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’'•^¿¿bgcterium thermosphactum: Fäulnisindikator für Rindfleisch
SlEGER j . m u l d e r2
öti'alinstitut für Ernährungsforschung - TNO, Zeist, Niederlande

^  entralinstitut für Ernahrungsforschung TNO wurden viele Untersuchungen ausgeführt in Bezug auf 
^  Kontamination und das Wachstum von Bakterien auf Rindfleisch. Die Resultate dieser Untersuchungen 

en kurz besprochen an Hand von Angaben über Microbacterium thermosphactum.
Kontamination von Rindfleisch mit M. thermosphactum stammt von der Haut, auf welcher sie immer«tge .

 ̂ roffen wird. Auf der Rinderhaut korrelieren die Mengen Pseudomonasbakterien und die Mengen 
ti0therm°sphactum positiv mit einander- Desinfektion der Haut von Schlachttieren senkt den Kontamina- 
g sSrad des Rindfleisches mit psychrotrophen Organismen.

b Aufbewahrung von Rinderschlachtkörpern in Schlachthöfen steigt die Anzahl von M. thermosphactum 
 ̂ ehr als 10 /cm Bakterien in 10 bis 17 Tagen. Die wichtigsten Faulnisorganismen, nämlich die 
j U<ä°monasbakterien, erreichen diese Zahl einige Tage früher.

hängendem Transport von Schlachtkörpern sind der Lastkraftwagen und das beförderte Fleisch°htige Kontaminationsquellen. Beim Transport von Teilstücken fördert die Kreuzkontamination mit
ve Fleisch die Keimzahlen. M. thermosphactum und Pseudomonasbakterien sind meistens stark
0 î'e'ten in der Kontaminationsflora.H
j,. em Versand und weiterer Verteilung von Rindfleisch wächst M. thermosphactum in einzelnen 

schneller als Pseudomonasbakterien, zum Beispiel bei Fleisch aufbewahrt in einer Gas-*tn,0
V  ere von C02 und °2’ In diesen Fallen entsteht Fäulnis (Verfärbungen, Geruchsabweichungen) 

Sachlich durch M. thermosphactum.

Si
ÜSterium thermosphactum: spoilage indicator of beef

t
Seth J- MULDER

erl&nds Centre for Meat Technology, Dept, of Central Institute for Nutrition and Food Research-TNOIt
On Central Institute for Nutrition and Food Research TNO extensive studies have been carried out

nts>mination and growth of bacteria on beef. The principal results of these investigations are
l) ^sd and illustrated with data from analysis of Microbacterium thermosphactum.
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“osphactum is important for beef because of its psychrotrophic properties and its rapid growth 
•'•gerated beef. It was found on the skin of animals before slaughter. On these skins a positive 

abion existed between the counts of M. thermosphactum and other psychrotrophic bacteria. It was
that bacteriological contamination of carcasses for the greater part originates from the skin
mal
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s. During storage of beef carcasses in slaughterhouses M. thermosphactum counts increase from 
e limit of detection (10^ bacteria per cm^) after slaughter to ca 10^ bacteria per cm^ after

“Suit day s. During this storage time some signs of spoilage become evident; this spoilage mainly
^  Ir°m growth of pseudomonads. During shipment of carcasses bacteriological contaminatic

related with the hygienic situation in transport vehicles and with microbiological condition 
, “'•her
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meats. During shipment of primal cuts cross-contamination between the cuts is the cause of 
changes in bacteriological condition. M. thermosphactum and pseudomonads represent an im-n t

Ift Part of the contaminating flora.
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cases of meat distribution M. thermosphactum multiplies more rapidly than all other psychro- 
kacteria. This is illustrated by results from research on beef stored in a gas atmosphere 
lng of carbondioxyde and oxygen. In all these cases spoilage of meat (discolouration, taints)
1Pally caused by a high number of cells of M. thermosphactum.
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Microbacterium thermosphactum: indicateur de détérioration dans la viande de boeuf 

SIEGER J. MULDER
Institut Central de la Nutrition et de l'Alimentation - TNO, Zeist, Pays Bas 

A notre Institut on a fait des recherches étendues sur la contamination et la croissance de bact®1"'’’ieS
dans la viande de boeuf. Les principaux résultats de ces investigations ont été rapportés et ü luS 
par des données d'analyse de Microbacterium thermosphactum. Nous avons trouvé M. thermosphactum 
peau d'animaux avant l'abattage. Sur ces peaux les nombres de M. thermosphactum avaient une corr 
positive à d'autres bactéries psychrotropiques. La contamination bactériologique des cadavres é
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pour la plupart originaire de la peau des animaux. Pendant le stockage des cadavres de boeuf dans 
abattoirs, le nombre de M. thermosphactum augmente à partir de la limite de détection (102 bactefi8 
le cm2) après l'abattage jusqu'à environ 10^ bacteria le cm2 après 10/17 jours. Pendant le transP°r 
des cadavres, la contamination bactériologique dépendait pour la plus grande partie da la situati0” ̂  
hygiénique dans les véhicules de transport, et de la condition microbiologique d'autres produits c 
se trouvant dans les mêmes véhicules. Pendant le transport de morceaux coupés pour la première  ̂
la contamination croisée parmi les morceaux est la cause de changements considérables de la condi41 
bactériologique.
Dans certains cas de distributions de viande, M. thermosphactum se multiplie plus rapidement que 
toutes les autres bactéries psychrotrophiques, ce qui est illustré par les résultats des recherc^5 
sur le boeuf stocké dans un atmosphère de gas se composant de carbondioxyde et d'oxygène. Dans t£,uS 

ces cas la détérioration de la viande (décoloration, odeur) est surtout causé par un grand nombTe 
cellules de M. thermosphactum.

Microbacterium thermosphactum - noKa3aTejib nopuM rossflUHbi.

C. fi. My/lflEP.

M3 OTflena "HMAepnaHACKMÎÎ peHTp mhchom  TexHonorMM1' U eHTpanbHoro HMH nMTaHMft m rmuiM, 3 e ü c T , ronnnaHflM f-

cTe
B iteHTpanbHOM HMH riMTaHMH m rtMujM npM TNO npoBeneHbi oOuiMpHue MCcneflOBaHMn no 3arpa3HeHMM roBHflMHW m P° 

SaKTepMM Ha Hefi.
ripMBOflBTCB rnaBHbie pe3ynbTaTbi, a Taxwe npMMepu m3 aHariMTMMecKMX flaHHbix no Microbacterium therm osphact^18' 

M. thermosphactum «Meet 3HaueHMe ajib tobbamhu M3-3a cbomx ncMxpoTponMMecKMX cbomctb m Gbictporo pocta Ha
oxnawACHHOM Mace.

h8*
M. therm o sp hac tu m  6uno oRnapyweHO Ha xowe npeAyPoMHbix m m b o t h u x . Ha TaKMX xowax cymecTBOBana nono*<MTe.nb 

xoppenauMa MewAy MMcneHHOCTbm M. therm o sp hac tu m  m APyrMMM ncMxpoTponMuecKMMM 6aKTepMaMM. Bbino noK3 3 aHO> 

UTO KOKM HB/IHIOTCH maBHblM MCTOMHMKOM GaKTepMiÎHOrO 3arpa3HeHM H Tyi'J.
Bo BpeMB xpaHeHMH t o b b a m h u  b cKOTo6oiÎHax UMcneHHOCTM M. th e rm o sp h a c tu m  yBenMUMBaiOTCa npMMepHO o t  npefle/1 

AeTexuMM (10 GaKTepMM Ha c m ; cpa3y  nocne y 6 o a , a°  npMMepHO 10 6aKTepMÜ/cM uepe3  10-17 A Heâ. B Te 

Takoro xpaneHMA oSHapywMBaiOTca H exoTopue npM3H3KM nopuM, oSycnoBneHHOM rnaBHbiM o6pa30M  npMpocTOM 

nceBAOMOHaAOB.
Bo BpeMB nepeB0 3 KM Tyiu mx  6 axTepMÎÎHoe 3 a rp a 3 HeHMe 3 3 bmcmt  npeMMymecTBeHHO o t  caHMTapHux ycnoBMM a 4>yP 

roH ax, a Taxwe o t  mmxpoGMa/ib h o to  c o c to s h m b  APyrMx Mac.

Bo BpeMn nepeB03KM nepBMUHbix OTpe3KOB B3aMM03apaweHMe aB/iaeTCa m c to h h m xo m  3HauMTenbHbix M3 MeHeHMfi 8 

GaKTepManbHOM c o c t o b h m m . M. th e rm o sp h ac tu m  m nceBAOMOHaAbi coCTaBnaioT cymecTBeHHyio uacTb 3 apawaiotueH 

(Jinopbi.

npM HexoTopbix CMCTeMax 3 a to to b k m  Maca M. th e rm o sp h a c tu m  pa3MHOwaeTca Gbictpee Bcex ApyrMX ncM xpoTp°nM

MX

HecKMx GaKTepMM, yTBepwAeHMeM KOToporo aBnaiOTca pe3ynbTaTbi HaSniOAeHMM h s a  t o b a a m h o m , xpaHaeMofi noA aT
„ 1 .  « o a c l< e(JiepoM, cocToaneM Ca m3 y rn e x M c n o ro  ra 3 a  m KMcnopoAa. Bo a ce x  o tm x  cnyH aax nopua Maca (M3 MeHeHMB 8 

npMBKycu) Gbina o6ycnoBneHa rnaBHWM o6pa30M  noBbiweHHOM UMCneHHOCTbio M. th e rm o sp h a c tu m .
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^CROBACTERIUN THERMOSPHACTUM: SPOILAGE-INDICATOR OF BEEF

Met h Sieger J. Mùldsr
Brlands Centre fo r  Meat Technology, Dept, o f Central In s t itu te  fo r  N u tr it io n  and Food Research TNO

Z e is t, The Netherlands 
■introduction

1953 Microbacterium thermosphactum was described by McLean and Salzbacher (8] as a new species, 
ls ° la ted  from fresh sausages. Since tha t time th is  bacterium was found by many inves tiga to rs  on 
va rious meat products.

thermosphactum forms chains of regu lar rods, is  Gram-positive, catalase p o s itive  and grows ae rob ica lly  
®t temperatures from 0-30 °C; i t  does not grow at 37 °C (2, 8, 15). Growth proceeds at oxygen concentrations 
Df less than 0.2 % [15) and high carbon d ioxide concentrations [14). Glucose and possib ly glutamate are 
Jsed up by growth on meat (5, 12). A se lec tive  medium has been developed by Gardner [4 ).

2.

2.1

Mela t iv e ly  l i t t l e  is  Known o f contamination o f meat w ith M. thermosphactum and i t s  re la tio n  w ith other 
Stoups 0.p psychrotrophic micro-organisms. Not much has been published about its  growth on meat under 
ndustria l cond itions, and i t s  con tribu tion  to  spoilage e ith e r. In  th is  paper these aspects are i l lu s tra te d  
y inves tiga tions  performed in  1972-1975.

^ Périment s. re su lts  and discussion 
§ac te rio log ica l contamination of_bovine carcasses
Psychrotrophic bacteria  are found on bovine carcasses immediately a fte r  s laughter. Among these bacteria  

thermosphactum and pseudomonads have an important place.
was investigated whether these bacteria  could be found in  bovine animals on the sKin or in  the d igestive  

tr'act. From 5 animals samples o f skin were taken a fte r  bleeding and from these the micro-organisms were 
Washed w ith d ilu t io n  f lu id  [7 ) . A fte r ev iscera tion  samples were taken too from d iffe re n t places o f the 
Contents o f the d igestive  tr a c t .
founts o f M. thermosphactum (4 ), pseudomonads (6) and aerobic count were performed from a l l  samples, 

the colonies o f the se lec tive  media were confirmed, 
he re su lts  show tha t M. thermosphactum is  found on the skin o f a l l  5 animals (tab le  1). 
hs number o f these bacteria  is  ra the r sm all, e .g. 10^ a 10^ per cm . D is t in c t ly  more pseudomonads are 

^ound on the skins although these bacteria  only compose a minor fra c tio n  o f the to ta l m icro flo ra  ( f ig .  1).
^ s ig n if ic a n t p o s itive  co rre la tio n  ex is ts  between the counts o f M. thermosphactum and pseudomonads 
°n the skin (rank-co rre la tion  o f Spearman pL 0.05).

Mean bacteriological counts of cow skins

* M.thermosph. 
** Pseudomonas 

* * * aerobic count

Fig.2. Aerobic counts on 6 spots of fattened calf carcasses
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* calves slaughtered with disinfected skin on disinfected slaughterline 
** calves slaughtered on disinfected slaughterline 

*** carcasses slaughtered normally
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Fig.3- Development of M ■thermosphacturn on
bovine carcasses in b slaughterhouses

M. thermosphac turn on 18 spots 
of bovine carcasses after 
storage

11.0 silverside
12.0 leg
13-0 fhin flank 
lb .  o le g

1.0 neck 
2.• shin
3.0 pony
b. o fore-rib 
5. o flank

• high counts > ,
o low counts

? \\ 15-0 topside
16. • thin flank1 is\ 17.0 thin flank

p H 18. • flank

6.• brisket 
7- • pony
8. • brisket
9. • neck

10. • neck

Such a co rre la tio n  is  not found between the aerobic count and one o f the psychrotrophic counts. r
In samples from the d igestive  tra c t fl. thermosphactum has not been detected and pseudomonads only nave b® 
found in c id e n tly  in  very low numbers.
A ll  these re su lts  ind ica te  th a t the bovine skin is  an important source o f carcass contamination.
This has been confirmed by the fo llow ing  experiment, performed in  1972.

From two fattened calves the skin was cleaned w ith water and desinfected w ith  6 % la c t ic  acid immediately 
before slaughter. This treatment reduced the aerobic count o f the skin to  ca 1 % o f the o r ig in a l number 0 
bacte ria . Then both calves were slaughtered on a cleaned and desinfected s laugh te rline .
By means o f comparison two fattened calves were slaughtered on the same s laugh te rline , however without 
treatment of the sk in . Also two fattened calves were slaughtered a fte r  the s laugh te rline  had been in 
operation fo r  1/2 h and ca 30 calves had been slaughtered. A ll  fa ttened c a lf  carcasses were investigated 
b a c te r io lo g ic a lly  by c u ttin g  10 cm2 from the surface meat at d if fe re n t spots.
The re su lts  show tha t d is in fe c tio n  o f the skin reduced the contamination o f carcasses considerably.
The aerobic count o f treated c a lf  carcasses was only 2 a 20 % o f counts on untreated carcasses ( f ig -  2 -rS 
From the aerobic count can be concluded tha t the skin not only contributes to  the psychrotrohic m icrof1® '^  
o f fre sh ly  slaughtered carcasses, but also the mesophiles. This has been confirmed by several investigst 
C1, 9. 13).
Furthermore the re su lts  o f f ig .  2 shows th a t b a c te rio lo g ica l contamination increases a l i t t l e  b it  durihS 
operation o f the s laugh te rline . A fte r 1/2 h in  operation the b a c te rio lo g ica l load o f some spots on t he 
carcasses was 5 times higher than at the beginning.

2.2 §acterio log ica l_grow th on_carcasses
Bovine carcasses were hung in  cold stores o f 4 slaughterhouses fo r  about 2 weeks. Each carcass was 
sampled b a c te r io lo g ic a lly  three times a week. Samples o f 18 spots per carcass were cut from the surface 
t f ig .  4 ). The mean re su lts  o f extreme slaughterhouses and o ve ra ll means are given in  f ig .  3.
The re su lts  show tha t the h. thermosphactum increases most ra p id ly  in  the cold store w ith the highest Oq). 
temperature (2 a 4 C), and tha t the growth is  slowest in  the store w ith  the lowest temperature l~1  ̂ 2
A fte r a storage time o f 10 days the mean counts o f li. thermosphactum are more than 10° bacteria  per cl”  ̂
on carcasses w ith re la t iv e ly  rap id 'grow th, and ca 10 b bacteria  per cm2 on carcasses w ith re la t iv e ly  s °aCjy 
growth. At the same time pseudomonad counts generally are a t least 10 times higher and often cause air® 
d isco loura tion  and slime form ation. However, both groups o f bacteria grow re la t iv e ly  rapid on the same 
carcasses.

f  no?11
The cargasses were storecj during the time th a t a part o f the spots reached M. thermosphactum counts 
than 10° bacteria  per cm . 5e
By means o f th is  i t  was found tha t the same spots genera lly reached re la t iv e ly  high counts [ f ig .  
spots are s itua ted  On the carcasses at the neck, where the head is  cut away, a t the shin
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j  tlle fo re leg , and on the out meat o f the breast and abdomen. A ll  these spots are handed re la t iv e ly  
hlcenSive durin§ slaughter by dehiding and cu tt in g . This handling caused contamination w ith psychrctrophic 

r o-organisms from the sk in , re su ltin g  in  rapid growth on these spots o f the carcasses [par. 2 .1 ). 
erefore proper handling methods during slaughter are very important in  p a rt ic u la r fo r  these spots.
Çontamination_during_shipment

lr,VJne carcasses and primal cuts were brought from slaughterhouse to  butchery. This shipment took place 
5Basr'ansP °rt vehicles w ithout re fr ig e ra tio n  during 1/2 - 2 h. The experiments were performed in  d iffe re n t 
In <-?ns' The meat was investigated b a c te r io lo g ic a lly  before shipment in  the slaughterhouse and a fte r  shipment 

butcherie- ° ----1— - "  " "  — ------  —-1- "---- ------------ " "n. ies. Samples o f 10 cm were cut from the meat surface.
A]~~-̂ r rcosphactum counts increase during shipment re la t iv e ly  much on meat w ith low ba c te ria l counts [ta b le  2A) 
I t  the unhygienic condition of tramsport vehicles add to  the b a c te rio lo g ica l contamination [ta b le  2B). 
by aa found tha t contamination w ith M. thermosphactum c e lls  generally was accompanied w ith  contamination 
f l 0 SeiJdomonads.This connection between M. thermosphactum and pseudomonads is  c h a ra c te ris tic  fo r  the micro- 
ir, a ° f  meat. Therefore cross-contamination between the various pieces o f meat very l ik e ly  causes ba c te ria l 

esse. Sometimes the bacteria  are transm itted because o f unhygienic transport veh ic les.
Growth_on_ninc.sd_meat in  gas_§tmosphere

U i . s i1- thermosphactum becomes the dominant organism o f meat. This may occur when growth o f pseudomonads 
pac^naTbited. ^ high portion  o f M. thermosphactum often is  found in  vacuum packed meat 1 à 2 weeks a fte r

» 4 , 15), salted meat, meat stored in  gas atmospheres consisting  o f carbon d ioxide and oxygen, and 
Herer *i-ish fresh  sausage [3 ).
atm. re su lts  o f minced meat o f 6G % beef and 40 
/'ftsrPh8re of 25

pork are g iven .ITh is  minced meat was packed under an 
oxygen and stored at 3 °C w ith  a l ig h t  in te n s ity  o f 500 lux .carbon d ioxide and 75

Of ^ 7° days PI. thermosphactum is  the most numerous micro-organism o f the m ic ro flo ra  ( f ig .  5) and a count 
a do . _bacte r ia  per g is  reached a fte r  ca 5 days. Thereafter d isco loura tion  soon begins, together w ith
ab, V1“  ‘a

Lating sour ta in t  and ,a fte r b o ilin g , an old meat ta s te . In a normal atmosphere minced meat spo ils  
pî  tw ice as ra p id ly  as in  th is  gas atmosphere (10). Normal meat spoilage generally is  accompanied w ith 

increase; spoilage in  gas atmosphere does not undergo

'out
> Dl ----  -,------- =- =— ------- ,----------------------  -------Qw a change in  pH or even decreases i t  a l i t t l e .

, la also an in d ica tio n  tha t p ro te o ly tic  pseudomonads are in h ib ite d  and the e ffe c t o f PI. thermosphactum 
increased.

P e c tin a tio n  of carcasses w ith M. thermosphactum and other psychrotrophic micro-organisms p r in c ip a lly  
PpJ^nates from the skin o f animals. Especia lly neck and cut meat from breast and abdomen are extensively

Th ing shipment b a c te rio lo g ica l contamination occurs w ith a m icro flo ra  adapted on meat. 
ijn®Se micro-organisms are spread over the meat, among others by cross contamination and 
Th 'i,̂ eni c condition o f the transport veh ic les.
Ip, c°nr,Position o f psychrotrophic micro-organisms on meat adapts to  outside influences.

° i t io n  o f pseudomonads sometimes makes M. thermosphactum the dominating species.
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Fig.$ . Growth of micro-organisms in

Table 1. Presence of M. thermosphactum on 6 spots of cowsKih3
x)

M. thermosphactum determination e
Cow nr. 1 2 3 4

skin sample:
head 102 104 102 _ 10
abdomen fore 102 - - -

abdomen hind - - 102 _ '
fore leg 102 _ _ 103 "

hind leg 102 _ _ _ "

tail 102 103 - -

X )—  M. thermosphactum not determined (limit of detection
? h

Table 2. Increase in M. thermosphactum counts on carcasses and cuts during shipment from 
slaughterhouse to butchery

2 A Effect of bacteriological load of meat

M. thermosphactum count Increase of M. thermosphactum count on
before shipment carcasses primal cuts

geometric extremes geometric extremes
mean mean

2(log/cm ) (log) (log) (log) (log)

2.1 - 2.5 0.7 0.1-0.9
2.6 - 3.0 0.7 0.3 - 1.0 0.8 0.0 1.7
3.1 - 4.0 0.6 0.0 - 1 .2
4.1 - 5.0 0.3 0.0 - 0.B

2 B Effect of hygienic condition of transport vehicle

Hygienic condition Increase of M. thermosphactum count on
transport vehicle carcasses primal cuts

geometric extremes geometric extremes
mean mean
(log) (log) (log) (log)

good 0.4 0.1 - 0.7 0.3 0.0 - 0.12
acceptable 0.7 0.3 - 0.9 0.4 0.0 - 0.9
bad 0.9 0.5 - 1.6 0.8 0.0 - 1 .7


