled sam
rom two to five regions of the carcass. 

ethod was swabbing (16 out of 21 papers), follo
sed was log cfu/cm2 (15 out of 21 papers). 

analytical method most frequently used (10 out of

should be pointed out that a wide variability amo
ed from 5 to 100 cm2. 

eneral information concerning the selected 21 p
h paper provided pertinent data.  
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d studies leading to 
sses 

ference N° of 
studies 

l. 2010 (UK) 1 

2000 (ES) 1 

l. 2009 (US) 2 

al., 2011 (RS) 1 

l. 2006 (US) 1 
l. 2009 (US) 4 

11 
et al. 2011 1 

al. 2008 (CH) 1 
2 

al., 2011 (RS) 1 

2000 (ES) 1 
2 
15 

a on small ruminants 

m Australia (4), USA 
rvational studies with 
n Enterobacteriaceae 

ed review question 2, 
ew questions. 

mples; in most of the 

owed by excision and 

f 21 papers) followed 

ong studies exists; the 

papers and the review 
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2.5.2. General information a

The six papers providing informa
carcasses along the slaughterin
different steps of the slaughterli
cattle (see Figure 2, paragraph 2
and non-penetrative) with a capt
followed by bleeding in a hangin

An important step takes place aft
types of dressing can be used acc
carcasses are shackled by first on
skinned. Then the carcasses are
forequarters and evisceration. In 
for pelt removal; head and feet ar
flaying completed. An alternati
carcasses being skinned while 
adopted only after skinning is 
improvement compared to the p
skinning and reduces the contam

After dressing, evisceration tak
material is separated and dispos
chilling, standing in a tunnel fo
Before the chilling step, carcasse

In some slaughterhouses, washin
washing is to remove visible soil
Soiled carcasses should be spray
soiling material dries, thus minim

Along the slaughterline, the unc
while the clean operations are ev

2.5.3. Review question 1 

Among the six papers, three 
Enterobacteriaceae. Concerning 
which samples were collected a
papers reported data on carcasse
(i.e. chilling).  
 
The retrieved papers provided 
slaughter processes described ar
used vary considerably. For thes
the different studies, as it would
trend of the indicator bacteria co
the studies, according to the con
effect in terms of decrease, incre
and Enterobacteriaceae counts o
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about the slaughtering process 

ation on the presence and counts of E. coli and E
ng process seldom reported information about 
ne. The slaughter procedure for small ruminants
2.2.2), and it commonly starts with mechanical 
tive bolt pistol. Electrical stunning is increasing

ng position.  

fter bleeding: the dressing (or skinning or flaying
cording to the features of the abattoir: in convent
ne then the other hind leg while the unshackled h
e suspended from a gambrel by both rear legs
low-throughput slaughterhouses, the carcass is l

re removed and dressing initiated. Then the carca
ive type of process, referred to as inverted dr
suspended by the forelegs, with suspension by
completed. This second type of dressing is u

previous one, due to the fact that it reduces the
mination of the carcasses.  

kes place: offals are separated, inspected and c
sed of in a sanitary manner. Finally, the carcas
or 2 h at 2-4 °C and then stored at 4±1 °C (co
es can be split and cut.  

ng is an additional step before chilling: the prim
ling and bloodstains and to improve carcass appe
yed/washed with potable water immediately afte
mizing the time for bacterial growth.  

clean operations, therefore, include stunning, ble
visceration, carcass splitting and carcass dressing. 

papers provided data on E. coli counts an
both the indicator bacteria, five out of six papers

at more than one step along the slaughterline, w
es sampled immediately before and after one step

data that were not always comparable due to 
re rather heterogeneous, the sampled area and th
se reasons, it is not appropriate to provide a direc
d not be meaningful. Rather, it seems more inform
ontamination at the different stages of the slaught
nclusions drawn by the authors. Figures 7 and 8 s
ease or no effect of the different stages of the sla
on small ruminant carcasses, as reported in the elig
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Enterobacteriaceae on 
the features of the 

s is similar to that of 
stunning (penetrative 

gly an option. This is 

) operation. Different 
tional dressing, sheep 
hind leg and rump are 
s for skinning of the 
lowered onto a cradle 
ass is raised again and 
ressing, involves the 
y the rear legs being 
sually considered an 
e labour required for 

cleaned. Condemned 
sses are submitted to 
onventional chilling). 

mary object of carcass 
earance after chilling. 
er dressing before the 

eeding and dehiding, 

nd three papers on 
s performed studies in 
while one out of six 
p of the slaughterline 

several reasons: the 
he analytical methods 
ct comparison among 
mative to analyse the 
terline within each of 
show respectively the 
aughterline on E. coli 
gible studies. 
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Figure 7: Trends (increase and 
small ruminant slaughterhouses 

Figure 8: Trends (increase and
slaughterline in small ruminant s

As far as E. coli counts are conc
samples from the brisket area (10
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d decrease) of Enterobactreiaceae counts at di
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cerned, one study performed by Hauge et al. (20
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of the slaughterline in 

 

ifferent stages of the 

011b), collected swab 
e slaughterline: at the 

No effect 
Increase
Decrease

No effect 
Increase
Decrease
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beginning (after fleece removal) 
in order to investigate the microb
counts expressed as log cfu/100 
the end of the slaughter process,
of contamination of carcasses a
slaughterline, just before chilling

The microbial load of sheep/goa
(Bhandare et al., 2007), in wh
slaughterline: after flaying, after 
sites of the carcass (neck, should
and mean counts were reported a
flaying; 21 % and 3.9 log cfu/cm

Finally, differences in the levels
slaughterline but also at differen
swab samples from an area of 2
after skinning, evisceration and w
forequarter (0.31 log cfu/cm2) a
gradual reduction (not significan
0.31 after skinning to 0.07 log cf

Concerning Enterobacteriaceae 
represented an important point i
Yalcin et al. (2003) collected sam
areas of the same carcass at four
washing and after chilling. Alto
Enterobacteriaceae counts, lead
(after dressing); 0.75 (after evis
stated that even if not significan
reduction of Enterobacteriaceae 
the most important steps in impro

The same conclusion about the 
which swab samples were take
abattoirs in Ireland. In this case 
lateral thorax, breast, brisket) an
51 % of carcasses tested, counts
26 %. This may be due to re-grow

A third paper by Milios et al. (2
the process. Swab samples from
After pelt removal of hind and f
evisceration steps (C- After e
chilling). The study showed 
subsequent step after the first sa
The recorded counts (log cfu/cm
sampling point C-2.68; sampling
removal was the determinant sta
the lamb slaughterline. 
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and at the end (before chilling). The two samplin
bial transfer from fleece to the carcass surface du
cm2, had the following values: 1.78 and 2.71 at 

, respectively. The authors concluded that there i
along the slaughtering process and that the coun
g were significantly (p<0.05) higher than at skinni

at carcasses along the slaughterline was investiga
hich swab samples were taken at three differe
washing and after evisceration. Samples were co

der, flank, rib, brisket, rump) and analysed in poo
at the three different sampling points: 11 % and 

m2 after evisceration; 8.3 % and 3.1 log cfu/cm2 aft

s of indicator bacteria can be found not only al
nt sampling regions of the carcass. Martineli et
20 cm2 of 30 carcasses from the forequarter and
washing processes. The highest value of E. coli 
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According to the retrieved pape
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had a higher level of E. coli comp
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the chilling step. 
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analysed at each step, the increa
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2.5.4. Review question 2  

The aim of this section is to 
management and slaughter chara
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However, within LTSs there w
carcasses. Finally, another Austr
order to examine carcasses from
thus differing in terms of comple
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taken alone, the "snapshot" of th
integration of each plant's micr
process elements should be comb

Among the retrieved studies, o
slaughterhouse throughput (low 
lamb carcasses after washing/b
carcasses from the low-throughp
E. coli counts compared to those
high-throughput slaughterhouse 
between the two slaughterhouses
In fact significant variations we
throughput slaughterhouse, with 
versus 3.18 log cfu/cm2 in winter
slaughterhouse, lower counts we
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Eight papers studied the influ
slaughterline on indicator bacteri

The results reported in differen
processing operations. In particu
bacteria will be discussed: the
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treatment.  

Concerning the application of a p
effect of this treatment on go
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the treated group (1 min spray w
did not significantly decrease dur

The type of dressing was investi
carcasses in two studies. Gill et a
dressing might reduce of 1.5 log
2002) comparing different types 
method) found that the Hybrid 
significantly lower Enterobacter
Thus, the greatest reduction in m
it minimized hand contact during

The microbiological status of 
conventionally dressed carcasse
production of ruminant carcasse
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organoleptic qualities) by severa
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(p<0.001) before chilling than
eliminated by the application o
dressed carcasses. Moreover, the
on skin-on carcasses after evi
chilling, thus toasting is a recomm

Hauge et al. (2011a) evaluated
carcasses. The application of 
dressing/before chilling led to a 9
of 1.85 log CFU per carcass (P<0
2.37 log CFU per carcass after 
application of steam was also re
passes of steam spraying pisto
reduced Enterobacteriaceae co
organoleptic characteristics of lam

Finally, the chilling step represe
control the growth of bacteria 
combinations can be used to co
investigated by Brown et al. (20
and water circulated through the
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a chilled isotonic solution of sug
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The study concluded that VPC 
comparison with air chilling; h
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According to the retrieved paper
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two papers investigating this fac
carcasses during the warm seaso
slaughterhouse throughput coup
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Another factor that can have an i
concluded that low-throughput s
of indicator bacteria compared to

The application of treatments al
indicator bacteria levels on car
slaughter does not significantly r
of carcasses after dressing is e
significant reduction of the prev
Another step that can have an ef
of experimental chilling treatmen
bacterial load; however a loss of 

Finally, the dressing technique h
increase or reduction. In fact, in
during pelt removal, is considere
carcass contamination. 

Tables 5a and 5b summarize the
related to the slaughterhouse on E

Finally, Tables 19 and 20 (Appen
dealing with the effect of the
slaughterline) on the counts of in

Table 5a: Slaughterhouse rela
decrease/increase/or with no effe

Effect Risk factor/Treatm

Decrease low throughput-sp

 Low Throughpu
Slaughterhouses (L

 LTSs 

 low throughput–sam
point 

 Inverted dressin
 Hot water pasteuriz
Decrease Total 
Increase Pre-Inspection
Increase Total  
No effect Spring  

 Hot season 
 Slaughterhouse throu
 Pre-slaughter wash

No effect Total 
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Table 5b: Slaughterhouse rela
decrease/increase/or with no effe

Effect Risk factor/Treatm

Decrease Inverted dressing
 Skin on carcasse
 Ultra rapid chillin
 Hot water pasteuriza
 Steam applicatio
 low throughput-spr

Decrease Total 
Increase low throughput-win

 Pre-Inspection 
Increase total 
No effect Vascular perfusion ch
No effect Total 

 

2.5.5. Review question 3  

Three papers investigated the rel
and/or Enterobacteriaceae count
al., 2011b), visual faecal contam
2006), visual faecal contaminatio
last one (Whyte et al., 2002), th
visible contamination on carcasse

Concerning the sampling points
slaughterline, mainly after pelt r
took samples at several sites o
analytical method of enumeratin
plate count. Counts were express

Hauge et al. (2011b) investigate
total, 140 lambs of 5 months of a
pasture were slaughtered in a com

The animals were divided into f
abattoir immediately before slau
days); 35 lambs shorn on-farm 
slaughter (unshorn). 

After stunning and bleeding (bef
cleanliness of the fleece (0– 3 sc
fleece (minor faecal material or m
the belly, legs, and tail; a sco
represented a very dirty fleece (fa

Immediately after the removal o
cm2) for analysis of E. coli (pou
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re of ‘2’ represented a generally dirty fleece;

faecal material or mud under the belly, legs, and ta

of the fleece, swab samples were collected from 
ur plate according to NMKL method No. 125 - N
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d studies leading to 
ant carcasses 

nce (study) N° of 
studies

al. (2002) (GB) 1 
al. (2007) (GB) 1 
al. (2012) (ES) 1 
l. (2011a) (NO) 1 
al. (2011) (GR) 1 
and Daskalov 

10) (BG) 
1 

 6 
and Daskalov 

10) (BG) 
1 

al. (2012) (AU) 1 
 2 

al. (2009) (GB) 1 
 1 

asses and their E. coli 
one paper (Hauge et 

another (Byrne et al., 
studied, while in the 

ethod to assess gross 
chniques. 

one point along the 
o out of three papers 
as swabbing and the 
e) was the alternative 

fleece cleanliness. In 
hed on grass on home 

35 lambs shorn in the 
ys before slaughter (3 
mbs not shorn before 

d and scored on visual 
ented a visually clean 
all spots of dirt under 
 and a score of ‘3’ 
ail).  

the brisket area (100 
Nordic Committee on 
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Food Analysis, 2005). Mean clea
(3 days), 0.63 (7 day), and 2.49 (
value than shorn lambs (p<0.05)
log cfu/100 cm2 for carcasses w
not significantly different.  

This study demonstrated that, on
contaminated carcasses than dir
skinning are undeniably importan
made by controlling cleanliness o

Byrne et al. (2006) studied the ri
the fleece to the ovine carcass, 
“clean sheep policy”. In this stud
at the slaughterhouse and graded
clean and dry; (B) clean and wet;

Microbiological evaluation of 
Enterobacteriaceae counts were 
shoulder, flank and rump) immed

Enterobacteriaceae were detecte
were: 2.7, 2.9, 4.4, 3.9 and 4.4 
sampled sites (brisket, shoulde
recovered from dirty sheep were 
or wetness. Moreover, the param
count on the carcass when the fle
count when the fleece is dirty, re
that dirt was a contributing risk f
policy should, therefore, differen
measures for the latter. 

Whyte et al. (2002) investigated
abattoirs (no more than 20 livest
modified cradle design and sev
Moreover, a method of scoring g
order to measure gross visible co

Gross, visible contamination (st
regions of the carcass using a m
film (90 by 130 mm – 3M Pat-i
fixed to a light blue cartridge 
contamination was based on the
between 0 (no visible contaminat

Concerning the modified pelt 
(mainly hair) at the shoulder and
significantly better than the conv
inverted dressing procedures (Cr
produced the most visibly conta
which a similar contamination sc
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). Mean E. coli values at skinning were of 1.65,

with cleanliness score ‘0’, ‘1’, ‘2’ and ‘3’; howev

n average, visually clean animals tended to prod
rty animals. While efforts to improve hygiene 
nt, significant improvements in the hygiene of ov
of the live animals. 

sk factors associated with the transfer of bacteria
with the aim to provide a scientific basis for t

dy, sheep in lairage were visually inspected by the
d (based on the visual inspection of the fleece) int
; (C) dirty and dry; (D) dirty and wet and (E) with

the carcasses was conducted using the swab
obtained from 40 animals per category at four s

diately after pelt removal.  

ed in 37.6 % of samples tested; the mean values 
log cfu/ 4.000 cm2. Contamination levels were 

er, flank and rump). In this study, the Entero
higher than the counts found on the clean sheep 

meter “fleece dryness/wetness” did not affect the
eece was clean, while this parameter did influenc
esulting in overall higher counts. Enterobacteriac
factor regardless of wetness or dryness of the ani
ntiate between clean and dirty sheep and requir

d methods of reducing lamb carcass contaminatio
tock units/week) where cradle dressing was empl
veral improved pelt removal methods were de
gross visible contamination on the depelted carc

ontamination when comparing different methods o

traw, wool, dirt and faecal material) was quant
method based on the use of sheets of colourless, c

it). The adhesive sheets were applied to the carc
paper background. Quantification of the deg

e quantity of material adhering to the adhesive fi
tion) and 10 (maximum visible contamination).  

removal procedure, measurements of gross v
d abdomen regions showed that a modified pelt rem
ventional method (p<0.01 and p<0.05 respective
radle, Hybrid and Frame methods), the Cradle me
aminated carcasses for all carcass sites apart fr
core to that of the Hybrid method was recorded.  
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e: 0.66 (0 days), 0.60 
nd had a higher score 
 1.88, 2.16, and 2.49 

ver these values were 

duce less microbially-
during slaughter and 
vine carcasses can be 

al contamination from 
the development of a 
e veterinary inspector 
to five categories: (A) 
h visible faecal dags.  

b sampling method. 
eparate sites (brisket, 

in the five categories 
similar over the four 

obacteriaceae counts 
regardless of dryness 
e Enterobacteriaceae 
e Enterobacteriaceae 

ceae counts suggested 
imal. The clean sheep 
re additional hygiene 

on in low-throughput 
loyed. In the study, a 
eveloped and tested. 
ass was developed in 
of pelt removal. 

tified from the same 
clear adhesive plastic 
cass surface and then 
gree of gross visible 
film. This was graded 

visible contamination 
moval procedure was 
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Correlation between the micro
contamination was not possib
Enterobacteriaceae (less than 1
contamination scores.  

In conclusion, the degree of gros
the contact that was likely to o
fleece. Significant improvement 
dressing, as this minimizes hand 

Despite the fact that the number
limited, the available data sugges

1) the distinction between clean
improve the hygiene of ovine car

2) additional hygiene measures s
end of the day; reduced line spe
inverted dressing; greater spacing

3) modifications to pelt removal
the slaughterman or the fleece ca

Table 22 (Appendix F) summari
carcasses along the slaughterline 

 
CONCLUSIONS AND REMAR
 

• A total of 87 papers wer
provided pertinent data a
about small ruminants. 

• A high level of variabil
complexity of the slaug
analytical methods used
specific step of the slau
along the slaughterline,
conflicting conclusions a
or investigating the same

• Further studies are need
Enterobacteriaceae coun
also those with contrastin
and after specific steps in

• Studies dealing with risk
to the choice of control g

• In general a better agreem
regarding the presentati
reaching this objective.
among studies and resear
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ss visible contamination at the carcass sampling s
ccur between the carcass and the hands of the 
in gross visible contamination was achieved by 
contact with the carcass during pelt removal. 

r of retrieved studies providing data for review 
sted that: 

n and dirty carcasses could be an important start
rcasses;  

should be applied for high-risk (dirty) animals (i.e
ed; thorough cleaning of operator hands, arms an
g between carcasses);  

 methods which reduce contact between the carc
an significantly improve gross visible contaminati

izes the counts of E. coli and Enterobacteriacea
in relation to the level of visual faecal contamina

RKS 

e used to collect data for the three review questio
about beef carcasses, 31 papers about swine car

lity among the different studies, due to differen
ghterlines, was evidenced. Some variables, lik
d, the area of carcass sampled, the unit of en
ughterline investigated and the decontaminatio
, render the available data barely comparable
among studies describing counts at the same stag
e risk factor. 

ded to state precisely the effect of slaughterline
nts on carcasses regarding in particular poorly 
ng results. Studies should be performed by samp
n order to avoid confounding.  

k factor should be addressed in particular by posin
groups in order to better appreciate results. 

ment should be obtained within the scientific com
ion of results. A standardized unit of enumer
 Confidence interval should be preferred to f
rch synthesis.  
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the level of gross 
Viable Counts) and 
nges in gross visible 

sites closely reflected 
slaughterman or the 
adoption of inverted 

question 3 was quite 

ting point in order to 

e.: slaughtering at the 
nd aprons; the use of 

cass and the hands of 
ion.  

ae on small ruminant 
ation.  

ons. Forty-two papers 
rcasses and 21 papers 

nt aspects and to the 
ke the sampling and 
numeration used, the 
n treatments applied 

e and could lead to 
ge of the slaughterline 

e step on E. coli and 
investigated steps as 

pling carcasses before 

ng particular attention 

mmunity in particular 
ration could help in 
facilitate comparison 
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REVIEW QUESTION 1. Prese
their counts on carcasses durin

• The main challenge in i
increase of indicator bac
that provided data obtain
at distant sampling poin
consequence, the effecti
evident.  

Beef carcasses  

• Evisceration and trimmi
study, whereas in othe
correlated to these slaugh

• Washing after evisceratio
study (reduction up to ab
with potable water had no
log compared to the previ

• The application of diff
pasteurisation and washin
log) of both E. coli and En

• Chilling does not effectiv
conflicting data in terms 
chilling treatment of beef 

 
Pigs  

• Scalding effectively redu
both indicator bacteria ob
were described in all 
considered in the implem

• Pasteurisation effectively
under experimental slau
slaughterhouses. 

• Carcass washing does no

• Chilling is effective in r
consequently, it should 
Achieved reductions vari
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ence of the indicator organisms E. coli and Ent
ng different stages in the slaughterline 

identifying the steps of the slaughterline that led
cteria counts on pig and ruminant carcasses was t
ned before and after a single stage. Data have gen
nts and in between, different treatments have usu
ive role of the single stages in a change in co

ng led to an increase of E. coli counts up to 1 
er studies (5), changes of E. coli and Entero
hter phases were trivial (within 0.5 log). 

on was effective to reduce the E. coli load of b
bout 1 log), whereas some other studies demon
o effect on E. coli and Enterobacteriaceae counts
ious step of the slaughterline).  

ferent sequential decontamination treatments, 
ng with acids after evisceration always led to a
nterobacteriaceae counts on beef carcasses.   

vely reduce bacterial load on beef carcasses. Diffe
of reduction/increase of E. coli and Enterobacte

f carcasses at the end of the slaughterline.  

uces both E. coli and Enterobacteriaceae counts 
bserved reductions were in some cases higher tha
sampling regions tested. Therefore, scalding 

mentation of GMP and HACCP within pig slaught

y reduces E. coli counts on pig carcasses up to 1.
ughter conditions. However, more studies are ne

ot effectively reduce microbial contamination on p

reducing E. coli and Enterobacteriaceae counts o
be carefully implemented in the context of 

ied greatly according to sampling site on carcasse
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terobacteriaceae and 

d to a decrease or an 
the paucity of studies 
nerally been collected 
ually been used. As a 
unts was not always 

log (cfu/cm2) in one 
obacteriaceae counts 

beef carcasses in one 
nstrated that washing 
s (variation within 0.5 

such as hot water, 
a drop (higher than 1 

ferent studies reported 
eriaceae loads due to 

on pig carcasses. For 
an 3 log (cfu/cm2) and 

should be carefully 
terhouses.  

.86 log (cfu/100 cm2) 
eeded in commercial 

pig carcasses.  

on pig carcasses, and 
slaughter operations. 
es. 
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Small ruminants 

• Skinning and evisceratio
(from 0.5-1.0 to 2.0 log
reported by the four avai

• Carcass washing does n
carcasses. 

• Chilling is effective in r
carcasses, as it reduced m

 
REVIEW QUESTION 2. Info
Enterobacteriaceae counts alon

Beef carcasses  

• Pre-slaughter diet on farm
beef carcasses. However, 

• Annual season has a di
carcasses; the lowest leve
dry season. 

• Slaughterhouse character
difficult to assess which 
throughput was not found
on beef carcasses. Althou
obtained in low and
prevalences/counts were g

• Steam pasteurisation and 
quality of beef carcasse
procedures tested were u
reported a clear reduction
undetectable levels. 

• The effect of washing c
mentioned for review que
washing treatments applie
washing seems to be in
effective when the load is

• The effect of chemical d
chlorine, peroxyacetic ac
related to their effectiven
results could be due to th
the steps of the slaughterl
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on are the two main steps along the slaughter
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not effectively reduce microbial contamination

reducing Enterobacteriaceae counts (two paper
microbial counts by more than 0.5 log cfu/cm2. 

ormation that could explain the variability 
g the slaughterline 

m (batch-related risk factor) does not affect microb
this was addressed in only one retrieved study. 

irect impact on indicator bacteria prevalence 
els of carcass contamination were obtained durin

ristics have an influence on carcass contaminati
factors had the greatest impact on the counts.

d to be clearly correlated to the counts of E. coli o
ugh in only one study differences between indi
d high throughput slaughterhouses were 
generally reported in lower throughput plants.  

hot water washing are effective ways to improv
es, as reported for review question 1. The 
sed both in high and low throughput slaughterho

n for both E. coli or Enterobacteriaceae counts on

carcasses with potable water at ambient tempe
estion 1. Different effects could be accounted for
ed as well as differences in the initial bacterial lo
neffective when the initial bacterial load on c
s relatively high.  

decontamination treatments (e.g. washing-spray
id, nisin) is unclear, since different studies descr
ness in reducing bacterial loads on beef carcass
he different chemicals tested, as well as the proc
line where the treatments were applied. 
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rline where increases 
n carcasses occur, as 

n on small ruminant 

rs) of small ruminant 

of the E. coli and 

bial contamination of 

and counts on beef 
g coldest months and 

ion levels but it was 
. The slaughterhouse 

or Enterobacteriaceae 
icator bacteria counts 

significant, lower 

e the microbiological 
different equipment-
ouses, and all studies 
n beef carcasses up to 

erature is unclear, as 
r by differences in the 
ad of carcasses, since 

carcasses is low, but 

ying with lactic acid, 
ribed opposite results 
es. These conflicting 
cedures followed and 
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Pigs 

• A high number of diff
comparisons are not poss
study design and operatio

• Hot water (>80 °C) base
E. coli counts (three stud
and on specific sites. The

• Anal plugging was found
one study. However othe
plugging to maximize the

Small ruminants 

• Carcasses of shorn lamb
beginning of the slaughte
of this batch-related ris
process if other control m

• Annual season has no 
However, the association
to the conclusion that in
slaughterhouses and duri

• The effect of the slaug
carcasses was unclear.
slaughterhouses had low
another study observed t
plants.  

• Hot water pasteurisation 
prevalence and level (fr
carcasses. 

• Modified dressing proce
as they reduce the ind
conventional dressing. 

 
 
REVIEW QUESTION 3. Th
Enterobacteriaceae and visu
slaughterline  

Beef carcasses  

• Clean cattle produce ca
carcasses.  
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ed treatments, such as pasteurization, are effect
dies) and Enterobacteriaceae counts (one study
ese results agree with papers described in review 

d effective in reducing carcass contamination d
er authors suggested the importance of GMP du
e prevention of contamination. 

bs had significantly lower (1.0 log cfu/cm2) cou
erline compared to those of unshorn lambs (in the
sk factor). However, this advantage is lost dur
measures are not applied. 

effect on microbial contamination of small 
n of the annual season with slaughterhouse throug
ndicator bacteria counts are lower during spring
ing winter for high-throughput slaughterhouses. 

ghterhouse throughput on the prevalence of i
. Some studies concluded that carcasses fr

wer prevalence of E. coli than those from high-thr
that the prevalence of E. coli differed greatly am

 of carcasses after skinning is effective, as it sign
rom 1.0 to 2.0 log cfu/cm2) of indicator bacteri

edures, which reduce contact between hands and
dicator bacterial load by 1.5 log unit on car

he potential relationship between the coun
al faecal contamination on ruminant ca
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retrieved papers but 
r and also in this case 

tive in reducing both 
) on whole carcasses 
question 1. 

during evisceration in 
uring evisceration and 

unts of E. coli at the 
e only retrieved study 
ring the slaughtering 

ruminant carcasses. 
ghput (one study) led 
g for low-throughput 

ndicator bacteria on 
from low-throughput 
roughput plants while 
mong the investigated 

nificantly reduces the 
ia on small ruminant 

d pelts, are advisable, 
rcasses compared to 

nts of E. coli and 
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1 log) than do dirty 
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• Pre-slaughter visual class
corrective measures wa
demonstrated by the retri

• Application of effective 
and/or on dirty carcasses
comparable to or lower th

Pig carcasses 

• The literature research 
between visual faecal con

Small ruminants 

• Visually clean small ru
contaminated than dirty 
dirty animals and apply a

• Modified dressing metho
can improve gross visibl
that methods to assess g
possible to compare data
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Appendix C.  General characteristics of the selec

Table 6: General characteristics of the 41 paper
EB: Enterobacteriaceae) 

Reference (country) Type of 
study 

Sam

Type of sample

Blagojevic et al., 2012 (RS) O Swab (sponge)

Yang et al., 2012 (CA) O Swab (sponge)

Nero 2012 (BR) O Swab 

Serraino et al., 2012 (IT) O Swab (sponge)

Hauge et al., 2012 (NO) O Swab (sponge)

Bass et al., 2011 (AU) O Swab (sponge)

Blagojevic et al., 2011 (RS) O Swab (sponge)

Bohaychuk et al., 2011 (CA) O Swab (sponge)

Ozdemir et al., 2010 (TR) O Skin excision 

McCleery et al., 2008 (GB) O Meat excision 

Rigobelo et al., 2008 (BR) O Swab (sponge)

Zweifel et al., 2008 (CH) O Skin excision 

Algino et al., 2007 (US) E Swab (sponge)

Ruby et al., 2007 (US) O Swab (sponge)

Trivedi et al., 2007 (US) E Swab (sponge)

Tergney and Bolton, 2006 (TR) O Swab (sponge)

Bosilevac et al., 2006 (US) E Swab (sponge)

Kiermeier et al., 2006 (AU) O Swab 

Kinsella et al., 2006 (IE) O Meat excision 

Rigobelo et al., 2006 (BR) O Swab (sponge)

Anderson et al., 2005 (US) E Swab (sponge)
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e. The present document is published complying with the transparency principle to which the A
y reserves its rights, view and position as regards the issues addressed and the conclusions reach

cted papers 

rs providing data on beef carcasses. (E: experimental; O: obser

mple characteristics 
Indicator bacteria 

Method characterist

Region sampled Analytical method Unit o

brisket, flank, rump, neck EB Petrifilm lo

randomly selected EC Membrane filter log 

not specified EC - EB Petrifilm lo

brisket, groin, hock EC - EB ISO lo

brisket, belly EC NMKL log 
brisket, flank, rump, jowl, 

midloin EC Petrifilm lo

brisket, flank, rump, perianal 
region, neck EB Petrifilm 

not specified EC Alternative plate count 

brisket, flank, rump EC - EB ISO lo

brisket, flank, rump, neck EB ISO lo

rump EC Qualitative analysis pres

brisket, flank, rump, neck EB Alternative plate count lo

brisket, flank, rump EC - EB Alternative plate count lo
inside - outside area + navel-

plate-brisket-shank area EB Petrifilm log 

rump, midline, neck EB Alternative plate count lo

brisket, flank, rump, anus, hock EC - EB ISO - Alternative plate 
count 

brisket, foreshank, top round 
surface, anus hock EB Petrifilm - Bactometer log 

not specified EC Qualitative analysis pres

brisket, flank, rump, neck EB ISO lo

near the anus EC Qualitative analysis pres

between the bung and the hock EC Alternative plate count log

ig and ruminant carcasses: a review 

ntext of a contract between the European Food 
Authority is subject. It may not be considered as 

hed in the present document, without prejudice 
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rvational; EC: Escherichia coli; 

ics 
Review question 

of enumeration 

ogCFU/cm2 3 

CFU/100 cm2 1 

ogCFU/ cm2 1 

ogCFU/ cm2 3 

CFU/100 cm2 3 

ogCFU/ cm2 2 

CFU/ cm2 2 

CFU/ cm2 2 

ogCFU/ cm2 2 

ogCFU/ cm2 3 

sence/absence 1-2 

ogCFU/ cm2 2 

ogCFU/ cm2 2 

CFU/100 cm2 1-2 

ogCFU/ cm2 2 

NR 2 

CFU/100 cm2 2 

sence/absence 2 

ogCFU/ cm2 2 

sence/absence 2 

g CFU/swab 2 
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Table 6 (Continued): General characteristics of the 4
EB: Enterobacteriaceae; NR: not reported) 

Reference (country) 
Type of 
study Sa

 Type of sample
Corantin et al., 2005 (CA) O Swab (gauze)

Retzlaff et al., 2005 (US) E Meat excision

Arthur et al., 2004 (US) O Swab (sponge)

Gill and Landers, 2004b (CA) O Swab (sponge)

Madden et al., 2004 (IE) O Swab (sponge)

McEvoy et al., 2004 (GB) O Swab (dry and
wet) 

Mies et al., 2004 (US) E Swab (sponge)

Prendergast et al., 2004 (IE) O Swab (dry and
wet) 

Gill et al., 2003 (CA) O Swab (gauze)

Gill and Landers, 2003a (CA) O Swab (gauze)

Gill and Landers, 2003b (CA) O Swab (gauze)

Minihan et al., 2003 (IE) O Swab (sponge)

Nou et al., 2003 (US) O Swab (sponge)

Sumner et al., 2003 (AU) O Swab (sponge)

Barboza et al., 2002 (VE) O-E Swab (sponge)

Collobert et al., 2002 (FR) O Skin excision

Hansson, 2001 (SE) O Swab (sponge)

Phillips et al., 2001 (AU) O Swab (sponge)

Gill and Bryant, 2000 (CA) E Swab (gauze)

Bacon et al., 2000 (US) O Swab (sponge)
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41 papers providing data on beef carcasses. (E: experimental; O: obse

ample characteristics  Method characteris

e Region sampled Indicator bacteria Analytical method Unit 
not specified EC Petrifilm l

ventral midline area EC - EB Petrifilm l

) inside - outside area + plate-
brisket-shank area EB Petrifilm - Bactometer log

) 
randomly selected + 

contaminated area + adjacent 
to the contaminated area 

EC Membrane filter C

) brisket EB ISO l
d brisket, hock, cranial back, 

bung EC - EB Alternative plate count l

) brisket, belly, round EC Petrifilm l
d brisket EB ISO l

randomly selected EC Membrane filter 

randomly selected EC Membrane filter log

randomly selected EC Membrane filter log

) rump, midline, neck EC - EB ISO log 

) anal-hock area EB Petrifilm log

) Brisket, flunk, rump EC Petrifilm L

) brisket, renal site, neck EC Petrifilm l

not specified EB Alternative plate count l

) loin, sternum EC Alternative plate count 

) brisket, flank, rump EC Petrifilm pre

randomly selected EC Membrane filter 
log of
recov

) brisket, flank, rump EC Petrifilm log
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ervational; EC: Escherichia coli; 

stics 
Review question 

of enumeration 
logCFU/cm2 2 

logCFU/cm2 2 

gCFU/100 cm2 1 

CFU/100 cm2 3 

logCFU/cm2 1 

logCFU/cm2 1 

logCFU/cm2 2 

logCFU/cm2 2 

cfu/100cm2 1 

g CFU/100cm2 2 

g CFU/100cm2 2 

CFU/1000 cm2 2 

g CFU/100 cm2 2 

Log CFU/cm2  

logCFU/cm2 1-2 

logCFU/cm2 2 

CFU/cm2 2 

esence/absence 2 
f the total number 
vered from 2500 

cm2 
2 

g CFU/100 cm2 1 
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Table 7: General characteristics of the 31 papers
EB: Enterobacteriaceae; HGMFT: Hydrophobic Gri

Reference (country) Type of 
study Type of sample

Jones and Johns, 2012 (CA) O -E Swab (gauze)

Bass et al., 2011 (AU) O Swab (sponge)

Bohaychuk et al., 2011 (CA) O Swab (sponge)

Blagojevic et al., 2011 (RS) O Swab (sponge)

Tomovic et al., 2011 (RS) E Swab (sponge)

Duggan et al., 2010 (IE) O Swab (sponge)

Hamilton et al., 2010 (AU) E Meat excision

Purnell et al., 2010 (UK) E Swab (sponge)

Wu et al., 2009 (DK) O Swab (sponge)

Algino et al., 2009 (US) O-E Swab (sponge)

Lenahan et al., 2009 (IE) O Swab (sponge)

Hurd et al., 2008 (US) O Swab (sponge)

Delhalle et al., 2008 (BE) O Swab 

Zweifel et al., 2008 (CH) O Skin excision

Nesbakken et al., 2008 (NO) O Swab 

Lindblad et al., 2007 (S) O Swab (sponge)

Rabaste et al., 2007 (CA) O Swab (sponge)

Saucier et al., 2007 (CA) E Swab (gauze)

Trivedi et al., 2007 (US) E Swab (sponge)

Conter et al., 2006 (I) E Skin excision

Inthavong et al., 2006 (LA) O Swab 
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Sample characteristics 
Indicator bacteria 

Method cha

e Region sampled Analytical method

random, anal EC HGMFT 

) brisket, rump, ventral jowl (if possible) EC Petrifilm 

) adjacent areas same carcass side EC ISO 

) jowl, belly, ham, perianal EB Petrifilm 

) jowl, belly, back, ham EB ISO 

) jowl, belly, back, ham EB ISO 

Belly strip EC Petrifilm 

) anus EB ISO 

) left leg close to the anus EC Petrifilm 

) jowl, belly, ham EC - EB Petrifilm 

) whole side EB ISO 

) bung, skin, pleura EB ISO 

ham, pelvis, forelimb, sternum EC ISO 

neck, belly, back, ham EB ISO 

ham EC ISO 

) neck, belly, back, ham EC  ISO 

) brisket, internal rib cage, front feet top EC HGMFT 

flank, thoracic inside EC HGMFT 

) jowl, belly, ham EB ISO 

jowl, belly, back, ham EC ISO 

jowl, belly, ham EB ISO 
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vational; EC: Escherichia coli; 

racteristics 
Review question 

 Unit of 
enumeration 
logCFU/100 
cm2 (MPN) 1 

logCFU/cm2 2 

CFU/cm2 2 

CFU/cm2 2 

logCFU/cm2 2 

logCFU/g 1 

logCFU/g 2 

logCFU/ cm2 2 
logCFU/100 

cm2 1 

logCFU/ cm2 2 

logCFU/ cm2 1 

Prevalence 1 

logCFU/ cm2 2 

logCFU/ cm2 2 

logCFU/ cm2 1 

logCFU/ cm2 2 
logCFU/983 
cm2 (MPN) 2 

logMPN 2 

logCFU/ cm2 2 

logCFU/ cm2 2 

logCFU/cm2 1 
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Table 7 (Continued): General characteristics of the
coli; EB: Enterobacteriaceae; HGMFT: Hydrophobi

Reference (country) Type of 
study Type of sam

Spescha et al., 2006 (CH) O Swab (dry and 

Namvar and Warriner et al., 2006 (CA) O Swab (spong

Gill and Landers, 2004a (CA) O Swab (gauz

Warriner et al., 2002 (UK) O Swab (spong

Tamplin et al., 2001 (US) O Swab (spong

Hansson, 2001 (S) O Swab (spong

Gill and Badoni, 2001 (CA) O Swab (spong

Gill et al., 2000b (CA) O Swab (spong

Rivas et al., 2000 (ES) O-E Swab  

Bryant et al., 2003 (CA) E Swab 

 

 

 

 

E. coli and Enterobacteriaceae counts on pi

entified above as author(s). This task has been carried out exclusively by the author(s) in the 
rocedure. The present document is published complying with the transparency principle to wh

Safety Authority reserves its rights, view and position as regards the issues addressed and the co

e 31 papers providing data on swine carcasses. (E: experimental; O: 
c Grid Membrane Filtration technique)  

Sample characteristics 
Indicator bacteria 

Method cha

mple Region sampled Analytical 
method 

wet) neck, belly, back, ham EB ISO 

ge) brisket EC Petrifilm 

ze) contaminated + randomly selected EC HGMFT 

ge) brisket EC-EB ISO 

ge) neck, belly, ham EC Petrifilm 

ge) loin, sternum EC ISO 

ge) sticking wound EC HGMFT 

ge) random EC HGMFT 

neck, abdomen EC - EB ISO 

back, jowl, ham, belly EC HGMFT 

ig and ruminant carcasses: a review 
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onclusions reached in the present document, 
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observational; EC: Escherichia 

aracteristics 
Review question Unit of 

enumeration 

logCFU/ cm2 1 

logCFU/100cm2 1 

logTotal (MPN) 1 -2 

CFU/100 cm2 1 

CFU/ cm2 1 

CFU/ cm2 2 

MPN 2 

MPN 1 

logCFU/ cm2 1-2 

MPN/100 cm2 1 
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Table 8: General characteristics of the 21 papers pro
EB: Enterobacteriaceae) 

Reference (country) Type of 
study Type of sample

Rubio et al., 2013 (ES) O Skin excision 

Jordan et al., 2012 (AU) O Swab (sponge)

Bass et al., 2011 (AU) O Swab (sponge)

Hauge et al., 2011a (NO) O Swab (sponge)

Hauge et al., 2011b (NO) O Swab (sponge)

Martineli et al., 2011 (BR) O Swab 

Milios et al., 2011 (GR) O Swab (sponge)

Feizullah and Daskalov, 2010 (BG) O Swab (sponge)

Lenahan et al., 2010 (IE) O Swab (dry and we

Brown et al., 2009 (GB) E Meat excision
Bhandare et al., 2007 (IN) O Swab 
Byrne et al., 2007 (IE) O Swab (sponge)

Fisher et al., 2007 (GB) O Skin excision 
Kannan et al., 2007 (US) O Swab (sponge)

Cohen et al., 2006 (MA) O Meat excision

Yalcin et al., 2004 (TR) O Skin excision 
Sumner et al., 2003 (AU) O Swab (sponge)

Whyte et al., 2002 (GB) O Swab (dry and we

Phillips et al., 2001 (AU) O Swab (sponge)
Duffy et al., 2001 (US) O Swab (sponge)

Gill et al., 2000a (CA) O Swab (sponge)
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oviding data on small ruminant carcasses. (E: experimental; O: obse

Sample characteristics 
Indicator 
bacteria 

Method chara

Region sampled Analytical method  

brisket, rump EB Petrifilm 

rump and scapular region EC-EB Petrifilm 

brisket, flank, midloin EC Petrifilm 
outside (mid-line of the abdomen, under the 
forelegs, around rectum and hind legs) and 

inside the carcass 
EC - EB Alternative plate count 

Brisket EC Alternative plate count 

forequarter - hindquarter leg EC MPN 

brisket, flank, rump, shoulder EB Alternative plate count 

leg, chest-outer and inner surface, neck EC - EB ISO 

et) brisket, flank, lateral thorax, breast EB ISO 

lateral thorax, flank, brisket, breast EB Alternative plate count 
neck, brisket, flank, rump, shoulder EC Alternative plate count 

brisket, flank, rump, shoulder EB Alternative plate count 

rump, belly, flank, brisket, shoulder, neck EB Alternative plate count 
brisket, flank, leg EC Petrifilm 

not specified EC Alternative plate count 

neck, brisket, leg, shoulder EB Alternative plate count 
brisket, flank, rump EC Petrifilm 

et) shoulder, abdomen and lateral surface of the 
rear leg EB Alternative plate count 

brisket, flank, rump EC Petrifilm 
flank, breast, leg EC Petrifilm 

two sites for each carcass selected from a 
grid of 43 areas on one side of the carcass 

surface 
EC Membrane filter 

ig and ruminant carcasses: a review 

context of a contract between the European 
hich the Authority is subject. It may not be 
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ervational; EC: Escherichia coli; 

acteristics 
Review question  Unit of 

enumeration 
log CFU/cm2 2 

CFU/cm2 2 

log CFU/cm2 2 

log CFU/carcass 2 

log CFU/100 cm2 1-2-3 

log CFU/cm2 1 

log CFU/cm2 1-2 

log CFU/cm2 2 

log CFU/cm2 1 

log CFU/cm2 2 
log CFU/cm2 1 

log CFU/4000cm2 3 

log CFU/cm2 2 
log CFU/cm2 2 

log CFU/g 2 

log CFU/cm2 1 
log CFU/cm2 2 

log CFU/cm2 2-3 

log CFU/cm2 2 
log CFU/cm2 2 

CFU/100 cm2 2 
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Appendix D.  Counts at different stages along the

Table 9: Beef - Counts of E. coli reported at different

Reference Stages of the 
slaughterline 

Additional operations - 
decontamination treatments 

G
ill

 e
t a

l.,
 2

00
3 

(C
A

) 

Killing  
Hide removal  

 washing carcasses and spray 
with lactic acid (2%) 

Evisceration  
 vacuum/hot water clean 

Trimming  
  
 washing 
  

 pasteurization and spray with 
2% lactic acid 

  

Cooling  

  

 Y
an

g 
et

 a
l.,

 2
01

2 
(C

A
) 

Killing  
Hide removal  

 washing 
 spraying with lactic acid (5%) 

Evisceration  
Trimming  

 washing 
 spraying with lactic acid (5%) 
 pasteurization (steam at > 90°C)

Cooling  

 * hide-on carcasses were washed with 1.5% of sodium hy
 ND: none detected 
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e slaughterline 

t stages of the slaughterline. (N: number of samples; D: decrease; I: in

Sampling points Sampled 
region N % Counts

 

randomly 
selected 425 

  
1) after hide removal 52 3.16

2) after spraying with lactic acid 76 3.41

   
   
   

3) before washing 68 3.43
   

4) after washing 64 2.57

   

5) after pasteurization and spraying 
with lactic acid 4 0.3 

   

6) after chilling 32 2.18

 

randomly 
selected 200 

  
1) after hide removal* 12 1.62

2) after washing 8 0.30
3) after spraying with lactic acid 0 ND 

4) after evisceration 0 ND 
5) after trimming 20 1.43
6) after washing 8 1.00

7) after spraying with lactic acid 0 ND 
8) after pasteurization 0 ND 

   

ydroxide at 55°C and then washed with chlorine water 
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Table 9 (Continued): Beef - Counts of E. coli report

Reference Stages of the 
slaughterline 

Additional operations - 
decontamination treatments 

 M
cE

vo
y 

et
 a

l.,
 2

00
4 

(G
B

) 

Killing  

Hide removal  

Evisceration  

Trimming splitting 

 washing with warm water (35-
40°C) 

Cooling 24 h 
Killing  

Hide removal  

Evisceration  

Trimming splitting 

 washing with warm water (35-
40°C) 

Cooling 24 h 

Killing  

Hide removal  
Evisceration  
Trimming splitting 

 washing with warm water (35-
40°C) 

Cooling 24 h 
Killing  

Hide removal  

Evisceration  

Trimming splitting 

 washing with warm water (35-
40°C) 

Cooling 24 h 
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Sampling points Sampled 
region N % Counts Un

enum

 

hock 

1728 

  

2

1) after hide removal 41.7 2.91 

2) after evisceration 25 2.74 

3) after splitting   

4) after washing 16.7 2.02 

5) after chilling 5.9 1.3 
 

brisket 

  
1) after hide removal 47.3 2.98 

2) after evisceration 30.6 2.79 

3) after splitting   

4) after washing 22.3 2.47 

5) after chilling 6.1 1.18 

 

cranial back 

  

1) after hide removal 0 0 
2) after evisceration 5.6 1 

3) after splitting   

4) after washing 11.2 2.13 

5) after chilling 6.1 1.4 
 

bung 

  
1) after hide removal 41.2 2.41 

2) after evisceration 33.4 2.67 

3) after splitting   

4) after washing 26.6 2 

5) after chilling 5.9 1.95 
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Table 9 (Continued): Beef - Counts of E. coli repor
reported) * min - max 8 plants sampled; ** min - max

Reference Stages of the 
slaughterline 

Additional operations
decontamination treatm

B
ac

on
 e

t a
l.,

 2
00

0 
(U

S)
 

Killing  
Hide removal  

 steam vacuum of spot contam
(plants 1,2,3,4,5,6,7,8

 washing (water 29 - 38°
(plants 1,2,3,4,5) 

 lactic (1,6 - 2,6%) or aceti
rinsing (plants 1,2,3,4

Evisceration  
Trimming  

 thermal pasteurization
(plants 1,2,3,4,5,6,7,8

 washing (16 to 32°C)
(plants 1,2,3,4,5,6,7,8

 lactic (1,6 - 2,6%) or aceti
rinsing (plants 1,2,3,4,6,

Cooling 24 h (plant 5,6,7,8) 36
(plants 1,2,3,4) 

B
ar

bo
za

 e
t a

l.,
 2

00
2 

(V
E)

 Killing  
Hide removal  
Evisceration  

Trimming  

  
Cooling  

  

N
er

o 
et

 a
l.,

 2
01

2 
 

(B
R

) 

Killing  
Hide removal  
Evisceration  
Trimming  

  
Cooling  

R
ig

ob
el

o 
et

 
al

., 
20

08
 (B

R
) Killing  

Hide removal  
Evisceration  
Trimming  
Cooling  
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x considering the three sampling area 
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ments Sampling points Sampled 
region N % Counts enu

 

flank, brisket, 
rump 1280

  
1) after hide removal  2.6 - 5.3* 

mination 
8)    

°C)     

c acid 
4)    

   
   

n  
8)    

)  
8) 2) after final washing  1.0 - 3.0* 

c acid 
7,8)    

 h  3) after chilling  0.9* 

 

neck, brisket, 
renal site 192 

  
1) after hide removal  0.3 - 0.5** 

   

2) after splitting  1.3 - 1.7** 

3) after washing  1.2 - 1.4**   
   
     

1) after bleeding 

NR 65 

  
2) after hide removal   
3) after evisceration  NR 

   
4) after last washing   

   
 

rump near the 
anus 216 

  
1) after hide removal 58  

  NR 
2) after splitting and trimming 38  

3) after last washing in the cooler 32  
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Table 10: Beef - Counts of Enterobacteriaceae repor

Reference Stages of the 
slaughterline 

Additional operations - 
decontamination treatment

A
rth

ur
 e

t a
l.,

 2
00

4 
(U

S)
 

Killing  

 high-pressure water rinses an
steam vacuum 

Hide removal  
  
 steam vacuum 

 wash cabinet - cold water + lac
acid (2-3%) 

Evisceration  
Trimming  

  
 wash cabinet (water 90°C)
 wash cabinet (peroxyacetic aci
 steam pasteurization cabinet

Cooling  

  

 R
ub

y 
et

 a
l.,

 2
00

7 
(U

S)
 

Killing  
  

Hide removal  
 trim and steam vacuum 
  
 spraying with lactic acid (5%

Evisceration  
Trimming  

 steam vacuum 
  
 spray with ambient temp. Wat
 hot water 
 lactic acid (5%) 

  

Cooling  
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inside and outside 
area + navel-plate-
brisket-foreshank 

area 

288 

  

nd 1) before hide removal  
6.2

 (on th
hide)

   
2) after hide removal  1.4

   
ctic    

   
   

3) after evisceration  1.7
   

id)    
t    

4) after decontamination 
treatments  0.2

5) after spray chilling (29 h)  0.4
 

inside and outside 
+ navel-plate-

brisket-shank area 
18989 

  
1) before hide removal  4.9

   
   

2) after hide removal  1.04
%)    

   
   
   

3) after evisceration  0.8
ter    

   
   

4) after decontamination 
treatments  - 0.38

   
5) after chilling (36-48h)  0.2
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Table 10 (Continued): Beef - Counts of Enteroba
I: increase)  

Reference Stages of the 
slaughterline 

Additional operations - 
decontamination treatmen

M
cE

vo
y 

et
 a

l.,
 2

00
4 

(G
B

) 

Killing  
Hide removal  
Evisceration  
Trimming splitting 

 washing with warm water (35-4
Cooling 24 h 
Killing  

Hide removal  
Evisceration  
Trimming splitting 

 washing with warm water (35-4
Cooling 24 h 
Killing  

Hide removal  
Evisceration  
Trimming splitting 

 washing with warm water (35-4
Cooling 24 h 
Killing  

Hide removal  
Evisceration  
Trimming splitting 

 washing with warm water (35-4
Cooling 24 h 
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hock 

1728 

  
1) after hide removal 69.4 3.44
2) after evisceration 58.3 2.75

3) after splitting   
40°C) 4) after washing 44.5 3.03

5) after chilling 15.2 1.48
 

brisket 

  
1) after hide removal 75 2.84
2) after evisceration 63.9 2.82

3) after splitting 63.9 2.71
40°C) 4) after washing 63.9 2.45

5) after chilling 33.4 1.74
 

cranial back 

  
1) after hide removal 13.9 1.84
2) after evisceration 16.7 1.97

3) after splitting 38.9 3.42
40°C) 4) after washing 66.7 2.64

5) after chilling 33.4 3.03
 

bung 

  
1) after hide removal 66.7 2.93
2) after evisceration 80.6 3.35

3) after splitting 72.3 3.51
40°C) 4) after washing 55.9 3.13

5) after chilling 21.2 2.42
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Table 10 (Continued): Beef - Counts of Enteroba
I: increase; NR: not reported) 

Reference Stages of the 
slaughterline 

Additional operations - 
decontamination treatmen

 N
er

o 
et

 a
l.,

 2
01

2 
(B

R
) 

Killing  
Hide removal  
Evisceration  
Trimming  

  
Cooling  

M
ad

de
n 

et
 a

l.,
 2

00
4 

(I
E)

 

Killing  
Hide removal  

  
Evisceration  
Trimming  

  
 high-pressure washing with hot 
  

Cooling  
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1) after bleeding 

not reported 65 

 NR
2) after hide removal  NR
3) after evisceration  NR

  NR
4) after last washing  NR

  NR
 

brisket 100 

 
  

1) after hide removal  0.7
  
  

2) after splitting  0.6
water   

3) after washing  1.02
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Table 11: Swine - Counts of E. coli reported at 
D: decrease; I: increase; NR: not reported) * reduction as

Reference Operations 

Jones and Johns 2012 (CA) 

 
10 sec 86° 

 
 
 

10 sec 86° 
 
 

Wu et al. 2009 (DK) 

 
 

(singeing, polishing, evisceration) 
 

Nesbakken et al. 2008 (NO)  
Air Blast. -21.9° 1h 

Namvar and Warriner 2006 
(CA) 

CO2 (tunnel) 
65° for 5 min 

 
Dry polishing and wash 

 
Lactic acid 1,5% 

CO2 (tunnel) 
65° for 5 min 

 
Dry polishing and wash 

 
Lactic acid 1,5% 

Gill and Landers 2004a (CA) 
 

 

Warriner et al. 2002 (UK) 

 
Scalding 

Dry pol./singeing/wet pol. 
 

Tamplin et al. 2001 (US)  
 

Gill et al. 2000b (CA) 
 

After evisceration 
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ssessed according to the t-paired test 

Sampling points Sampled region N % Counts  
(M and SD)

Before pasteurization Anal 25 100 3.80 (0.93) 
After pasteurization Anal 25 100 2.42 (0.94) 
After evisceration Anal 25 84 1.32 (1.40) 

After washing Anal 25 64 -0.09 (1.27) 
Before pasteurization Random 25 92 1.79 (1.13) 
After pasteurization Random 25 64 -0.07 (1.11) 
After evisceration Random 25 56 -0.33 (1.17) 

After washing Random 25 44 -0.67 (0.97) 
After stunning Left leg 

105 

 5.07 (4.95-5.18
After scalding Left leg  4.14 (3.92-4.36
After splitting Left leg  2.03 (1.89-2.18
After cooling Left leg  NR 

Before chilling Ham 60  NR 
After chilling Ham 60  NR 
After bleeding Brisket 12  4.84 +/- 0.85
After scalding Brisket 12  <1,17 
After scraping Brisket 12  4.01+/-1.23 

After evisceration Brisket 12  <1,17 
After splitting Brisket 12  <1,17 
After washing Brisket 12  <1,17 
After bleeding Brisket 12  4.48+/- 0.65
After scalding Brisket 12  <1.17 
After scraping Brisket 12  3.51 +/- 0.88

After evisceration Brisket 12  <1.17 
After splitting Brisket 12  <1.17 
After washing Brisket 12  <1.17 
Before chilling Random 25 64 1.64 

After chilling Random 25 64 1.11 
After bleeding Brisket 10 90 3.86×10^4 
After scraping Brisket 10 100 6.39×10^3 
After polishing Brisket 10 100 5.18×10^2 
After washing Brisket 10 100 5.44×10^2 
After bleeding Neck, belly, ham 100 100 1700 
After chilling Neck, belly, ham 122 30.1 1.1 

After polishing Random 200  NR 
After washing Random 200  NR 
After chilling Random 200  NR 

ig and ruminant carcasses: a review 

context of a contract between the European 
hich the Authority is subject. It may not be 
onclusions reached in the present document, 

88

mean; SD: standard deviation; 

Unit of 
enumeration D I 

Log CFU/100 cm2 

  
X  
X  
X  

Log CFU/100 cm2 

  
X  
  
  

) 
Geometric mean log 
CFU/100 cm2 (CI) 

 - 
) X  
) X  

X  

Log CFU/cm2   
X*  

Log CFU/100 cm2 

  
X  
 X 

X  
  
  
  

X  
 X 

X  
  
  

log cfu of the total 
number for 2500 

cm2 

  

X  

CFU/100 cm2 

  
X  
X  
  

CFU/ cm2   
  

MPN CFU 100 cm2 
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Table 11 (Continued): Swine - Counts of E. coli
deviation; D: decrease; I: increase; NR: not reported)

 
Reference Operations 

Rivas et al. 2000 (ES) 

 
 
 
 
 
 

Bryant et al. 2003 (CA) 
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Sampling points Sampled region N % Counts  
(M and SD)

After bleeding Neck, abdomen 

216 

 3.36 (0.45) 
After scalding Neck, abdomen  0.10 (0.16) 
After dehairing Neck, abdomen  0.45 (0.42) 
After scraping Neck, abdomen  0.05 (0.12) 

After evisceration Neck, abdomen  1.06 (0.98) 
End Neck, abdomen  1.16 (0.97) 

After dehairing Random 25 92 1.25(1.02) 
After shaving Random 25 100 1.29 (0.81) 

Before head removal Random 25 4 NR 
After head removal Random 25 56 NR 
after pasteurization Random 25 12 NR 

After washing Random 25 16 NR 
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amples; M: mean; SD: standard 

Unit of 
enumeration D I 

logCFU/ cm2 

  
X  
  
  
 X 
  

MPN logCFU/ cm2 
(SD) 

  
  
  
 X 

X  
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Table 12: Swine - Counts of Enterobacteriaceae repo
D: decrease; I: increase; NR: not reported) 

Reference Sampling points Sa

Duggan et al. 2010 
(IE) 

Before chilling Ham
After chilling Ham

Lenahan et al., 2009 
(IE) 

Before chilling 
After chilling 

Hurd et al. 2008 (US) 
Before scalding 

During evisceration 
After evisceration 

Inthavong et al. 2006 
(LA) 

Before evisceration Ham
After evisceration Ham

Spescha et al. 2006 
(CH) 

After bleeding Neck
After scalding Neck
After dehairing Neck
After singeing Neck
After polishing Neck
After trimming Neck
After washing Neck

After head removal Neck
After chilling Neck
After bleeding Neck
After scalding Neck

After dehairing and singeing Neck
After polishing Neck
After trimming Neck
After washing Neck
After chilling Neck

Warriner et al. 2002 
(UK) 

After bleeding 
After scraping 
After polishing 

After evisceration and washing 

Rivas et al. 2000 (ES) 

After bleeding N
After scalding N
After dehairing N

After singeing and scraping N
After evisceration N

End N
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orted at different stages of the slaughterline. (N: number of samples; 

ampled region N % Counts (M and SD) 

m, back, belly, jowl 30  NR 
m, back, belly, jowl  NR 

Whole side 480  Not aggregated 
Whole side 480  Not aggregated 

Skin 7 82.1  
Bung 7 pool of 5 96.4  
Pleura 7 pool of 5 92.9  

m, back, belly, jowl 62  2.81 (23-3.1) 
m, back, belly, jowl  2.98 (2.1-3.3) 
k, belly, back, ham 100 100 4.57; 4.51; 4.57; 4.65 
k, belly, back, ham 100 0-6 1.38; 1.94; 1.,20; NR 
k, belly, back, ham 100 82-98 3.95; 3.84; 4.47; 4.56 
k, belly, back, ham 100 12-42 2.51; 1.86; 3.05; 2.62 
k, belly, back, ham 100 7-27 2.60; 2.02; 1.51; 2.20 
k, belly, back, ham 100 13-49 2.96; 2.28; 2.51, 1.,94 
k, belly, back, ham 100 18-36 2.68; 2.47; 2.18; 2.08 
k, belly, back, ham 100 19-36 2.74; 2.16; 3.29; 2.23 
k, belly, back, ham 100 0-14 1.98; 0.60; 0.09; NR 
k, belly, back, ham 100 99-100 6.10; 6.05; 6.08; 6.11 
k, belly, back, ham 100 2-22 3.26; 1.68; 1.64; 1.64 
k, belly, back, ham 100 56-86 6.09; 5.20; 5.55; 5.78 
k, belly, back, ham 100 76-87 4.09; 4.00; 3.68; 3.56 
k, belly, back, ham 100 83-92 4.65; 4.59; 4.27; 4.40 
k, belly, back, ham 100 69-85 4.35; 3.,86; 3.89; 3.87 
k, belly, back, ham 100 17-43 3.62; 2.68; 3.00; 2.,84 

Brisket 10 90 1.05 x 106

Brisket 10 100 1.32 x 104 
Brisket 10 100 1.,84 x 103 
Brisket 10 100 4.29 x 103 

Neck, abdomen -  3.54 (0.20) 
Neck, abdomen -  0.12 (0.29) 
Neck, abdomen -  0.84 (0.40) 
Neck, abdomen -  0.23 (0.19) 
Neck, abdomen -  1.18 (0.84) 
Neck, abdomen -  1.39 (0.98) 
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M: mean; SD: standard deviation; 

Unit of 
enumeration D I 

Log CFU/cm2   
  

Log CFU/ cm2   
X  

   
   
 X  

Log CFU/ cm2   
 X 

Log CFU/ cm2 
logN(Neck, 

Belly,Back, Ham) 

  
X  
 X 

X  
 X 
  
  
  

X  
  

X  
 X 

X  
 X 
  

X  

CFU/100 cm2 

  
X  
X  
 X 

Log CFU/ cm2 

  
X  
 X 

X  
 X 
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Table 13: Small ruminants - Counts of E. coli repor
NR: not reported) 

Reference (country) Stages of the 
slaughterline Operations 

Bhandare et al., 2007 (IN) NR NR 

Hauge et al., 2011b (NO) 

Skinning 

Fleece removal -
manual and 

mechanical (inverte
dressing) 

Cooling 
After trimming, 

grading and steam
vacuum treatment

Martineli et al., 2011 (BR) 

Pelt removal 

NR Evisceration 

Washing 
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rted at different stages of the slaughterline. (N: number of samples; M

Sampling points Sampled region N % Counts (M 
and SD) 

After flying Pool (neck, 
shoulder, flank, 
brisket, rump) 

32 11.1 3.55 (0.08) 

After washing 32 8.3 3.11 (0.05) 

After evisceration Pool (brisket, rib 
and flank) 32 20.8 3.95 (0.06) 

ed 
After removal of fleece 

(start of slaughter) 
Brisket 

35 

NR 

2.79 

m 
t 

Before chilling (End of 
slaughter) 35 2.99 

After skinning Forequarter legs 30 

NR 

0.31 (0.84) 
Hindquarter legs 30 0.03 (0.16) 

After evisceration Forequarter legs 30 0.08 (0.21) 
Hindquarter legs 30 0.10 (0.25) 

After washing Forequarter legs 30 0.07 (0.00) 
Hindquarter legs 30 0.00 (0.00) 
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M: mean; SD: standard deviation; 

Unit of 
enumeration  Increase Decrease 

log CFU/cm2 

- - 

- - 

X - 

log CFU/100 cm2 

- - 

X - 

log CFU/cm2 

X - 
- - 
- - 
X - 
- X 
- X 



 

EFSA supporting publication 2014:EN-634 
The present document has been produced and adopted by the bodies iden
Safety Authority and the author(s), awarded following a tender procedure
an output adopted by the Authority. The European Food Safety Authority
to the rights of the authors. 

Table 14: Small ruminants - Counts of Enterobacter
deviation; NR: not reported) 

Reference (country) Stages of the 
slaughterline Operations 

Yalcin et al., 2004 (TR) 

Pelt removal 

NR Evisceration 
Washing 
Cooling 

Lenahan et al., 2010 (IE) 5 Abattoirs  NR 

Milios et al., 2011 (GR) 

Pelt removal 

NR 

Evisceration 
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riaceae reported at different stages of the slaughterline. (N: number of

Sampling points Sampled 
region N % Counts (M 

and SD) 
After dressing Pool (Leg; 

shoulder, 
brisket, 
neck) 

44 

NR 

0.38 (0.16) 
After evisceration 44 0.75 (0.21) 

After washing 44 0.58 (0.21) 
After chilling (24 h) 44 0.11 (0.08) 

Before chilling Pool (flank, 
lateral 
thorax, 
breast, 
brisket) 

400 

NR 

-0.35-1.16 

After chilling  400 -0.32-0.43 

A- After pelt removal of 
hind and forelegs/ before 

final pulling 
Pool (rump, 

flank, 
brisket, 

shoulder) 

60 

NR 

0.76 (0.80) 

B-After pulling/before 
evisceration 60 2.27 (0.53) 

C-After evisceration/before 
pluck removal 60 2.68 (0.62) 

D-After pluck 
removal/before chilling 60 2.90 (0.55) 
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f samples; M: mean; SD: standard 

Unit of 
enumeration  Increase Decrease 

log CFU/cm2 

- - 
X - 
- - 
- X 

log CFU/cm2 

- - 

- X 

log CFU/cm2 

- - 

X - 

X - 

X - 
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Appendix E.  Risk factors: detailed results 

Table 15: Beef - Counts at different stages of the sla
NR: not reported; SD: standard deviation) 

Reference (country) Treatment/ 
Risk factor Specifications E

Rigobelo et al., 2006 
(BR) 

sampling season 
Rigobelo et al., 2008 
(BR) 

Phillips et al., 2001 
(AU) 

slaughterhouse 

plant 
throughput 

slaugh
slaught

lo
Sumner et al., 2003 
(AU) lo

Bohaychuk et al., 2011 
(CA) 

lo
hi

Hansson, 2001 (SE) 
hi
lo

Ozdemir et al., 2010 
(TR) 

Bass et al., 2011 (AU) 

type of 
surveillance 

applied in the 
plant 

co

Tergney and Bolton, 
2006 (TR) 

application of 
an online 

monitoring 
system to 

monitor faecal 
contamination 

applic
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aughterline reported in papers describing risk factors influencing E. co

Experimental group Sampling points Sampled 
region N % Co

rain season pre-evisceration - 
post evisceration 
- post processing 

rump, near 
the anus 80 

30 - 70 - 27.5 

dry season 22.5 - 55 - 17.5 

rain season pre-evisceration - 
post evisceration 
- post processing 

rump, near 
the anus 216 

44 

dry season 20 

hterhoused for the export 
after chilling  

(12 h) 

rump, 
flank, 
brisket 

1275

11.3 
terhouses for the domestic 

market 8.8 

ow throughput plants 7.9 
slaughterhouse after chilling  

(8-48 h) 
flank, 
brisket 159 

28.4 
ow throughput plants  4.7 
ow throughput plants  

during chilling NR 1036
 -0.54 

gh throughput plants   -0.23 
gh throughput plants  at the end of the 

slaughterline 
loin, 

sternum 200 
34 

ow throughput plants  41 
high throughput  

NR 
rump, 
flank, 
brisket 

120 
- 2.0

low throughput  - 1.9

o-regulatory system 
after chilling (at 

least 4 hours) 
flank, 
brisket NR 

- 
rep

aggrtraditional system - 

cation of the monitoring - 
yes 

final inspection 
stand (before 

trimming) 

anus, 
rump, 

brisket, 
flank, 
hock 

180 

- 

no d
- 
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oli counts (N: number of samples; 

unts (SD) Unit of 
enumeration 

Treatment/ 
RF effect 

- - 
yes 

- - 

- - 
yes 

- - 

- - 

no - - 

- - 
- - 

yes 
- - 

(-0.68/-0.40) 
log CFU/cm2 no 

(-0.43/-0.02) 
- - 

no 
- - 

07 (0.13) 
log CFU/cm2 no 

90 (0.08) 

ported as 
regated data 

- 
no 

- 

etailed data log CFU/cm2 yes 
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Table 15 (Continued): Beef - Counts at different stag
of samples; SD: standard deviation)* log of the total n
Reference (country) Treatment/ 

Risk factor Specifications Exp

Retzlaff et al., 2005 
(US) 

decontamination 

steam 
pasteurization 
/temperature 

71.
71.1
73.
73.9
76.
76.7
79.4
79.4
82.2
82.2
85.
85.0
87.
87.8

Minihan et al., 2003 (IE)
steam 

pasteurization 

p
u

pa

Corantin et al., 2005 
(CA) 

b

Gill and Bryant, 2000 
(CA) 

hot water 
pasteurization 
/ temperature 

8 sec
8 s

9 sec
9 s

10 se
10 s

11 se
11 s

12 se
12 s
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ges of the slaughterline reported in papers describing risk factors influ
number recovered from 2500 cm2 
perimental group Sampling 

points 
Sampled 
region N % Co

1 °C pre-treatment 

pre rigor - 
before/after 
treatment 

ventral 
midline area 280 

5 Min: 0
1 °C post-treatment 20 Min: 0
9 °C pre-treatment 15 Min: 0
9 °C post-treatment 5 Min: 0
7 °C pre-treatment 5 Min: 0
7 °C post-treatment 0 
4 °C pre-treatment 20 Min: 0
4 °C post-treatment 10 Min: 0
2 °C pre-treatment 10 Min: 0
2 °C post-treatment 0 
0 °C pre-treatment 30 Min: 0
0 °C post-treatment 0 
8 °C pre-treatment 5 Min: 0
8 °C post-treatment 0 
untreated neck 

pre chilling neck, midline, 
rump 30 

100 0.
pasteurized neck 97 0.7
untreated midline 93 0.7
asteurized midline 77 0.6
untreated rump 90 0.9
treated rump 67 0.4

before treatment 
Not reported randomly 

selected sites 1003 
14.2 0.0

after treatment 1.8 0.0
c - before treatment 

pre chilling randomly 
selected sites 250 

96 
ec- after treatment 64 
c - before treatment 84 
ec- after treatment 52 
ec - before treatment 80 
sec- after treatment 12 
ec - before treatment 76 
sec- after treatment 32 
ec - before treatment 76 
sec- after treatment 12 
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uencing E. coli counts (N: number 

unts (SD) Unit of 
enumeration 

Treatment/ 
RF effect 

0.4 Max: 0.8 

log CFU/cm2 
no 

0.4 Max: 5.0 
0.4 Max: 1.7 

no 
0.4 Max: 0.8 
0.4 Max: 0.8 

 no 
<0.4 

0.4 Max: 6.6 

 

no 
0.4 Max: 4.1 
0.4 Max: 1.7 marginally 

effective <0.4 
0.4 Max: 2.5 

yes 
<0.4 

0.4 Max: 0.8 
yes 

<0.4 
84 (0.45) 

log CFU/1000 
cm2 yes 

79 (0.37) 
76 (0.39) 
60 (0.44) 
98 (0.77) 
47 (0.34) 
06 (0.19) 

log CFU/cm2 yes 
01 (0.05) 

2.95 

CFU/100 cm2* yes 

1.81 
2.91 
1.66 
3.08 
0.95 
3.88 
1.08 
3.58 
0.85 
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Table 15 (Continued): Beef - Counts at different stag
of samples; SD: standard deviation)  

Reference (country) Treatment/ 
Risk factor Specifications 

Mies et al., 2004 (US) 

decontamination 

different 
treatments 

Barboza et al., 2002 (VE) different 
treatments 

Algino et al., 2007 (US) different 
treatments 

mi
m
l

h
h
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Experimental group Sampling points Sampled 
region N % Co

(
single water wash 

pre slaughter - 
before/after 
treatment 

brisket - 
belly - 

inside round 
120 - 

double water wash 
water wash with 0,5% lactic acid 
water wash with 50 ppm chlorine 

lactic acid (before treatment) 

after washing - 
before/after 
treatment 

neck 192 - 

lactic acid (after treatment) 
nisin (before treatment) 
nisin (after treatment) 

lactic acid + nisin (before treatment) 
lactic acid + nisin (after treatment) <
dry-aging 4 days before treatment 

prechilling 
before/after 
treatment 

flank, 
brisket, 
rump 

265 

9 0
dry-aging 4 days after treatment 0 -

dry-aging 6 days before treatment 61 -0
dry-aging 6 days after treatment 3 -

dry-aging 7 days before treatment 21 0
dry-aging 4 days after treatment 11 -0

acetic acid spray before treatment 47 -0
acetic acid spray after treatment 13 -

ixture of different acids before treatment 24 -0
mixture of different acids after treatment 7 -
low pressure hot water before treatment 24 0
low pressure hot water after treatment 3 -

high pressure hot water before treatment 18 -0
high pressure hot water after treatment 3 -
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uencing E. coli counts (N: number 

ounts 
SD) 

Unit of 
enumeration 

Treatment/ 
RF effect 

- log CFU/cm2 yes 

1.1 

log CFU/cm2 

yes 
0.5 
1.0 

no 
1.0 
1.0 

yes 
<0.2 
0.64 

log CFU/cm2 yes 

1.38 
0.76 
1.35 
0.10 
0.66 
0.34 
1.05 
0.33 
1.23 
0.13 
1.24 
0.13 
1.29 
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Table 15 (Continued): Beef - Counts at different
(N: number of samples; SD: standard deviation)  

Reference (country) Treatment/ 
Risk factor Specifications 

Gill and Landers, 2003a 
(CA) 

decontamination 
treatments 

comparison of 
 4 plants 

plant 

plant 

plant 

plan

plant 

plan

* log10 of the total number of E. coli recovered from 25 samples 
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t stages of the slaughterline reported in papers describing risk fa

Experimental group Sampling 
points 

Sampled 
region N % Cou

plant A after skinning 

- 
randomly 
selected 

sites 
500 

60 
A after washing and spraying with lactic acid 56 

plant A before washing 52 
plant A after washing 52 

t A after spraying with peroxyacetic acid then 
steam pasteurization  0 None

plant B after skinning 20 
B after washing and spraying with lactic acid 52 

plant B before washing 92 
plant B after washing 92 

nt B after steam pasteurization and spraying 
with lactic acid 0 None

plant C after skinning 48 
C after washing and spraying with lactic acid 60 

plant C before washing 60 
plant C after washing 32 

nt C after steam pasteurization and spraying 
with lactic acid 0 None

plant D after skinning 64 
plant D before washing 68 
plant D after washing 60 

plant C after spraying with lactic acid 32 
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Authority is subject. It may not be considered as 
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ctors influencing E. coli counts. 

unts (SD) Unit of 
enumeration 

Treatment/RF 
effect 

2.97 

CFU/100 cm2* Yes 

2.76 
2.63 
2.51 

e detected 

2.20 
2.04 
3.56 
3.19 

e detected 

3.99 
2.74 
2.78 
2.45 

e detected 

4.01 
4.16 
3.16 
2.93 
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Table 15 (Continued): Beef - Counts at different 
(N: number of samples; NR: not reported; SD: standa

 

Reference (country) Treatment/Risk 
factor Specifications 

Gill and Landers, 2003b (CA) spray chilling comparison of 4 
plants 

Anderson et al., 2005 (US) diet different feed-water 
treatments 
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t stages of the slaughterline reported in papers describing risk fac
ard deviation) * log10 of the total number of E. coli recovered from

Experimental group Sampling points Sampled 
region N %

plant A before cooling 

cooling - before/after 
treatment 

randomly 
selected 

sites 
200 

24
plant A after cooling 4

plant B before cooling 0
plant B after cooling 4

plant C before cooling 12
plant C after cooling 16

plant D before cooling 44
plant D after cooling 68

administration of sodium chlorate - water 
NR bung and 

hock 64 -administration of sodium chlorate - water 
no treatment 

ig and ruminant carcasses: a review 

context of a contract between the European 
hich the Authority is subject. It may not be 
onclusions reached in the present document, 

97

ctors influencing E. coli counts 
m 25 samples 

 Counts (SD) Unit of 
enumeration

Treatment/ 
RF effect 

 1.08 

CFU/100 
cm2* 

controversial 
effect 

0.0 
none detected 

0.0 
 0.48 
 1.40 
 1.59 
 2.98 

reported as 
aggregated 

data s 

- 
no - 

- 
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Table 16: Beef - Counts at different stages of th
(N: number of samples; NR: not reported; SD: stand
samples; * prevalence obtained on the entire carcass
Reference (country) Treatment/Risk factor Specifi

Ruby et al., 2007 (US) sampling 
sea

samplin
/ye

Ruby et al., 2007 (US) 

slaughterhouse 

loca

Prendergast et al., 2004 (IE) plant d

Ozdemir et al., 2010 (TR) pla
throu

Collobert et al., 2002 (FR) pla

Blagojevich et al., 2011 (RS) pla

Zweifel et al., 2008 (CH) pla
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he slaughterline reported in papers describing risk factors influenc
dard deviation) § Data reported for different stages of the slaughterlin

ications Experimental group Sampling 
points 

Sampled 
region N % Counts (S

ason colder months 

different 
stages of the 
slaughterline 

inside 
outside 
round + 

navel-plate-
brisker-

shank area 

18989 

- Aggregat
datawarmers months  

ng time 
ear 

2005 - 0.97
2006 - 1.04

ation 
East  Aggregat

data§Midwest - 
Southwest  

design 

A: linear rail - one 
floor end of the 

slaughterline, 
after washing

brisket NR 
- -0,61

B: serpentine rail - 
two floors - -0,57

ant 
ughput 

high throughput  
NR 

rump, 
flank, 
brisket 

120 
 2.18 (0.1

low throughput  1.98 (0.1

ant 

A 
end of the 

slaughterline 

 

233 

- 0.70
B NR - 1.30-1.4
C  - 0.60-0.6
D  - 1.18-1.6

ant 

A hide before 
dehiding 

rump, 
flank, 

brisket, 
neck 

100 

 1.97 x 1
B hide  2.92 x 1

A dressed carcass before 
chilling 

 1.06 x 1
B dressed carcass  0.59 x 1

ant 

A 

NR 
neck, 

brisket, 
flank, rump 

50 30* not detec
B 50 20* Max: 2.2
C 50 55* Max: 2.3
D 50 33.3* Max: 1.6
E 50 23.3* Max: 1.9
F 50 33.3* Max: 1.6
G 50 8.3* Max: 1.6
H 50 6.7* not detec
I 50 16.7* not detec
J 50 3.3* not detec
K 50 16.7* Max: 1.9
L 50 0.0* not detec
M 50 11.7* Max: 1.6
P 50 8.3* not detec
Q 50 36.7* Max: 4.2
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context of a contract between the European 
hich the Authority is subject. It may not be 
onclusions reached in the present document, 
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cing Enterobacteriaceae counts 
ne; ^ counts obtained on brisket 

SD) Unit of 
enumeration 

Treatment/  
RF effect 

ted 

logCFU/100cm2 

yes 

yes 

ted yes 

logCFU/cm2 no 

11) 
 no 12) 

log/CFU/cm2 yes 43 
66 
65 
02 

mean CFU/cm2 no 02 
01 
01 
ted 

log CFU/cm2 

some 
differences 

were detected 
among plants 

20^ 
30^ 
60^ 
90^ 
60^ 
6^ 
ted 
ted 
ted 
9^ 
ted 
6^ 
ted 

24^ 
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Table 16 (Continued): Beef - Counts at different st
counts (N: number of samples; SD: standard deviatio

Reference (country) Treatment/ 
Risk factor Specifications Expe

Retzlaff et al., 2005 
(US) 

decontamination 

steam 
pasteurization / 

temperature 

71.1 °
71.1 °
73.9 °
73.9 °
76.7 °
76.7 °
79.4 °
79.4 °
82.2 °
82.2 °
85.0 °
85.0 °
87.8 °
87.8 °

Minihan et al., 2003 
(IE) 

steam 
pasteurization 

un
pas
unt

past
un
t

Trivedi et al., 2007 
(US) 

steam 
pasteurization 

bef
immedia

24 h

Nou et al., 2003 (US) chemical 
dehairing 

tre

untr
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n)  

erimental group Sampling 
points 

Sampled 
region N % Counts (SD

°C pre-treatment 

pre rigor - 
before/after 
treatment 

ventral 
midline 

area 
280 

20 Min: 0.4 Max: 
°C post-treatment 25 Min: 0.4 Max: 2
°C pre-treatment 25 Min: 0.4 Max: 
°C post-treatment 5 Min: 0.4 Max: 
°C pre-treatment 25 Min: 0.4 Max: 
°C post-treatment 15 Min: 0.4 Max: 
°C pre-treatment 30 Min: 0.4 Max: 
°C post-treatment 10 Min: 0.4 Max: 
°C pre-treatment 5 Min: 0.4 Max: 
°C post-treatment 5 Min: 0.4 Max: 
°C pre-treatment 45 Min: 0.4 Max: 
°C post-treatment 0 <0.4 
°C pre-treatment 15 Min: 0.4 Max:
°C post-treatment 0 <0.4 
ntreated neck 

prechilling 
neck, 

midline, 
rump 

30 

90 1.71 (1.06)
steurized neck 57 0.85 (0.95)
treated midline 97 1.92 (0.73)
eurized midline 70 0.96 (0.84)
ntreated rump 97 2.25 (1.20)
treated rump 87 1.46 (0.90)
fore treatment 

before/after 
treatment 

neck, 
midline, 

rump 
72 

- 1.36 
ately after treatment - 0.52 
h after treatment - 0.50 
ated carcasses pre 

evisceration 
before/after 
treatment 

anal-hock 
area 480 

- 1.4 (0.7)

reated carcasses - 3.2 (1.0)
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context of a contract between the European 
hich the Authority is subject. It may not be 
onclusions reached in the present document, 
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influencing Enterobacteriaceae 

D) 
Unit of 

enumerati
on 

Treatment/ 
RF effect 

9.1 

log 
CFU/cm2 

no 
24.8 
1.7 

no 
1.7 
3.3 

no 
17.3 
9.9 

no 
4.1 

17.3 marginally 
effective 1.7 

9.9 
yes 

5.0 
yes 

log 
CFU/1000 

cm2 
yes 

log/CFU/ 
cm2 yes 

log CFU/ 
100 cm2 yes 
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Table 16 (Continued): Beef - Counts at different st
counts (N: number of samples; SD: standard deviatio

Reference (country) Treatment/ 
Risk factor Specifications 

Bosilevac et al., 2006 
(US) 

decontamination 

Comparison of 
different 

treatments 
lacti
lacti

Algino et al., 2007 (US) different 
treatments 

dr
d

dr
d

dr
d

ac
a
m

mixtu
low p
low

high 
high

Kinsella et al., 2006 (IE) chilling spray chilling 
con
con
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n) #logN: log of the total number recovered/cm2 - mean of the four si

Experimental group Sampling points Sampled 
region N % 

lactic acid before treatment 

pre evisceration 
before/after treatment 

brisket, 
foreshank, 

anus-hock, top 
round 

768 

- 
lactic acid after treatment - 
hot water before treatment - 
hot water after treatment - 

ic acid + hot water before treatment - 
ic acid + hot water before treatment - 
ry-aging 4 days before treatment 

prechilling before/after 
treatment 

flank, brisket, 
rump 265 

9 
dry-aging 4 days after treatment 3 
ry-aging 6 days before treatment 84 
dry-aging 6 days after treatment 33 
ry-aging 7 days before treatment 26 
dry-aging 4 days after treatment 16 
cetic acid spray before treatment 58 
acetic acid spray after treatment 30 
mixture of different acids before 

treatment 28 

ure of different acids after treatment 22 
pressure hot water before treatment 27 

w pressure hot water after treatment 12 
pressure hot water before treatment 19 

h pressure hot water after treatment 15 
spray chilling before treatment 

before/after chilling neck, flank, 
brisket, rump 30 

- 
spray chilling after treatment - 

nventional chilling before treatment - 
nventional chilling after treatment - 

ig and ruminant carcasses: a review 

context of a contract between the European 
hich the Authority is subject. It may not be 
onclusions reached in the present document, 

100

influencing Enterobacteriaceae 
tes sampled 

Counts 
(SD) 

Unit of 
enumeration 

Treatment/RF 
effect 

4.0 

log CFU/100 
cm2 yes 

3.0 
4.4 
1.7 
4.7 
2.2 

0.96 

log CFU/cm2 yes 

-1.21 
-0.08 
-0.87 
0.78 
0.37 
0.15 
-0.84 

0.04 

-0.57 
0.57 
-0.86 
0.22 
-0.66 
2.30# 

log CFU/cm2 no 
2.25# 
2.55# 
2.39# 



 

EFSA supporting publication 2014:EN-634 
The present document has been produced and adopted by the bodies iden
Safety Authority and the author(s), awarded following a tender procedure
an output adopted by the Authority. The European Food Safety Authority
to the rights of the authors. 

Table 17: Swine - Counts at different stages of th
samples; NR: not reported) 
Reference  Treatment/Risk 

Factor Experimental g

Bohaychuk et al. 2011 
(CA) 

Plant throughput 
(cut-off 8000) 

Low throughp
High throughp

Hamilton et al. 2010 
(AU) 

Hot water-
acidified sodium 
chlorite Abattoir 

A and B 

A-Control
B-Hot water(83
C-Acidic treatm

A-Control
B-Hot water(81
C-Acidic treatm

Algino et al. 2009 (US) 

Skinning 
Unskinned

Skinned

Washing T° 

Washing T <12

Washing T 12.8°

Washing T 21.1

Washing T >3

Chilling time 
1 day chillin

2 days chillin

Delhalle et al., 2008 
(BE) 

Mixed models 
considering 
different RF 

Spraying if ext tem
Time between killing a

Scalding with s
Washing and disinfecti

machine three time
Lairage cleaning wi

Frequency of lairage d
New hooks for carcasses 

Lindblad et al. 2007 (S) Season  

Gill and Landers 2004a 
(CA) 

Detained carcass, 
contamination Visibly contaminated
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group Sampling points Sampled region N % 

put During chilling NR 1069 33.7% 0.0
put During chilling NR 0.2

 Belly 42 92.9% 0
3.5°)  Belly 41 9.8% -
ment  Belly 40 12.5% -

 Belly 150 69.3% 0
1.9°)  Belly 150 22% -
ment  Belly 100 30% 0

d Before washing Bell, ham, jowl 121  
After chilling Bell, ham, jowl  

Before washing Bell, ham, jowl 60  
After chilling Bell, ham, jowl  

2.8° Before washing Bell, ham, jowl 26  
After chilling Bell, ham, jowl  

°-21.1° Before washing Bell, ham, jowl 97  
After chilling Bell, ham, jowl  

-32.2 Before washing Bell, ham, jowl 42  
After chilling Bell, ham, jowl  

32.2 Before washing Bell, ham, jowl 16  
After chilling Bell, ham, jowl  

ng Before washing Bell, ham, jowl 112  
After chilling Bell, ham, jowl  

ng Before washing Bell, ham, jowl 69  
After chilling Bell, ham, jowl  

mp hot During chilling Ham, back, forelimb, sternum 

584 

 0
and scalding During chilling Ham, back, forelimb, sternum  
team During chilling Ham, back, forelimb, sternum  -
ion splitting 
es a day During chilling Ham, back, forelimb, sternum  -

ith water During chilling Ham, back, forelimb, sternum  -
disinfection During chilling Ham, back, forelimb, sternum  -
before chilling During chilling Ham, back, forelimb, sternum  -

Before chilling Ham,back,Belly,Neck 541 57% 0

d carcasses 

Before trimming Contaminated site 25 60% 
After trimming Contaminated site 25 80% 
After chilling Contaminated site 25 32% 

Before trimming Random 25 72% 
After trimming Random 25 76% 
After chilling Random 25 32% 

ig and ruminant carcasses: a review 

ntext of a contract between the European Food 
Authority is subject. It may not be considered as 
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ng E. coli counts (N: number of 

Counts Unit of 
enumeration RF effect 

1(-0.15-0.16) LogCFU/cm2  23(0.06-0.40) 
0.89 (0.11) 

LogCFU/g  

 
0.83 (0.21) X 
0.75 (0.19) X 
0.45 (0.08)  
0.65 (0.11) X 

0.60 (0.,13) X 
-0.3 

logCFU/ cm2 

X -1. 2 
0.5 

-0.61 
1.01 

X 

-0.71 
-0.43 
-1.24 
0.09 
-0.91 
0.34 
-0.31 
-0.29 

X -1 
-0.04 
-1.01 

0.59 (0.22) 

model 
parameter 

logCFU/ cm2  

 
0.23 (0.1)  
0.65 (0.29) X 

0.89 (0.37) X 

0.56 (0.08) X 
0.76 (0.15) X 
0.69 (0.08) X 
0.05 (0.58) logCFU/ cm2 X 

4.78 

log of the total 
number for 
2500 cm2 

 
2.92 X 
1.7 X 

2.37  
2.24  
1.69 X 
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Table 17 (Continued): Swine - Counts at differen
(N: number of samples; NR: not reported) 

 
Reference Treatment/Risk 

Factor Experimental group

Hansson 2001 (S) Plant throughput 
Low throughput (450-80

pigs/year) 
High throughput >250,0

Gill and Badoni 
2001 (CA) 

Pasteurization, 
sticking wound 

trimming 

 
 
 

Rivas et al. 2000 
(ES) 

Washing and GMP 
(anal plugging 

before evisceration) 

Unwashed-non GMP
Unwashed, GMP 
Washed and GMP 

Bass et al. 2011 
(AU) Plants features 

B 
D 
L 
M 
N 
O 
P 

Saucier et al. 
2007 (CA) 

Meal frequency (2; 
5), Feed type 

(pelleted; mash), 
fasting time (4; 14; 

24 h) 

P-2-4h 
P-2-4h 

P-2-14h 
P-2-24h 
P-5-4h 

P-5- 14h 
P-5- 24h 
M-2-4h 
M-2-14h 
M-2-24h 
M-5-4h 
M-5-14h 
M-5-24h 

Rabaste et al. 
2006 (CA) 

Handling Rough 
Gentle 

group size 10 
30 

Conter et al. 2006 
(I) 

Steam treatment 
(after evisceration) 

Steam treatment 
Control 
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 Sampling points Sampled region N % 

00 Before chilling Loin, sternum 100 58% 

000 Before chilling Loin, sternum 100 74% 
Before pasteurization Sticking wound 25 80% 
After pasteurization Sticking wound 25 28% 

After trimming Sticking wound 25 40% 
Before chilling Neck, abdomen 36  1
Before chilling Neck, abdomen 54  0
Before chilling Neck, abdomen 35  1
During chilling Rump, brisket, jowl 19 42% 
During chilling Rump, brisket, jowl 5 40% 
During chilling Rump, brisket, jowl 17 29% 
During chilling Rump, brisket, jowl 8 12.5% 
During chilling Rump, brisket, jowl 5 60% 
During chilling Rump, brisket, jowl 20 95% 
During chilling Rump, brisket, jowl 3 10% 

After evisceration Thoracic area, flanks 8 100% 1
After evisceration Thoracic area, flanks 8 37.5% 1
After evisceration Thoracic area, flanks 8 25% 1
After evisceration Thoracic area, flanks 8 25% 1
After evisceration Thoracic area, flanks 8 37.5% 1
After evisceration Thoracic area, flanks 8 25% 
After evisceration Thoracic area, flanks 8 87.5% 2
After evisceration Thoracic area, flanks 8 37.5% 1
After evisceration Thoracic area, flanks 8 50% 2
After evisceration Thoracic area, flanks 8 25% 1
After evisceration Thoracic area, flanks 8 12.5% 
After evisceration Thoracic area, flanks 8 62.5% 1
After evisceration Thoracic area, flanks 8 25% 

NR Int Rib cage, brisket, feet 10 52% 1
NR Int Rib cage, brisket, feet 10 68% 1
NR Int Rib cage, brisket, feet 10 65% 1
NR Int Rib cage, brisket, feet 10 55% 1

After evisceration Jowl, belly, back, ham 54  
After evisceration Jowl, belly, back, ham 32  
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actors influencing E. coli counts 

Counts Unit of 
enumeration 

RF 
effect 

 logCFU/ cm2 X 
 

2.09 logCFU/100 
cm2 

 
0.85 X 
1.56  

1.20 (0.72) 
logCFU/ cm2 

 
0.24 (0.43) X 
1.13 (0.34)  

-0.6 

logCFU/ cm2 

 
-0.6  
0.06  
-0.45  
-0.27  
-0.17  
-0.55  

1.31 (0.43) 

CFU/926 cm2 
from MPN 

estimate 
X 

1.77 (0.14) 
1.89 (0.54) 
1.99 (0.55) 
1.79 (0.25) 
1.8 (0.30) 
2.07 (0.49) 
1.81 (0.22) 
2.18 (0.60) 
1.83 (0.25) 
1.8 (0.28) 
1.92 (0.34) 
2.1 (1.12) 
1.45 (0.69) 

CFU/983 cm2 

from MPN 
estimate 

 1.49 (0.57) 
1.48 (0.58)  1.46 (0.67) 

NR logCFU/ cm2  NR 
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Table 18: Swine - Counts at different stages of th
(N: number of samples; D: decrease; I: increase) 

Reference Treatment/ Risk 
Factor Experimental group 

Purnell et al. 2010 
(UK) Anal plugging 

Plugged 
Plugged Aft

Unplugged 
Unplugged Aft

Algino et al. 2009 
(US) 

Skinning 
Unskinned 

Skinned 

Washing T° 

Washing T <12.8° 

Washing T 12.8°-21.1° 

Washing T 21.1-32.2 

Washing T >32.2 

Chilling time 
1 day chilling 

2 days chilling 

Zweifel et al. 2008 
(CH) Plant features 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
O 
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Sampling points Sampled area on the carcass N % Coun

Before scalding Anal region 34  2.18 (1
ter scalding and dehairing Anal region 34  1.91 (0

Before scalding Anal region 34  1.86 (1
ter scalding and dehairing Anal region 34  3.01 (1

Before washing Bell, ham, jowl 121  0.57
After chilling Bell, ham, jowl  -0.86

Before washing Bell, ham, jowl 60  1.28
After chilling Bell, ham, jowl  0.41

Before washing Bell, ham, jowl 26  2.05
After chilling Bell, ham, jowl  0.52

Before washing Bell, ham, jowl 97  0.31
After chilling Bell, ham, jowl  -1

Before washing Bell, ham, jowl 42  1.06
After chilling Bell, ham, jowl  -0.14

Before washing Bell, ham, jowl 16  1.09
After chilling Bell, ham, jowl  0.61

Before washing Bell, ham, jowl 112  0.64
After chilling Bell, ham, jowl  -0.43

Before washing Bell, ham, jowl 69  1.08
After chilling Bell, ham, jowl  -0.4

Before/during chilling Neck, belly, back, ham 50 22% 2.30;2.92;2
Before/during chilling Neck, belly, back, ham 50 22% 2.60;2.45;2
Before/during chilling Neck, belly, back, ham 50 32% 2.20;NR;3.
Before/during chilling Neck, belly, back, ham 50 44% 3.84;2.56;3
Before/during chilling Neck, belly, back, ham 50 8% 3.17;2.38;1
Before/during chilling Neck, belly, back, ham 50 14% 2.08;2.45;2
Before/during chilling Neck, belly, back, ham 50 56% 3.15;2.51;3
Before/during chilling Neck, belly, back, ham 50 14% 2.51;ND;N
Before/during chilling Neck, belly, back, ham 50 14% 1.90;1.60;1
Before/during chilling Neck, belly, back, ham 50 26% 1.90;2.20;3
Before/during chilling Neck, belly, back, ham 50 10% 2.38;1.60;2
Before/during chilling Neck, belly, back, ham 50 22% 2.72;2.45;3
Before/during chilling Neck, belly, back, ham 50 16% 2.30;2.38;2
Before/during chilling Neck, belly, back, ham 50 56% 2.72;2.98;3
Before/during chilling Neck, belly, back, ham 50 2% 1.60; ND; N
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cing Enterobacteriaceae counts 

nts Unit of 
enumeration 

RF 
Effect

.28) 

logCFU/cm2 

 
0.95)  

.01)  

.08) X 
7 

logCFU/cm2 

 
6 X 
8  
1 X 
5  
2 X 
1  

X 
6  
4 X 
9  
1  
4  
3 X 
8  
5 X 

2.38;1.90 

logCFU/cm2 
(log Total 
Number 

recovered) 

 
2.80;2.45  
3.1;3.56  
.44;3.17  
.90;2.08  

2.20;1.60  
.08;3.30  

ND;1.60  
.90;2.64  
.09;2.51  

2.45;1.60  
.29;2.20  

2.60;2.08  
.45;3.20  
ND; ND  
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Table 18 (Continued): Swine - Counts at different 
counts (N: number of samples; D: decrease; I: increas

Reference  Treatment/ 
Risk Factor Experimental group S

Trivedi et al. 2006 
(US) 

Steam 
decontamination 
60 sec 82-85° on 

3 anatomical 
areas 

25 % of carcasses acid 
treated Befo

25 % of carcasses acid 
treated Aft

75% of carcasses acid 
treated 24h a

Rivas et al. 2000 
(ES) 

Washing and 
GMP (anal 

plugging before 
evisceration) 

Unwashed-non GMP 
Unwashed, GMP 

Washed and GMP 

Tomovic et al. 2011 
(RS) 

Chilling length 
(3 h at -31.1° 

followed by 2-4° 
chill room (8 or 

24h) 

8 h 

24 h 

Blagojevic et al. 
2011 (RS) Plant features 

A 

B 
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Sampling points Sampled area on the carcass N % Counts 

fore steam treatment 

Ham 72  134 
Belly 72  219 
Jowl 72  212 
All 72 61,6% 188 

ter steam treatment 

Ham 72  008 
Belly 72  028 
Jowl 72  026 
All 72 33,8% 021 

after steam treatment 

Ham 72  032 
Belly 72  053 
Jowl 72  046 
All 72 25,5% 044 

Before chilling Neck, abdomen 36  121 (074) 
Before chilling Neck, abdomen 54  025 (045) 

Before chilling Neck, abdomen 35  014 (032) 

Before chilling Ham, back, belly, jowl 24 70% 053 
After chilling Ham, back, belly, jowl 54% 039 

Before chilling Ham, back, belly, jowl 
24 

58% 04 

After chilling Ham, back, belly, jowl 25% 009 

After stunning Ham, belly, jowl 50  778x103(162x105-
537x10) 

Before chilling Ham, belly, jowl 50  894x10(141x103-
063x10) 

After stunning Ham, belly, jowl 50  419x103(204x105-
468x10) 

Before chilling Ham, belly, jowl 50  097x10(955x102-
009x10) 
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influencing Enterobacteriaceae 

Unit of 
enumeration 

RF 
effect  

logCFU/cm2 

 

 

X 

 

logCFU/cm2 

 
X 

 

logCFU/cm2 

 
 
 

X 

-

CFU/cm2 
geometric 

mean 

 

X 

-  

X 
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Table 19: Small ruminants - Counts at different stag
E. coli counts (N: number of samples; NR: not report

Reference 
(country) 

Treatment/Risk 
Factor Experimental group

Gill et al., 2000a 
(CA) Dressing procedure 

Conventional set 1 (carca
suspended by the rear le

Conventional set 2

Inverted dressing 1 (carca
suspended by the forele

Inverted 2 

Duffy et al., 2001 
(US) Season Spring 

Fall or winter 

Phillips et al., 2001 
(AU) Plant throughput 

All the slaughterhouse
Export slaughterhouse

Domestic slaughterhous
Low throughput plant

Sumner et al., 2003 
(AU) Plant throughput  

Medium throughput plan
(4)  

Low throughput plants (

Cohen et al., 2006 
(MA) Seasonal effect 

Hot season (April to 
September)  

Cold season (November
March) 

Kannan et al., 2007 
(US) 

Pre-slaughter spray 
washing 

Control (no wash) 
Washed (1 min spray was

- potable water) 

Feizullah and 
Daskalov, 2010 
(BG) 

Capacity and Season 

Low throughput (15-2
animals per day)/Sprin
Low throughput/Winte

High throughput (100-2
animals per day)/Sprin

Sampling point High throughput 
Low throughput 
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p Sampling point/s Sampled region/s N % Counts  
(M and SD)

asses 
egs) 

After the final 
wash in the 

dressing 
procedure 

Pool (Two sites for 
each carcass selected 

from a grid that 
specifies 43 areas on 

one side of the carcass 
surface) 

25 15/25 
total number o

bacteria recover
4.40 

25 17/25 
total number o

bacteria recover
4.11 

asses 
eg) 25 11/25 

total number o
bacteria recover

2.58 

25 15/25 
total number o

bacteria recover
2.60 

post 24h carcass 
chilling Pool (flank, breast, leg) 1259 NR 0.63 

1261 0.76 
es 

After chilling Pool (rump, flank and 
brisket) 

921 29.2 0.17 (0.60)
es 270 35.2 NR 
ses 306 32.7 NR 
ts 345 21.4 NR 
nts After chilling (8-

48 h) 
Pool (rump, flank and 

brisket) 
148 61.5 0.39 

(11) 216 18.5 -0.01 

NR Raw meat 
26 44.2 (on the 

total 
samples) 

1.2 (0.6) 

r to 26 1.3 (0.6) 

After 
skinning/before 

evisceration 
Pool (flank, brisket, leg) 

10 
NR 

2.1 
shed 10 2.1 

0 
ng 

After 
washing/Before 

chilling 

Pool (leg, chest -outer 
and inner surface, neck) 

15 

NR 

1.00 

er 15 1.65 
200 
ng 15 2.00 

Leg (lateral) 12 2.00 
12 0.7 
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o the slaughterhouse influencing 

Unit of 
enumeration 

Treatment /RF 
effect 

of 
red: 

CFU/100 cm2 

- 

of 
red: - 

of 
red: 

Yes of 
red: 

log CFU/cm2 No 

log CFU/cm2 

- 
- 
- 

Yes 

log cfu/cm2 No 

log CFU/g No 

log CFU/cm2 No 

log CFU/cm2 

Marginally 
effective 

Yes 
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Table 19 (Continued): Small ruminants - Counts at d
and to the batch (one study) influencing E. coli count
Reference 
(country) 

Treatment/Risk 
Factor Experimental group 

Bass et al., 2011 
(AU) Plant throughput  

Plant A (goat) 
Plant C (sheep) 

Plant D 
Plant E 
Plant F 
Plant G 
Plant H 
Plant I 
Plant J 
Plant K 
Plant L 
Plant M 
Plant N 
Plant O 
Plant P 

Hauge et al., 2011a 
(NO) 

Pasteurisation 
(82°C+-1 for 

8 s): after 
dressing and 

grading/ before 
chilling 

Control  
A

Pasteurisation 

A

Hauge et al., 2011b 
(NO) Shearing regime 

Unshorn 
B

Shorn 0 days abattoir 
B

Shorn 3 days on farm 
B

Shorn 7 days on farm  
B

Jordan et al., 2012 
(AU) 

Inspection of 
lymph nodes 

Pre-inspection 

Post-inspection 
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ts (N: number of samples; NR: not reported; M: mean; SD: standard d

Sampling point/s Sampled 
region/s N % Count

(M and 

After chilling midloin, flank, 
brisket 

29 29 -0.38

323 

68.9 -0.28
89.5 0.41
26.8 -0.16
41.4 0.08
87.5 -0.22
40 -0.20

57.9 -0.33
60 -0.10

24.1 -0.38
54.5 -0.05
42.1 -0.35
70 0.12
8.7 0.40

86.2 0.02
After evisceration- dressing/before 

chilling 
Outside (mid-

line of the 
abdomen, under 

the forelegs, 
around rectum 
and hind legs) 
and inside the 

carcass 

90 66 (59/90) 2.39

24 h after chilling 90 43 (39/90) 0.98
After evisceration-dressing/before 

chilling 90 26 (23/90) 0.54

24 h after chilling 90 21 (19/90) 0.37

After removal of fleece (start of 
slaughter) 

Brisket  

35 80 2.79

Before chilling (End of slaughter) 35 2.99
After removal of fleece (start of 

slaughter) 35 

62 

1.78

Before chilling (End of slaughter) 35 2.71
After removal of fleece (start of 

slaughter) 35 1.49

Before chilling (End of slaughter) 35 2.68
After removal of fleece (start of 

slaughter) 35 1.73

Before chilling (End of slaughter) 35 2.69

NR Scapula 148 35 7 
Rump 148 84 42

NR Scapula 148 67 22
Rump 148 93 52
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tors related to the slaughterhouse 
deviation). 
ts  
SD) 

Unit of 
enumeration 

Treatment 
/RF effect 

8 

log CFU/cm2 

some 
differences 

were detected 
among plants - 

8 

6 

2 
0 
3 
0 
8 
5 
5 

log CFU/carcass 
(4500 cm2) 

- 

Yes 

Yes 

Yes 

log CFU/100 cm2 

- 

- 

No 

CFU/cm2 Yes 
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Table 20: Small ruminants - Counts at different stag
Enterobacteriaceae counts (N: number of samples; N

Reference (country) Treatment/Risk 
Factor Experimen

Whyte et al., 2002 (GB) Dressing 
procedure 

Cradle dressing (the car
rear legs before the p

manua
Hybrid method (use of th

lamb while the pelt wa
forelegs and brisket; then

a vertical positio
Frame method (carcass c

an optimum working po
pelt to hang down and a
during the pelt removal

Fisher et al., 2007 (GB) 
Skin on vs 

conventionally 
dressed 

No toast (singe, was
Toa

Toast before
Toast after 

Toast before 
Toast after i

Skin 
Conventional (s

Brown et al., 2009 (GB) 

Vascular 
perfusion chilling 

(very fine ice 
particles in a 
solution of 

sodium chloride 
and water)  

Cont

Treatment (4 mi

Feizullah and Daskalov, 
2010 (BG) 

Slaughterhouse 
throughput and 

Season 

Low throughp
Low throughp
High throughp
High throughp
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ges of the slaughterline reported in papers describing factors related to
NR: not reported; M: mean; SD: standard deviation) 

tal group Sampling point/s Sampled 
region/s N % 

rcass was hung by the 
pelt was pulled off 
ally) 

After skin removal 

Pool 
(Shoulder, 

abdomen and 
lateral surface 
of the rear leg) 

48 

NR 

he cradle to support the 
as released from the 
n the carcass is lifted in 
on (inverted)) 

48 

arcass  manipulation at 
osition and encourage 
away from the carcass 
l - inverted dressing) 

48 

sh and eviscerate) Before evisceration 

Pool (rump, 
belly, flank, 

brisket, 
shoulder, neck)

60 24/60 
ast  After evisceration 60 3/60 
e splitting Before splitting 60 10/60 
splitting After splitting 60 7/60 
inspection Toasted and then inspected 60 6/60 

inspection Inspected and then toasted 60 4/60 
on After singeing/pre chilling 60 2/60 

skin removed) After dressing/pre-chilling 60 26/60 

trol After dressing/Before 
chilling Pooled surface 

samples 
(lateral thorax, 
flank, brisket, 

breast) 

10 1/10 

ins perfusion) At 24 h after held in the 
chill-room 10 1/10 

put/ Spring 

After washing/Before 
chilling 

Pool (leg, chest 
-outer and 

inner surface, 
neck) 

15 

NR 
put/ Winter 15 
put/ Winter 15 
put/ Autumn 15 
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o the slaughterhouse influencing 

Counts (M 
and SD) 

Unit of 
enumeration 

Treatment/ 
RF Effect 

0.47 

log CFU/cm2 Yes 0.14 

0.03 

0.964 

log CFU/cm2 

Yes 
0.433 
0.569 

No 
0.509 
0.424 

No 
0.429 
0.420 

Yes 
0.955 

1.4 

log CFU/cm2 No 
2.0 

1.30 

log CFU/cm2 

Yes 
3.18  
1.27 Yes 
6.05  
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Table 20 (Continued): Small ruminants - Counts at d
influencing Enterobacteriaceae counts (N: number of

Reference (country) Treatment/Risk 
Factor Experimen

Hauge et al., 2011a 
(NO) 

Pasteurisation 
(82°C+-1 for 8 s): 
after dressing and 

grading/ before 
chilling 

Cont

Pasteuri

Milios et al., 2011 (GR)

Steam application 
(8-10 passes of 
steam spraying 

pistol at each side 
of the carcass) 

Before Steam 

After Steam A

Jordan et al., 2012 
(AU) 

Inspection of 
lymph nodes 

Pre-insp

Post-insp

Rubio et al., 2013 (ES) Chilling 

CT: Conventional trea

UT: Ultra rapid treatmen
2°C until

ST: Slow treatment (12 °
24h
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tal group Sampling point/s Sampled 
region/s N % 

trol  
After evisceration- 

dressing/before chilling 
Outside (mid-

line of the 
abdomen, 
under the 
forelegs, 

around rectum 
and hind legs) 
and inside the 

carcass 

90 100 

24 h after chilling 90 NR 

sation 

After evisceration- 
dressing/before chilling 90 66 

24 h after chilling 90 NR 

Application  
After pluck removal/Before 

chilling 

Pool (rump, 
flank, brisket, 

shoulder) 

60 

NR 
Application  60 

pection NR Scapula 148 46 
Rump 148 87 

pection NR Scapula 148 77 
Rump 148 96 

atment (2°C for 24h) 
Before post -treatment (after 

dressing) 

Rump and 
brisket 

20 

NR 

Post-mortem treatment  20 

nt (-20°C for 3.5h then 
l 24 h) 

Before post-mortem 
treatment (after dressing) 20 

Post-mortem treatment  20 

C for 7h then 2°C until 
h) 

Before post-mortem 
treatment (after dressing) 20 

Post-mortem treatment  20 
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tors related to the slaughterhouse 

Counts (M 
and SD) 

Unit of 
enumeration 

Treatment/ 
RF 

Effectiveness 

3.78 

log 
CFU/carcass 
(4500 cm2) 

Yes 

1.94 

1.41 

0.49 

3.74 (0.51) 

log CFU/cm2 Yes 
2.67 (0.60) 

11 

CFU/cm2 Yes 66 
26 
57 

3.24 (0.16) 

log CFU/cm2 

- 

3.31 (0.16) - 

3.04 (0.17) 
Yes 

2.43 (0.17) 

3.44 (0.17) - 

3.22 (0.17) - 
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Appendix F.  Faecal contamination 

Table 21: Beef - Relationship between visual faecal 
of samples; NR: not reported; O: observational; SD: 
C1: category 1 - C2: category 2 - C3: category 3 - C4

Indicator 
bacteria 

Reference 
(country) Study Plants Decontaminants S

EB McCleery et al., 
2008 (GB) O 1 NR 

EB Blagojevic et al., 
2012 (RS) O 2 No 

EB 

Serraino et al., 
2012 (IT) O 1 No b

EC 

EC Gill and Landers, 
2004b (CA) O 4 

plant A: washing 
with 200 ppm 

peroxyacetic acid; 
plant B: steam + 2% 
lactic acid; plant C: 

hot water + 2% 
lactic acid; plant D: 

2% lactic acid 

c

c

EC Hauge et al., 
2012 (NO) O 2 No 
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standard deviation) * min - max values obtained for the 4 sampled sl

4: category 4 - C5: category 5 

Sampled area on the 
carcass Classification of faecal contamination N Unit of 

enumeration  

neck, brisket, flank, 
rump 

1-2 clean animals - 3-4 animals classed as 
dirty and requiring special provisions to be 

taken before being slaughtered (clipped 
ante-mortem or online) - 5 animal rejected 

362 Log CFU/cm2 

neck, brisket, flank, 
rump 

1: clean and dry; 
 2: slightly dirty; 3: dirty; 4: very dirty 100 Log CFU/cm2 

brisket, groin, flank, 
hock 1 (clean-dry) to 5 (filthy-wet) 

75 

Log CFU/cm2 

75 

contaminated area + 
adjacent to the 

contaminated area + 
randomly selected 

areas 

NR 75 log/ 
2500 cm2 

A

brisket, belly 0:clean; 1: moderately dirty; 2: very dirty 324 Log CFU/100 
cm2 
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ng the slaughterline. (N: number 
laughterhouses; C0: category 0 - 

Sampling point 
Experi
mental 
group 

Mean (SD) 

NR  No punctual data were 
available 

before chilling 

C1 0.81 (0.74) 
C2 0.78 (0.63) 
C3 0.83 (0.68) 
C4 1.49 (0.60) 

before chilling 

C1 0.3 (0.01) 
C2 0.3 (0.01) 
C3 1.8 (2.2) 
C4 1.0 (1) 
C5 1.4 (0.9) 
C1 0.3 (0.01) 
C2 0.3 (0.01) 
C3 1.1 (1.1) 
C4 0.9 (1.1) 
C5 1.1 (0.8) 

CA - before trimming 

plant A, 
B, C, D 

2.67* - 6.32* 
CA - after trimming 1.54 * - 5* 
CA - after dressing none detected* - 2.8* 

ACA -before trimming 1.4* - 3-94* 
ACA after trimming 1.23* - 3.63* 
ACA after dressing none detected* - 3.09* 

RS - before trimming 1.65* - 4.46* 
RS - after trimming 1* - 2.54* 
RS - after dressing none detected* - 1.91* 

after dehiding C0 0.97 
end of slaughterline C0 0.28 

after dehiding C1 1.38 
end of slaughterline C1 0.33 

after dehiding C2 1.67 
end of slaughterline C2 0.51 
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Table 22: Small ruminants - Relationship between v
(N: number of samples; M: mean; O: observational)

 
Indicator 
bacteria Reference (country) Study Plant D

EC Hauge et al., 2011b (NO) O 1 

EB Byrne et al., 2007 (IE) O 1 

EB Whyte et al., 2002 (GB) O 1 

* mean gross contamination score 
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Decontaminants Sampled region Classification of faecal 
contamination N Unit of 

enumeration  

No  brisket 

0: visually clean fleece; 
1: small spots of dirt; 2: 
generally dirty fleece; 

3: very dirty fleece  

35 

log CFU/100 cm2 35 
35 
35 

No brisket, flank, 
rump, shoulder 

(A) clean and dry; (B) 
clean and wet; (C) dirty 
and dry; (D) dirty and 
wet; (E) with visible 

faecal dags 

40 

log 
CFU/4000cm2 

40 
40 
40 
40 

No 

Shoulder 

Score between 0 (no 
visible contamination) 

and 10 (maximum 
visible contamination) 

9 

log CFU/cm2 

Flank 9 
Hindquarters 9 
Lower foreleg 9 

Shoulder 9 
Flank 9 

Hindquarters 9 
Lower foreleg 9 

Shoulder 9 
Flank 9 

Hindquarters 9 
Lower foreleg 9 

ig and ruminant carcasses: a review 

context of a contract between the European 
hich the Authority is subject. It may not be 
onclusions reached in the present document, 

110

B) counts along the slaughterline 

Sampling 
point  

Experimental 
group M 

At 
skinning  

C0 1.65  

C1 1.88 
C2 2.16 
C3 2.49 

After 
skinning 

A 2.7 

B 2.9 
C 4.4 
D 3.9 
E 4.4 

After 
skinning  

Cradle dressing 0.47 

4.3* 
2.7* 
5.6* 
9.0* 

Hybrid dressing 0.14 

3.4* 
1.4* 
0.8* 
6.3* 

Frame dressing 0.03 

1.7* 
1.6* 
0.7* 
4.4* 
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ABBREVIATIONS 

ACC: Aerobic colony count  

AT: Austria 

AU: Australia 

BR: Brazil 

BG: Bulgaria 

CA: Canada 

CZ: Czech Republic 

ES: Spain 

GB: United Kingdom 

IE: Ireland 

IN: India 

LA: Lao People's Democratic Re

IT: Italy 

MA: Morocco  

NO: Norway 

PHC: Process Hygiene Criteria  

PHI: Process Hygiene Indicators 

RS: Serbia 

SE: Sweden 

TR: Turkey 

TW: Taiwan 

US: United States 

VE: Venezuela  

ZA: South Africa 
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