
Beef slaughter hygiene  monitored by carcass bacterial  co n d it io n

(I H- R. RODRIGUEZ and  J .  A. LASTA
lns t i t u t o  de T e c n o lo g ía  de C arnes  CICV-INTA C.C. 77 1708 Morón, Buenos A i r e s ,  A r g e n t in a .

sunun ary

M ic ro b ia l  c a r c a s s  c o n ta m in a t io n  i s  n e i t h e r  s y s t e m a t i c  n o r  r e p e a t e d ,  t h e r e f o r e  b a c t e r i a l  
c°unts  m igh t  have trem endous  v a r i a t i o n  w h ich ,  in  t u r n  m ig h t  mask d i f f e r e n c e s  in  a b a t t o i r  

 ̂ vi s u a i  h y g ie n e  c o n d i t i o n s .  Uneven d i s t r i b u t i o n  o f  b a c t e r i a  on c a r c a s s e s  makes u n s u i t a b l e  th e  
San>Pling on s m a l l  c a r c a s s  a r e a s .  The f e a s i b i l i t y  o f  u s i n g  a m i c r o b i o l o g i c a l  sam p lin g  t e c h -  

which c o n s i d e r  t h e  whole c a r c a s s  a r e a  overcom es t h e  prob lem  o f  uneven  b a c t e r i a l  d i s ­
t r i b u t io n  and makes p o s s i b l e  t o  c h a r a c t e r i z e  s l a u g h t e r h o u s e s  b a s e d  on h y g ie n e  l e v e l .  The 
sPonge t e c h n iq u e  i s  s u i t a b l e  n o t  o n ly  f o r  q u a n t i t a t i v e  s t u d i e s  b u t  a l s o  f o r  m o n i to r in g  th e  
Presence o f  p a th o g e n ic  m ic ro o rg a n ism s  o f  co n c e rn  in  t h e  meat i n d u s t r y  such  as L i s t e r i a  . s a l -  

o r  C am p y lo b ac te r  on l a r g e  s u r f a c e  a r e a s .

i P r o d u c t i o n

M ic ro b ia l  c o n d i t i o n  o f  meat and m eat r e l a t e d  s u r f a c e s  i s  o f  p r im e  i n t e r e s t  t o  a l l  t h e  
Se9iients o f  t h e  m eat i n d u s t r y .  I n c r e a s i n g  aw aren ess  o f  fo o d -b o rn e  d i s e a s e s  and th e  need  of 
P r o v i n g  meat s h e l f - l i f e  have s u g g e s t e d  m o n i to r in g  m i c r o b i a l  c a r c a s s  c o n d i t i o n .

cf o b i o l o g i c a l  t e s t i n g  i s  a t o o l  r e l e v a n t  t o  t h e  i n d u s t r y  f o r  com m ercia l  and management 
c° h t r o l  and t o  t h e  r e g u l a t o r y  a g e n c ie s  a s  an a d j u n c t  t o  i n s p e c t i o n ,  t o  check  m a n u fa c tu r in g  
Pta c t i c e s  o r  t o  comply w i th  t h e  c o r r e c t  m i c r o b i a l  s t a t u s  o f  a p r o d u c t .

A key  f a c t o r  i n  e v a l u a t i n g  m i c r o b i o l o g i c a l  s u r f a c e  c o n ta m in a t io n  i s  t h e  sam p lin g  p r o c e -  
e - Main f a c t o r s  i n f l u e n c i n g  t h e  u se  o f  a p a r t i c u l a r  p ro c e d u re  a r e  n a t u r e  and ty p e  o f  s u r -£ a-,
e - l e v e l s  o f  c o n ta m in a t io n  and ty p e  o f  m ic ro o rg a n ism s  in v o lv e d .  N o n - d e s t r u c t i v e  t e c h -

<1

P u e s  such  as  t h e  swab m ethod, a g a r  c o n t a c t  m ethod, a d h e s iv e  t a p e  method and th e  s o -

M e d  sponge t e c h n iq u e  have  b een  u s e d  ( K i t c h e l l  e t  a l  19 7 3 ) .  A lso  r i n s i n g  p ro c e d u re s  a r e  
^ - d e s t r u c t i v e
®nd

and s u i t a b l e  f o r  q u a l i t a t i v e  s t u d i e s . C u r r e n t l y ,  d e s t r u c t i v e  p ro c e d u re s
P a r t i c u l a r l y  w i th  t h e  a i d  o f  s to m ach in g  a r e  w id e ly  u s e d .  E x c i s in g  m ethods have th e  ad -, ^ * j  ”  *  v  A- s  wvuiuvtt a h *} wi*. w n X u v  x jr uowu< me UIPJU O 11Q V C LUC QU

| |  ^ t a g e s  o f  p r o v i d i n g  most r e l i a b l e  en u m e ra t io n  and a l lo w  t o  co u n t  f i r m l y  a t t a c h e d  b a c t e r i a .  
Wever, d e s t r u c t i v e  t e c h n i q u e s  and n o n - d e s t r u c t i v e  t h a t  c o n s i d e r  s m a l l  a r e a s  a r e  u n s u i t a b l e

tQv.
sam p lin g  an e n t i r e  c a r c a s s  s u r f a c e .

M i d
4b,

ik

Sam pling t e c h n i q u e s  f o r  m i c r o b i o l o g i c a l  s t u d i e s  m ust be  a c c u r a t e  and p r e c i s e  t o  make 
m i c r o b i o l o g i c a l  co m p ar iso n s  o f  e i t h e r  p r o c e s s e s  a lo n g  th e  s l a u g h t e r l i n e  w i t h i n  t h e  

at t o i r  o r  be tw een  s l a u g h t e r  p l a n t s .  S y s te m a t ic  e r r o r s  t h a t  r e s u l t  i n  lo w e r  l e v e l  o f  a c -
acY s h o u ld  be o n ly  a c c e p te d  i f  t h e y  do n o t  s u b s t a n t i a l l y  a f f e c t  p r e c i s i o n .  P o ly u r e th a n e  

Sp°hges
M ch
M g e
O f

have been  u s e d  t o  d e t e c t  b a c t e r i a  on fo o d  p l a n t  equ ipm en t s u r f a c e s ,  w a l l s ,  work
es  and on r e d  meat c a r c a s s e s .  Some o f  t h e  a d v a n ta g e s  o f  i t  u se  a r e  a b i l i t y  t o  sam ple

a r e a s ,  d e t e c t i o n  o f  low l e v e l  o f  c o n ta m in a n t s ,  no a n t i b a c t e r i a l  a c t i v i t y ,  and no n ee d
us in g  g l a s s  c o n t a i n e r s .  F u r th e rm o re ,  i t  makes sam ple  c o l l e c t i o n  e a s i e r  and i t  h a s  low 

c°st o f  o p e r a t i o n  (Quevedo e t  a l ,  1977).  The aims o f  t h i s  p a p e r  a r e  t o  d i s c u s s  t h e  s i g -  
^-oance o f  m i c r o b i a l  c o n ta m in a t io n  a t  t h e  a b a t t o i r  and t h e  a p p l i c a t i o n  o f  m i c r o b i a l

"iC'hif
c o r in g  as a key f a c t o r  in  a p r e v e n t i v e  q u a l i t y  a s s u r a n c e  program . T h is  fram e o f  d i s c u s -

. W il l  be s u p p o r t e d  by  d a t a  from more th a n  600 b e e f  c a r c a s s e s  sam pled  a t  d i f f e r e n t  a b a t ­
to ir

d u r in g  d i f f e r e n t  y e a r s  and c o n s i d e r i n g  s m a l l  ( l e s s  t h a n  100 cm2) sam p lin g  a r e a s  and 
whole c a r c a s s  a r e a .  Sam pling on p o rk  c a r c a s s e s  w i l l  be  a l s o  d i s c u s s e d .

the

Hi
Ct° b i a l  c o n ta m in a t io n  i n  t h e  a b a t t o i r

i

When c a t t l e  l e a v e  t h e  ra n c h  o r  farm f o r  t h e  s l a u g h t e r h o u s e s  t h e y  w i l l  c a r r y  trem endous
Unts o f  m ic ro o rg a n ism s  in  t h e i r  i n t e s t i n a l  t r a c t s ,  on t h e  h id e s  and in  t h e  h o o v es .  T h is

t  r ° h i a l  p o p u l a t i o n  w i l l  v a r y  a c c o rd in g  t o  h u sb an d ry  p r a c t i c e s .  L arge h e r d s  c o n f in e d  in  
e<hico aca a r e a s  ( i e .  f e e d  l o t s )  m ig h t  become h e a v i l y  c o n ta m in a te d  w i th  f a c e s .  A u c t io n s  o r
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o t h e r  s i t e s  where c a t t l e  i s  t r a n s p o r t e d  t o  be  s o l d ,  m igh t  c o n s t i t u t e  an im p o r t a n t  so u rc e  of 
a d d i t i o n a l  m ic ro o rg a n ism  m a in ly  due t o  an im al c o n c e n t r a t i o n  i n  sm a l l  a r e a s .  T h a t  i s  why* (
most b e e f  e x p o r t e r  s l a u g h t e r h o u s e s  i n  A r g e n t in a  buy d i r e c t l y  a t  t h e  r a n c h ,  f u r t h e r  advan ta9e 
o f  t h i s  p r a c t i c e  i s  t h a t  by  a v o id in g  an im al c o n c e n t r a t i o n s  sh o u ld  be m in im ized  t h e  r i s k  
g e t t i n g  c o n ta g io u s  and i n f e c t i o u s  a g e n ts  on h e a l t h y  a n im a ls .

Two c r i t i c a l  o p e r a t i o n  a t  t h e  k i l l i n g  f l o o r  a r e  t h e  h id e  rem oval and th e  e v i s c e r a t i ° n .
p r o c e d u r e .  The h a n d s ,  k n iv e s  and s t e e l s  o f  t h e  s la u g h te rm e n  t h a t  h a n d le  t h e  c a r c a s s  b e f o ie 
t h e  h id e  i s  removed a r e  u s u a l l y  more c o n ta m in a te d  t h a n  t h o s e  from w o rk e rs  t h a t  h a n d le  the 
c a r c a s s  a f t e r  h id e  re m o v a l .  I n  t h i s  s t e p  w o rk e r  h a n d ' s  m ig h t  b e  more c o n ta m in a te d  th a n  those I  ̂
t h a t  c a r r y  t h e  e v i s c e r a t i o n  s t e p .  C are  s h o u ld  be  t a k e n  a t  t h i s  s t e p  t o  a v o id  c a r c a s s  con' {
t a m i n a t i o n  w i th  h id e  r e l a t e d  m a t e r i a l s ,  p a r t i c u l a r l y  i m p o r t a n t  i s  t o  p r e v e n t  c o n t a c t  between ,
o u t s i d e  h id e  and ex p o se d  c a r c a s s  s u r f a c e  s i n c e  up t o  10e CFU/cm2 m ic ro o rg a n ism s  were found ^
on b e e f  h id e s  (R o d r ig u ez  and R i v e l l i ,  1985).  F u r th e rm o re ,  Lowry and T iong  (1988) rep o r ted  ^
t h a t  17% o f  b e e f  h i d e s  were c o n ta m in a te d  w i th  L i s t e r i a  m o n o cy to g en es . S k in n in g  k n i f e  mi9ht v
be a l s o  h e a v i l y  c o n ta m in a te d  and i t  i s  s t r e s s e d  t h a t  momentary k n i f e  im m ersion  i n t o  82oC f
m igh t  n o t  d e s t r o y  s a l m o n e l l a . I t  h as  b een  s u g g e s t e d  t h a t  k n iv e s  s h o u ld  b e  immersed d u r in  ̂ I  ̂
lO sec  t o  g e t  r i d  o f  t h e  bug . T h a t  i s  why, t o  a v o id  d e l a y i n g  a t  t h e  s l a u g h t e r l i n e  t h e  use  j 
two k n iv e s  i s  recommended. j

Two c r i t i c a l  s t e p s  p r i o r  t o  e v i s c e r a t i o n  a r e  done b e f o r e  h i d e  re m o v a l .  F i r s t  t
e so p h ag u s  c l i p p i n g  s h u t  n e a r  t h e  rumen. T h is  p r e v e n t  ru m in a l  f low  on neck  r e l a t e d  areaS'  ̂
Rumen, d ep e n d in g  on p r e - s l a u g h t e r  t r e a t m e n t ,  m igh t c o n t a i n  S a lm o n e l la  and £_■_ i e i u n i . i n  3(1 
d i t i o n ,  when f r e e i n g  th e  a n a l  s p h i n c t e r  and re c tu m ,  c a r e  a l s o  s h o u ld  be  ta k e n  in  A j
c l o s e  t h i s  a r e a .  I t  i s  p o i n t e d  o u t  t h a t  up t o  1 010 CFU/g m igh t  be fo u n d  on i n t e s t i n a l  c°n j 
t e n t .  S a l m o n e l l a . £L>. p e r f r i n q e n s  and m onocytogenes a r e  u s u a l l y  i s o l a t e d  from t h i s  c °n Q 
t e n t .  Im p o r ta n t  i n  t h e  d i s s e m i n a t io n  o f  c e r t a i n  p a th o g e n ic  m ic ro o rg a n ism s  a r e  t h e  m e s e n te i^   ̂
lymph n o d e s .

M ic r o b ia l  m o n i to r in g  i n  p r e v e n t i v e  q u a l i t y  a s s u r a n c e  (A)
Q u a l i t y  a s s u r a n c e  m ig h t  be  d e f i n e d  a s  t h o s e  a c t i v i t i e s  and f u n c t i o n s  c o n c e rn e d  w i th  t& 

a t t a i n m e n t  and m a in te n a n c e  o f  q u a l i t y .  T h e r e f o r e ,  w i th  r e s p e c t  o f  meat m i c r o b i a l  c o n t r o l  i n | |  
v o lv e s  t h e  c o n t r o l  o f  m i c r o b i o l o g i c a l  h a z a rd s  and r i s k s  a s s o c i a t e d  w i th  an im a l  h u s b a n d ^ '  
s l a u g h t e r i n g  p r o c e d u r e s ,  d eb o n in g ,  p r o c e s s i n g  and m e rc h a n d is in g  o f  a p a r t i c u l a r  meat i telB 
( B a i r d - P a r k e r , 1 9 8 7 ) .  we w i l l  fo c u s  o u r  a t t e n t i o n ,  how ever ,  i n  t h e  s l a u g h t e r i n g  p ro c e d u reS 
In  te rm s  o f  a b e t t e r  u n d e r s ta n d in g  o f  t h e  QA c o n c e p t  i s  n e c e s s a r y  t o  d e f i n e  o t h e r  r e l e ^3 
p a r t s  o f  t h i s  sy s tem .  A m i c r o b i a l  h a z a r d  a n a l y s i s  o f  a m eat o p e r a t i o n  i n v o lv e s  b a s i c a l l y
knowledge o f  p a th o g e n ic  and s p o i l a g e  o rg a n ism s  t h a t  p o t e n t i a l l y  would d e t e r i o r a t e  o r  b e c0li

a n d \
ça» f

t h e  p r o d u c t  h a r m f u l .  I n  a seco n d  s t e p ,  i t  i s  d e te rm in e d  how t h e s e  h a z a r d s  m igh t  a r i s e  
a p r o b a b i l i t y  o f  o c c u r r e n c e  i s  s e t  up a t  each  o p e r a t i o n  s i t e .  A c r i t i c a l  c o n t r o l  p o i n t  
be  d e f in e d  a s  a

lDe

undei

l o c a t i o n ,  p r o c e s s i n g  s t e p  o r  p r o c e d u re  where c o n t r o l  have t o  and can 
c a r r i e d  o u t  i n  o r d e r  t o  p r e v e n t  one o r  more h a z a r d .  F i n a l l y ,  m o n i to r in g  i s  t h e  ch e c k in g  u 
a p a r t i c u l a r  p r o c e s s i n g  a t  a p a r t i c u l a r  c r i t i c a l  p o i n t  i s  p r o p e r l y  c a r r i e d  o u t  and i s  
c o n t r o l  ( B a i r d - P a r k e r ,  1987).

M ic ro b ia l  c a r c a s s  c o n d i t i o n  i s  im p o r t a n t  in  te rm s  o f  e s t a b l i s h i n g  a QA sy s tem , 
f o r e ,  p r o p e r  s a m p l in g  p ro c e d u re s  a r e  t h e  key t o  s u c c e s s f u l l y  a c c o m p l ish  t h e  g o a l s  of  
sys tem

There 
th i5 
wjtP

We w i l l  d i s c u s s  f i r s t  sam p lin g  on sm a l l  c a r c a s s  a r e a s  and l a t e r  on sam p lin g  w ^  
sp o n g es  on whole b e e f  c a r c a s s e s .  F i n a l l y  we w i l l  d i s c u s s  t h e  u se  o f  sponge in  m on ito r  
p o rk  c a r c a s s  c o n d i t i o n .  S la u g h te rh o u s e s  t o  be sam pled w ere  chosen  b a s e  on an e v a l u a t i o n  Pr

*

c e d u re  d e v e lo p e d  by t h e  A rg e n t in e  F e d e r a l  Meat I n s p e c t i o n  S e r v i c e ,  which t a k e s  i n t o  acco 
s l a u g h t e r i n g  p r a c t i c e s  and f a c i l i t y  c h a r a c t e r i s t i c s .  T h is  p r o t o c o l  a s s i g n s  an in d e x  to

(ui>v 

lin * '
o f 1

a b a t t o i r  i n f r a s t r u c t u r e  and t o  each  one o f  t h e  o p e r a t i o n s  c a r r i e d  o u t  a t  t h e  s l a u g h t e r  
which w i l l  c h a r a c t e r i z e  i n  t u r n  th e  p l a n t  h y g ien e  c o n d i t i o n .  A b a t t o i r s  w ere  e v a lu a t e d  Pr l  
t o  s a m p l in g .  I n  a l l  c a s e s  c a r c a s s e s  were sam pled  a t  t h e  end o f  t h e  s l a u g h t e r l i n e .

For s m a l l  sam p lin g  a r e a s  two a b a t t o i r s  were c o n s i d e r e d ,  one c l a s s i f i e d  as  " f a i t 1 ai>°
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f the o t h e r  as  "good".  Sam pling  a r e a s  o f  10 cm2 and 100 cm2 from th e  o u t e r  b r i s k e t  p a r t  and 
/ J| the i n t e r n a l  s i d e  ro u n d  were c o n s i d e r e d .  Each p l a n t  was v i s i t e d  f i v e  t im e s  and n in e  c a r -  
s Casses  were sam pled  p e r  v i s i t  (45 c a r c a s s e s  p e r  p l a n t ) .  C ounts  from a b a t t o i r  "good" were a l -  
f WaVs low er th a n  c o u n t s  from " f a i r "  p l a n t .  N e v e r t h e l e s s ,  s i g n i f i c a n t  d i f f e r e n c e s  were found  

ly  i n  c o u n t s  from 100 cm2 ro u n d .  I t  i s  w o rth y  o f  b e in g  m en t io n ed  t h a t  as  t h e  sam ple a r e a  
n *ncre a s e s  t h e  v a r i a b i l i t y  seemed t o  d e c r e a s e  (L a s ta  and Fonrouge ,  1988).  T h is  r e i n f o r c e d  th e  
3 ea o f  sam p lin g  a l a r g e r  a r e a  t o  s e t  d i f f e r e n c e s ,  be tw een  c o u n t s ,  from c a r c a s s e s  coming 
e iroin d i f f e r e n t  a b a t t o i r s .

2 0 ^  ^ l a r g e r  s tu d y  s i x  a b a t t o i r s  were sam pled ,  t h r e e  were r e g a r d e d  a s  h a v in g  " v e ry  good"
- g iene  c o n d i t i o n  and th e  o t h e r  t h r e e  as  h a v in g  "good" c o n d i t i o n s  o f  h y g ie n e .  V i s i t s  f o r  
i> San*Pling were done tw ic e  a week (10 c a r c a s s e s  v i s i t / p l a n t ) , d u r in g  a 4 w eek -ru n  c o r r e s p o n d -  
i in<3 t o  a t y p i c a l  month o f  summer, w i n t e r  and f a l l .  In  t o t a l  t h e r e  were sam pled  more th a n  500 
i a rc a s s e s  w i t h i n  t h e  s i x  a b a t t o i r s  o v e r  f o u r  d i f f e r e n t  y e a r s  . A b a t t o i r s  s c o r e d  as  " v e ry
t 9o°d" were d i f f e r e n t i a t e d  from th e  "good" ones  by t h e  p s y c h r o t r o p h  c o u n t ,  w h i le  m eso p h i le  
C ^as h o t  c o n s i s t e n t  t o  t h a t  p u rp o s e .  On t h e  o t h e r  han d ,  c o u n t s  o f  E n t e r o b a c t e r i a ,  t o t a l  and 
5 | |  ®ca l  c o n f o r m s  and 5^  a u re u s  d id  n o t  s e t  a p a r t  d i f f e r e n c e s  be tw een  g ro u p s  o f  a b a t t o i r s ,  
f l s  f i n d i n g s  a r e  i m p o r t a n t  i n  te rm  o f  a c h a r a c t e r i z a t i o n  o f  t h e  b e e f  c a r c a s s  m i c r o f l o r a .  I t

a l s o  an im p o r ta n t  f a c t  i n  o r d e r  t o  e s t a b l i s h  a c o r r e c t  h a z a rd  a n a l y s i s  s i n c e  p r o v id e  i n -  
s  ̂ N a t i o n  ab o u t  s p o i l a g e  and p o t e n t i a l  h a rm fu l  b a c t e r i a  a t  t h e  s l a u g h t e r l i n e .  D a ta  a r e  p a r -  
. Cul a r l y  i n t e r e s t i n g  a l s o ,  s i n c e  comes from a l a r g e  sam p lin g  s tu d y  i n  a m a jo r  b e e f  p ro d u c e r  
- atl(* e x p o r t e r  m a rk e t .

J l  in
D i s c r im i n a t i o n  o f  a b a t t o i r s  c l o s e - r e l a t e d  i n  GMP's m ig h t  b e  i m p o r t a n t  i n  te rm s  o f  meat

^ sP e c t io n  and meat t r a d e .  T h is  d i f f e r e n t i a t i o n  can  be  showed on F ig .  1 where r e s i d u a l  p l o t s  
0ni p s y c h r o t r o p h  c o u n t s  a r e  p r e s e n t e d .  I t  i s  p o s s i b l e  t o  v i s u a l i z e  t h r e e  d i f f e r e n t  f i e l d s

0l\
c ' two end f i e l d s  w i th  e x c l u s i v e l y  e i t h e r  low ( " v e r y  good") o r  h ig h  ("good")  p r e d i c t i o n  

Ues and a m id d le  f i e l d  where o b s e r v a t i o n s  a r e  m ixed . The p r e s e n c e  o f  r e s i d u a l s  from a b a t ­

e
FIGURE 1.

R e s id u a l  P l o t  from P s y c h ro t ro p h  C ounts ( l o g  CFU/cm2 ) on B eef C a r c a s s e s  
° A b a t t o i r s  "V ery Good"; • A b a t t o i r s  "Good". N=445 (126 o b s e r v a t i o n s  a r e  h id d en )
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t o i r s  "good" in  t h e  zone o f  low c o u n t s  would s u g g e s t  t h a t  t h e s e  a b a t t o i r s  f o l lo w  G M P ' s -

M oreover,  d i f f e r e n c e s  be tw een  a b a t t o i r s  were s l i g h t .  I t  m igh t a l s o  p ro v e  t h a t  t h e  spon9e
te c h n iq u e  a l lo w  us t o  r e c o g n iz e  s m a l l  d i f f e r e n c e  i n  c o u n t s  ( L a s ta  e t  a l ,  1992).

Sam pling on p o rk  s l a u g h t e r  o p e r a t i o n s  u s i n g  th e  sponge t e c h n iq u e  sh o u ld  b e  im portan t
t o  s e t  d i f f e r e n c e s  i n  c l o s e - r e l a t e d  GMP’ s a b a t t o i r s .  However, p o rk  o p e r a t i o n s  have  c e r t a i n  
f a c i l i t y  c o n d i t i o n s  and p r o c e s s i n g  s t e p s  ( i e .  s c a l d i n g  t a n k ,  d e h a i r i n g  m achine and s u r f ace 
f la m in g )  which m igh t have an e f f e c t  i n  e v e n ly  d i s t r i b u t i n g  o r  i n  d i s s e m i n a t i n g  t h e  b a c t e r i a 1 
m i c r o f l o r a ,  a s  h a s  been  r e p o r t e d  (D o c k e r ty ,  e t  a l  19 7 0 ) .  These m igh t  be  im p o r ta n t  a l s o  10 
te rm s  o f  t h e  QA program  s i n c e  p r o v id e s  d a t a  f o r  a b e t t e r  u n d e r s ta n d in g  o f  t h e  m ic r o b i a l  b e'  
h a v i o r  a t  p o rk  o p e r a t i o n s  p l a n t s .

Based on th e  r e s u l t s  o b t a i n e d  w i th  t h e  sponge t e c h n iq u e  a t  b e e f  p l a n t s  i t  would be P°s 
s i b l e  t o  e s t a b l i s h  m i c r o b i o l o g i c a l  g u i d e l i n e s  t o  c h a r a c t e r i z e  e i t h e r  c a r c a s s  o r  p l ant 
h y g ie n e  c o n d i t i o n .  T h is  p ro c e d u re  m igh t  a l lo w  meat t r a d e r  a l s o  t o  compare a b a t t o i r s  whicil 
m ig h t  be im p o r t a n t  i n  te rm s  o f  d o m e s t ic  o r  i n t e r n a t i o n a l  t r a d e .  The sponge t e c h n iq u e ,  in  ad 
d i t i o n ,  m igh t p r o v id e  a t o o l  f o r  e c o l o g i c a l  s t u d i e s  d u r in g  c a r c a s s  c h i l l i n g  and carcas® 

f a b r i c a t i o n .

C o n c lu s io n s
The f e a s i b i l i t y  o f  u s in g  a p r e c i s e ,  r a p i d ,  s a f e ,  and i n e x p e n s iv e  sam p lin g  techni<Jue 

t h a t  c o n s i d e r s  t h e  whole c a r c a s s  a r e a  was d i s c u s s e d .  The sponge t e c h n iq u e  provide® 
m i c r o b i o l o g i c a l  b a s e s  t o  d i s c r i m i n a t e  c l o s e - r e l a t e d  GMP’s a b a t t o i r s  and s h o u ld  a l lo w  carcas* 

m o n i to r in g  u n d e r  a QA sy s tem .
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