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MEAT CARCASSES

K em p , G . K e re , W arf, C . C a y c e , H a w k , C h r is  N .

A lcide C orporation, P.O. Box, Redm ond, W ashington 98040, USA. E-mail: kkem p@ alcide.com

Background

N u m e ro u s  m e th o d s  f o r  d e c o n ta m in a t in g  b e e f  c a rc a s s e s  a n d /o r  t r im  h a v e  b e e n  in v e s tig a te d . S te a m  p a s te u r iz a tio n  w as sh o w n  to  b e  e ffe c tiv e  
*n re d u c in g  a e ro b ic  p la te  c o u n ts  a s  w e ll a s  g e n e r ic  E scherich ia  co li (N u tsc h  e t  a l., 1998 ). S im ila r ly , s te a m  v a c u u m in g  tre a tm e n ts  re d u c e  
in d ic a to r  o rg a n ism s  b y  a s  m u c h  as 3 .0  lo g  c y c le s  (C a s til lo  e t  a l., 1 999 ) a n d  h av e  b e e n  d e m o n s tra te d  e f fe c tiv e  a g a in s t  E. co li 0 1 5 7 :H 7  (D o rs a  

e t a l., 19 9 6 ). H o t  w a te r  a lo n e  (C a s t il lo  e t  a l., 1 9 9 8 ; K a n g  e t  a l, 2 0 0 1 )  a n d  h o t w a te r  in  c o n ju n c tio n  w ith  h o t  a ir  (K a n g  e t  a l., 2 0 0 1 )  w e re  s tu d ie d  
fo r d e c o n ta m in a tin g  b e e f . P re v io u s  s tu d ie s  e x a m in e d  th e  u s e  o f  o rg a n ic  a c id s , su c h  as la c tic  a c id  a n d /o r  a c e tic  a c id  fo r  th e  sa n itiz a tio n  o f  b e e f  
c a rc a s se s  a n d  b e e f  tr im  (K a n g  e t  a l., 2 0 0 1 ; C u tte r  a n d  R iv e ra -B e ta n c o u r t , 2 0 0 0 ; C u tte r  e t  a l., 2 0 0 0 ; A n o n , 199 6 ). T h e  e f fe c tiv e n e ss  o f  th e se  

o rg an ic  a c id s  w a s  sh o w n  to  b e  a s s o c ia te d  w ith  c a rc a s s  te m p e ra tu re  (C u tte r  a n d  R iv e ra -B e ta n c o u r t , 2 0 0 0 ) . C h e m ic a l s a n itiz e rs  su c h  a s  c h lo r in e  
(S irag u sa  e t  a l., 1 9 9 8 ; Z h a o  e t  a l., 2 0 0 1 ) , T w een  2 0  w ith  la c tic  a c id  (C a lic io g lu  e t  a l., 2 0 0 2 ) , c e ty lp y r id in iu m  c h lo r id e  (C u tte r  e t  a l., 2 0 0 0 ), 
tr is o d iu m  p h o s p h a te  (C u tte r  a n d  R iv e ra -B e ta n c o u r t , 2 0 0 0 ; W h y te  e t  a l., 2 0 0 1 ) , h y d ro g e n  p e ro x id e  an d  c h lo rh e x id in e  (D e la z a r i  e t  a l., 19 9 8 ), 
an d  a c id if ie d  s o d iu m  c h lo r i te  (A S C ) (C a s til lo  e t  a l., 1 999 ; K e m p  e t  a l., 2 0 0 0 )  h av e  a ls o  b e e n  s tu d ie d . W h e n  a p p lie d  fo llo w in g  w a te r  w a s h , A S C  
has b een  sh o w n  to  b e  e f fe c tiv e  in  r e d u c in g  th e  lev e ls  o f  E. co li 0 1 5 7 :H 7  a n d  Sa lm onella  Typhim urium  o n  b e e f  c a rc a s s  p a r ts  b y  4 .5  to  4 .6  lo g  
cy c les w h e n  a c tiv a te d  b y  c itr ic  a c id  (C a s t il lo  e t  a l., 19 9 9 ). K e m p  e t a l., 2 0 0 0  a ls o  s tu d ie d  th e  e f f ic a c y  o f  A S C  d ip  tre a tm e n ts  fo r  th e  s a n ita tio n  
° f  b ro ile r  c a rc a s s e s , f in d in g  A S C  p ro v id e d  a  9 9 .4  to  9 9 .6 %  re d u c tio n  o f  E. co li an d  8 6 .1 to  9 8 .5 %  re d u c tio n  o f  to ta l c o lifo rm s .

A S C  is  a n  o x id a tiv e  b io c id a l  p r o c e s s  g e n e ra te d  a t  t im e  o f  u s e  f ro m  th e  c o m b in a tio n  o f  s o d iu m  c h lo r i te  a n d  a  w e a k  a c id . T y p ic a lly  c itr ic  
ac>d is u se d  a s  th e  a c id u la n t  to  fo rm  A S C  d u e  to  its  g e n e ra lly  re c o g n iz e d  a s  sa fe  (G R A S )  s ta tu s . A S C  is  a p p ro v e d  f o r  u s e  a s  a  P ro c e ss in g  
A id  in  th e  U n ite d  S ta te s , C a n a d a  a n d  in  C h ile . I t  is a p p lie d  a s  e ith e r  a  sp ra y  o r  an  im m e rs io n  o n  p o u ltry  a n d  r e d  m e a t c a rc a s s e s  a n d  c a rc a s s  
Parts, o n  f ru its  a n d  v e g e ta b le s  a n d  o n  se a fo o d . W h ile  a p p ro v e d  fo r  a  m a x im u m  a p p lic a tio n  r a te  o f  1 ,2 0 0  p a r ts  p e r  m ill io n  so d iu m  c h lo r ite , it 

Is m o re  ty p ic a lly  u s e d  in  c o m m e rc ia l  s e t tin g s  a t  a  c o n c e n tra tio n  o f  1 ,0 0 0  p p m  a n d  a  p H  o f  2 .5 . A n  a p p lic a tio n  se e k in g  a p p ro v a l fo r  u se  o f  th is  
P ro c e ss in g  a id  in  B ra z il  is  c u r re n tly  (a s  o f  J a n u a ry  2 0 0 3 )  u n d e r  re v ie w  b y  A N V IS A  (A g e n c ia  N a c io n a l d e  V ig ila n c ia  S a n ita r ia ) .

Objectives

T h e  fo c u s  o f  th e  p re s e n t  fo u r  s tu d ie s  w a s  to : i)  e v a lu a te  d if fe re n t sp ra y  t im e s /s p ra y  v o lu m e s  fo r  th e  S A N O V A ®  s y s te m  fo r  sp ra y in g  w h o le  
b ee f  c a rc a s se s  in  ty p ic a l  c o m m e rc ia l  s la u g h te r-h o u s e s  w ith  c itr ic  a c id  a c tiv a te d -A S C  (C -A S C ); ii) c o n d u c t  c o m p a r is o n s  o f  th e  p e r fo rm a n c e  o f  
C -A S C  v e rsu s  la c tic  a c id  (L A ) tre a tm e n ts  o f  w h o le  o r  e v is c e ra te d  c a rc a s s e s  a t u s e -ra te s  ty p ic a l  o f  th o s e  u ti l iz e d  in  c o m m e rc ia l  a p p lic a tio n s  

w ith in  th e  U n ite d  S ta te s  o f  A m e r ic a ;  i i i)  e v a lu a te  th e  a d d e d  b e n e f its  o f  C -A S C  o r  L A  tre a tm e n ts  o n  s te a m  p a s te u r iz e d  c a rc a s se s .

M e th o d s

Testing locations. All treatments and samplings were performed at federally inspected beef slaughter plants in the United States of 
America. Samples for microbial analysis were prepared and shipped overnight to an independent microbiological laboratory using methods 
Ascribed by Karr et al., 1996.

Experimental design. W h o le , f re s h ly  s la u g h te re d  in ta c t  o r  e v is c e ra te d  c a rc a s s e s  w e re  su b je c te d  to  v a r io u s  tre a tm e n ts  o f  10 0 0  p p m  C - 
A s C  (0 .1 0 %  s o d iu m  c h lo r i te /  0 .6 0 %  c itr ic  a c id ) . In  th e  f irs t te s t,  fo u r  tre a tm e n ts  w e re  s tu d ie d  w h ic h  w e re  c o m b in a tio n s  o f  sp ra y  v o lu m e  (1 o r  

^ g a llo n s  p e r  s id e )  a n d  a p p lic a tio n  t im e  (1 0  o r  15 se c o n d s ) , w e re  e v a lu a te d  o n  h o t f re s h ly  e v is c e ra te d  c a rc a s se s . In  th e  r e m a in in g  te s ts , a  se t 
v° lu m e  a n d  e x p o s u re  t im e  fo r  C -A S C  o f  1 g a llo n  p e r  s id e  a n d  15 se c o n d s  w a s  ev a lu a te d . C o m p a r is o n s  w e re  a ls o  m a d e  w ith  2 %  L A  h e a te d  
to  5 5°C  w h e n  a p p lie d  a t  ty p ic a l  c o m m e rc ia l  u se  ra te s . A ll tr e a tm e n ts  w e re  c o n d u c te d  in s id e  a  p u rp o s e  d e s ig n e d  s ta in le s s  s te e l s p ra y  c a b in e t, 
' vh ich  w a s  p o s it io n e d  o n  th e  e v is c e ra tio n  l in e  b e tw e e n  th e  fin a l c a rc a s s  w a s h  s ta tio n  a n d  th e  ra il le a d in g  to  th e  h o t-b o x  a rea . T h e  s p ra y  c a b in e t 

Was fitted  w ith  h in g e d  d o o rs  o n  e i th e r  e n d  to  p ro v id e  a n  e n c lo s e d  e n v iro n m e n t d u r in g  sp ra y in g . A  fa n  d u c te d  to  th e  to p  o f  th e  c a b in e t  d rew  a  
neg a tiv e  a i r  p re s s u re  in s id e  th e  c a b in e t  a n d  e x h a u s te d  to  th e  o u ts id e  o f  th e  b u ild in g .

Microbiological. S a m p lin g  w as  p e r fo rm e d  u s in g  s te r i le  sp o n g e  k its  ( In te rn a tio n a l B io P ro d u c ts  ( IB P )  #  B P -2 3 7 -S P G )  an d  10 0  c m 2 s te r i le  
tem p la tes  ( IB P  #  U S D A -1 0 0 ). F o r  e a c h  c a rc a s s  to  b e  sa m p le d , a  s te r i le  100  c m 2 te m p la te  w as  p la c e d  o n  th e  lo w e r  n e c k  flap  m e a t su rfa c e . T h e  

^ h y d ra ted  sp o n g e  w a s  m o is te n e d  w ith  10 m L  o f  s te r i le  1 .0%  b u f fe re d  p e p to n e  w a te r  (B P W ) ( IB P  #  U S D A -2 5 P B W ) to  w h ic h  1%  so d iu m  
'° s u lfa te  (F is h e r  C h e m ic a ls , S 4 4 6 -5 0 0 )  h a d  b e e n  a d d e d . T h e  m o is te n e d  sp o n g e  w as th e n  u se d  to  sw a b  th e  100  c m 2 a rea . A  m in im u m  o f  3 

Str° k e s  in  e a c h  o f  th re e  s e p a ra te  d ire c tio n s  w a s  e m p lo y e d , w ith  th e  sp o n g e  f lip p e d  o v e r  m id w a y  to  m a x im iz e  th e  c o n ta c t  a rea . A f te r  sa m p lin g  
Was c o m p le te , th e  sp o n g e  w a s  re tu rn e d  to  i ts  in d iv id u a l s te r i le  b a g  a n d  th e  a d d itio n a l 15 m L  o f  B P W  w a s  a d d e d . T h e  b a g  w a s  se a le d , la b e le d , 
®nd P ack ed  o n  g e l- ic e  fo r  sh ip m e n t  to  th e  te s t  la b o ra to ry . U p o n  re c e ip t , s a m p le s  w e re  c h e c k e d  fo r  p ro p e r  te m p e ra tu re  a n d  p a c k a g e  in teg rity , 
p er° b ic  p la te  c o u n t (A P C )  w a s  d e te rm in e d  u s in g  s ta n d a rd  m e th o d s  (A O A C  O ffic ia l M e th o d  9 6 6 .2 3 ) . E. co li c o u n ts  w e re  d e te rm in e d  b y  u se  o f  

e trifilm ™  (3 M , S t. P au l, M N )  (A O A C  O ffic ia l M e th o d  9 9 1 .1 4 ) .
Statistical Analysis. A ll c o u n ts  w e re  c o n v e r te d  to  lo g 10 v a lu e s  a n d  a v e ra g e d  fo r  e a c h  tre a tm e n t  le g  to  p ro v id e  a  g e o m e tr ic  m e a n , w h ic h  

as th en  u se d  fo r  a ll s ta tis t ic a l  a n a ly s is . T re a tm e n ts  o f  s ig n if ic a n t d if fe re n c e  w e re  id e n tif ie d  u s in g  th e  D u n c a n ’s m u ltip le  ra n g e  te s t.

esu,ts and Discussion

r  k ° r  E. coli, a ll o f  th e  p re -c h il l  m ic ro b ia l  c o u n ts  w e re  e x tre m e ly  lo w  th ro u g h o u t a ll o f  th e  s tu d ie s  w ith  th e  m a jo r ity  o f  th e  sa m p le s  b e in g  
co rd ed  as z e ro . S im ila r ly  a ll  o f  th e  p o s t- t r e a tm e n t  c o u n ts  w e re  e f fe c tiv e ly  z e ro  fo r  E. coli. A s a  re s u lt ,  e v a lu a tio n s  o f  m ic ro b ia l  re d u c tio n  

j-j 0r,T>ance f o r  th e  C -A S C  tr e a tm e n ts  a s  w e ll a s  fo r  th e  L A  tr e a tm e n ts  w e re  b a s e d  o n  th e  im p a c t o f  tre a tm e n t o n  to ta l a e ro b ic  c o u n ts . In  th e  
st te s t th e  re su lts  fo r  to ta l a e ro b ic  c o u n t  r e d u c tio n  fo r  th e  2 -g a llo n  p e r  s id e  a p p lic a tio n  r a te  o f  C -A S C  w e re  1 .16  lo g 10 an d  1 .10  lo g 10 fo r  th e

Re
8 's te re d  t ra d e m a rk  o f  A lc id e  C o rp o ra tio n , R e d m o n d , W a s h in g to n
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1 0 -se c o n d  a n d  1 5 -se c o n d  a p p lic a tio n  tim e s  re sp e c tiv e ly . B o th  th e s e  re su lts  w e re  s ig n if ic a n tly  b e t te r  th a n  th o s e  a c h ie v e d  fo r  th e  lg a l lo n /1 0  
s e c o n d  a p p lic a tio n  (0 .8 2  lo g 10) a n d  th e  l -g a l lo n /1 5  s e c o n d  a p p lic a tio n  (0 .6 5  lo g l0). A ir  c h il l in g  o f  c a rc a s s e s  a p p e a re d  to  p ro v id e  an  a d d itio n a l
0 .5  Io g 10 re d u c tio n  re g a rd le s s  o f  tre a tm e n t.

In  th e  se c o n d  c o m m e rc ia l  p la n t  te s t  o n  e v is c e ra te d  c a rc a s se s , C -A S C  tre a tm e n t fo r  15 se c o n d s  a t  a  r a te  o f  1 g a llo n  p e r  s id e  o f  e v is c e ra te d  
c a rc a s s e s  g e n e ra te d  a  re d u c t io n  o f  1 .05  lo g 10 to ta l  a e ro b ic  c o u n t. In  c o m p a r iso n  h e a te d  2 %  L A  (5 se c o n d s , 0 .5  g a llo n  p e r  s id e )  g e n e ra te d  
a  re d u c tio n  o f  ju s t  0 .3 5  Io g 10. In  th e  th ird  te s t  o n  p re -e v is c e ra te d  c a rc a s se s , th e  C -A S C  tre a tm e n t  g e n e ra te d  a  r e d u c tio n  o f  2 .4 0  lo g 10 w h ile  
L A  tre a tm e n t  a t  n o rm a l c o m m e rc ia l  a p p lic a tio n  ra te s  g e n e ra te d  a  re d u c tio n  o f  0 .2 5  lo g ,0. In  th e  fina l te s t  o n  p o s t-e v is c e ra tio n  c a rc a sse s , 
s te a m  p a s te u r iz a tio n  w a s  f o u n d  to  a c tu a lly  h a v e  c a u s e d  a  n e t  in c re a s e  in  to ta l  a e ro b ic  c o u n ts  o f  a lm o s t  1 lo g  (-0 .9 9  lo g l0 re d u c tio n ) . W h e n  
s te a m  p a s te u r iz a tio n  w as  c o m b in e d  w ith  a  p o s t-p a s te u r iz a t io n  sp ra y  tre a tm e n t w ith  L A  (5 se c o n d s , 0 .5  g a llo n  p e r  s id e ) , th e  p e r fo rm a n c e  o f  
th e  to ta l sy s te m  w as  fo u n d  to  b e  n o  b e t te r  th a n  s te a m  p a s te u r iz a tio n  b y  i ts e lf  ( -0 .8 5  lo g 10 re d u c tio n ) . In  c o m p a r is o n , a  c o m b in a tio n  o f  s te am  
p a s te u r iz a tio n  a n d  C -A S C  (1 5  se c o n d s , 0 .5  g a llo n  p e r  s id e )  g e n e ra te d  a  n e t 0 .5 6  lo g I0 r e d u c tio n  in  th e  to ta l  a e ro b ic  p o p u la tio n .

Conclusions
In  th is  se r ie s  o f  te s ts , C -A S C  tre a tm e n t  o f  h o t, w h o le  o r  fre sh ly  e v is c e ra te d  b e e f  c a rc a s s e s  w a s  fo u n d  to  s ig n if ic a n tly  im p a c t su rface  

m ic ro b ia l  p o p u la tio n s  re s u l t in g  in  r e d u c tio n s  o f  to ta l  a e ro b ic  c o u n ts  r a n g in g  f ro m  0 .6 4  to  2 .4 0  lo g l0 W h ile  E. co li a n d  to ta l c o l i fo rm  co u n ts  

w e re  to o  lo w  to  b e  e v a lu a te d  in  th e s e  c o m m e rc ia l  p la n t  te s ts , p re v io u s  w o rk  b y  C a s ti l lo  e t  a l., (1 9 9 9 )  h a s  s h o w n  th a t  s im ila r  a p p lic a tio n  ra te s  
fo r  C -A S C  tre a tm e n ts  re s u lte d  in  g re a te r  th a n  2  lo g I0 r e d u c tio n s  fo r  E. co li a n d  Sa lm onella  Typhim urium . In  c o m p a r is o n , L A  w h e n  ap p lied  
a t  ty p ic a l  c o m m e rc ia l  p la n t  u s e -ra te s , c o n s is te n tly  p e r fo rm e d  p o o rly . A s  a p p lie d  in th e s e  te s ts , C -A S C  d e m o n s tra te d  an  a b il i ty  to  p ro v id e  a 
h ig h ly  e f f ic ie n t y e t  c o s t-e f fe c tiv e  a n t i -m ic ro b ia l  in te rv e n tio n  s te p  fo r  b e e f  c a rc a s s e s  j u s t  p r io r  to  th e  c h il l  p ro c e ss . N o  a d v e rs e  c h a n g e s  o f  co lo r, 
te x tu re  o r  q u a li ty  w e re  n o te d  o n  an y  o f  th e  c a rc a s s e s  p o s t- tre a tm e n t. E ff ic ie n t u se  o f  th is  n o v e l P ro c e s s in g  A id  d u r in g  th e  e v is c e ra tio n  p ro c e ss  
is  e x p e c te d  to  o f fe r  th e  B ra z il ia n  re d  m e a t p ro c e s s in g  in d u s try  an  a b il i ty  to  s ig n if ic a n tly  im p a c t th e  sa fe ty  a n d  q u a li ty  o f  i ts  b e e f  a n d  o th e r  red  
m ea ts .

References

Calicioglu, M .C., W. Kaspar, D .R. Buege and J.B. Luchansky. 2002. Effectiveness o f  spraying w ith Tween 20 and lactic acid in decontam inating inoculated 
Escherichia coli 0157 :H 7  and indigenous Escherichia coli B iotype I on beef. J. Food Prot. 65:26-32.

Castillo, A., L.M . Lucia, K.J. G oodson, J.W. Saveli and G.R. Acuff. 1998. U se o f  hot water for beef carcass decontam ination. J. Food Prot. 61:19-25.

Castillo, A., L.M . Lucia, K.J. G oodson, J.W. Saveli and G. R. Acuff. 1999. D econtam ination o f  beef carcass surface tissue by steam  vacuum ing alone and 
com bined with hot water and lactic acid sprays. J. Food Prot. 62:146-151.

Castillo, A., L.M . Lucia, G.K. Kem p and G .R. A cuff. 1999. R eduction o f  Escherichia coli 0 15 7 :H 7  and Salmonella Typhim urium  on beef carcass surfaces using 
acidified sodium  chlorite. J. Food Prot. 62:580-584.

Cutter, C.N., W.J. Dorsa, A. Handie, S. Rodriguez-M orales, X. Zhou, P.J. Breen and C.M . Com padre. 2000. A ntim icrobial activity o f  cetylpyridinium  chloride 
washes against pathogenic bacteria on beef surfaces. J. Food Prot. 63:593-600.

Cutter, C.N. and M. Rivera-Betancourt. 2000. Interventions for the reduction o f  Salmonella Typhimurium D T  104 and non-0157:H 7 Enterohemorrhagie 
Escherichia coli on beef surfaces. J. Food Prot. 63:1326-1332.

Delazari, I., S.T. Iaria, H.P. R iem ann, D.O. C liv e ran d T . M ori. 1998. D econtam inating beef for Escherichia coli 0157 :H 7 . J. Food Prot. 61:547-550.

D orsa, W.J., C.N. Cutter and G .R. Siragusa. 1996. Effectiveness o f  a steam -vacuum  sanitizer for reducing Escherichia coli 015 7 :H 7  inoculated to beef carcass 
surface tissue. Lett. Appl. M icrobiol. 23:61-63.

Federal Register. 1996. Pathogen reduction: hazard analysis and critical control point (HACCP) system s; final rule. 9 CFR part 304. United States Department 
o f  A griculture, Food Safety and Inspection Service. Fed. Regist. 61:38805-38989.

Kang, D., M. Koohmaraie, W.J. D orsa, and G .R. Siragusa. 2001. Developm ent o f  a m ulti-step process for the m icrobial decontam ination o f  b eef trim . J. Food 
Prot. 64. 63-71.

Karr, K.J., E .A.E. Boyle, C.L. Kastner, J.L. M arsden, R.K. Phebus, R.M . Prasal, W.P. Pruett, Jr. and C .M . G arcia Zepeda. 1996. Standardized m icrobial sampling 
and testing procedures for the beef industry. J. Food Prot. 59:778-780.

Kemp, G .K ., M .L. A ldrich and A.L. W aldroup. 2000. Acidified sodium  chlorite antim icrobial treatm ent o f  broiler carcasses. J. Food Prot. 63:1087-1092.

Nutsch, A .L., R.K. Phebus, M .J. R iem ann, J.S. Kotrola, R.C. W ilson, J.E. Boyer, Jr. and T. L. Brown. 1998. Steam  pasteurization o f  com m ercially  slaughtered 
beef carcasses: evaluation o f  bacterial populations at five anatom ical locations. J. Food Prot. 61:571-577.

Siragusa, G .R., W.J. D orsa, C.N. Cutter, G.L. Bennett, J.E . Keen and M. Koohmaraie. 1998. The incidence o f  Escherichia coli on beef carcasses and its 
association with aerobic m esophilic plate count categories during the slaughter process. J. Food Prot. 61:1269-1274.

W hyte, P., J.D. Collins, K. M cGill, C. M onahan and H. O M ahony. 2001. Q uantitative investigation o f  the effects o f  chem ical decontam ination procedures on 
the m icrobiological status o f  broiler carcasses during processing. J. Food Prot. 64:179-183.

Zhao, C., B. Ge, J. De Villena, R. Sudler, E. Yeh, S. Zhao, D.G. W hite, D. W agner and J. M eng. 2001. Prevalence o f  Campylobacter spp., Escherichia coli, -l!,d 
Salmonella serovars in retail chicken, turkey, pork, and beef from  the greater W ashington, D.C., area. Appl. Environ. M icrobiol. 67:5431-5436.

278


