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Evaluation of the food safety risk
associated with de-boning of Danish sows
Investigations on sows with chronic purulent lesions indicative of prior septicaemia
By Tanja Østergaard Pedersen, Anne Kristine Bækbo,
Jesper Valentin Petersen,
Marianne Halberg Larsen and Lis Alban

The aim of this study was to evaluate the effect of replacing de-boning of
sows with chronic purulent lesions indicative of prior septicaemia with local
condemnation of effected parts. Meat inspection recordings from all animals
slaughtered at Skærbæk Sow Abattoir in Denmark, outcome of de-boning
(approved/rejected), and additional information from abattoir employees
were obtained and analysed. Abscesses and muscle samples from 105 sows
sent for de-boning and 60 muscle samples from fully approved sows were
collected at the abattoir. The isolated bacteria were identified using MALDITOF. Results from a logistic regression analysis showed that sows from
conventional farms had a higher risk of de-boning than sows from alternative production (organic and free-range). However, sows from alternative
production had a higher risk of total condemnation. The condition “Pale Soft
Exudative” (PSE) was the main reason for condemnation after de-boning.
Staphylococcus aureus was assessed to be the only potential food safety
hazard. There was no association between presence of bacteria in muscle
samples and abscesses from the same animals, neither for bacteria in
general (P= 1) nor for Staphylococcus aureus, specifically (P= 1). Furthermore, no association regarding presence of bacteria was found in the meat
from de-boned sows and fully approved sows (P= 0.67). It was concluded
that the de-boning procedure is not contributing to food safety. The authors
suggest replacing de-boning with a more thorough inspection of the predilection sites of septicaemia and local cleansing of lesions. If de-boning is no
longer required, it is expected that most abscesses will be found in the rework area, during cutting or routine de-boning because the meat is cut to
relatively small sizes mainly without bone before it reaches the consumer.

D

uring the last decade, modernisation of meat inspection has been a high
priority within the EU; focus has among others been on achieving new
knowledge about control of the relevant hazards (EFSA, 2011). In Denmark,
risk assessments have been dealing with the human health risk connected
with a change from traditional to visual-only meat inspection (ALBAN et al.,
2008; ALBAN et al., 2010; PACHECO et al., 2013). None of these risk assessments
indicated a negative effect of visual-only inspection on food safety. Since
2014 visual-only meat inspection has been required in EU unless other data
indicate a need for traditional inspection (Anon., 2014). However, for visualonly inspection, the risk assessments pointed to a higher probability of
overlooking cases related to prior septicaemia. Therefore, it became of
interest to study the human health risk relating to septicaemia in Danish
finishing pigs (KRUSE et al., 2015) as well as the food safety value of deboning such pigs (BÆKBO et al., 2016).
The Danish Meat Inspection Circular describes specific judgment rules on
when meat should be accepted or rejected for human consumption (Anon.,
2011). In general, the judgment depends on the extent of the distribution of
abnormalities, and based on this the carcasses are subjected to different
procedures. Findings of abnormalities of local character result in local condemnation, while the rest of the carcass is accepted.
Septicaemia (blood poisoning), often initiated by tail bites or deep
wounds, can appear in either an acute or chronic stage (JENSEN et al., 2010).
Carcasses with lesions indicative of prior septicaemia detected in the routine meat inspection are sent to the rework area. In the rework area, an
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extended septicaemia inspection is performed including incisions into the
predilection sites (tenderloin, backbone, ribs, ham, and shoulder). This is
done to determine whether the lesions reflect an acute or prior infection. In
acute cases, the carcass is totally condemned, whereas in the chronic case,
lesions present are characterised by encapsulated abscesses in the organs
(kidney, lungs, liver, spleen) and here most often located in the lungs (embolic pneumonia) or the bones (osteomyelitis). In Denmark, carcasses with
such chronic purulent lesions are officially required to be sent for de-boning
(JENSEN et al., 2010; BÆKBO et al., 2016). The purpose of de-boning is to remove
all bones to ensure findings of osteomyelitis, which has not been found in
the rework area. The meat can be accepted, if an acute infection can be
ruled out, and the meat is used for sausage production and put on the
Danish market (RASMUSSEN, 2015, personal communication).
In Denmark, the requirement for de-boning of carcasses with chronic
purulent lesions due to prior septicaemia was adopted in 1994. Before 1994,
all carcasses showing lesions indicative of septicaemia were totally condemned. De-boning results in loss of carcass value due to an increased
workload and condemnation of bones. Therefore the producer suffers a 33%
reduction in the profit for every sow sent for de-boning (Anon., 2015). It has
been estimated that de-boning of sows results in yearly costs of 200,000 €.
These considerations initiated a study of the effect of de-boning of finishing pig carcasses with chronic purulent lesions indicative of prior septicaemia. The conclusion was that de-boning is not necessary to ensure food
safety and that local condemnation can replace de-boning. The next question is whether this is also the case for sows. Sows have a longer lifespan
than finishing pigs and therefore a higher probability of experiencing various
diseases during their lifetime compared with finishing pigs.
The aim of this study was to evaluate the effect of replacing de-boning of
sows with chronic purulent lesions indicative of prior septicaemia with local
condemnation of effected parts.

Materials and methods
Retrospective data

Data from the Danish Slaughterhouse Database (January 2014 to March 2015)
were collected and included all slaughterings at Skærbæk Abattoir (the only
sow abattoir in Denmark). The data consisted of the lesion codes found in
the individual sows, the final destination of the carcass (condemned or not)
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Moreover, the aim was to
evaluate the association
between the bacteriological
findings in the abscesses and
muscle samples from the same
de-boned sows as well as to
see if the prevalence of bacteria in the muscle samples from
de-boned was the same as in
the muscle samples from fully
approved sows.
Data only included 27 organic
farms and 13 free-range farms,
which implied a potential for
variation due to chance. Organic and free-range were
FLEISCHWIRTSCHAFT international 2_2017
Source: PEDERSEN et al.
therefore combined into a new
variable called alternative
Fig: 1: Association between the findings of lesions in 10,035 sows sent for de-boning (5,691) and condemnation (4,344).
production, which was used as
reference.
Logistic regression analyses
were performed to create
as well as the id number of herd of origin, the herd size and the type of herd. models at farm-level, which could take into account both risk factors
simultaneously. The response variables in the three models described:
The proportion of totally condemned carcasses after de-boning was deterr De-boning,
mined by manual reading of daily records (January 2014 to March 2015). The
r Total condemnation, and
number of carcasses with lesions found during de-boning was registered
r De-boning and total condemnation, respectively.
from these records as well. To investigate the experience related to the
There were 1,407 observations in total and to the number of animals sent
de-boning practice a questionnaire was designed and delivered to four
for slaughter was used as a proxy for herd size. A scale parameter was
slaughter employees specifically involved in the de-boning procedure.
inserted to the models to account for over-dispersion due to animals
Sample collection
from the same herd being more alike than animals from different herds.
Contingency tables were used to inspect the association between seIn the rework area, samples of abscesses and a right foreleg muscle from
lected lesion codes and de-boning and condemnation, respectively. As
105 sows sent for de-boning and a right foreleg muscle from 60 fully apexplanatory factors, all lesions which could lead to de-boning or total
proved sows were collected during three weeks between January and
condemnation were chosen and Relative Risk (RR) and P-values for
March 2015 at Skærbæk Abattoir. Even though more abscesses could be
present in a carcass, only abscesses that were expected to be related to the statistical significance were calculated. Contingency tables were also
pyaemia complex were collected. All samples were put on freeze immediately made for the bacteriological findings in muscles, abscesses and for the
after sample collection. After one to four days of freezing at –18 °C the
specific findings of S. aureus in the same animal.
samples were transported at room temperature to the University of CopenThe statistical association between the bacteriological findings in the
hagen. The samples were still frozen at the delivery. The laboratory work was abscesses and muscle samples from the same animals was assessed.
performed according to the methodology described by the DVFA (2005).
Likewise, the prevalence of bacteria in the muscle samples was comAll samples were slowly defrosted at 5 °C for 48 to 72 h. The subsequent
pared statistically between de-boned sows (cases) and fully approved
isolation procedure and subcultivation to obtain pure bacterial cultures were sows (controls). Odds Ratio (OR) was calculated for the bacteriological
performed as described by BÆKBO et al. (2016), except that colonies susfindings between muscle samples and abscesses from the same animal
(all sows sent for de-boning), while Relative Risk was calculated for the
pected to be Trueperella spp. were also incubated microaerobically for 48 h
comparison of bacteriological findings between the muscle samples
at 37 °C.
from case and control sows.
Identification of bacteria
The McNemar’s test was used to evaluate the statistical significance for
paired data (muscle and abscess from the same animal), while the
The bacteria were identified using Matrix Assisted Laser Desorption Ionizaχ-square-test was used for un-paired data. When the expected number
tion-Time of Flight (MALDI-TOF) Mass Spectrometry as described by BÆKBO et
of observations in a cell was less than five, Fisher’s exact test was used.
al. (2016). The isolated bacteria were matched with the reference spectra in
the computer software (Saramis). If all significant matches showed the exact
same genus or species the identification was considered reliable (a confidence match value of the bacterial spectra >70 %).
Retrospective data
Bacterial isolates from abscesses and muscle samples that were
identified as S. aureus by MALDI-TOF were confirmed by Polymerase Chain Between January 2014 and March 2015, Skærbæk Abattoir received sows for
Reaction (PCR) using Spa-1113f and Spa-1514r primers (Tag Copenhagen
slaughter from 1,092 conventional farms, 27 organic farms, and 13 freeA/S) (STEGGER et al., 2012). Further details on the PCR procedure can be
range farms. A total of 322,972 sows were slaughtered, and among these,
5,691 sows (1.8%) were sent for de-boning and 4,344 sows (1.3%) were
found in PEDERSEN (2016).
totally condemned. Furthermore, 6,607 sows received the lesion code for
Statistical analysis
osteomyelitis (2.0%), while only 443 sows received the code for purulent
septicaemia (0.1%).
A cross-sectional design was used to investigate the bacteriological
findings in the collected data and in the retrospective data. The purpose
The results of the investigation of the association between selected
of the statistical analysis:
lesion codes and de-boning and total condemnation is shown in Figr To identify risk factors for a sow to be destined to de-boning, and
ure 1. Lesion codes indicative of a systemic disease such as cirrhosis
r to evaluate the effect of two potential herd-level risk factors: Herd
resulted in total condemnation, while abscesses localised in different
type (conventional, organic, and free–range) and herd size.
parts of the carcass, tail bite infection, purulent septicaemia, os-
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Findings during the de-boning procedure
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Source: PEDERSEN et al.
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Fig. 2: Prevalence (%) of de-boning (N= 4,347 sows) and total condemnation (N=
3,290 sows) of sows raised in conventional (N= 228,617 sows) or alternative
production (organic and free–range farms) (N= 3,888 sows).

teomyelitis, and pneumonia resulted in either de-boning or total condemnation. Lesion codes with statistical significant higher risk of both
de-boning and total condemnation may reflect either a chronic or an
acute stage of the disease.

Risk factors for de-boning

Localisation of abscesses and identification of bacteria
in abscess and muscle samples
At the abattoir, 127 abscesses were found in the 105 sows sent for deboning, although it cannot be excluded that micro-abscesses were overlooked during the inspection in the rework area. The observed abscesses
were located at different sites of the carcasses. Some carcasses contained
more than one abscess. These could be related or not to the pyaemia complex (Tab. 1). The most common location of the observed abscesses was the
tenderloin (32%). There was a high variation in both size and texture of the
abscesses; the diameter of the abscesses varied from a few mm to around

.......................................................

The results of the logistic regression analyses showed that sows from
conventional farms had a higher risk of being sent for de-boning compared with sows from alternative production (OR= 2.4; P< 0.0001; scale
parameter= 1.15). Contrary, sows from conventional farms had a lower risk
of total condemnation than sows from alternative production (OR= 0.7;
P= 0.0071; scale parameter= 1.16). Concerning the combination of deboning and total condemnation, no statistically significant effect of herd
type was observed (P= 0.21; scale= 1.25). The size of the three scale
parameters showed that there was some degree of over-dispersion – due
to the fact that sows within a herd are more alike than sows from different herds. Moreover, there was no statistically significant effect of the
number of slaughterings per herd in any of the three models
(Pde-boning= 0.89; Pcondemnation= 0.08; Pcombined= 0.26). The results are shown in
Figure 2 by the prevalence of sows destined to de-boning and total
condemnation of conventional and alternative production, respectively.
A recent study on meat inspection lesions in finishing pigs has shown
that the overall prevalence of lesion codes may be the same in alternative and conventional pig production, but there are different underlying
pathological pictures reflecting the different production systems (ALBAN
et al., 2015). ALBAN et al. (2015) showed a higher risk of osteomyelitis and
tail bite infections in finishing pigs from alternative productions than in
finishing pigs from conventional productions. A reason for this higher
risk could be that pigs from alternative productions are treated later in
the disease course (ALBAN et al., 2015). Another reason could be that pigs
from alternative productions are less-frequently treated with antimicrobials even in the case of tail bite, as suggested by ALBAN et al. (2015).
According to SERUP (2015), personal communication, the recruitment of
breeding stocks to organic production may occur in different ways: Some
use the allowed proportion of breeding stocks from conventional productions (usually 20% of the number of adult animals) and supplement
with their own breeding, while others exclusively use their own breeding
animals. Free-range farms have no restrictions on the proportion of
purchased breeding stocks. Since sows from alternative production in
some cases are purchased from conventional farms, the difference
between de-boning and total condemnation in the different production
systems may be due to both the breeding system and the production
conditions.

From the manual reading of the de-boning result schemes it appeared that
further findings occurred in 0.7% of the carcasses and that 0.5% was
totally condemned (Fig. 3). The main reason for total condemnation was
due to Pale Soft Exudative (PSE) meat (81%). PSE is a quality issue related to
muscle degeneration and is not related to septicaemia.
Only two slaughter employees answered the questionnaires. The answers
indicated daily findings of abscesses during de-boning. The abscesses were
mainly localised in the neck but also in the jaw, the fat, the shoulder, the
pork loin, and in the ham. According to pathologists, the abscesses found in
the neck (injection injuries), jaw (tooth damages), and the fat (bite and
damages) are probably not related to septicaemia, whereas abscesses in
the ham, shoulder, and pork loin could be (JENSEN et al., 2010). The two
slaughter employees assumed that around 26 to 50% of the abscesses
could be found in the rework area if the "septicaemia cuts" (incisions into
the predilection sites) were performed deeper. In one answer it was stated
that the meat inspecting personnel in the rework area were not always using
the knife in the septicaemia inspection, but directly sent the carcass to
de-boning. Besides abscesses in the bones, PSE was stated as one of the
important findings during de-boning, which mainly resulted in total condemnation. No statistically association was found between de-boning and PSE,
implying that approximately the same percentage of PSE is observed among
the carcasses, which are not destined to de-boning as to de-boning.

Source: PEDERSEN et al.
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Fig. 3: Proportion of de-boning (1.8%), further findings during de-boning (0.7%)
and totally condemned carcasses (0.5%). Carcasses were totally condemned
due to PSE (81%), due to PSE, lesions, and osteomyelitis (15%), and due to
osteomyelitis and lesions (4%).

69

Fleischwirtschaft international 2_2017

Research & Development
20 cm. Some lesions were almost healed and others contained fluid pus.
Most abscesses originated from the spinal cord and contained fluid pus. In
comparison, in finishing pigs, the abscesses were mainly very small and
located in the bones, especially in the ribs (BÆKBO et al., 2016). The reason for
this difference could be that the sows have been carrying the lesion for a
longer period due to a longer lifespan compared to finishing pigs.
A total of 172 bacterial samples were isolated from abscesses and out of
these it was possible to identify 158 whereas 14 samples (8%) could not be
identified (Tab. 2). Trueperella spp. (previously named Arcanobacterium
pyogenes ) was the most common bacteria isolated from the abscesses.
Isolation of Trueperella spp. in the majority of abscesses was also described
by KYRVAL et al. (1995) and BÆKBO et al. (2016) and was expected as T. pyogenes is involved in suppurative processes in pigs (NAGARAJA, 2013). The
presence of Streptococcus spp., Staphylococcus spp., and E. coli was also
expected as these bacterial strains are assumed to be causative agents of
septicaemia and osteomyelitis (Z ACHARY and MCGAVIN, 2011; QUINN et al., 2011). It
cannot be excluded that E. coli could have been introduced as contamination as some abscesses were opened in the rework area. E. coli is a normal
inhabitant of the gut, and although highly pathogenic variants exist, presence of E. coli in meat is mostly used as an indicator of fecal contamination
and not itself assumed to represent a human health risk (L AWLEY, 2013).
Several species of Pasteurella multocida , Staphylococcus , Streptococcus ,
Klebsiella pneumoniae , and Enterococcus in abscesses are characterized as
opportunistic pathogens, and thereby believed to cause secondary infections. K. pneumoniae was only isolated from one abscess, and human infections are often spread by person-to-person contact (CDC, 2012). Therefore, it
was assessed that K. pneumoniae do not represent a food safety risk.
S. aureus is the primary source responsible for purulent septicaemia
(QUINN et al., 2011). In the present study it was assessed to be the only
potential food safety hazard. S. aureus was only identified in two abscesses (1.2%) and not in any muscle samples. Furthermore, no methicillin-resistant S. aureus (MRSA) was found. The presence of S. aureus
itself in low numbers in raw meat does not represent a food safety risk,
because enterotoxin is only produced if the population exceed 106 CFU/g
of food. In addition, enterotoxins are not produced at temperatures below
10 °C (SCHELIN et al., 2011). S. warneri was identified in one out of six muscle
samples with bacterial growth and is not believed to represent a food
safety risk.

pected that the majority of these will be found during cutting or routine
de-boning as the meat is generally cut to a relatively small size primarily
without bones before it reaches the consumer. The probability of finding
abscesses is expected to be the same if de-boning procedure is replaced
with local cleanings – this is also the case for micro-abscesses. This may
suggest that the effect of de-boning procedure could be negligible in
relation to food safety. No food safety problems seem to be associated with
meat from de-boned sows and fully approved sows. Therefore, the deboning procedure may be regarded as a quality assurance and could be
replaced with local cleaning of lesions. In replacement of the de-boning
procedure to local cleanings, the bones without abscesses could be allocated as Category 3 animal by-products instead of Category 2, which includes a requirement for pressure sterilisation.
Between January 2014 and December 2015, Skærbæk Abattoir received
ten customer complaints in total regarding meat products from de-boned
sows. None of these customer complaints were related to abscesses, but
exclusively to cut and packet errors (PEDERSEN, 2015, personal communication). This suggests a low probability of finding abscesses by the consumer.
Even if an abscess will be found, these will not have any food safety relevance, but is considered a quality issue. The meat will probably be sent
back to the store or destroyed.

Conclusion
In Denmark 1.8% of the slaughtered sows are sent for de-boning yearly. Herd
type was found to be a risk factor connected to de-boning. Sows from conventional farms had a higher risk for de-boning than sows from alternative
production. However, sows from the alternative production had a higher risk
of being totally condemned than sows from conventional farms. PSE was
observed as the main reason for total condemnation after de-boning. However, PSE is a quality issue and not related to septicaemia. Based on the
identified bacterial strains and the statistical analyses, no food safety risk
was found related to meat from de-boned sows compared to meat from fully
approved sows.
Overall, it was concluded that the de-boning procedure has a negligible
impact on food safety. Therefore, this routine procedure could be replaced
by more focus on the predilection sites of abscesses and local cleansing of
lesions. If de-boning is no longer required, it is expected that the majority of

Assessment of food safety risk

Replacement of de-boning
The present study shows that de-boning employees find additional abscesses during de-boning, which may indicate that in some cases the
employees in the rework area are not performing a sufficiently thorough
inspection of the whole carcass. This may reflect an agreement between
de-boning and rework employees – in particular in situations when time and
manpower are lacking in the rework area.
If de-boning in case of chronic purulent lesions indicative of prior septicaemia is no longer a legal requirement in Denmark, it is important to ensure
that the rework staff focuses on finding abscesses on carcasses with
chronic purulent lesions. That should be possible, because according to the
de-boning employee a substantial part of the abscesses could be found in
the rework area if the "septicaemia cuts" – i.e. cuts into the predilection
sites – were performed deeper. This should ensure that most abscesses are
found in the rework area. In case an abscess is overlooked here, it is ex-

Localisation
..........................................................

A total of 97% muscle samples from de-boned sows and 95% muscle samples from fully approved sows were sterile (or below the detection level of
the applied method). Only three samples out of 105 and three out of 60 had
presence of bacteria. There was no association between findings of bacteria
in abscess and muscle samples from the same animal; neither for bacteria in
general (P= 1) nor for S. aureus, specifically (P= 1). There was no association
between findings of bacteria in the muscle samples from de-boned sows
and fully approved sows (P= 0.67). This indicates that the food safety risk
connected with consumption of meat from de-boned sows is the same as for
meat from fully approved sows. The same was observed for finishing pigs
(BÆKBO et al., 2016).

Tab. 1: Distribution of the localisation of 127 abscesses found in
different sites of 105 sow carcasses sent for de-boning at
Skærbæk Abattoir during three weeks between January and
March 2015, Denmark.
Localisationa
Tenderloin
Backbone
Rib
Breastbone
Pelvis
Ham
Lung
Clavicle
Claw abscess
Otherb
Total

No. (%)
41 (32.3)
27 (21.3)
21 (16.5)
20 (15.8)
3 (2.4)
3 (2.4)
2 (1.6)
2 (1.6)
2 (1.6)
6 (4.7)
127 (100.0)

a: Most of the abscesses are expected to be caused by prior pyaemia, and in most cases
the port of entrance was probably a tail bite.
b: Brain, femur, joint abscess, scapular, and shoulder lesion.
Source: PEDERSEN et al.
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Identification
........................................................................

Tab. 2: Distribution of 172 identified bacteria isolated from
abscesses at Skærbæk Abattoir during three weeks between
January and March 2015, Denmark.

Identified bacteria
Trueperella spp.
Trueperella pyogenes
Trueperella spp.
Streptococcu s spp.
Streptococcus spp.
Streptococcus dysgalactiae
Streptococcus equi
Streptococcus canis
Staphylococcus spp.
Staphylococcus warneri
Staphylococcus hominis
Staphylococcus chromogenes
Staphylococcus haemolyticus
Staphylococcus aureus
Other
Escherichia coli
Pasteurella multocida
Enterococcus avium/ raffinosus
Klebsiella pneumoniae
Unidentified
Total

Source: PEDERSEN et al.

No. (%)
113 (65.7)
81 (47.1)
32 (18.6)
19 (11.1)
8 (4.7)
6 (3.5)
4 (2.3)
1 (0.6)
8 (4.7)
3 (1.7)
1 (0.6)
1 (0.6)
1 (0.6)
2 (1.2)
18 (10.5)
8 (4.7)
8 (4.7)
1 (0.6)
1 (0.6)
14 (8.1)
172 (100.0)
FLEISCHWIRTSCHAFT international 2_2017

abscesses will be found in the rework area or during cutting and routine
de-boning due to the small meat sizes – mainly without bone – required by
the retail sector.

Practical importance
This study indicated that the de-boning procedure has a negligible impact
on food safety and may no longer be a requirement. If de-boning is no longer
required it will result in a cost-reduction of around 200,000 € for Danish sow
producers per year.
Postscript
The Danish Veterinary and Food administration are expected to decide that the
de-boning procedure will no longer be a requirement in Denmark from mid 2017.
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