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F iv e  t r a n s p o r t  an d  s t o r a g e  t r i a l s  w e re  c o n d u c te d  t o  d e te r m in e  th e  p r o d u c t  l i f e  o f  vacuum  p a c k a g e d

P o r te d  by s e a .  T h re e  t r a n s p o r t  and  s t o r a g e  te m p e r a tu r e  r e g im e s ,  c h a r a c t e r i z e d  by m ean t r i a l  
) temperat u

r e s  o f  1. 4 , 0.8 an d  - 0. 9°C r e s p e c t i v e l y ,  w ere  r e c o g n iz e d .  B o th  th e  t e m p e r a tu r e  e x p e r i e n c e d  and  th e

c o n ta m in a t in g  b io lo a d  i n f lu e n c e d  t h e  t im e  r e q u i r e d  f o r  m ea t m i c r o f l o r a s  t o  r e a c h  s p o i l a g e  l e v e l s  
( lo7c e l l H/„ _ 2. . ....................... .....

r o s e  s i g n i f i c a n t l y  a f t e r  a t t a i n m e n t

6e5

Of
I s /c m 2 ) . T he t o t a l  v o l a t i l e  n i t r o g e n  and  f r e e  f a t t y  a c id  c o n t e n t

such
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, it.“
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d e te r i o r a t i o n

m ic r o b i a l  p o p u l a t i o n s .  M ic r o b ia l  s p o i l a g e  becam e a p p a r e n t  i n  t h e  h ig h  t e m p e r a tu r e  t r i a l  an d  i n  o n e  

te m p e r a tu r e  t r i a l ,  82 an d  136 d a y s  a f t e r  s l a u g h t e r  r e s p e c t i v e l y ,  i n  th e  o t h e r  t r i a l s  t e x t u r a l

becam e e v i d e n t  b e tw ee n  85 a n d  103 d a y s  a f t e r  s l a u g h t e r .  M o d e st e x t e n s i o n  o f  t h e  e x p i r a t i o n

ai5
lo d  f o r Vacuura P a c k a g e d  b e e f  i n  S a u d i  A r a b ia  b ey o n d  th e  p r e s e n t  70 d a y s  i s  n o t  u n r e a s o n a b l e ,  b u t  m u st be

aCcompani . ,
by r i g o r o u s  e n f o rc e m e n t  o f  t r a n s p o r t  an d  s t o r a g e  t e m p e r a tu r e  r e q u i r e m e n t s .

■J ° C T ia j : C o m m e rc ia l e x p e r i e n c e  i n  S a u d i  A r a b ia  h a s  show n t h a t  p r o d u c t  l i f e  o f  vacuum  p a c k a g e d  im p o r te d

c o n s i d e r a b l y .  The p r e s e n t  70 d a y  p o s t  s l a u g h t e r  e x p i r a t i o n  p e r i o d ,  a t  a  s t o r a g e  t e m p e r a tu r e
■iC&K e*-ween o

• . “2°C (SAS0' 1986>, is currently under review. This period is claimed by some importers to be
t0° lonq
hy bU t c la im e d  ^  some e x p o r t e r s  t o  b e  to o  s h o r t .  T h is  a p p a r e n t  c o n t r a d i c t i o n  may r e f l e c t  p r o c e s s

6 a n d /o r  p a c k a g in g  te c h n o lo g y  u se d  a t  th e  p o i n t  o f  p r o d u c t i o n ,  o r  c o n d i t i o n s  s u b s e q u e n t ly  e x p e r ie n c e d

a n s p o r t a t i o n  t o ,  o r  s t o r a g e  w i t h i n ,  t h e  K ingdom . T o  e n s u r e  t h a t  N a t i o n a l  S ta n d a r d s  r e c o g n iz e

n° l o g i c a l  a d v a n c e s ,  an d  c o n t i n u e  t o  p r o t e c t  p u b l i c  h e a l t h  w i t h o u t  c a u s in g  u n n e c e s s a r y  c o n d e m n a tio n  o f  
Wh°les—

P r o d u c t ,  t h e  S a u d i  A ra b ia n  S t a n d a r d s  O r g a n i z a t i o n ,  i n  c o o p e r a t i o n  w i th  t h e  M eat I n d u s t r y  R e s e a r c h
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Of New Zealand, undertook a comprehensive study of the product life of vacuum packaged beef
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l »fll

te d  i n t o  t h e  K ingdom  by s e a .  The o b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  w e re  t o  d e te r m in e  t h e  p r o d u c t  l i f e  o f  

P a c k ag e d  b e e f  and  t o  i d e n t i f y  p r o d u c t ,  p r o c e s s i n g ,  p a c k a g in g ,  t r a n s p o r t a t i o n  o r  s t o r a g e  p a r a m e te r s
**um

Uenci

Hat,
n9 t h a t  p r o d u c t  l i f e .

ErIAL,s and WSTHODS: B e tw ee n  J u l y  1990 a n d  F e b r u a r y  1992 f i v e  t r a n s p o r t  an d  s t o r a g e  t r i a l s  w e re  c o n d u c te d

n s i g n m en ts  o f  vacuum  p a c k a g e d  b e e f  h a l f  s t r i p l o i n s  im p o r te d  by s e a  fro m  A u s t r a l i a ,  New Z e a la n d  a n d  th e
, u t p I  *Publi r .

■ lc of Ireland.

IS

tie*1

l d  C h a in :  In  e a c h  o f  th e  f i v e  t r i a l s ,  th e  e n t i r e  c o ld  c h a i n  fro m  p o i n t  o f  p r o d u c t i o n  t o  th e  en d  o f
 ̂«kj £ j

S a u d i  A ra b ia  w as m o n ito re d  by m eans o f  MIRINZ/DELPHI te m p e r a tu r e  l o g g e r s  f T r u - T e s t ,  A u c k la n d ,  New
‘6ala«d) Ana p p r o x im a te ly  24 h o u r s  a f t e r  s l a u g h t e r  s i x  o r  e i g h t  t e m p e r a tu r e  l o g g e r s  w e re  p l a c e d  i n t o  e a c h  o f  

o t
e i g h t  c a r t o n s  a s  th e y  w e re  f i l l e d  w i th  2.5 t o  3.6 kg vacuum  p a c k a g e d  b e e f  h a l f  s t r i p l o i n s .  The

terti

Slid

a tU re  l o g g e r s  re m a in e d  i n  th e  c a r t o n s ,  r e c o r d i n g  p r o d u c t  t e m p e r a tu r e  e v e r y  30 m in u te s  w i th  a n  a c c u r a c y
■i0.25<>r

'  u n t i l  t h e  acc o m p a n y in g  vacuum  p a c k e d  h a l f  s t r i p l o i n s w ere  rem oved f o r  m i c r o b i o l o g i c a l ,  c h e m ic a l
sens

Mic
9u,«lit
«ft.er
th,16 re

° ry  e v a l u a t i o n  i n  S a u d i  A r a b i a ,  a f t e r  v a r i o u s  p e r i o d s  o f  c h i l l e d  s t o r a g e .  

t o b i o i o g i c a l  E x a m in a t io n :  F o r  e a c h  t r i a l  f i v e  h a l f  s t r i p l o i n s  w e re  sa m p le d  f o r  m i c r o b i o l o g i c a l

y a t  th e  p o i n t  o f  p r o d u c t i o n ,  e i t h e r  a t  p a c k a g in g  o r  j u s t  b e f o r e  d i s p a t c h  t o  S a u d i  A r a b ia  a  few  d a y s  

« g in g .  A n o th e r  f i v e  h a l f  s t r i p l o i n s  w e re  ex am in ed  o n  a r r i v a l  a t  t h e  c o o l s t o r e  i n  R iy a d h , an dPack

« f t e r g r o u p s  o f  t h r e e  w ere  ex am in ed  a f t e r  v a r i o u s  p e r io d s  o f  c h i l l e d  s t o r a g e .  A c o m p o s ite  sa m p le  o f
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e a c h  h a l f  s t r i p l o i n  e x a m in e d  was o b t a i n e d  by sw ab b in g  a 5 cm2 s i t e  o n  t h e  d o r s a l  f a t ,  t h e  v e n t r a l  l e a n  and a 

l e a n  c u t  e n d  s u r f a c e  u s i n g  f i r s t  m o i s t e n e d  t h e n  d r y  s w a b s .  S e r i a l  d i l u t i o n s  w e re  p r e p a r e d  i n  0.1% p e p t ° ne 

w a t e r  an d  s p r e a d  o n t o  p l a t e  c o u n t  a g a r .  A f t e r  i n c u b a t i o n  a t  25°C f o r  72 h o u r s ,  a  d i f f e r e n t i a l  c o u n t  ba sed  ° n 

c o l o n i a l  a p p e a r a n c e  w as m ad e .  From a  s i n g l e  p l a t e ,  o n e  f o r  e a c h  h a l f  s t r i p l o i n  e x a m in e d ,  10 r e p r e s e n t a t i ve 

c o l o n i e s ,  s e l e c t e d  i n  n u m e r i c a l  p r o p o r t i o n  t o  t h e i r  r e l a t i v e  a b u n d a n c e  i n  t h e  s p o i l a g e  m i c r o f l o r a ,  were 

s u b c u l t u r e d  and  i d e n t i f i e d  t o  g e n u s  l e v e l  u s i n g  t h e  7 - t e s t  i d e n t i f i c a t i o n  p r o c e d u r e  o f  NEWTON e t  a l .  (1978) •

3 )  C h e m ic a l  A n a l y s i s :  F o r  e a c h  s h i p m e n t  s a m p le s  w e re  t a k e n  f ro m  s e v e n  vacuum p a c k a g e d  h a l f  s t r i p l o i n s  ° n

a r r i v a l  a t  t h e  R i y a d h  c o o l s t o r e  and s u b s e q u e n t l y  f ro m  g r o u p s  o f  f i v e  h a l f  s t r i p l o i n s  a f t e r  v a r i o u s  peri«*55 

o f  c h i l l e d  s t o r a g e .  S e p a r a t e  a n a l y s e s  w e re  p e r f o r m e d  o n  s a m p le s  o f  s u p e r f i c i a l  f a t ,  m id  m u s c l e  and  v e n t r al 

s u r f a c e  l e a n  t a k e n  f r o m  e a c h  h a l f  s t r i p l o i n  e x a m in e d .  The  pH o f  m in c e d  t i s s u e  f ro m  t h e  two l e a n  s a m p le  s i t eS 

was d e t e r m i n e d  d i r e c t l y  u s i n g  a  g l a s s  e l e c t r o d e .  The T o t a l  V o l a t i l e  N i t r o g e n  (TVN) i n  t i s s u e  f ro m  t h e  tw° 

l e a n  s a m p le  s i t e s  w as  d e t e r m i n e d  u s i n g  a  s t e a m  d i s t i l l a t i o n  p r o c e d u r e  (SASO, 1977b) . The  F r e e  F a t t y  Acid 

(FFA) c o n t e n t  i n  t h e  s u p e r f i c i a l  f a t  an d  t h e  two l e a n  t i s s u e  s a m p le s  was d e t e r m i n e d  by t i t r a t i o n  f o l l ° win9 

f a t  e x t r a c t i o n  i n  c o l d  4 0 /6 0  p e t r o l e u m  e t h e r  (SASO, 1977a) .

4)  S e n s o r y  E v a l u a t i o n :  On a r r i v a l  a t  t h e  c o o l s t o r e  i n  R i y a d h ,  13 u n o p e n ed  vacuum p a c k a g e d  h a l f  s t r i p l ° inS

w ere  t a k e n  f rom  e a c h  c o n s i g n m e n t  and f r o z e n  t o  s e r v e  a s  c o n t r o l s .  E a c h  s e n s o r y  e v a l u a t i o n  s e s s i o n  waS 

c o n d u c t e d  i n  tw o  p a r t s  t o  d e t e r m i n e  f i r s t l y  t h e  o n s e t  o f  s p o i l a g e ,  a n d  s e c o n d l y  c o n su m er  a c c e p t a b i l i t y  I

S t e a k s  (2 cm t h i c k )  w ere  c u t  f ro m  o n e  th aw ed  c o n t r o l  and two c h i l l e d  h a l f  s t r i p l o i n s  and  c o o k e d  a t  1 6 0 -1 8°°C 

f o r  t e n  m i n u t e s  p e r  s i d e  i n  a  l i g h t l y  g r e a s e d  e l e c t r i c  f r y i n g  p a n .  The c o o k e d  m e a t  was a s s e s s e d  W 3 

9-member e x p e r i e n c e d  s c r e e n i n g  p a n e l  t o  i d e n t i f y  t h e  o n s e t  o f  s p o i l a g e  c o n d i t i o n s  u s i n g  a  3 - p o i n t  s c a l e
r t  4)w h e r e :  1= A c c e p t a b l e -  n o  s p o i l a g e  e v i d e n t ;  2= M a r g i n a l -  i n c i p i e n t  s p o i l a g e  s u s p e c t e d ;  a n d  3= R e j e c t -  ° vet

s p o i l a g e  e v i d e n t .  U n l e s s  o v e r t  s p o i l a g e  w as e v i d e n t  i n  t h e  c h i l l e d  p r o d u c t ,  5 0 0 - 7 0 0  g r o a s t s  w e re  c u t  £r0in 

th a w e d  c o n t r o l  and  c h i l l e d  h a l f  s t r i p l o i n s  an d  d i s t r i b u t e d  t o  a  s m a l l  " t a k e  home" p a n e l  who a s s e s s e d  t h e  

m e a t  s a m p le s  f o r  a ro m a ,  t e x t u r e ,  t a s t e  a n d  o v e r a l l  l i k i n g  u s i n g  a  7 - p o i n t  h e d o n i c  s c a l e  w h e r e :  7= l i k e  ve*? 

m uch, and  1“ d i s l i k e  v e r y  much.

RESULTS AND DISCUSSION: H ie  b e e f  h a l f  s t r i p l o i n s  i n  a l l  f i v e  t r i a l s  w e re  p a c k a g e d  i n  C r y o v a c  vacuum  shr* A* k«)

, 40 Sti
p a c k s .  The b a r r i e r  f i l m s ,  m a n u f a c t u r e d  by W.R. G r a c e  L i m i t e d ,  h ad  s t a t e d  o x y g e n  p e r m e a b i l i t i e s  o f  88 

m l/m 2/ 2 4 h /A tm  a t  23°C a n d  90% r e l a t i v e  h u m i d i t y .  S h i p m e n t s  f ro m  A u s t r a l a s i a  w e re  i m p o r t e d  t h r o u g h  t h e
|* t (

p o r t  o f  Dammam a n d  t h o s e  f ro m  I r e l a n d  t h r o u g h  t h e  Red S e a  p o r t  o f  J e d d a h .

m
1) C o l d  C h a i n :  The c o l d  c h a i n  i s  c o n v e n i e n t l y  c o n s i d e r e d  t o  be  made up o f  two p h a s e s :  t r a n s p o r t  -

he
l o g g e r  p l a c e m e n t  t o  a r r i v a l  a t  t h e  R i y a d h  c o o l s t o r e ;  and  s t o r a g e  -  f rom  a r r i v a l  a t  t h e  c o o l s t o r e  t o  tn

re ^t e r m i n a t i o n  o f  s t o r a g e .  W i t h i n  t h e  f i v e  t r i a l s ,  t h r e e  t r a n s p o r t  and s t o r a g e  t e m p e r a t u r e  r e g i m e s  we
*t>E

e v i d e n t .  T h ese  w e re  c l a s s i f i e d  a s  h i g h  ( n = l ) ,  medium (n=2) and  lo w  (n=2) c h a r a c t e r i z e d  by mean t r l
St>>

t e m p e r a t u r e s  o f  1 . 4 ,  0 . 8  an d  - 0 . 9 ° C  r e s p e c t i v e l y .  The  s t o r a g e  p h a s e  w as  a p p r e c i a b l y  l o n g e r  t h a n  ttl3 

t r a n s p o r t  p h a s e  ( F i g u r e  1) , an d  c o n s e q u e n t l y  w as  t h e  m ore  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  mean t e m p e r a t ^ 3

I

o b t a i n i n g  o v e r  a  c o m p l e t e  t r i a l .  S t o r a g e  t e m p e r a t u r e  d i f f e r e n c e s  a p p e a r  t o  h a v e  r e s u l t e d  f ro m  d i f f e te
b*t

c h i l l e r  t e m p e r a t u r e  s e t t i n g s  r a t h e r  t h a n  p r o b l e m s  o f  t e m p e r a t u r e  m a i n t e n a n c e  w i t h i n  t h e  s t o r a g e  c h i l l e r s .
nit

2) M i c r o b i o l o g i c a l  E x a m i n a t i o n :  In  o n l y  o n e  t r i a l  c a n  q u e s t i o n a b l e  p r o c e s s  h y g i e n e ,  i n d i c a t e d  W a”

fc1*
i n i t i a l  m i c r o b i a l  c o u n t  e x c e e d i n g  1 0 3 c e l l s / c m 2 , be  c o n s i d e r e d  t o  h a v e  c o m p ro m ise d  p r o d u c t  s t o r a g e  l i £ e ' ***

a l l  f i v e  t r i a l s  l a c t o b a c i l l i  p r e d o m i n a t e d  i n  t h e  m i c r o f l o r a s  t h a t  d e v e l o p e d  o n  t h e  vacuum p a c k a g e d  t ^ 3
Wit
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¿1 a  J u r i n g  ^

r a n s p o r t  and  s t o r a g e  a t  c h i l l  t e m p e r a t u r e s .  The  t im e  r e q u i r e d  f o r  t h e  m i c r o f l o r a s  t o  r e a c h  s p o i l a g e  

to n e  p  I s  (1 0 7c e l l s / c m 2 ) was d e t e r m i n e d  by t h e  s i z e  o f  t h e  i n i t i a l  c o n t a m i n a t i n g  m i c r o f l o r a  an d  t h e  t e m p e r a t u r e  

s u b s e q u e n t l y  e x p e r i e n c e d  d u r i n g  t r a n s p o r t  and  s t o r a g e  ( F i g u r e  2 ) .  M i c r o b i o l o g i c a l  s p o i l a g e ,  e v i d e n c e d
by a

Persistent, p u trid  odour and ta s te , occurred in  two t r ia ls :  the t r i a l  involving the high i n i t i a l  
biol0ad

and a  medium t e m p e r a t u r e  r e g im e ,  and t h e  h i g h  t e m p e r a t u r e  r e g im e  t r i a l ;  136 a n d  82 d a y s  a f t e r  

Slau9 h t e r
'  r e s p e c t i v e l y .  A 0 .8 °C  h i g h e r  mean t r i a l  t e m p e r a t u r e  and  a s i g n i f i c a n t  p r e s e n c e  o f  

! ° n " ~ ~ " ~ ^ £ t e r . i a c e a e  i n  t h e  s p o i l a g e  m i c r o f l o r a  a c c o u n t s  f o r  t h e  m ore  r a p i d  o n s e t  o f  s p o i l a g e  o b s e r v e d  i n  t h e  

i0& * temP e r a t u r e  t r i a l  (NEWTON and GIL L , 1 9 7 8 ) .

two

îhe

At

't0

Che m i c a l  A n a l y s i s :  N orm al  u l t i m a t e  pH b e e f

iean

TVn

in®

°tqa,

6*t

was p a c k a g e d  i n  a l l  t r i a l s .  The  pH v a l u e s  m e a s u r e d  a t  t h e  

t i s s u e  s i t e s  w e re  s i m i l a r ,  r a n g i n g  f ro m  5 . 5  t o  5 . 9 ,  and  pH d i d  n o t  c h a n g e  d u r i n g  c h i l l e d  s t o r a g e ,  

c o n t e n t  o f  s u r f a c e  s a m p le s  was 0 . 2 + 0 . 5  mg N /1 0 0  g h i g h e r  t h a n  i n  c o r r e s p o n d i n g  mid m u s c le  s a m p le s .  

t h  s i t e s ,  o n c e  t h e  m i c r o f l o r a s  r e a c h e d  s p o i l a g e  l e v e l s  ( 107c e l l s / c m 2 ) , t h e r e

t o  m ore  t h a n  18 mg N /100  g ,  w i t h  l e v e l s  e x c e e d i n g  24 mg N /100  g when s p o i l a g e  became 

i c a l l y  e v i d e n t .  T he  FFA c o n t e n t  o f  t h e  s u p e r f i c i a l  f a t  was 50 t o  70% h i g h e r  t h a n  t h a t  o f  f a t  

r ro m  t h e  two l e a n  t i s s u e  s i t e s .  A s t r o n g  r i s i n g  t r e n d  i n  FFA became e v i d e n t  a f t e r  m e a t  m i c r o f l o r a s

was a  t r e n d  f o r  TVN l e v e l s
rise

n° l e p t

107c e l l s / c m 2 . The  FFA c o n t e n t  o f  t h e  s u p e r f i c i a l  f a t  r o s e  t o  1.
i °*ini

9% i n  some u n s p o i l e d  s a m p le s  b e f o r e

spoUage
°9 t o  l e v e l s  o f  b e tw e e n  1 .3  an d  1.4% w i t h  s p o i l a g e  o n s e t .  A f a l l  i n  FFA l e v e l  w i t h  t h e  a p p r o a c h  o f  

was n o t  o b s e r v e d  i n  f a t  e x t r a c t e d  f ro m  l e a n  t i s s u e .  The  r i s e  and f a l l  phenom enon  o b s e r v e d  i n

1c i a l  f a t  may r e s u l t f ro m  t h e  l o c a l  u t i l i z a t i o n  o f  t h e s e  v o l a t i l e  com pounds  by P seudom onas  p o p u l a t i o n s

Zln9 t h e  i n s i d e  s u r f a c e s  o f  t h e  vacuum p a c k s  (MADEEN and BOLTON, 1991) . 
ett <) Sens

o r y  E v a l u a t i o n :  M e a t  was r e j e c t e d  b e c a u s e  o f  s p o i l a g e  o n s e t  i n  o n l y  two t r i a l s ,  a s  p r e v i o u s l y  
r o* l s cus s e d

• The " t a k e  home" p a n e l  a w ard e d  p r o d u c t  i n  a l l  t r i a l s ,  t e s t e d  b e f o r e  s p o i l a g e  o n s e t ,  mean s c o r e s
the *boVe 6

p K  ’ o n  t h e  7 - p o i n t  s c a l e .  T e x t u r e ,  i n  c o n t r a s t  t o  t o u g h n e s s ,  i s  n o t  c o n s i d e r e d  a  c r i t i c a l  a t t r i b u t e  i n  

i d d l e  E a s t .  How ever ,  a s  s t o r a g e ,  and  h e n c e  m e a t  a g i n g ,  p r o g r e s s e d ,  s t a n d a r d  d e v i a t i o n  a b o u t  t h e  mean 

d ed  t o  i n c r e a s e ,  i n d i c a t i n g  l e s s  c o n s i s t e n t  r a t i n g s ,  i n  b o t h  lo w  t e m p e r a t u r e  r e g im e  t r i a l s  

d e t e r i o r a t i o n ,  r e s u l t i n g  f ro m  enzyme a c t i v i t y  d u r i n g  a g i n g ,  w as  o b s e r v e d  by s e n s o r y  e v a l u a t i o n

:ry

So,

in*

•40 ^ f f  l0 3

olf S°f t,
d a y s  a f t e r  s l a u g h t e r ,  when t h e  s u p e r f i c i a l  f a t  was d i s t i n c t l y  p i n k  an d  s e p a r a t e d  r e a d i l y  f r o m  t h e

a99ed"
s t i c k y  u n d e r l y i n g  l e a n  t i s s u e .  When c u t  w i t h  a  s h a r p  k n i f e ,  t h e  l e a n  t e n d e d  t o  t e a r ,  l e a v i n g  a

6ntpe
c u t  s u r f a c e  w i t h  s m a l l  f r a g m e n t s  o f  t i s s u e  l e f t  a d h e r i n g  t o  t h e  k n i f e  b l a d e .  I n  t h e medium

ct>hf
a tU f e r e g im e  t r i a l s ,  w i t h  n o rm a l  and  h i g h  i n i t i a l  b i o l o a d s ,  s o f t e n i n g  o f  t h e  m e a t ,  a c c o m p a n ie d  

*heme
by

ien t  o d o u r s ,  was n o t i c e d  85 an d  73 d a y s  a f t e r  s l a u g h t e r ,  r e s p e c t i v e l y ,  I n  t h e  h i g h  t e m p e r a t u r e  r e g im e
l« l.

are<j
t e x t u r a i  d e t e r i o r a t i o n  was n o t  e v i d e n t  b e f o r e  s p o i l a g e  o n s e t .  However,  s i g n s  o f  i n c i p i e n t  s p o i l a g e

V
56 82 d a y s  a f t e r  s l a u g h t e r .

a s  m i l d  c h e e s e y  o r  s o u r  o d o u r s  d u r i n g  c o o k in g  two w eeks  b e f o r e  t h e o n s e t  o f  o v e r t  m i c r o b i a l

"ith 9ood

’een
P r o c e s s  h y g i e n e  a t  t h e  p o i n t  o f  p r o d u c t i o n ,  and w i t h  t r a n s p o r t  and s t o r a g e  t e m p e r a t u r e s  m a i n t a i n e d

V t
an d  - 2 ° c  a s

th e
m a n d a te d  (SASO, 1986) , t e x t u r a l  d e t e r i o r a t i o n  r a t h e r  t h a n  m i c r o b i a l  s p o i l a g e  w i l l

K -  P r o d u c t  l i f e  o f  vacuum p a c k a g e d  b e e f  (RIGG and  NEWTON, 1 9 7 9 ) .  C o n s e q u e n t l y ,  c h e m i c a l  c r i t e r i a
6<a o n t h

6 a c c u m u l a t i o n  o f  b y - p r o d u c t s  o f  m i c r o b i a l  m e t a b o l i s m ,  s u c h  a s  TVN o r  FFA, a r e  i n a p p r o p r i a t e  a s
in ■ lcato

w*th o f  t h e  f i t n e s s  o f  vacuum p a c k a g e d  b e e f  f o r  human c o n s u m p t i o n .  F a i l u r e  o f  some t r i a l s  t o  com ply
mand

a t e d  t e m p e r a t u r e  r e q u i r e m e n t s  a p p e a r s  t o  h a v e  r e s u l t e d  from mismanagement in  the setting  of
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r e f r i g e r a t i o n  e q u ip m e n t  r a t h e r  t h a n  t h e  i n a b i l i t y  o f  t h a t  e q u ip m e n t  t o  m a i n t a i n  t h e  s e t  t e m p e ra tu r e

E x t e n s i o n  o f  t h e  e x p i r a t i o n  p e r i o d  f o r  vacuum  p a c k a g e d  b e e f  i n  S a u d i  A r a b i a  b ey o n d  t h e  p r e s e n t  70 day

are
(SASO, 1986)  seem s n o t  t o  be  u n r e a s o n a b l e ,  p r o v i d e d  t r a n s p o r t  and s t o r a g e  t e m p e r a t u r e  r e q u i r e m e n t s  

r i g o r o u s l y  e n f o r c e d .

CONCLUSION: E x t e n s i o n  o f  t h e  e x p i r a t i o n  p e r i o d  o f  vacuum  p a c k a g e d  b e e f  s e a  f r e i g h t e d  t o  S a u d i  A r a b i a  bey

70  d a y s  c a n  be  s c i e n t i f i c a l l y  s u p p o r t e d ,  p r o v i d e d  Q u a l i t y  C o n t r o l  S y s te m s  a r e  i n  p l a c e  t h a t  a s s u r e :  1) onW

, Id1
n o r m a l  u l t i m a t e  pH b e e f  i s  vacuum  p a c k e d ;  2 )  b a c t e r i a l  c o n t a m i n a t i o n  a t  p a c k a g i n g  d o e s  n o t  e x ce ed  

c e l l s / c m ^ ;  3) o x y g e n  p e r m e a b i l i t y  o f  t h e  p a c k a g i n g  f i l m  d o e s  n o t  e x c e e d  50 m l /m 2 /2 4 h /A tm  a t  23°C and ® 

RH; a n d  4) t h e  p r o d u c t  t e m p e r a t u r e  d u r i n g  t r a n s p o r t  a n d  s t o r a g e  i s  m a i n t a i n e d  b e tw e e n  0 a n d  - 2 ° C .

REFERENCES :
MADDEN R .H .  and BOLTON G .  1991 .  I n f l u e n c e  o f  a n a e r o b e s  o n  v o l a t i l e s  i n  vacuum  p a c k a g e d  b e e f .  I n  p r o c e e d ^  

3 7 t h  I n t .  Cong. M ea t  S c i .  & T e c h n o l .  K u lm bach ,  5 8 7 - 5 9 0  pp .

chi11NEWTON K.G. and  GILL C .O .  197 8 ,  T he  d e v e l o p m e n t  o f  t h e  a n a e r o b i c  s p o i l a g e  f l o r a  o f  m e a t  s t o r e d  a t  
t e m p e r a t u r e s .  J .  A p p l .  B a c t e r i o l . ,  4 4 ,  9 1 - 9 5 .

the I ̂ 6;
NEWTON K .G . ,  HARRISON J  .C . L . and WAOTERS, A.M. 1978 .  S o u r c e s  o f  p s y c h r o t r o p h i c  b a c t e r i a  o n  m e a t  a t  
a b a t t o i r .  J .  A p p l .  B a c t e r i o l . ,  4 5 ,  7 5 - 8 2 .

RIGG W .J .  and  NEWTON K.G. 1979 .  O x y g e n - f r e e  s t o r a g e  o f  c h i l l e d  m e a t .  MIRINZ P u b l i c a t i o n  709 ,  H a m i l t o n ,  N-z ‘

SASO, 1 9 7 7 a .  P h y s i c a l  a n d  c h e m i c a l  m e th o d s  f o r  t e s t i n g  e d i b l e  v e g e t a b l e  o i l s  a n d  f a t s .  S a u d i  s t a n d a r d  1 L  
S a u d i  A r a b i a n  S t a n d a r d s  O r g a n i z a t i o n ,  R iy a d h .

udJ
SASO, 1 977b .  M e th o d s  f o r  p h y s i c a l  and  c h e m i c a l  a n a l y s i s  o f  m e a t  and m e a t  p r o d u c t s .  S a u d i  S t a n d a r d  45. 
A r a b i a n  S t a n d a r d s  O r g a n i z a t i o n ,  R iy a d h .

SASO, 1986.  E x p i r a t i o n  p e r i o d s  f o r  f o o d  p r o d u c t s .  S a u d i  S t a n d a r d  457 .  S a u d i  A r a b i a n  S t a n d a r d s  O r g a n i z a t *0 
R iy a d h .

F i g u r e  1 .  T e m p e r a t u r e  r e c o r d s  f o r  vacuum  
p a c k a g e d  b e e f  e x p e r i e n c i n g  (A) H i g h ,  
(B) Medium an d  (C) Low t e m p e r a t u r e  
r e g i m e s  d u r i n g  c h i l l e d  t r a n s p o r t  (1) 
an d  s t o r a g e  ( 2 ) .

0 t
F i g u r e  2 .  D e v e lo p m e n t  o f  s p o i l a g e  m i c r o f l ° ca^

vacuum packaged beef experiencing ) r1®a 
( V  ) ' Medium ( £  ) and Low ( j,
temperature regimes during chl <s ^  
transport and storage. V ertica l aI 
ind icate overt m icrobial spoilage.
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