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INTRODUCTION

T he D an ish  a u th o r i t i e s  r e q u ir e  th a t  
p re p a c k e d  m e a t  p ro d u c ts  a r e  d e c la re d  
w ith  a  m in im u m  s h e l f - l i f e .  S lic e d , 
v a c u u m -p a c k e d  h am  is n o rm a lly  d e c la re d  
a  s h e l f - l i f e  o f 4 -6  w e e k s  a t  a  m ax im u m  
te m p e r a tu r e  o f  5 ° C . P re v io u s  s tu d ie s  
d e te rm in e d  by la b o ra to ry  t e s t  h a v e  
d e m o n s t r a te d  a  d is a g re e m e n t  b e tw e e n  th e  
d e c la r e d  an d  th e  a c tu a l  s h e l f - l i f e  (B pgh- 
S 0 ren sen  e t  a l . ,  1986).

A t th e  D an ish  M e a t P ro d u c ts  L a b o ra to ry  
th e  s h e l f - l i f e  is t e s t e d  by  o rg a n o le p t ic a l  
t e s t in g  and  by m ic ro b io lo g ic a l an d  c h e m i­
c a l  a n a ly s e s .  Such e v a lu a t io n s  n o rm a lly  
t a k e  3 -5  w e e k s . B oth  fo r  th e  m e a t  
p ro d u c in g  c o m p a n ie s  an d  fo r  th e  a u th o r i ­
t i e s  c h e c k in g  th e  s h e l f - l i f e ,  i t  w ou ld  be 
a d v a n ta g e o u s  if th e  s h e l f - l i f e  c o u ld  b e  
p r e d ic te d  a s  soon  as  p o ss ib le  a f t e r  
p ro d u c tio n .

(21 lb s), w ith  m ax  200 ppm  in g ° in£ 
n i t r i t e  w e re  su p p lie d  by d if fere  siic*̂  
p ro c e s s in g  p la n ts .  A fte r  . P
(16 x 10 x 0 .16  cm ) a t  th e  lab o r3 0 
s lic e s  w e re  ra n d o m ly  packed  
th r e e  s l ic e s  p e r  p o u ch ) using  3 /  sj0n r3 s 
m a te r ia l  w ith  an  o x y g en  tra n s tm s 
o f <10 c c /m ^ /2 4  h r / a t m .  The P
w e re  s to r e d  in a  d a rk  co ld -s to rage
a t  1 -5  ° C  fo r  a  m a x im u m  o f 6 'f ,e ek5‘

S en so ry  e v a lu a t io n 5r
T he v a c u u m -p a c k e d  h am s wel^ ej ^  
e v e ry  w e e k  by a  6 m e m b e r  Z e a O  
re g a rd  to  t a s t e ,  o d o u r and 3PP # r, 
u s in g  a  + 5 /-5  h e d o n ic  s£j* , c°(e 
+5 = id e a l an d  -5  = v e ry  b ad . Th ^  li^  ̂
w as  c o n s id e re d  a s  th e  a c c e p t3 *. 
an d  th e  s h e l f - l i f e  w as 
th is  c r i t e r io n .

accept«*1'  5eu
c a lc u la te d

B a c te r io lo g ic a l  a n a ly s is
, ,  A

T he b a c te r io lo g ic a l  q u a li ty  (n
p e r  h am  w as  d e te rm in e d  1 aftet of 
a f t e r  s lic in g  a n d  su b se q u e n tly  ¿ a f
8, 11, 13, 20 , 27, 34 and  \ gCw K e 
s to r a g e  by th e  S p ira l P la tin g  s6|ec e( 
SPT  (L ib e rsk i, 1986), u sin g  th *jc 1, .*Li, 
p la t in g  m e d ia  d e s c r ib e d  in ta  ^
a p p r o p r ia te  s e r ia l  d ilu tio n s . _ , by ,Cl
th e  t o t a l  c o u n t  w as  d e te rm 11̂
D ir e c t  E p if lo u re s c e n s e  F “ te. uer e 
D E F T , a s  d e s c r ib e d  by P ett lp  
1980, an d  by L ib e rsk i, 1989.

T he m a in  p u rp o se  o f  th is  e x p e r im e n t  w as 
to  e s ta b l is h  a  c o r r e la t io n  b e tw e e n  d if ­
f e r e n t  m ic ro b io lo g ic a l an d  fo r  c h e m ic a l 
p a r a m e te r s  an d  th e  o rg a n o le p t ic a l ly  
e v a lu a te d  s h e l f - l i f e  o f c o o k e d , s l ic e d ,  
v a c u u m -p a c k e d  ham  s to r e d  a t  5 ° C . It w as 
in v e s t ig a te d  w h e th e r  i t  co u ld  b e  p o ss ib le  
to  e s ta b l is h  a  m a th e m a t ic a l  m o d e l fo r  
p r e d ic t io n  o f  th e  s h e l f - l i f e  on th e  b a s is  o f 
s ig n if ic a n t  p a r a m e te r s .  S im ila r  in v e s t ig a ­
t io n s  h a v e  b e e n  p e r fo rm e d  on  e .g .  c h i l le d  
f ish  by  d p rg e n se n  e t  a l . ,  1988.

MATERIALS <5c METHODS

P ro d u c t ,  p a c k a g in g  an d  s to r a g e

S e v e n te e n  c a n n e d , p a s te u r iz e d  ( c e n t r e  
te m p e r a t u r e  m in im u m  6 8 .9 °C ) h am s

C h e m ic a l a n a ly s is

S a lt c o n te n t  (potentiom etr1 ^  ^
w ith  A gN 0 3 ) an d  d ry  ^ g  $  
d e te rm in e d  o n c e ,  w h e re a s  -y 
m e a s u re d  w ith  th e  s a m e  f r e ^ 
b a c te r io lo g ic a l  a n a ly s e s .

S ta t i s t i c a l  a n a ly s is /Ie

S te p w ise  l in e a r  re g re s s io n  «* l̂>
u sed  fo r  d e te rm in in g  , the
w h ich  s ig n if ic a n t ly  i n f l u e n t  xe $ e $  
l i f e .  A t - t e s t  a n d  lin e a ^ ^ j ning ^  
a n a ly s is  w e re  u se d  fo r  de 
c o r r e la t io n  b e tw e e n  th e  W *
logical methods (DEFT and

spT)-
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T^^LE 1. Bacteriological analysis: Media and incubation conditions.

'"«flora
M ed iu m T im e T e m p e r a t u r e

-------------------

(h) ( ° C )

0tai r . 
c °unt

(l Cld b a c te r ia  

X ^ h r i *  th

T o m a t o  a g a r  (T M A ) 48 25

M a n -R o g o s a -S h a r p e  a g a r  (M R S)  

S t r e p t o m y c i n - t h a l l i u m a c e t a t e -

48 25

a c t id io n  a g a r  (S T A A ) 48 22

AND DISCUSSION

^ ^ ^ h e l f - i i f e
\  *valuatin

°^°M n ^ e I I e c 't on  s h e l f - l i f e ,  
S ly  ^  in th e  p a r a m e te r s  h a v e  b een  

Sls. e s te p w is e  l in e a r  re g re s s io n

% “cai
Parameters:

' ^ ü n i > r

V ,

' Totai 10§1Cal P a ra m e te r s :  

Ä 1 a id  bl D E F T  a n d  SPT

X r
PH q .

l t i a l and
W .. at tiroe of rejection)

h|Olo,
X lr̂iti
S n 1 ^ 7 , u.tFTand SPT' finne for acceptabilit

°1 rJ'^bothi-^5 ^actic acid bacter 
 ̂ ^hoK)—^LLFerrnosphacta at tinr
N r
■ s  * * » » « * ,

and SPT)= log 7-5-e o c c u rs  a t  t h a t  t im e ) .ço,. ‘N l
t o t a lV  l"'> ' ' "l4°Dht reaches SPT

w a„al 8 pha»").
$!%■ Vses .
th: V  Se "lipe? that onlV salt

* Slgn ifin ^ P h ase"  in f lu e n c e d  
I lc a n tlv  u - . - j  .S ^ r ' ^ - a n d ' t a s r d ' o ; “,

K estaki
lit*

^ V / ’ dna o a s e a  on t

,s estabnsSï;tive mathemat

\
+ i + p*16 x salt/wate

S Ï  S is  ’ x " la § p h a se "  
X d  aiodei tK .

d Within 11* .  sh e l f - l i f e  coul 
e  f i r s t  w e e k  fo r  9

an d  w ith in  2 w e e k s  fo r  8  h a m s . A cco rd in g  
to  B0 g h -S 0 re n s e n  an d  Q v is t ,  1987, th is  
p e r io d  w ou ld  p ro b a b ly  b e  h a lv e d  a t  a 
h ig h e r  s to r a g e  t e m p e r a tu r e ,  e .g .  1 0 -1 5 ° C . 
T he m e a n  d i f f e r e n c e  b e tw e e n  o rg a n o le p ­
t i c a l ly  d e te rm in e d  and  m a th e m a t ic a l ly  
c a lc u la te d  s h e lf - l i f e  w as  2 . 2  d a y s .

Som e o f th e  r e s u l t s  a r e  p re s e n te d  in th e  
fo llo w in g  i l lu s t r a t io n s  ( f ig u re s  l a ,  lb ,  lc )  
an d  i t  is o b v io u s  t h a t  th e  f ig u re s  v e r ify  
th e  m o d e l. C o m p a riso n  o f  th e  f ig u re s  
l a  an d  l c  show s th a t  th e  " la g  p h ase"  
in f lu e n c e  th e  s h e l f - l i f e ,  f ig u re s  lb  and  lc  
d e m o n s t r a te  th e  e f f e c t  o f  s a l t  in w a te r ,  
a n d  f ig u re s  l a  an d  lb  show  t h a t  b o th  
" la g  p h a se "  an d  s a l t  in w a te r  a r e  n e c e s ­
s a ry  fo r  p re d ic t io n  o f s h e l f - l i f e .

In th is  s tu d y ,  th e  " la g  p h a se "  is d e f in e d  
a s  d ay s  u n ti l  D E F T  t o t a l  c o u n t is 
e q u a l to  SPT  t o t a l  c o u n t .  T he " la g  p h a se "  
e x p re s s e s  th e  r e s u s c i ta t io n  p h a se  o f 
s t r e s s e d  b a c t e r i a .  It is v e ry  im p o r ta n t  to  
e m p h a s iz e  t h a t  th e  r e s u s c i ta t io n  r a t e  
d e p e n d s  on  d e g re e  o f d a m a g e  o f th e  
in d iv id u a l b a c t e r i a  c e l ls ,  an d  t h a t  i t  ta k e s  
p la c e  g ra d u a l ly .  In m an y  c a s e s  th e  in i t ia l  
b a c t e r i a l  c o u n ts  o f h e a t - t r e a t e d  m e a t  
p ro d u c ts  d e te rm in e d  by m a n u a l p la tin g  
a r e  < 1 0 0  c f u /g ,  b u t a f t e r  a  fe w  d ay s 
i t  c a n  r i s e  to  e .g .  1 m ill ,  c f u /g .  It is 
p ro b a b ly  a  c o n s e q u e n c e  o f  r e g e n e ra t io n  o f 
s t r e s s e d  b a c t e r i a ,  w h ich  a r e  p r e s e n t  in 
la rg e  n u m b e rs  a t  th e  t im e  o f p a c k a g in g , 
b u t th e s e  b a c t e r i a  n e e d  so m e  t im e  fo r  
r e s u s c i ta t io n .  A m o re  s e v e re  h e a t - t r e a t ­
m e n t  c o u ld  p ro b a b ly  k ill m o s t b a c t e r i a ,  
b u t  th is  w ou ld  n e g a t iv e ly  in f lu e n c e  th e  
p ro d u c t  q u a l i ty .

395



Fig. la:

Fig, lb:

Fig, lc:

LOG
TO TA L
COUNTS

TASTE
SCORE

TO TA L
COUNTS SCORE

M ic ro f lo ra  an d  t a s t e  s c o re  d u rin g  c h ill s to r a g e  (m ax . 5 °C ) o f c ° re d ’ 
s l ic e d ,  v a c u u m -p a c k e d  h a m .

t o t a l  c o u n ts ,  e s t im a te d  by SPT
* -------------- - t o t a l  c o u n ts ,  e s t im a te d  by D E F T  . jjm>'

*  ^  t a s t e  s c o re ,  + 5 /-5  h e d o n ic  s c a le ,  -1  = a c c e p t a b i l ^
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fo rm e d  th e  m a jo r i ty  o f  t o t a l  c o u n ts  
d u rin g  s to r a g e .

O f th e  c h e m ic a l  p a r a m e te r s  o n ly  s a l t  in 
w a te r  a f f e c t e d  th e  s h e l f - l i f e  s ig n i f ic a n t ­
ly . S a lt (3 .4  to  5 .0  g /1 0 0  g w a te r )  d id  n o t 
a f f e c t  th e  g ro w th  o f l a c t i c  a c id  b a c t e r i a ,  
b u t  so m e  o b s e rv a t io n s  in d ic a te  t h a t  th e  
m e ta b o l ic  a c t iv i t y  o f  th e s e  b a c t e r i a  w e re  
r e d u c e d  w ith  in c re a s in g  c o n c e n tr a t io n  o f 
s a l t .  T h e re fo re ,  s a l t  in w a te r  fo rm e d  p a r t  
o f  th e  m o d e l.

T he in i t ia l  m e a n  pH  w as  6 .4 , w h e re a s  th e  
m e a n  pH  a t  t im e  o f  r e je c t io n  w a s  6 .0 . 
T he e x p la n a tio n  fo r  th e  r a th e r  c o n s ta n t  
pH  d u rin g  s to r a g e  co u ld  b e  th e  b u f fe r in g  
s u b s ta n c e s  (p o ly p h o sp h a te )  ad d e d  to  th e  
p ro d u c t .  T he r e s u l t s  a r e  in a g r e e m e n t  
w ith  o th e r  s tu d ie s  (S illa  an d  S im o n sen ,
1985), w h ich  n e i th e r  d e m o n s t r a te d  an y  
c o r r e la t io n  b e tw e e n  th e  s to r a g e  l i f e  and  
th e  pH o f s l ic e d ,  v a c u u m -p a c k e d  m e a t  
p ro d u c ts .

C o m p a riso n  o f m ic ro b io lo g ic a l m e th o d s

T he t o t a l  c o u n ts ,  e s t im a te d  by D E F T  
an d  SPT r e s p e c t iv e ly ,  w e re  c o m p a re d ,  and  
th e  r e s u l ts  a r e  show n  in f ig u re  2. 
T he c o r r e la t io n  c o e f f i c ie n t  w as  r = 0 .94 , 
in d ic a t in g  a  good  a g r e e m e n t  b e tw e e n  th e  
tw o  m e th o d s .

DEFT, log number

E g r e s s io n  lin e  fo r  t o t a l  c o u n ts ,  e s t im a te d  by  D E F T  an d  SPT , r e s p e c t iv e ly .
y  ___

x ~ 'to ta l c o u n ts ,  e s t im a te d  by th e  D E F T  
~ t o t a l  c o u n ts ,  e s t im a te d  by th e  SPT  

o n e  o b e s e rv a t io n ,  o tw o  o b s e rv a t io n s  
~  r e g re s s io n  lin e  y  = 1 .86 + 0 .66  x 

~ ~ ~ -  th e  lin e  y  = x (100%  a g re e m e n t)
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A t - t e s t  sh o w s, h o w e v e r ,  a s  i t  m ay  a lso  b e  
s e e n  fro m  f ig u re  2 , t h a t  th e r e  is n o t a  
good  a g re e m e n t  b e tw e e n  th e  tw o  m e th o d s  
a t  low  c o u n ts  (b eg in n in g  o f s to r a g e )  an d  
a t  v e ry  h igh  c o u n ts  ( a f te r  2 0  d ay s  o f 
s to r a g e ) .

As m e n tio n e d  e a r l i e r ,  t h e  D E F T -c o u n ts  
in c lu d e  b o th  v ia b le  an d  n o n -v ia b le  
b a c t e r i a ,  w h e re a s  th e  S P T -c o u n ts in c lu d e  
v ia b le  b a c t e r i a  o n ly . S lic ed , v a c u u m - 
p a c k e d  h am  is a  h e a t - t r e a t e d  p ro d u c t ,  
an d  th e  m a jo r i ty  o f th e  in i t ia l  m ic ro f lo r a  
in  th e  ra w  h am  is in a c t iv a te d  by th e  
h e a t - t r e a t m e n t .  T h e re fo re ,  a t  v e ry  low  
c o u n ts ,  th e  D E F T -c o u n ts  a r e  s ig n if ic a n tly  
h ig h e r  th a n  th e  S P T -c o u n ts  ( J a k o b se n  an d  
Q v is t ,  1984). U n fo r tu n a te ly ,  t h e r e  is no  
e x p la n a tio n  fo r  th e  s ig n if ic a n t ly  h ig h e r  
S P T -c o u n ts  a t  v e ry  h igh  c o u n ts .  In th e  
in te rv e n in g  s to r a g e  p e r io d , th e r e  is an  
a g r e e m e n t  b e tw e e n  th e  r e s u l t s  o f  th e  tw o  
m e th o d s .

CONCLUSION

T h e  m a in  c o n c lu s io n  o f  th is  e x p e r im e n t  is 
t h a t  a  m a th e m a t ic a l  m o d e l b a se d  on th e  
tw o  p a r a m e te r s :  S a lt in w a te r  and  
" la g  p h a se "  c a n  b e  u sed  fo r  p re d ic t io n  o f  
s h e l f - l i f e  o f c u re d ,  c o o k e d , s l ic e d ,  
v a c u u m -p a c k e d  h a m . F o r th e  p ro d u c e rs ,  
o p tim a l  c o n t ro l  o f  s a l t  a d d i tio n  is o f  g r e a t  
im p o r ta n c e ,  a n d  i t  is re c o m m e n d e d  t h a t  
s a l t  in w a te r  c o n te n t  b e  > 4 .0 . In a d d i tio n , 
g o o d  m a n u fa c tu r in g  p r a c t ic e s  an d  a  h igh  
q u a l i ty  o f  ra w  m a te r ia ls  a r e  im p o r ta n t ,  
a s  th is  w ill e n s u re  a  r e la t iv e ly  lo n g e r  
" la g  p h a se " , an d  th e  lo n g e r  th e  " la g  p h ase"  
is , th e  lo n g e r  w ill th e  s h e l f - l i f e  o f th e  
p ro d u c t  b e , e s p e c ia l ly  if s a l t  in w a te r  
c o n te n t  is a b o v e  4 .0 .

It h a s  to  b e  p o in te d  o u t t h a t  th e  m o d e l 
h a s  o n ly  b e e n  t r i e d  on a  l im ite d  n u m b e r  o f 
s a m p le s  o f  o n e  k in d  o f m e a t  p ro d u c ts ,  and  
th e r e f o r e  f u r th e r  r e s e a r c h  is n e e d e d  to  
e x te n d  th e  a p p l ic a t io n  o f th e  m o d e l. 
F in a lly , th e  a p p l ic a t io n  o f th is  m o d e l 
im p lie s  t h a t  th e  m e a t  p ro d u c ts  m u s t be  
k e p t  a t  th e  low  t e m p e r a tu r e  (m a x . 5 °C ) 
d u rin g  s to r a g e .

It is o f  a  g r e a t  im p o r ta n c e  fo r  d e v e lo p ­
m e n t an d  e v a lu a t io n  o f m ic ro b io lo g y  to  
p ro v e  t h a t  m ic ro b io lo g ic a l r a p id  m e th o d s  
c a n  b e  u sed  a d v a n ta g e o u s ly  in c o n n e c tio n  
w ith  p r e d ic t iv e  m ic ro b io lo g y  an d  a lso  in

c o n n e c tio n  w ith  H A C C P  principe®* r
w a y , i t  w ill b e  p o s s ib le  to  use
b io lo g ic a l r e s u l t s  d u rin g  Pr0C j0|d 1 
s te a d  o f  a f t e r  th e  p ro d u c ts  a re 
m a y  b e  c o n s u m e d .
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