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Background
T h e  e c o n o m ic  im p a c t  o f  fo o d -b o rn e  i l ln e s s  a n d  th e  le s s  th a n  d e s ire d  s h e lf  l ife  o f  v a c u u m -p a c k a g e d  r e f r ig e ra te d  p ro d u c ts , c a ll  f o r  th e  

d e v e lo p m e n t o f  e f fe c tiv e  a n tim ic ro b ia l  in te rv e n tio n s . C u r re n tly  u s e d  a n tim ic ro b ia l  in te rv e n tio n s  b y  th e  fo o d  p ro c e s s o rs  a re  c id a l sy s te m s  
lh a t k ill m ic ro o rg a n is m s  a n d  le a v e  b e h in d  an  a rra y  o f  h a rm fu l to x ic  d e b r is . F u rth e rm o re , p o s t-p ro c e s s in g  p ro te c tio n , i.e . to  p re v e n t p a th o g e n  
a tta c h m e n t a n d  m ic ro b ia l  p ro life ra tio n  is  c r i t ic a l  to  e n s u re  fo o d  sa fe ty  a t  re ta i le r  a n d  c o n s u m e r  lev e l. A n y  n ew  in te rv e n tio n  to  fu lfill th e s e  u n ­
m e t d e m a n d s  sh o u ld  th e re fo re  a d d re s s  b a c te r ia l  a d h e re n c e  to  fo o d  m a tr ic e s  a n d  th e  m e c h a n is m (s )  o f  m ic ro b ia l d e ta c h m e n t. S u ch  in te rv e n tio n s  
a im ed  a t  d e ta c h m e n t sh o u ld  a ls o  p re v e n t m ic ro b ia l  m u ltip lic a tio n  a n d  e lim in a te  an y  c e l lu la r  a p p e n d a g e s  th a t  a n c h o r  p a th o g e n  a tta c h m e n t to  
m e a t su rfa c e .

M ic ro b ia l  b lo c k in g  a g e n ts  a re  n a tu ra lly  o c c u r r in g  b io -a c tiv e  m o le c u le s  th a t in h ib it  g ro w th -m u ltip lic a tio n  a n d  a d h e s io n -c o lo n iz a tio n  o f  
m ic ro o rg a n is m s , a s  w e ll a s  e f fe c tiv e ly  n e u tra liz in g  a n d  d e ta c h in g  p a th o g e n s  a n d  th e ir  to x ic  d e b r is  f ro m  b io -s u r fa c e s  (N a id u  &  B id la c k , 1998 ; 
N a id u , 2 0 0 2 ) . A c tiv a te d  la c to fe rr in  (A L F )  is  a  n o v e l fo rm u la tio n  o f  c o m m e rc ia l  la c to fe rr in  f o r  e n h a n c in g  a n tim ic ro b ia l  e ffic a c y  b y  u s in g  a  
spec ific  m o le c u la r -m ilie u  o p t im iz a t io n  p r o c e s s  (N a id u  &  N im m a g u d d a , 2 0 0 3 ) . A L F  is  an  e f fe c tiv e  in h ib ito r  o f  m ic ro b ia l  c o lo n iz a tio n  fac to rs  
su ch  as f im b ria  o n  a  E .co li  c e ll s u rfa c e , th e re b y  b lo c k in g  its  a t ta c h m e n t to  a  b io -s u r fa c e  su c h  as m e a t t is su e . T h u s , A L F  is  th e  f irs t a ll-n a tu ra l  
a n tim ic ro b ia l in te rv e n tio n  te c h n o lo g y  w ith  ‘m ic ro b ia l  b lo c k in g  a c t iv i ty ’ (N a id u  e t  a l., 2 0 0 3 ) .

Objectives
T h e  m a in  o b je c tiv e  o f  th is  s tu d y  is to  e v a lu a te  th e  e f fic a c y  o f  A L F  d ry -b le n d  fo rm u la tio n  fo r  f o o d  a n tim ic ro b ia l  a p p lic a tio n s . S p e c if ic  g o a ls  

•nc lude  (i) A p p lic a tio n s  o f  A L F  in  b e e f  sa fe ty  i .e . p a th o g e n  c o n tro l  in c lu d in g  p re v e n tio n  o f  E .co li  0 1 5 7 :H 7  a t ta c h m e n t to  b e e f  su r fa c e  an d  
m h ib itio n  o f  p a th o g e n  g ro w th  p ro l if e r a t io n , ( ii)  A p p lic a tio n s  o f  A L F  fo r  in h ib it io n  o f  b e e f  s p o ila g e  an d  e x te n s io n  o f  s h e lf  life .

Methods
A L F  d ry  b le n d  (p o w d e r- fo rm )  p re p a re d  a c c o rd in g  to  th e  p a te n te d  in g re d ie n t sp e c if ic a tio n s  (N a id u , 2 0 0 1 )  w a s  e v a lu a te d  fo r  fo o d  

an tim ic ro b ia l a p p lic a tio n s . D ry  b le n d  w a s  r e c o n s ti tu te d  in  d e - io n iz e d  w a te r  (w ith  lo w  c o n te n t o f  iro n  a n d  d iv a le n t c a tio n s )  to  m a k e  a  2 %  A L F  
fo rm u la tio n . T h e  r e c o n s t i tu te d  A L F  fo rm u la tio n  w a s  c o n f irm e d  fo r  e n h a n c e d  a n tim ic ro b ia l  a c tiv ity  a g a in s t  E .co li 0 1 5 7 :H 7  (Q /A  c rite ria : 
0-5%  A L F  sh o u ld  e l ic i t  > 4 8 -h  to ta l s ta s is  o f  4 - lo g  in o c u lu m  in  t ry p tic  so y  b ro th ) . A L F  fo rm u la tio n  a f te r  p a s s in g  th e  Q /A  p ro to c o l w a s  k e p t 
re fr ig e ra te d  u n til  u sed .

E ff ic a c y  o f  A L F  fo rm u la tio n  to  in h ib i t  p a th o g e n  a tta c h m e n t to  b e e f  w a s  p e r fo rm e d  b y  u s in g  3H - th y m id in e  la b e le d  E .coli 0 1 5 7 :H 7 ,  B e e f  
su rface  sp ra y e d  w ith  2 %  A L F  f o rm u la t io n  w a s  c h a lle n g e d  w ith  E. coli 0 1 5 7 :H 7  in  a  c o n ta in e d  t is s u e  su rfa c e  u s in g  a  s te r i le  b a c ta in e r  (an  o p en  
sfa in le ss-s te e l h o llo w  w ith  a  s h a rp -e d g e d  s q u a re  e n d  o f  1 -in2) a n d  in c u b a te d  fo r  2 -h  a t  ro o m  te m p e ra tu re . B e e f  w ith o u t  A L F  tr e a tm e n t se rv e d  
as co n tro l. T h e  in o c u lu m  w a s  a s p ira te d  f ro m  th e  b a c ta in e r -c o n ta in e d  m e a t  su rfa c e  a n d  g e n tly  w a s h e d  w ith  5 -m L  p h o s p h a te  b u ffe re d  sa lin e . T h e  
b a c ta in e r-c o n ta in e d  t is s u e  a re a  w a s  e x c is e d  in to  s ix  p ie c e s  (a b o u t 0 .5  g ) , p la c e d  in to  sc in ti l la t io n  v ia ls  an d  e a c h  p ie c e  w as d ig e s te d  w ith  4 -m L  
° f  tis su e  h o m o g e n iz e r  (S c in tig e s t™ , F is h e r )  o v e rn ig h t a t  5 5°C  in  a  sh a k in g  w a te r  b a th . A  1 0 -m L  a liq u o t o f  s c in ti l la t io n  c o c k ta il  (S c in tiS a fe ™

F ish e r)  w as  a d d e d  to  th e  h o m o g e n a te  a n d  th e  ra d io a c tiv ity  (d is in te g ra tio n s /m in , D P M ) w as m e a s u re d  u s in g  a  l iq u id  sc in ti l la t io n  a n a ly z e r  
(T ri-C a rb  2 1 0 0  T R® , P a c k a rd  In c .) . E ff ic ie n c y  o f  3H - th y m id in e  u p ta k e  b y  E .co li 0 1 5 7 :H 7  w as e s tim a te d  a t  1 d p m  p e r  6 4  b a c te r ia l c e lls .

A n tim ic ro b ia l  p ro te c tio n  o f  A L F - tre a te d  b e e fs te a k s  w a s  te s te d  b y  c h a lle n g e  s tu d ie s  w ith  E .co li 0 1 5 7 :H 7  tr a n s fo rm e d  w ith  p -G L O  p la s m id  
to  P ro d u c e  g re e n  f lu o re s c e n t p ro te in  (g fp ) . T h e  (g fp )-E .co li g ro w n  in  L u r ia -B e r ta n i b ro th  c o n ta in in g  a ra b in o s e  (6  m g /m L )  an d  a m p ic il l in  
^ 0  M g/mL) w e re  h a rv e s te d  a n d  u s e d  fo r  th e  c h a lle n g e . A  p re -m a rk e d  1 - in 2 m e a t su rfa c e  tre a te d  w ith  2 %  A L F  w as in o c u la te d  w ith  ~ 4 -lo g  (g fp )-  

• C°U  an d  th e  m e a t w a s  e i th e r  a t  ro o m  te m p e ra tu re  fo r  18 -h  o r  w a s  v a c u u m  p a c k a g e d  a n d  a t  ro o m  te m p e ra tu re  f o r  4 8 -h . S im ila r ly  c h a lle n g e d  
n ' e at s a m p le s  w ith  n o  A L F  tr e a tm e n t s e rv e d  a s  c o n tro ls . F o llo w in g  th e  in d ic a te d  tim e s , p re -m a rk e d  t is s u e  p o r tio n  w a s  e x c is e d , s to m a c h e d , 
A ppropria te ly  d ilu te d , p la te d  o n  t ry p tic  so y  a g a r  ( c o n ta in in g  a ra b in o s e / a m p ic il l in )  a n d  in c u b a te d  a t 37°C . A f te r  2 4 -h  in c u b a tio n , th e  (g fp )-  

c° l ‘ w e re  v is u a liz e d  a g a in s t  U V  lig h t  a s  g re e n  f lu o re s c e n t c o lo n ie s  an d  e n u m e ra te d .
A  c o m b in a tio n  o f  in te rv e n tio n s  s u c h  a s  a c id  r in s e s , h o t/c o ld  w a te r  w a s h e s , a n d  s te a m  p a s te u r iz a tio n  a re  c u r re n tly  u se d  a s  a n tim ic ro b ia l  

^ rd le s  in  b e e f  p ro c e s s in g . A  m e a t p ro c e s s in g  s im u la tio n  (M P S ) sy s te m  d e s ig n e d  to  m im ic  in -p la n t b e e f  p ro c e s s in g , w as  u se d  to  te s t th e  
n cacy  o f  c u r re n t in te rv e n tio n s  w ith  o r  w ith o u t  A L F  s p ra y  to  d e c o n ta m in a te  3H - th y m id in e  la b e le d -E . co li 0 1 5 7 :H 7  f ro m  b e e f . S a m p le s  w e re  

su b jec ted  to  a  sa n itiz in g  tre a tm e n t  ty p ic a l  o f  c o m m e rc ia l  b e e f  p ro c e s s in g  c o n s is t in g  o f  fiv e  s p ra y -w a s h  s te p s , i .e . c o ld  w a te r  ( 10-se c ) , 2 %  lac tic  
ac 'd  (10 -se c o n d s ) , h o t w a te r  ( 1 8 0 °F  f o r  3 0 -s e c o n d s ) ,  c o ld  w a te r  (1 0 -se c o n d s ) , an d  2 %  la c tic  a c id  (1 0 -s e c o n d s ) . S a m p le s  w e re  a ls o  t r e a te d  u s in g  
au a d d itio n a l 1%  A L F  (1 0 -s e c o n d s )  w a s h  s te p  b e tw e e n  c o ld  w a te r  a n d  la c tic  a c id  w a s h e s . A f te r  tre a tm e n t, th e  lo a d in g  f ra m e  w a s  d is m o u n te d , 

e b a c ta in e r -c o n ta in e d  t is s u e  a re a  w a s  e x c is e d  an d  m e a s u re d  fo r  ra d io a c tiv ity  (D P M ) a s  d e s c r ib e d  ab o v e .

^ esults and Discussion
.. B e g f  S a fe ty  A p p lic a tio n s-  B a s e d  o n  a n  a v e ra g e  o f  th re e  e x p e r im e n ta l  ru n s , a b o u t 6 .5  x lO 5 E .co li  c e l ls /in 2 w e re  fo u n d  a tta c h e d  to  th e  b e e f  

th e *16 SU rface- A f te r  r in s in g  w ith  sa lin e  a b o u t 3.9 x 104 b a c te r ia / in 2 re m a in e d  o n  b e e f  tis s u e  c a u s in g  a  1 .2 - lo g  p a th o g e n  r e d u c tio n  c o m p a re d  to  
I , c ° u tro l.  F o llo w in g  a n  A L F  r in s e  th e  b e e f  su rfa c e  sh o w e d  n o  re s id u a l ra d io a c tiv ity  (< 6 4  b a c te r ia l  c e lls  b a s e d  o n  th e  se n s it iv ity  o f  iso to p e  

e /d e te c tio n )  s u g g e s tin g  > 2 .8 - lo g  p a th o g e n  r e d u c tio n  c o m p a re d  to  th e  s a lin e -w a s h , 
f A L F  sp ra y  re d u c e d  th e  g ro w th  o f  (g fp )-E .co li  0 1 5 7 :H 7  o n  b e e f  b y  ~2 lo g s  (99%) a n d  ~3 lo g s  (99.9%), w h e n  a t ro o m  te m p e ra tu re  d ire c tly

° 'h ,  a n d  in  th e  v a c u u m -p a c k  fo r  4 8 -h , re sp ec tiv e ly .
q  m ally , A L F  d e m o n s tr a te d  a  p o te n t  a n tim ic ro b ia l  sp e c tru m  a g a in s t  se v e ra l m a jo r  fo o d  p a th o g e n s , in c lu d in g , E scherich ia  co li  0 1 5 7 :H 7 ,  
f0ocjT,ii m o n o cyto g en es , S a lm onella  sp p ., C am pylobacter  sp p ., Vibrio  sp p ., A erom onas hydrophila , a n d  S taphylococcus aureus ; a n d  c o m m o n  
iV,)/| SP0 ‘le rs  su c h  a s  B a cillu s  sp p ., P seu d o m o n a s  sp p ., a n d  K lebsie lla  sp p . A L F  a ls o  sh o w n  e ffic a c y  a g a in s t  m u lt i -d ru g -re s is ta n t Salm onella  

unurium  D T 1 0 4 , v a n c o m y c in - re s is ta n t  E nterococcus fa ec iu m ,  a n d  m e th ic il l in - re s is ta n t Staphylococcus aureus. F u r th e rm o re , A L F  s tro n g ly
’Hhibited ra d ia t io n -re s is ta n t  b a c te r ia  s u c h  a s  B rochothrix  therm ospacta , D einococcus radiopugnans, D einococcus radiodurans, A cin eto b a c ter

27 9



ICoMST2003
49fh International Congress of Meat Science and Technology • 2nd Brazilian Congress of Meat Science and Technology

radioresistens, a n d  M ethy lobac ter ium  rad io to lerans. T h e s e  a n tim ic ro b ia l  a t tr ib u te s  m a k e  A L F  a  p o te n t ia l  in te rv e n tio n  f o r  b ee f , p o u ltry , re a d y -  
to -e a t  m e a ts  a n d  o th e r  fo o d  p ro c e s s in g  a p p lic a tio n s  (N a id u , 2 0 0 1 ).

C o n tro l  o f  E .co li Q 1 5 7 :H 7  in  m u lt i -h u rd le  M P S  sy s te m : R e g u la r  M P S  sy s te m  a v e ra g e d  7 2 .2 %  o f  E. co li d e ta c h m e n t/in 2 o f  b e e f  tissu e . 
T h e  M P S  s y s te m  c o m b in e d  w ith  th e  2 %  A L F  s p ra y  d e m o n s tra te d  a lm o s t  100%  e ffic a c y  - a n  a v e ra g e  9 9 .9 %  E. co li  d e ta c h m e n t/g  o f  b e e f  
tis s u e  - in  th re e  e x p e r im e n ta l  ru n s  (F igure-1 A ). A c id  r in se s  a n d  h o t w a te r  w ash es  se e m e d  to  r e d u c e  E. co li 0 1 5 7 :H 7  to  a  s ig n if ic a n t lev e l, bu t 
sc a n n in g  e le c tro n  m ic ro s c o p y  o f  th e  p ro c e s s e d  b e e f  re v e a le d  th a t  m o s t o f  th e  b a c te r ia l  d e b r is  re m a in e d  firm ly  a tta c h e d  to  th e  t is s u e  f Figure- 
IB ).  A n  a d d itio n a l 1 0 -sec  sp ra y /r in s e  w ith  2 %  A L F  e ffe c tiv e ly  sa n itiz e d  th e  c o n ta m in a te d  b e e f  su r fa c e  b y  r e m o v in g  d e b r is  a n d  re s id u a l 
b a c te r ia . (F igure-1C).

A L F  w as a ls o  e v a lu a te d  d ire c tly  o n  b e e f  c a rc a s s  a s  an  a n tim ic ro b ia l  in te rv e n tio n  s te p  o n  a  k il l  f lo o r  p ro c e s s  l in e , u s in g  a n  e le c tro s ta tic  
sp ra y in g  sy s te m  (E S S ). T h is  sp ra y  s y s te m  h a s  b e e n  d e s ig n e d  to  d e l iv e r  a  th in  u n ifo rm  c o a tin g  o f  A L F  o n  a  ta rg e t  s u rfa c e . A L F  s o lu tio n  w as 
a p p lie d  in  2 -s e c o n d  b u rs ts , u s in g  16 E S S  n o z z le s  th a t  d e liv e re d  ~ 5 0 -m L  o f  A L F  o n to  a  b e e f  c a rc a s s . A f te r  A L F  sp ra y in g , th e  c a rc a s s  p a s se d  
th ro u g h  an  o rg a n ic  a c id  r in se  a n d  th en  w as  p la c e d  in  th e  “ h o t b o x ” f o r  a  p e r io d  o f  18-h.

B e e f  tis s u e  sa m p le s  f o r  a p p lic a tio n  c o v e ra g e  w e re  c o lle c te d  im m e d ia te ly  a f te r  E S S  a n d  a lso  a f te r  th e  o rg a n ic  a c id  r in se  s te p  to  m e a s u re  
re s id u a l A L F  o n  th e  b e e f  c a rc a s s . E x o g e n o u s  (A L F  a p p lic a tio n )  a n d  e n d o g e n o u s  ( t is s u e -b o rn e  L F )  le v e ls  w e re  m e a s u re d  b y  so lid -p h a s e  
im m u n o -b lo tt in g  a n d  E L IS A  te c h n iq u e s , re sp e c tiv e ly , u s in g  a  p o ly c lo n a l a n ti-b o v in e  L F  a n tib o d y  fo r  c a p tu re  a n d  d e te c tio n . A p p ro x im a te ly  
8 .7  p g /in 2 o f  e x o g e n o u s  A L F  o n  c a rc a s s  a n d  0 .2  p g /g m  b e e f  t is s u e  o f  e n d o g e n o u s  L F  w e re  d e te c te d . S e v e n  r a n d o m  c a rc a s s  s ite s  e x c is e d  an d  
a s s a y e d  f o r  A L F , s u g g e s te d  a  u n ifo rm  d is tr ib u tio n  o f  th is  a n tim ic ro b ia l  fo rm u la tio n  b y  E S S . B e e f  s p ra y e d  w ith  A L F , w h e n  s u b je c te d  to  a  4 - lo g  
E .co li  0 1 5 7 :H 7  c h a lle n g e  f o r  2 4 -h  a t  ro o m  te m p e ra tu re , sh o w e d  a  p o te n t  s ta s is  e f fe c t, th u s  ~ 2 - lo g  ( - 9 9 % )  re d u c t io n  in  p a th o g e n  p ro life ra tio n  
c o m p a re d  to  th e  u n tre a te d  b e e f  ( c o n tro l) . T h e  A L F - tre a te d  b e e f  a lso  e f fe c tiv e ly  b lo c k e d  th e  a t ta c h m e n t o f  E .co li  0 1 5 7 :H 7  to  its  tis s u e  su rface , 
w h e n  te s te d  a t  d if fe re n t t im e  p o in ts  o f  c h a l le n g e , a n d  th e  a c tiv ity  e x te n d e d  up  to  6  w e e k s  o f  p o s t-A L F  a p p lic a tio n , c o m p a re d  to  th e  c o n tro ls .

C o n c lu s io n s

A L F  is a  fu n c tio n a lly  e n h a n c e d  fo rm  o f  is o la te d  la c to fe rr in  th a t  a c ts  a s  a  p o w e rfu l m ic ro b ia l  b lo c k in g  a g e n t a g a in s t  p a th o g e n ic  b a c te r ia  
th a t  m ay  b e  p re s e n t o n  a  fo o d  s u rfa c e . A L F  is  an  e f fe c tiv e  in te rv e n tio n  to  c o n tro l  a d h e re n t E scherich ia  co li 0 1 5 7 :H 7  o n  a  b e e f  tis s u e , tig h tly  
b o u n d  Sa lm onella  T y p h im u r iu m  o r  C a m p ylo b a cter je ju n i  o n  a  p o u ltry  b ro i le r  sk in  o r  p ro life ra tio n  o f  L isteria  m onocytogenes  in  re a d y - to -e a t  
fo o d s . C o n s id e re d  g e n e ra lly  re c o g n iz e d  a s  G R A S  b y  th e  U S -F D A  a n d  a p p ro v e d  b y  th e  U S D A  fo r  u se  o n  f re s h  b e e f , A L F  c a n  b e  sp ra y e d  o n io  
c a rc a s se s  to  p re v e n t b a c te r ia l  c o n ta m in a t io n  d u r in g  p ro c e s s in g  o r  c a n  b e  a p p lie d  to  a  s u b p r im a l o r  f in is h e d  b e e f  su r fa c e  p r io r  to  fin a l p a c k a g in g  
to  in h ib it  b a c te r ia l  g ro w th  a n d  e x te n d  s h e l f  life .

M o s t a n tim ic ro b ia l  in te rv e n tio n s  c u r re n tly  in  u s e  a re  c id a l sy s te m s  th a t  k ill  m ic ro o rg a n is m s  a n d  le a v e  d e b r is  a s  w e ll a s  p o te n t  to x in s  on  
p ro c e s s e d  fo o d s . In  c o n tra s t , A L F  is  a n  e x tre m e ly  p o w e rfu l m ic ro b ia l  b lo c k in g  sy s te m  th a t  p re v e n ts  p ro life ra tio n  a n d  a t ta c h m e n t o f  p a th o g e n s  
to  b io -s u r fa c e s  su c h  a s  b e e f  o r  p o u ltry  tis s u e . T h e  a b il i ty  to  d e ta c h  th e  le f to v e r  m ic ro b ia l  d e b r is  a n d  to  in a c tiv a te  th e  su rfa c e -sp la tte re d  
e n d o to x in s  m a k e s  A L F  a  h ig h ly  e f fe c tiv e  in te rv e n tio n  a ll  b y  i ts e lf  o r  a s  a n  a d d it io n a l s te p  in  c u r re n t  m u lt i -h u rd le  s a n itiz in g  sy s te m s  in  fo o d  
p ro c e ss in g . In  th e  e v e r -c o m p e tit iv e  fo o d  m a rk e t, w h e re  c o n s u m e r  d e m a n d  is s te a d ily  in c re a s in g  fo r  m in im a lly  p ro c e s s e d  fo o d s  th a t  su s ta in  
fu n c tio n a lity  o f  n a tu ra lly  o c c u r r in g  b io a c tiv e  in g re d ie n ts , A L F  c le a r ly  s ta n d s  o u t a s  a  p o te n t n a tu ra l  a n tim ic ro b ia l  s y s te m  a s  an  im p re ss iv e  
m ic ro b ia l  b lo c k in g  a g e n t th a t  fu lfills  th e  u n m e t n e e d  fo r  fo o d  sa fe ty  a p p lic a tio n s .
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F ig u r e - 1 .  A  m e a t p ro c e s s in g  s im u la t io n  (M P S )  s y s te m  d e s ig n e d  to  m im ic  in -p la n t b e e f  p ro c e s s in g , w a s  u s e d  to  te s t  th e  e f f ic a c y  o f  cu rren t 
in te rv e n tio n s  w ith  o r  w ith o u t A L F  s p ra y  to  d e c o n ta m in a te  E. co li 0 1 5 7 :H 7  f ro m  b ee f . (A ) R e g u la r  M P S  sy s te m  a v e ra g e d  7 2 .2 %  o f  E. co1' 
d e ta c h m e n t p e r  in c h 2 o f  b e e f  tis s u e . T h e  M P S  s y s te m  c o m b in e d  w ith  th e  2 %  A L F  sp ra y  d e m o n s tra te d  a lm o s t  100%  e ff ic a c y  - an  a v e ra g e  9 9 .9 *  
E. co li d e ta c h m e n t/g  o f  b e e f  tis s u e . S c a n n in g  e le c tro n  m ic ro s c o p y  o f  th e  p ro c e s s e d  b e e f  re v e a le d  th a t  (B ) m o s t o f  th e  b a c te r ia l  d e b r is  rem a in ed  
f irm ly  a tta c h e d  to  th e  t is s u e  a f te r  M P S  a n d  (C )  a n  a d d it io n a l 10 -sec  sp ra y /r in se  w ith  2 %  A L F  e ffe c tiv e ly  s a n itiz e d  th e  c o n ta m in a te d  beef 
su rfa c e  b y  r e m o v in g  d e b r is  an d  re s id u a l b a c te r ia .
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