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Introduction
In  th e  la s t  y e a rs , th e  n u m b e r  o f  r e s e a rc h  o n  th e  in f lu e n c e  o f  p h o s p h a te  in  m ic ro b ia l  g ro w th  is  in c re a s in g . H o w ev e r, so  fa r, th e  b a s ic  

m e c h a n is m  o f  h o w  th e  p h o s p h a te s  in te r fe re  in  th e  m ic ro b ia l  g ro w th  is s till  n o t w e ll-k n o w n . T h e  m o s t  c o m m o n  th e o ry  is th a t  th e  p h o sp h a te s  
in te r fe re  w ith  th e  m in e ra ls  u p ta k e  o f  th e  c e ll.  T h e  re s e a rc h , a g re e s  th a t  th e  G ra m -p o s it iv e  m ic ro o rg a n is m s  a re  p r im a r ily  a f fe c te d . H o w ev er, 
th e re  a re  so m e  G ra m -n e g a tiv e  m ic ro o rg a n is m s  th a t  c a n  b e  in h ib ite d  b y  th e  p h o sp h a te s  (B O O K , 2 0 0 0 ) . T h e re  a re  so m e  re se a rc h  o n  th e  e f fe c t 
o f  th e  p h o s p h a te s  in  m ic ro b ia l  g ro w th  in  r e f r ig e ra te d  c h ic k e n  c a rc a s se s , h o w e v e r  a ll  in  p ilo t-s c a le . In  1964 , E L L IO T  e t al. o b se rv e d  th a t  th e  
s h e lf  l ife  o f  r e f r ig e ra te d  c h ic k e n  c a rc a s s e s  in c re a s e d  17 a n d  2 5 %  w ith  th e  a d d it io n  o f  3 a n d  8 % , re sp e c tiv e ly , o f  a  m ix  o f  p o ly p h o s p h a te s  in  
th e  c o o lin g  s o lu tio n . In  1995 , R A T H G E B E R  a n d  W A L D R O U P  o b se rv e d  a  s ig n if ic a n t re d u c tio n  fo r  c o lifo rm s  an d  E .co li, b y  th e  im m e rs io n  o f  
c h ic k e n  c a rc a s se s  fo r  a n  h o u r  in  a  s o lu tio n  w ith  1 .5%  o f  a  m ix  o f  S o d iu m  A c id  P y ro p h o s p h a te  a n d  O r th o p h o s p h o r ic  A c id . In  1999 , K IM  an d  
M A R S H A L L  v e r ifie d  th a t  c h ic k e n  le g s  d ip p e d  in  a  s o lu tio n  o f  5 %  o f  T ris o d iu m  P h o s p h a te  fo r  10  m in u te s  p re s e n te d  an  A e ro b ic  P la te  C o u n ts  

3 lo g s  lo w e r  th a n  th e  c o n tro l .

Materials and Methods
D u rin g  n o rm a l p ro c e s s in g  in  a  s la u g h te rh o u s e  fa c ility , c h ic k e n  c a rc a s se s  w as c o lle c te d  ra n d o m ly  b e fo re  a n d  a f te r  tw o  c h il le r s , o n e  

c o n ta in in g  ju s t  w a te r  a n d  ic e  (c o n tro l)  a n d  th e  o th e r  c o n ta in in g  w a te r , ic e  an d  p h o s p h a te  ( tre a tm e n t) , b o th  w ith  th e  sa m e  d im e n s io n s  an d  
cap ac ity . A ll th e  sa m p le s  c o lle c te d  w e re  p a c k e d  in  p o ly e th y le n e  b a g s  an d  s e n t im m e d ia te ly  to  th e  fre e z in g  tu n n e l, w ith  re s id e n c e  tim e  
o f  a p p ro x im a te ly  o n e  h o u r, a n d  r ig h t  a f te r  w e re  s e n t to  th e  c o o lin g  c h a m b e r  a t  -3 °C . T h e  fo llo w in g  p h o s p h a te s  w e re  ev a lu a te d : M S P
-  M o n o s o d iu m  P h o s p h a te  (N a H 2P 0 4) , S A P P  -  S o d iu m  A c id  P y ro p h o s p h a te  (N a 2H 2P 20 7), T S P P  -  T e tra s o d iu m  P y ro p h o s p h a te  (N a 4P 20 7), 
S T P P  -  S o d iu m  T rip o ly p h o s p h a te  (N a 5P 3O 10), a n d  S H M P  - S o d iu m  H e x a m e ta p h o s p h a te  (N a n+1P nO (3n+l) n  = 1 3 - 1 8 ) .  T h e  in itia l c o n c e n tra tio n  
o f  e a c h  p h o s p h a te  w as  1 .5% . T h e  m ic ro o rg a n is m s  m o n ito re d  in  th is  e x p e r im e n t w e re  th e  n u m b e r  o f  to ta l  c o lifo rm s  a n d  fe c a l c o lifo rm s  (M P N
- M o s t P ro b a b le  N u m b e r)  a n d  th e  re s e a rc h  o f  Sa lm onella  ssp  (V A N D E R Z A N T , S P L IT T S T O E S S E R , 19 9 2 ). T o  d e te rm in e  i f  th e  p h o sp h a te s  
in f lu e n ced  th e  n o rm a l p ro c e s s in g  o f  c h ic k e n  c a rc a s s e s , th e  p H  o f  th e  sk in  su rfa c e  a n d  th e  in te r io r  o f  th e  m u s c le  w a s  m e a s u re d  (p H m e tro  
D ig im e d  - m o d e l D M -2 0 ) . B e s id e s  th is , th e  w a te r  a b s o rp tio n  o f  th e  c a rc a s s e s  d u r in g  th e  c o o lin g  (A b so rp tio n  In d e x  - P o r ta r ia  n ° 2 1 0  d e  10  d e  
n o v e m b ro  d e  1998  /  M A ) a n d  th e  lo s s  o f  e x u d e d  l iq u id  d u r in g  th e  th a w in g  - D r ip  T es t ( re c o m m e n d e d  b y  th e  F A O  - A d d ed  W ater in Frozen  
C hicken) w e re  d e te rm in e d . T e m p e ra tu re  o f  th e  c a rc a s s e s  b e fo re  an d  a f te r  th e  c o o lin g  w a s  m e a s u re d . A  sa m p le  o f  th e  c o o lin g  so lu tio n  f ro m  e a c h  
c h il le r  w a s  ta k e n  a t  th e  b e g in n in g  a n d  a t  th e  e n d  o f  th e  e x p e r im e n t. T h e  a n a ly s is  o f  th e  le v e l o f  p h o s p h a te  in  th e  c o o lin g  so lu tio n  w a s  d o n e  by  

liq u id  c h ro m a to g ra p h y  H P L C , u s in g  th e  m e th o d  o f  a n a ly s is  P H O -P F -0 0 8  o f  A s ta r is  B ra s il  L td a .

Results and Discussion
C o o lin g  S o lu tio n  C o n c e n tra t io n : T h e  p h o s p h a te s  c o n te n t in  th e  c o o lin g  so lu tio n  (T ab le  1) d ra s tic a lly  d e c re a s e d  f ro m  th e  m o m e n t o f  its 

P re p a ra tio n  u n til  th e  e n d  o f  th e  e x p e r im e n ts . P a r t  o f  th e  p h o s p h a te  in itia lly  a d d e d  w a s  h y d ro ly z e d  fo r  b e in g  in  an  a q u e o u s  s o lu tio n . H o w ev er, 
«  is an  a lm o s t in s ig n if ic a n t f ra c tio n , b e c a u s e  in  lo w  te m p e ra tu re s  th e  h a lf - l ife  t im e  o f  p h o s p h a te s  is  v e ry  lo n g . T h e  m o s t  s ig n if ic a n t p a r t  o f  
th e  h y d ro ly s is  is  p ro b a b ly  d u e  to  th e  a c tio n  o f  p h o s p h a ta s e s , b e c a u s e  o f  th e  la rg e  q u a n ti ty  o f  c a rc a s s e s  p re s e n t  in  th e  ch ille r , a n d  o f  th e  h ig h  
c o n te n t o f  b lo o d  d is s o lv e d  in  th e  so lu tio n . T h e  h y d ro ly s is  ra te  in  th e  p re se n c e  o f  e n z y m e s  is 106 tim e s  h ig h e r  th a n  th e  a b s e n c e  o f  e n z y m e s  
(M O N S A N T O  C O , 199 5 ). O th e r  s ig n if ic a n t f a c to r  w a s  th e  f re q u e n t a d d it io n  o f  ic e  to  th e  c h i l le r  fo r  th e  m a in te n a n c e  o f  lo w  te m p e ra tu re  o f  th e  

so lu tio n . T h is  su s p ic io n  c a n  b e  c o n f irm e d  b y  th e  r e d u c tio n  o f  M S P  c o n te n t, s in c e  th is  p h o s p h a te  c a n  n o t h y d ro ly z e .

T ab le  1 -  C o n c e n tra tio n  o f  P h o s p h a te s  in  th e  C o o lin g  S o lu tio n

STPP SAPP TSPP SHMP MSP
0.76 0.42 0.34 0.57 0.32

Treatment -  End (%) 0.23 0.15 0.29 0.41 0.10

O th e r  re le v a n t s u s p ic io n  is th e  h y d ro ly s is  th a t  o c c u r re d  a f te r  th e  c o lle c tio n  o f  sa m p le s . A s  th e  t im e  sp e n t b e tw e e n  th e  c o l le c tio n  a n d  th e  
a n a ly s is  o f  th e  sa m p le  w a s  in  a v e ra g e  14 d a y s , e v en  th o u g h  th e  sa m p le s  h av e  b e e n  f ro z e n  r ig h t a f te r  th e  c o l le c t io n  a n d  m a in ta in e d  f re e z e d  
d u rin g  a ll  th e  s to c k in g  t im e , th e  p re s e n c e  o f  p h o s p h a ta s e  in  th e  so lu tio n  c o u ld  h a v e  c a u s e d  th e  h y d ro ly s is  o f  th e  p h o s p h a te , m a in ly  d u r in g  th e  

P e rio d s  o f  th a w in g  an d  o f  p re p a r in g  th e  so lu tio n  fo r  th e  re a liz a tio n  o f  th e  a n a ly s is .
A n a ly s is  o f  p H : I t  c a n  b e  c o n c lu d e d  th a t  a  s ig n if ic a n t a l te ra tio n  o f  p H  o c c u r re d  (P < 0 .0 5 ) , o n ly  in  th e  su rfa c e  o f  th e  c a rc a s s e s  t r e a te d  w ith  

s H M P  a n d  in th e  m u sc le  o f  c a rc a s s e s  tre a te d  w ith  S H M P  a n d  M S P  (T ab le  2 ). L a rg e r  a lte ra tio n s  o c c u r re d  fo r  th e  S A P P  a n d  th e  ST P P . H o w ev er, 
d ie  m e a s u re s  o f  p H  b y  th e s e  p h o s p h a te s  w e re  re a liz e d  in  c a rc a s s e s  tre a te d  in  lab o ra to ry . In  th is  c a s e , a s  w e  d id  n o t h a v e  a  c o n s ta n t a d d it io n  o f  
iue, l ik e  i t  o c c u r re d  in  th e  n o rm a l p r o c e s s in g , th e s e  c a rc a s s e s  w e re  e x p o s e d  to  a  m o re  c o n c e n tra te d  so lu tio n .

T ab le  2 -

*E s e -

R e su lts  o f  th e  a n a ly s is  o f  p H
Surface -  Treatment Muscle -  Control Mi scle - Treatnlent

ESE* Avk. Error ESE* AV£. Error ESE* Avg. Error ESE*

MSP 6.25 0.07 1.12% 6.22 0.14 2.17% 6.12 0.07 1.15% 5.79 0.08 1.30%

SAPP ** 4.74 0.09 . - - - 5.99 0.10 1.70%

TSPP 6.11 0.15 2.52 % 6.31 0.06 0.87% 5.93 0.14 2.29 % 5.89 0.28 4.69 %

STPP ** 8.79 0.21 . - - - 6.03 0.24 4.01 %

SHMP 7.15 0.10 1.38% 6.06 0.18 2.97 % 6.01 0.10 1.59% 5.71 0.04 0.76 %

Estimate Standard Error. ** Analysis realized in pilot test.
T e m p e ra tu re  o f  C a rc a s s e s : C a rc a s s  te m p e ra tu re  s h o w s  th a t  th e  c h i l le r  u se d  fo r  th e  tre a tm e n t  p re s e n te d  a  s h o r te r  r e s id e n c e  t im e , b e c a u s e  

th e ir  h ig h e r  fin a l te m p e ra tu re s  c o m p a re d  to  th e  c o n tro l  c h i l le r  (T ab le  3 ). W ith  th is , p o te n tia lly  tw o  in te r fe re n c e s  in  th e  e x p e r im e n t  c a n  h av e
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o c c u rre d : T h e  h ig h e r  te m p e ra tu re  o f  th e  c a rc a s s  c a n  le ad  h ig h e r  a b s o rp tio n  o f  w ater. T h e  s e c o n d  re fe rs  to  th e  m ic ro b ia l g ro w th , s in c e  e lev a ted  
te m p e ra tu re s  a re  b e t te r  f o r  th e  g ro w th  o f  m ic ro o rg a n is m s .

T ab le  3 -  A v e ra g e  te m p e ra tu re  fo r  c h ic k e n  c a rc a s s e s  b e fo re  a n d  a f te r  th e  c h il le r
Phosphate MSP SAPP TSPP STPP SHMP

Initial Temperature (°C) 40.80 41.90 42.30 41.50 43.30
Final Temperature -  Control (°C) 9.17 8.23 11.03 8 . 8 8 11.17

Final Temperature -  Treatment (°C) 7.93 1 2 . 2 0 13.18 10.36 1 1 . 2 2

A b s o rp tio n  In d e x : T h e  q u a n t i ty  o f  p h o s p h a te s  u s e d  in  th e  c o o lin g  so lu tio n  o f  th e  c h i l le r  is  n o t su f f ic ie n t to  re s u l t  in  a  s ig n if ic a n t in c re a se  
in  th e  a b s o rp tio n  o f  w a te r  b y  th e  c a rc a s s e s  (T ab le  4 ) . O n ly  th e  d a ta  o f  th e  a b s o rp tio n  r e fe re n t  to  M S P , S A P P  a n d  T S P P  p re s e n te d  s ta tis t ic a lly  
s ig n if ic a n t d if fe re n c e s  (P < 0 .0 5 ) . H o w ev e r, fo r  th e  T S P P , in  av e ra g e , th e  a b s o rp tio n  w as lo w e r  f o r  th e  c a rc a s s e s  t r e a te d  w ith  p h o sp h a te s . F o r  th e  
S A P P , a  h ig h e r  a b s o rp tio n  o b s e rv e d  c o u ld  h av e  b e e n  c a u s e d  b y  a  h ig h e r  te m p e ra tu re  o f  th e  c o o lin g  so lu tio n .

T ab le  4  -  R e su lts  o f  th e  te s t  o f  a b s o rp tio n  (% )

Phosphate MSP SAPP TSPP STPP SHMP
Chiller Control Treatment Control Treatment Control Treatment Treatment Control Treatment Control

Average 14.85 18.72 12.96 17.02 17.29 13.44 13.90 14.45 12.95 13.13
Error 1 .1 1 1 . 6 8 2.36 0.93 2.04 1 . 6 8 2.80 0.60 2.90 2.54

D rip p in g  A n a ly s is : T h e re  w as n o t a  s ta tis t ic a lly  s ig n if ic a n t d if fe re n c e  in  th e  re s u lts  o f  th e  a n a ly s is  o f  D r ip  T es t th e  c a rc a s s e s  o f  c o n tro l  an d  
th e  tre a te d  w ith  p h o sp h a te s .

M ic ro b io lo g ic a l  A n a ly s is : In  T a b le s  5 a n d  6 , a re  th e  a v e ra g e  v a lu e s  o b ta in e d  f ro m  th e  m ic ro b io lo g ic a l  a n a ly s is  fo r  to ta l  a n d  feca l 
co lifo rm s .

T ab le  5 - T o ta l C o lifo rm s  ( lo g  M P N /g )

Phosphate STPP SAPP TSPP SHMP MSP
Avr . Error Avr . Error Avr. Error Avr . Error Avr. Error

Before the Pre-Chiller 3.38 0 . 0 0 3.63 0.32 3.75 0.42 1.24 0.40 3.82 0.16
After Chiller -  Control 3.21 0.24 1.52 0.60 1.72 0.61 1.32 0.47 1.76 0.61

After Chiller -  Treatment 3.14 0.41 1.58 0.39 1.47 0.63 1.29 0.43 1.56 0 . 6 8

T ab le  6  -  F e c a l C o lifo rm s  ( lo g  M P N /g )

Phosphate STPP SAPP TSPP SHMP MSP
Avr . Error Avr . Error Avr. Error Avr . Error Avr . Error

Before the Pre-Chiller 3.27 0 . 2 0 3.58 0.43 3.61 0.74 1.24 0.40 3.75 0 . 2 1
After Chiller -  Control 2.34 1 . 0 0 1.52 0.60 1.52 0.57 1.24 0.39 1.56 0.53

After Chiller -  Treatment 2.78 1.30 1.58 0.39 1.41 0.62 0.98 0 . 6 8 1.18 0 . 2 1

T h e  S T P P  d a ta  w ill n o t b e  c o n s id e re d  in  th e  e v a lu a tio n  o f  th e  re s u lts  o f  th is  e x p e r im e n t d u e  to  th e  sm a ll  n u m b e r  o f  sa m p le s  a v a ilab le , 
s in c e  m a n y  sa m p le s  w e re  re je c te d . T h e re  w a s  l i t t le  d if fe re n c e  b e tw e e n  th e  c o n tro l  a n d  th e  p h o s p h a te  tre a tm e n t  r e a l iz e d  w ith  th e  S A P P . T h is  
re s u l t  c a n  h av e  b e e n  in f lu e n c e d  b y  th e  h ig h  te m p e ra tu re  o f  th e  c a rc a s s e s  tre a te d  in  th e  e n d  o f  th e  c o o lin g , w h a t d id  n o t o c c u r  f o r  th e  c a rc a s se s  
o f  th e  c o n tro l . F o r  th e  tre a tm e n t  w ith  S H M P , i t  w a s  o b s e rv e d  a  sm a ll r e d u c tio n  o n ly  fo r  th e  c o u n tin g  o f  f e c a l c o lifo rm s . F o r  M S P  an d  T S P P , it 
in  su c h  a  w ay  h a d  a  r e d u c tio n  o f  th e  c o u n tin g  o f  to ta l  c o lifo rm s , as o f  th e  c o u n tin g  o f  f e ca l c o lifo rm s . A s  th e  re a l c o n c e n tra tio n  o f  th e  c o o lin g  
so lu tio n  w a s  w ay  in fe r io r  th a n  th e  o r ig in a lly  fo re s e e n  c o n c e n tra tio n , it is  b e lie v e d  th a t th e  re d u c tio n  o f  th e  c o u n tin g  o f  to ta l an d  fe c a l c o lifo rm s  
c o u ld  h av e  b e e n  m o re  e x te n s iv e  i f  th e  c o n c e n tr a t io n  o f  th e  s o lu tio n  w a s  re a lly  in  1 .5% , a s  o b se rv e d  b y  R A T H G E B E R  L D R O U P  1995 . A b o u t 
th e  a n a ly s is  o f  Sa lm onella  ssp, th is  w o rk  w as n o t c o n c lu s iv e  b e c a u s e  it w as  n o t d e te c te d  th e  p re s e n c e  o f  S a lm o n e lla  in  a  n u m b e r  o f  sa m p le s  
th a t  w as  s ig n if ic an t.

C o n c lu s io n

T h e  p re s e n c e  o f  th e  e n z y m e  p h o s p h a ta s e  in  th e  c o o l in g  s o lu tio n  c a u s e s  a  fa s t h y d ro ly s is  o f  th e  p re s e n t  p h o s p h a te  in  th e  so lu tio n , b e in g  
n e c e s s a ry  a  c o n s ta n t  re p la c e m e n t  o f  p h o s p h a te  d u r in g  th e  p ro c e ss in g , so  th a t  it g e ts  th e  d e s ire d  e f fe c t. In  th e  c o n c e n tra tio n  u s e d  in  th is  s tu d y  
(1 .5 % ), th e  a lte ra tio n  o f  p H  o f  th e  su r fa c e  a n d  o f  th e  m u s c le  o f  c h ic k e n  c a rc a s se s  is p ra c tic a lly  in s ig n if ic a n t, an d  d o e s  n o t a f fe c t  th e  f in a l p ro d u c t. 
T h e  u se  o f  p h o sp h a te s  in  th e  c o o lin g  s o lu tio n  d o e s  n o t r e s u l t  in  a  s ig n if ic a n t in c re a se  o f  th e  w a te r  a b s o rp tio n  fo r  th e  c h ic k e n  c a rc a s se s , b e in g  
th a t  th is  v a r ia b le  is  m o re  s u s c e p tib le  to  th e  v a r ia tio n  o f  th e  te m p e ra tu re  o f  th e  so lu tio n  th a n  fo r  th e  p re s e n c e  o f  th e  p h o sp h a te s . T h e  p re se n c e  
o f  th e  p h o s p h a te s  a ls o  d o e s  n o t a f fe c t  th e  lo s s  o f  l iq u id  d u r in g  th e  th a w in g . T h e  c o o lin g  o f  c a rc a s s e s  b y  im m e rs io n  h a s  a  v e ry  im p o rta n t ro le  
in  th e  r e d u c tio n  o f  th e  in it ia l  m ic ro b ia l  lev e l, in d e p e n d e n t o f  th e  p re s e n c e  o f  th e  p h o sp h a te s . R e d u c tio n  o f  m ic ro b ia l  c o u n t f o r  th e  tre a tm e n t 
re a liz e d  w ith  S A P P  w as n o t o b se rv e d . F o r  th e  S H M P , it w a s  o b se rv e d  a  re d u c tio n  o n ly  o f  th e  c o u n tin g  o f  fe c a l  c o lifo rm s . H o w ev e r, th e  T S P P  
a n d  th e  M S P  h a d  b e e n  th e  p h o s p h a te s  th a t  h a d  p re s e n te d  th e  b e s t  re s u lts  o f  r e d u c tio n  o f  th e  c o u n tin g  o f  to ta l an d  fe c a l  c o lifo rm s . I t  is  b e liev ed  
th a t  in  b ig g e r  c o n c e n tra tio n s  th is  re d u c t io n  c a n  s till b e  m o re  s ig n if ic a n t. I t  w a s  n o t p o s s ib le  to  c o n c lu d e  th e  e f fe c tiv e n e ss  o f  th e  p h o s p h a te s  in 
th e  re d u c tio n  o f  Sa lm onella  d u e  to  a  lo w  in c id e n c e  o f  th is  m ic ro o rg a n is m  in  th e  a n a ly z e d  sa m p le s .
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