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ABSTRACT

A slaughterhouse told us about the occurrencebtdecoloration of meat from commercial rabbits. It
occurs in the summer time, a few days after slarght retailers. In order to highlight the potehti
etiological agent, histological and bacteriologieghminations were carried out at the same timet Fo
bacteria emergedEnterococcus hirae, Escherichia coli, StaphylocacaureusandPseudomonas
libanensis which were identified and confirmed using Maldf-inass spectrometry technology. The
isolated bacteria were then seeded individuallpain temperature under a hood on the surface of a
healthy rabbit carcass. Coloration occurred afehdurs only on meat inoculated wiRiseudomonas
libanensis We conclude that this bacterium is at the ordafithe coloration observed in retailers. The
literature indicates that a break in the cold chsimecessary for the bacteria to develop at Z5°-G. A
slaughterhouse cleaning procedure and a remindgreodisinfection of the hands of chain operatoes a
in place. Recording thermometers are put in boxesrvthey leave the slaughterhouse in order toifgent
where the cold chain has broken.
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INTRODUCTION

The manager of a French slaughterhouse was quegtimnsome of his customers about the occurrence
of blue spots on the rabbit carcasses that he tdded. This is the fourth time this has happerEd.

1). He asked us to find the origin of this problamd to find a practical solution as soon as passibl
During slaughter, the meat appeared healthy andalotired, without any lesions. Three days aftathie
the blue spots appeared in the refrigerators aiilrbtitchers delivered by the slaughterhouse. Taia,s
initially small, enlarged as time passed untildvered almost the entire carcass. It was summentiitie
temperatures approaching °38. Given the unknown severity of this problem, thlaughterhouse
informed the Veterinary State Services. Accordimdtd survey, spots seemed to have developed only o
rabbits coming from a large farm which provides Ilék of its supply. What follows will show that s&s
have also occurred in rabbits from other farms.t@ced by the veterinarians in charge of the dosgie
the Departmental Directorate of Population ProteciDDcsPP), we decided to set up an experiment
aimed at identifying the causes of this abnormafityistological examination can tell us about tiz¢ure

of the lesion and tell us whether it is pre- ortposrtem (usually if a lesion was created during th
animal's lifetime, there should be traces of infiaation). This examination will also guide us towstke
nature of the potential contaminating agents. Txamination will be followed by a bacteriological
examination to possibly demonstrate the presencbaoferia revived after thawing. Finally, Rossel
indicated that such colourings may be due to algdRosell et al., 2000).
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MATERIALSAND METHODS

The slaughterer gave us only one sample, so tliy $deused on this frozen blue rabbit. It was
given to us in parchment paper which itself tingdghtly blue on the parts that covered the
lesions on the carcass. For the rest of the prtdpae used a normal frozen rabbit carcass not
related to either the breeder or the slaughterhouse

Three affected muscles were sampled, fixed in 4%eted formalin (SAFECAPSULE system
250 ml of the Microm Microtech brand containing @ of PBS buffer and 19 ml of
concentrated formalin) and sent to the laborat&ymples were dehydrated and embedded in
paraffin. Sections, gm thick, were mounted on a glass slide and stawi#d hematoxylin and
eosin and PAS. Slides were analyzed using a Nilatip$e Ci light microscope.

A bacteriological examination was carried out. |gsinsterile loop, the surface of the carcass wagped

at the level of the lesion. Then, the sample wasutated on two types of dishes, a non-selectivkri
medium, with agar supplemented with sheep blood, aselective medium for non-demanding Gram-
negative bacilli, with Drigalski agar, a lactosel&ion medium. They were incubated at 37°C or 30B°rC
an oven for 24 to 48 hours. At the same time, aitivat broth was inoculated and then incubated2r
hours. It was then inoculated on the same typeagaf at the same temperaturéise day after, the
colonies were sub-cultured to isolate and purify the bacteria of interest. The colonies were then analyzed
using a mass spectrometer technology (Maldi-tofictvidirectly analyzes the macromolecules of difféere
bacteria, in particular proteins of ribosomal amigrhe bacterial strains were deposited on a sisérdteel
plate and mixed with a matrix which has two funetioto protect the colonies from the laser and to
positively charge the proteins once the laser lased out the physicochemical desorption of each
bacterium. The proteins fly in an evacuated tule @rsensor positioned at the end of the flight tisbe
able to transform the signal (molecular weight ainel speed at which the molecule has reached the
sensor) into proteomic curves / fingerprints. Thevide measures the abundant proteins found in
microorganisms and their characteristics, then hest¢hem to a database (NCBI - National Center for
Biotechnology information) to accurately identifyetmicroorganism.

As for the bacteriological examination, using arilteloop, we spread the scraping product from the
carcass taken from the bluish lesions on a soe&#bouraud agar which allows the cultivation ofgi
yeasts but also algae of the geRustotheca It was incubated at 30 ° C for 5 days. In caspatitive
culture, direct examination under an optical micope was considered. It should be noted that the
prototheca could also have grown on a blood agamaa specific “PIM” medium (Prototheca isolation
medium), which we did not have (Swinne et al., 2002

Once the various bacterial agents had been isolttectolonies were taken directly using a stesitab

and then placed on the rabbit carcass that showéelsion. The carcass was left at room temperdture
72 hours. It was placed under a hood on a clearefdedisinfectable tray and then covered with a
transparent glass container allowing its evolutionbe observed. At the end of the experiment the
carcasses were cremated and the equipment waedlaad disinfected.

RESULTSAND DISCUSSION
The muscle was of normal appearance, without arflanimation or necrosis. A thick layer of

polymorphic bacteria, mainly cocci, was observedtsrsurface, admixed with rare yeast-like elements
(Fig.2) and fungal pseudohyphae visible in PAShatai



World Rabbit Science Association
12th World Rabbit Congress - November 3-5 2021 - Nantes, France, Communication O-03, 5 pp.

,‘ : L ..'t‘\. '_';‘r {hf Tl
&7, ¢ {

e,
a0

Figure 1. Rabbit carcass with blue spots Figure 2 Histological features of the muscles: A thick

layer of basophilic bacteria covers the normal
appearing muscle. Hematoxylin and eosin (X2)

Four bacteria were isolated and then confirmed. dgnthem,Enterococcus hirae, Escherichia calid
Staphylococcus aurewghich are potentially pathogenic agents frequeatigountered in rabbit farming
andPseudomonas libanensisot known to be pathogenic for this species (Beua@and Nouaille, 2013).
Nothing grew on the boxes placed at 37 ° C for d8rb. Pseudomonagrew (without enrichment) on
Drigalski agar placed at 30 ° C for 24 hours. Uioflesced in black light (Fig. 3). But it is followg the
enrichment by the nutrient medium and the subdufjuon a Drigalski agar that the staphylococcus and
the E. coligrew at 37 ° C, while the sanke coli and theenterococcugirew on this agar at 30 ° C in 24
hours.

Figure 3 Bacteria passed under a Wood's lamp to Figure 4 Appearance of the meat 48 hours after
reveal the fluorescence inoculation: blue spots appear whé&dibanensishas
been deposited.

No algae or fungus could be detected after 5 dgythib culture under the conditions mentioned, hegit

on Sabouraud agar, nor on blood agar at 30 ° C.lildrature mentions, in case of positive prototiiec
algae, a growth in 24 hours (Swinne et al. 2002).

The meat doesn’t change in appearance nor in calear result of the deposition Bhterococcus hirae,
Escherichia colior Staphylococcus aureuk contrast, it takes on a slightly yellowishtton the first day
and then turns blue after 48 hours on surfaceselszudomonas libanendias been deposited (Fig. 4).

It is concluded that this bacterium, which devetbm room temperature, is the cause of the blue
colouring of the carcasses.

Pseudomonasontains an impressive nhumber of species, corisglénat there are more than 2000. Most
are part of the commensal flora of mammals, but rdgbit is known to be also infected with
Pseudomonas areruginas@s in humans, the bacteria can contaminate the kit is constantly
moistened, creating dermatitis. The bacteria thefiferate on the skin creating a greenish halahmn
hairs surrounding the lesion. Among humans withkeead immunity, it can create pulmonary, urinary
and sepsis infections (Garibaldi, 1990, O’'Donoghi@&1, Schoenbaum 1981). Daboussi et al. (1999)
proposed to rename, on phenotypic and phylogenierier, a strain ofPseudomonas fluorescems
Pseudomonas libanensiBus naming a new species. It has been depoditdt dnstitut Pasteur (CIP
105460T) (Dabboussi, 1999). The difference betwRemeruginosaandP. libanensisis based on the
production of pyocyanirP. libanensiscan be differentiated from othBr fluorescendy the assimilation

of alpha amino-butyrate (Anzai, 2000; Meyer, 200@wever, its clinical significance is unknown to
date and there is no publication linking the baaterto diseasePseudomonas fluorescefmsms colonies
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that arefluorescent (hence its name}. Libanensisretained this property due to the production of
pyoverdin. Its optimum growth temperature is betw2b and 30 ° C. This bacterium is known to be able
to contaminate and then colour different foodstsfish as cheese or meat (Andreani, 2015). The very
chemical nature of the pigment found on the cagsggdsowever, was not investigated in this experimen
It should also be noted thBseudomonas general, in addition tthe production of pigments, can also
produce enzymes that can alter meat or changastis {Andreani, 2015).

The few rare yeast-like elements were observedy Tdre probably contaminants. No algae were
observed.

It is considered that the meat of a slaughteredirabust be brought to 2 ° C in one hour in a aupli
tunnel. It must then be stored at 4 ° C maximumllgctf, 2009).Pseudomonasn the other hand, grow
at temperature ranges of between 25 and 30 ° GeThast therefore have been a necessary break in th
cold chain to promote the development of the bacteon the carcasses. Any increase in temperature
causes and accelerates microbial growth and stsathershelf life of the product (DGCCRF 2018).

The lesions observed are compatible with post-monteodifications previously described in rabbits,
linked to a break in the cold chain. The literataites cases of meat staining blue with overgroefth
Pseudomonas fluoresceasd sometimes other Pseudomonas (Andreani, 20idnyinous, 2020; Rosell

et al., 2000, Sarale et al., 2011). Théxeudomonagproduce a yellow pigment which upon lipid
peroxidation of meat and fat can turn into a blypgiment (Frazier et al., 1984).

The slaughterhouse was therefore advised to etmplipackages with recording chips (thermobutton) in
order to detect where the rupture of the cold cleairdd occur. This system was difficult to set we do

the multiplicity of resellers and the difficulty targeting one of them. In fact, the slaughterh@adls to a
wholesaler who himself resells to a multiplicity raftailers. Disposable recording equipment haven bee
purchased and packages will be able to be traceithefsame time, DDcsPP veterinarians revealeda po
practice of hand washing among operators, whicbri the inoculation oP libanensison carcasses.
The disinfection procedures with hydroalcoholic balve thus been strengthened. Finally, it was also
advised to search foPseudomonas libanensim the work environment of chain operators. The
slaughterhouse preferred to set up a cleaning guweeusing enzymatic foam and disinfection of the
entire chain, including the slaughterhouse, cotthrs, evaporators. The water is regularly analyzagu
agar slides to highlight arseudomonas.

CONCLUSION

Cases of blue coloring in rabbit meat are rareedual for these cases to emerge, bothpttesence of
Pseudomonasind a break in the cold chain are required. Thee gqaresented here has the
particularity of being due to Bseudomonawhose speciediljanensi3 was recently redefined.
Better application of slaughterhouse hygiene raled special attention to the cold chain have
made it possible not to reproduce the phenomenon
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s, INTRODUCTION

Y occurrence of blue spots on the rabbit carcasses.

Y origin of this problem and find a practical solution.
» During slaughter, the meat appeared not coloured,
» Three days after death, the blue spots appeared.
» The stain, initially small, enlarged.

Y It was summertime (35° C).

Y Experiment aimed at identifying the causes of this abnormality.
> A histological examination
* bacteriological examination




MATERIALS AND METHODS

Y Three affected muscles, fixed and sent to the laboratory.
Y Bacteriological examination.
» Surface of the carcass was scraped at the level of the lesion.
Y Then, the sample was inoculated on two types of dishes,
' a non-selective and rich medium,
' a selective medium with Drigalski agar.
Y They were incubated at 37°C or 30°C in an oven for 24 to 48 hours.




MATERIALS AND METHODS

Y The day after, the colonies were sub-cultured.
The colonies were then analyzed using a mass spectrometer technology (Maldi-tof)

Y Scraping product from the carcass on a so-called Sabouraud agar which allows the
cultivation of fungi and algae of the genus Prototheca.

" It was incubated at 30 ° C for 5 days.

Y The colonies were taken directly using a sterile swab and then placed on the rabbit
carcass that showed no lesion.

' The carcass was left at room temperature for 72 hours.

D




- RESULTS
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Y The muscle was of normal appearance, without any R TREEEE
Inflammation or necrosis. »«\:wk | rf

¥ Four bacteria were isolated and then confirmed. R \'\\
" Enterococcus hirae, -  | f "

“Escherichia coli
- Staphylococcus aureus

Pseudomonas libanensis, not known to be pathogenic
for this species

Y Pseudomonas grew (without enrichment) on Drigalski
agar placed at 30 ° C for 24 hours.

Y It fluoresced in black light.
Y No algae or fungus could be detected after 5 days




RESULTS

SANTE ANIMALE \

Y The meat doesn’t change in appearance nor in
colour as a result of the deposition of
Enterococcus hirae, Escherichia coli or
Staphylococcus aureus.

Y In contrast, yellowish tint on the first day and
then turns blue after 48 hours where
Pseudomonas libanensis has been deposited.

Y This bacterium, developed at room temperature,
IS the cause of the blue colouring of the
carcasses.




DISCUSSION

SANTE ANIMALE \

Y The rabbit is known to be also infected with
Pseudomonas areruginosa.
» The bacteria can contaminate the skin if it is
constantly moistened, creating dermatitis.

» The bacteria then proliferate on the skin
creating a greenish halo on the hairs

surrounding the lesion.

Y Daboussi et al. (1999) proposed to rename,
on phenotypic and phylogenic criteria, a
strain of Pseudomonas fluorescens to
Pseudomonas libanensis




DISCUSSION

Y Difference between P. aeruginosa and P. libanensis is based on the
oroduction of pyocyanin.

Y P. libanensis can be differentiated from other P. fluorescens by
assimilation of alpha amino-butyrate.

Y However, its clinical significance is unknown.
Y Optimum growth temperature between 25 and 30 ° C.

Y This bacterium is able to contaminate and then colour different foodstuffs
such as cheese or meat.




DISCUSSION

Y It is considered that the meat of a slaughtered rabbit must be brought to
2 ° C in one hour in a cooling tunnel.

" It must then be stored at 4 ° C maximum.

Y Pseudomonas, on the other hand, grow at temperature ranges of
between 25 and 30 ° C.

Y Necessary break in the cold chain to promote the development of the
bacterium on the carcasses.

Y Lesions are compatible with post-mortem modifications linked to a break
In the cold chain.




CONCLUSION

Y Cases of blue coloring in rabbit meat are rare.
Y Particularity of being due to a Pseudomonas whose species (libanensis)
was recently redefined.

Y Better application of slaughterhouse hygiene rules and special attention to
the cold chain have made it possible not to reproduce the phenomenon

10




SANTE ANIMALE

Thank’s for your
attention
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