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INTRODUCTION

Spoilage due to  m ic ro b ia l  growth in  f r e s h l y  processed and vacuum packaged p o u l t r y  i s  a concern o f  the  in d u s t r y ,  
'he i n i t i a l  con tam ina t ion  le v e l  g r e a t l y  in f lu e n c e s  the r e f r ig e r a te d  s h e l f  l i f e  o f  these products (Arafa and 
h n n \ 1977; BrUne and Cunnin9Mam 1971). Reviews by Barnes (1976),  Brune and Cunningham (1971),  Mountney 
(1976), and Walker and Agres (1956) have s ta ted  the importance o f  Pseudomonas spp. in  causing spo i lage  o f  
a e ro b ic a l ly  s to red  p o u l t r y  a t  r e f r ig e r a te d  tem pera tures. The use o f  vacuum packaging has min imized the 
spo i lage due to  the growth o f  ae rob ic  psychrotrophs (C la rk  and Len tz ,  1969; Sander and Soo, 1978). However, 
R e fr ige ra ted  vacuum packaged meats are s u c s e p t ib le  to  spo i la ge  caused by microorganisms capable o f  anaerobic 
e f r ig e r a te d  growth such as l a c t . o b a c i l l i  and E n te robac te r  (P ie rson e t  a l . ,  1970; Newton and G i l l ,  1978). 

Pathogenic b a c te r ia  such as Salmonella spp. and Staphylococcus au reus , are a lso  capable o f  growth in  vacuum 
Packaged p o u l t r y .  The purpose o f  t h i s  paper is  to  rev iew the  a p p l ic a t io n s  o f  s o rb ic  ac id  and potassium s o r -  
°ate on f re s h  and vacuum packaged p o u l t r y  f o r  the purpose o f  ex tend ing r e f r ig e r a te d  s h e l f  l i f e  and suppressing 
the growth o f  pathogen ic b a c te r ia  on these p roduc ts .
discussion

The use o f  s o rb ic  ac id  to  preserve f re s h  p o u l t r y  was f i r s t  rep o r ted  by Kaloyereas, e t  a l .  (1961).  These 
uthors  found f la k e d  ic e  c o n ta in in g  s o rb ic  ac id  and g ly c o l  d i fo rm a te  was e f f e c t i v e  f o r  p rese rv ing  f resh  

P ou lt ry .  Perry e t  a l .  (1964) rep o r ted  t h a t  a two step process o f  ac id  h y d ra t io n  and a p p l ic a t io n  o f  a 7.5% 
rb ic  ac id  spray in  a 70:20:10 propylene g l y c o l ,  wa te r and g ly c e r in e  m ix tu re  a t  71°C markedly re ta rded  

spoilage o f  f r e s h ,  d ry  packed p o u l t r y  s to red  a t  7°C. In t h a t  s tud y ,  c o n t ro l  p o u l t r y  showed evidence o f  
“ P ° i lage  in  5 days w h i le  the t re a te d  p o u l t r y  pa r ts  d id  no t  e x h ib i t  evidence o f  spo i la ge  u n t i l  18 days o f  
storage a t  7°C. These au thors  a lso  determined t h a t  so rba te  t rea tm e n t  d id  no t  im p a ir  p o u l t r y  f l a v o r .  There 
Ras a lso  evidence t h a t  microorganisms were unable to  develop a g re a te r  to le ra n c e  f o r  s o rb ic  a c id .  Perry 

a l . (1964) a lso  s ta te d  t h a t  s o rb ic  ac id  used alone had l im i t e d  va lue due to  i t s  low wate r s o l u b i l i t y .

Jhe f i r s t  use o f  w a te r -s o lu b le  potassium sorbate  to  preserve f re s h  p o u l t r y  was r e c e n t ly  repor ted  by our la b 
o ra to ry  (Robach and Ive y ,  1978). In t h i s  s tud y ,  f re s h  p o u l t r y  b reas ts  were dipped in  a s o lu t io n  
con ta in ing  e i t h e r  0 ,2 .5 ,  5 .0 o r  10% potassium sorbate  f o r  one m inute. In a d d i t i o n  to  s h e l f  l i f e  s tud ies  
p o t h e r  group o f  f re s h  ch icken breas ts  was dipped in  a suspension o f  th re e  s t r a in s  o f  Salmonella s d d . D r io r  
« b e in g  dipped in  one o f  the  sorbate  s o lu t io n s .  D e te rm ina t ion  o f  sorbate  c o n c e n tra t io n  was performed a t  
' 4 d ip  le v e ls .  The 2.5% d ip  l e f t  an average res idue  o f  0.05% s o rb ic  a c id ,  the 5% d ip  l e f t  0.13% s o rb ic  
Rid and the res idue  o f  the 10% d ip  was 0.32% s o rb ic  ac id .  I n h i b i t i o n  data in d ic a te s  t h a t  the  use o f  a 

^ ta s s iu m  sorba te  d ip  s i g n i f i c a n t l y  reduced the t o t a l  number o f  v ia b le  b a c te r ia  as r e la te d  to  the c o n t ro l  
0f  t * af t e r  4 and 8 daYs o f  5°c s to rage . The use o f  a 5 o r  10% sorbate  d ip  s i g n i f i c a n t l y  reduced the  number 

v ia b le  Salmonella when compared to  the c o n t ro ls  th roughou t a 7 day stoVage a t  10°C.

4 Related study a t  Kansas S ta te  U n iv e r s i t y  repo r ted  on the use o f  a potassium sorbate  d ip  on f re s h  chicken 
RUmsticks, th ig h s  and breas ts  (Cunningham, 1979). In t h i s  s tud y ,  the use o f  10% sorbate d ip  f o r  30 seconds 
««bled the s h e l f  l i f e  o f  d rum sticks  he ld a t  4°C over the c o n t ro l  s h e l f  l i f e .  The r e s u l t s  ob ta ined  are 
«Picted in  Table 1.

Table 1: S h e l f - l i f e  o f  Drumsticks a t  4°C 
% ~ Day o f f  odor

sorbate  d ip  de tected

0 10 + 0 .5
2.5 1 3 + 0 . 5
5.0  14 + 0.5
7.5 16 + 0.5

10.0 20 + 0.5

d) t i o n a l  s tu d ie s  us ing breas ts  an d ’ th ig h s  in d ic a te d  th a t  pa r ts  dipped f o r  30 seconds in  sorbate  s o lu t io n s ,  
p lained, and then baked had s im i l a r  tendencies scores (Shear Press) and m o is tu re  r e te n t io n  scores (Carver 
n®Ss) rega rd less  o f  the c o n c e n tra t io n  o f  the sorbate  d ip .  Sensory data in d ic a te s  t a s t  panel members could 

d i s t i n g u is h  between those pa r ts  dipped in  5 o r  10% sorbate  and those dipped in  d i s t i l l e d  wa te r .  Parts  
jPPed in  a 15% s o lu t io n  were scored lower than the c o n t ro ls  in  a l l  f o u r  ( f l a v o r ,  tenderness ,  j u i c i n e s s ,  and 

CeP t a b i l i t y )  sensory c a te g o r ie s .

Table 2: Sensory E va lua t ion  Scores

sorbate d ip F lavo r Tenderness Ju ic in e s s A c c e p t a b i l i t y

0 6.21a 6.10a 6.25a 6.10a
5 6.20a 6.15a 6.20a 6.15a

10 6.10a 6.10a 6.15a 6.10a
15 5.00b 5.22b 5.18b 5.21b

aScores w i th  d i f f e r e n t  l e t t e r s  in  the  same column d i f f e r  s i g n i f i c a n t l y  a t  p>0.01
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Based on the r e s u l t s  o f  the two p rev ious  la b o ra to ry  s tu d ie s  using b r o i l e r  p a r t s ,  our la b o ra to ry  undertook a 
p la n t  sca le s tudy .  We went in to  a processing p la n t  in  Maryland to  eva lua te  the use o f  a 5% potassium sorbate  
d ip  to  extend r e f r ig e r a te d  s h e l f  l i f e  o f  whole ic e  packed b r o i l e r s  (Robach, 1979). We determined t h a t  a 
5% sorbate d ip  f o r  30 seconds l e f t  an average res idue  o f  0.12% s o rb ic  ac id  based on the we igh t  o f  the carcass. 
In t h i s  s tudy we monitored the psy c h ro t ro p h ic  p la te  count and the Pseudomonas count on the  ou ts id e  o f  the 
carcass (b reas t  swab) and in s id e  the c a v i t y  ( c a v i t y  swab). The e f f e c t  o f  5% sorbate  d ip  on the t o t a l  
psyc h ro t ro p h ic  count o f  whole b r o i l e r  s to red  a t  3°C in d ic a te d  a doub l ing  o f  r e f r ig e r a te d  s h e l f  l i f e .  Spoilage 
odors were noted on the c o n t ro l  b i r d s  a t  10 days, when the counts approached 107c e l ls / c m 2 . O f f  odors from 
the sorbate  t re a te d  b i rd s  were not n o t iced  u n t i l  the  19th day o f  3°C s to rage . Members o f  the genus 
Pseudomonas were the predominant b a c te r ia  presen t a t  the  t im e o f  spo i lage  in  both the  sorbate  t re a te d  and the 
c o n t ro l  b r o i l e r s .

In o rde r  to  more f u l l y  s tudy the e f f e c t s  o f  a 5% sorbate  d ip  on f re s h  p o u l t r y ,  two a d d i t io n a l  p la n t  t r i a l s  
in  Georgia and M is s is s ip p i  were run by our la b o ra to ry  (To and Robach, 1980a). In these t e s t s ,  the  r e f r i g 
e ra ted  s h e l f  l i f e  o f  ic e  packed b r o i l e r s  w i th  and w i th o u t  sorbate  t rea tm e n t  was s tu d ie d .  In a d d i t i o n ,  
b r o i l e r s  were a lso  in o c u la te d  w i th  Staphylococcus aureus and Salmonella to  determine the e f f i c a c y  o f  a 5% 
sorbate  d ip  on the c o n t ro l  o f  these two im p o r tan t  food po ison ing  b a c te r ia .  The use o f  a 5% sorbate  d ip  
extended the r e f r ig e r a te d  s h e l f  l i f e  o f  ic e  packed b r o i l e r s  from 7 days f o r  the c o n t ro ls  to  14 o r  15 days 
in  both p la n t  s tu d ie s .  These data conf irmed a l l  the  e a r l i e r  data from our la b o ra to ry  and o th e rs .  The 5% 
sorbate  d ip  a lso  markedly suppressed the growth o f  Salmonel1 a in ocu u la te d  onto the  su r face  o f  the b r o i l e r s .  
Sorbate a lso  e f f e c t i v e l y  suppressed the growth o f  Ŝ. aureus on f re s h  b r o i l e r s .  These data in d ic a te  t h a t  a 
5% sorbate d ip  not o n ly  can extend b r o i l e r  s h e l f  l i f e  but a lso  can c o n t ro l  the growth o f  Salmonella and S. 
au reus .

The use o f  vacuum packaging p o u l t r y  products to  supress the  to  supress the growth o f  Pseudonomonas and 
r e la te d  psyc h ro t ro p h ic  spo i la ge  b a c te r ia  has on ly  r e c e n t ly  been rep o r ted  (A ra fa  and Chen, 1975, Sander and 
Soo, 1978; B a i le y  e t  a l . ,  1979). Based on our e a r l i e r  work w i th  f re s h  p o u l t r y  and the work o f  Pierson e t  a l .>  
(1979) using sorbate  in  vacuum packaged bacon we ran a coo pe ra t ive  study w i th  Lo u is -R ic h ,  I n c . ,  a la rge  
processed tu rk e y  m anufacture r (Robach e t  a l . ,  198Gb). In t h i s  s tudy we eva luated the  e f f e c t  o f  0.20% s o rb ic  
ac id  on the r e f r ig e r a te d  s h e l f  l i f e  o f  two vacuum packaged cooked tu rk e y  p roduc ts .  One was a sk in -on  
n a tu ra l  b reas t  muscle product and the  o th e r  a tu rk e y  b reas t  s l i c e d  luncheon meat produc t  c o n ta in in g  coa rse ly  
ground b reas t  meat. P re l im in a ry  s tu d ie s  a t  10°C in d ic a te d  t h a t  0.2% s o rb ic  ac id  was an e f f e c t i v e  use le v e l  
in  both the b reas t  and luncheon meat p roduc ts .  We then employed p la n t  p ro du c t ion  and d i s t r i b u t i o n  procedures 
to  run our r e f r ig e r a te d  s h e l f  l i f e  s tu d ie s .  Sorbate reduced the  psy c h ro t ro p h ic  counts o f  the  s l i c e d  tu rk e y
luncheon meat s to red  a t  4°C. The c o n t ro ls  developed a p u t r i d  o f f  odor a f t e r  21 days o f  s to rage . No o f f
odors in  the sorbate  samples were de tected th roughou t the  56 day s torage p e r io d .  Some p ink  c o lo r  fo rm a t io n  
was n o t iced  a f t e r  28 days o f  s to rage . Sorbate a lso  e f f e c t i v e l y  extended the s h e l f  l i f e  o f  the whole b reas t  
p ro du c t .  O f f  odors f i r s t  appeared from the c o n t ro l  products  a t  21 days whereas the sorbate  produc t  d id  not 
e x h ib i t  any o f f  odors th roughou t the 56 day s torage a t  4°C. L o u is -R ic h ,  Inc .  conducted sensory e v a lu a t io n  
data using t r i a n g u la r  comparison t e s t s .  These data in d ic a te d  t h a t  the re  were no s i g n i f i c a n t  d i f fe re n c e s  
between the c o n t ro l  and sorbate  t re a te d  p roduc ts .  This s tudy in d ic a te s  t h a t  the use o f  a t  le a s t  0.1% sorbate 
can depress m ic ro b ia l  growth and de lay odor fo rm a t io n  in  vacuum packaged p o u l t r y  s to red  a t  4°C.

In a re la te d  s tud y ,  the e f f e c t  o f  sorbate  on the  growth o f  en te ropa thogen ic  Escherchia c o l i , S a lm one l la , and 
Ŝ. aureus was s tu d ie d  us ing vacuum packed, cooked tu rk e y  products (To and Robach, 1980b7) The products  were 
processed a t  L o u is -R ic h ,  In c .  a t  the same t ime the  s h e l f  l i f e  p roducts were processed. The tu rk e y  products 
were in o c u la te d  w i th  the a p p ro p r ia te  b a c te r ia l  c u l tu r e s ,  vacuum packaged and s to red  a t  15°C f o r  10 days. The 
r e s u l t s  show the i n h i b i t i o n  o f  Salmonel l a , S,. aureus and £ .  col i  on vacuum packed, s l i c e d ,  tu rk e y  luncheon mea 
by s o rb ic  ac id  was s i g n i f i c a n t .  Contro l samples in o c u la te d  w i th  e i t h e r  Salmonella o f  c o l i  gave o f f  odors 
a f t e r  6 days o f  s to rage when the counts were approaching 109 c e l l s / g .  A f t e r  8 days o f  s to rage  these samples
had a d i s t i n c t  spo i la ge  odor. The samples in o c u la te d  w i th  S. aureus l o s t  t h e i r  f i r m  te x tu r e  a f t e r  8 days
storage when the counts reached 108 c e l l s / g .  In c o n t ra s t ,  the  sorbate  t re a te d  product e f f e c t i v e l y  i n h ib i t e d  
the growth o f  a l l  th ree  pathogens th roughout the  10 day s to rage  a t  15°C. None o f  the packages in  the  sorbate 
t re a te d  lo t s  e x h ib i te d  o f f  odors in  the 10 day t e s t .

Potassium sorba te  was a lso  e f f e c t i v e  on pathogen growth in  vacuum packaged tu rk e y  b re a s ts .  As in  the s l i c e d  
c o n t ro l  p ro du c t ,  Salmonella and c o l i  grew r a p id ly  on the  c o n t ro l  b reas ts  and reached a maximum o f  10 
c e l l s / c n r  in  6 days. In a d d i t io n  to  an o f f  odor,  on day 8 a p ink  c o lo r  developed on the meat su r face  not 
covered by s k in .  Staphylococcus aureus d id  not grow w e l l  on the b re as t  p ro d u c t ,  on ly  in c re a s in g  2 log cy c ^e"Ly 
in  10 days. The use o f  0.26% sorbate  e f f e c t i v e l y  stopped growth o f  Salmonella and S. aureus through the 1° ° y 
s torage p e r io d .  There was a 2-3 log  c y c le  inc rease in  £ .  c o l i  numbers a f t e r  6 days o f  15°C. however, f i n a l  
le v e ls  were 3.5 log cyc les  below those o f  the c o n t ro ls .

SUMMARY

The r e s u l t s  o f  a l l  the labo rago ry  s tu d ie s  and p la n t  s tu d ie s  in d ic a te  t h a t  the use o f  sorbates in  f re s h  and 
vacuum pakced, cooked p o u l t r y  can not o n ly  markedly extend the  r e f r ig e r a te d  s h e l f  l i f e  o f  these p ro du c ts ,  b 
a ls o  i t  can i n h i b i t  the growth o f  p o te n t ia l  food po ison ing  b a c te r ia .  By improv ing the m ic ro b ia l  q u a l i t y  of 
p ro d u c t ,  the  processor i s  g iv in g  h is  consumer the b e n e f i t  o f  a b e t t e r  q u a l i t y ,  longe r la s t i n g  p roduc t.
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