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Summary

A s h e l f - s t a b l e  b e e f  p ro d u c t  was d e v e lo p e d  by com bined t r e a t m e n t s  i n v o l v in g ,  c u r in g ,  
c°o k in g ,  vacuum -packag ing  and gamma i r r a d i a t i o n .  C h a l le n g e  s t u d i e s  w i th  103 and 10s s p o r e s / g  

I of ty p e  a C lo s t r id iu m  b o tu l in u m  were co n d u c te d  on t h i s  p r o d u c t .  Samples s u b j e c t e d  t o  a 1 03 
sPore i n o c u l a t i o n  and 15 kGy gamma i r r a d i a t i o n  d i d  n o t  show t o x i n e  p r o d u c t i o n  up t o  4 months 

s t o r a g e .  Low TBA num bers,  s l i g h t  o f f - o d o u r s  and good o v e r a l l  a c c e p ta n c e  were found  on 
to n -c o n ta m in a te d  s a m p le s .  A p r o c e s s  i n v o l v in g  c u r in g ,  c o o k in g ,  v acuum -packag ing  and gamma 
E r a d i a t i o n ,  sh o u ld  be s a f e  t o  p r e v e n t  b o t u l i n a l  t o x i n e  fo r m a t io n  in  b e e f  i n o c u l a t e d  w i th  
103 s p o re s  and k e p t  a t  28°C f o r  up t o  4 m onths.

11 Iftt r o d u c t i o n
The a p p l i c a t i o n  o f  combined fo o d  p r e s e r v a t i o n  t r e a t m e n t s  in v o lv e s  t h e  u se  o f  two o r  

^ r e  m o d era te  t r e a t m e n t s  r a t h e r  th a n  t h e  ex trem e  a p p l i c a t i o n  o f  a s i n g l e  o ne ,  and i n t e n d s  t o  
P ro te c t  o r g a n o l e p t i c  and n u t r i t i o n a l  fo o d  c h a r a c t e r i s t i c s .  Food i tem s  p ro d u c e d  f o l lo w in g  
th is  ap p ro ach  keep  b e t t e r  s e n s o ry  p r o p e r t i e s ,  a r e  s a f e ,  and e v e n t u a l l y  l e s s  e x p e n s iv e '  by 
Cut t i n g  down en e rg y  ex p e n se s  d u r in g  p r o c e s s i n g ,  s h i p p i n g ,  h a n d l in g  and s t o r a g e .  In  t h i s  co n -  

I t h e  employment o f  i r r a d i a t i o n  com bined w i th  o t h e r  fo o d  p r e s e r v a t i o n  t r e a t m e n t s ,  m igh t
an e f f i c i e n t  t o o l  t o  p ro d u c e  h e a l t h y  and p a l a t a b l e  food  i te m s  ( W ie r b i c k i ,  1981).

D evelopment o f  s h e l f - s t a b l e  m eat i t e m s ,  how ever,  s h o u ld  be c a r e f u l l y  m o n i to r e d  in  te rm s
Of , .

J-cs s a f e n e s s .  When fo o d  a r e  p ac k ag ed  and h e a t e d  s u f f i c i e n t l y  t o  k i l l  n a t u r a l l y  o c c u r r i n g
#llct o f l o r a  t h a t  m ig h t  i n h i b i t  b o t u l in u m . b u t  a r e  n o t  h e a t e d  enough t o  k i l l  b o tu l in u m  .

i s  a r i s k  o f  b o t u l i n a l  t o x i n e  fo r m a t io n  m a in ly  due t o  a f a v o r a b l e  t e m p e r a tu r e  d u r in g
8t ° t a g e .  T here  i s  an even g r e a t e r  c o n c e rn ,  when p r o d u c t s  s t o r e d  u n d e r  t h e s e  c o n d i t i o n s  do 
îlot

a p p e a r  s p o i l e d  o r  u n a c c e p ta b l e  f o r  human con su m p tio n  (S p e r b e r ,  1 9 8 2 ) .  The o b j e c t i v e  o f  
s s tu d y  was t o  e v a l u a t e  t h e  r e s p o n s e  o f  a c u r e d ,  m i ld - h e a t e d ,  vacuum -pakaged  and gamma 

E f a d i a t e d  b e e f  p r o d u c t  s t o r e d  a t  28°C c h a l l e n g e d  w i th  ty p e  A £_■. b o t u l i n u m .

A e r i a l s  and methods

ft,
He

o rg a n is m :  S t r a i n s  o f  ty p e  A b o tu l in u m  A-N25, A-NCTC 9837 and A-N23 were o b t a i n e d
°m t h e  F a c u l t y  o f  M ed ic in e ,  U n i v e r s i t y  o f  Mendoza, A r g e n t in a ,  s t r a i n s  were grown in  Cooked
a t  (D ifco  Lab) and s p o re  p r o d u c t i o n  was done on TPGY medium (BAM, 1978) i n c u b a te d  u n d e r

. e r o b i o s i s  d u r i n g  10 d a y s .  C e l l s  were h a r v e s t e d  by  c e n t r i f u g a t i o n  ( tw ic e  a t  2 ,800  g) and
j. l n 9 w i th  d i s t i l l e d  w a te r  ( t w i c e ) .  C e l l s  su sp en d ed  i n  d i s t i l l e d  w a te r  were k e p t  a t  5°C up

th e  moment o f  t h e i r  u s e .  P r i o r  t o  i n o c u l a t i o n ,  c e l l  were h e a t  sh ocked  (80°C-10 m in ) .
—Eflnuf ao.t.Uire: P ie c e s  o f  a p p r o x im a te ly  200 g (n o n -c o n ta m in a te d  sam p le s )  and 100 g

h a i i e n g e d  sam p les )  b e e f  f o r e s h a n k  were c u r e d  by 10% pumping and im m ersion  (o v e r n ig h t -5 ° C )  
'7.7%
ture

CQht
Of

St>0 r

% N acl and 0.064% NaNOz). Im m ed ia te ly  a f t e r ,  sam ples  w ere  cooked  t o  an i n t e r n a l  te m p e ra -  
o f  75°c  d u r in g  20 min i n  a b a t h  c o n t a i n i n g  a 5% NaCl and 0.064% NaNOz b r i n e .  Non-

an>inated sam ples  w ere  vacuum -packaged , f r o z e n  (-20°C ) and g a m m a - i r r a d ia te d  w i th  7 .5  kGy 
15 kGy. Samples f o r  c h a l l e n g e  s t u d i e s  were i n o c u l a t e d  w i th  a c o m p o s i te  o f  103 o r  10® 

^  t s s / g  p r i o r  t o  vacu u m -p ack ag in g ,  th e n  sam ples  were f r o z e n  and i r r a d i a t e d  as  d e s c r i b e d  

i>a°Ve’ A11 sam ples  were k e p t  a t  28° c d u r in g  s t o r a g e .  P ack ag in g  m a t e r i a l s :  Two d i f f e r e n t  
ck a g ing c o n t a i n e r s  w ere  u s e d .  A=(from o u t s i d e  t o  i n s i d e )  EVA-polyethilene-EVA-SARAN-EVA 

t>on - N ylon“ a d h e s iv e-SARAN-adhesive-LDLP. M i c r o b i o l o g i c a l  a s s a y  and t o x i n e  d e t e r m i n a t i o n :  on 
0tj Cont a m in a te d  sa m p le s ,  a n a e ro b e s  c o u n t  on TPGY a g a r  (120hs-35°C ) and L a c t o b a c i l l u s  co u n t  

hRs a g a r  (72 h s-3 0 °C ) were p e r fo rm e d .  On c h a l l e n g e d  s a m p le s ,  t o x i n e  fo r m a t io n  was d e t e r -
‘<11lI»ed by  mouse i n t r a p e r i t o n e a l  i n o c u l a t i o n  w i th  a 0.2 ml c e n t r i f u g e d  sam ple  hom ogenate
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( g e l a t i n  b u f f e r  PO.», pH 6 . 6) .  Mice w ere  ch eck ed  f o r  b o t u l i s m  sym ptom ato logy  up t o  5 d ay s .  £■- 
b o tu l in u m  c e l l  v i a b i l i t y ,  sam ple hom ogenates  were c u l t u r e d  i n  Cooked M eat, h a l f  o f  them were 

h e a t  sh o ck ed  (80°C-10m in) and i n c u b a te d  up t o  30 days  (3 2 °C ) .  H eat sh o ck ed  sam ples  which 
showed t u r b i d i t y  were i n o c u l a t e d  t o  mouse, w h i le  n o n - h e a t e d  t u r b i d  sam ples  were in o c u la te d  
o n ly  i f  t h e i r  h e a te d  c o u n t e r p a r t s  d i d  n o t  show t u r b i d i t y .  S en so ry  e v a l u a t i o n :  A t r a in e d
p a n e l  e v a l u a t e d  o r g a n o l e p t i c  c h a r a c t e r i s t i c  i n  n o n -c o n ta m in a te d  sam p les .  
d e t e r i o r a t i o n :  O x id a t io n  was d e te rm in e d  b y  TBA method (Pensel- ,  19 9 0 ) .  S u l f a n i l a m id e  waS 
added t o  a l i q u o t  sam ples  w hich  had  r e s i d u a l  sodium n i t r i t e  ( S h a h i d i ,  1989). 
a n a l y s i s : NaCl and r e s i d u a l  n i t r i t e  were d e te rm in e d  a c c o r d in g  t o  AOAC (1975) and Sen an<̂
D onaldson  (1978) r e s p e c t i v e l y .  was d e te rm in e d  in  a N ovasine  t h e r m o c o n s t a n te r  ap p a ra tu s -
M o n i to r in g  and sam p lin g :  I n o c u l a t e d  sam p les  were exam ined tw ic e  a week f o r  s w e l l i n g  o r  £°r 
any o t h e r  o r g a n o l e p t i c  ch an g e .  Samples were a n a ly z e d  a t  0 , 2 , and 4 months o f  s t o r a g e .  F ive 
r e p l i c a t e s  were c o n s i d e r e d  f o r  each  co m b in a t io n  o f  t r e a t m e n t s .  T h is  gave 20 n°n
c o n ta m in a te d  sam ples  (5 r e p l i c a t e s  x 4 t r e a t m e n t s )  and 40 c h a l l e n g e d  sam p les  (5 r e p l i c a t e s  * 
8 t r e a t m e n t s )  a t  each  s t o r a g e  t im e .  D ata  a n a l y s i s :  When a p p r o p r i a t e ,  a n a l y s i s  o f  v a r i a n t  
was c a r r i e d  o u t  on d a t a  by  t h e  SAS p r o c e d u r e .  D i f f e r e n c e s  among means w ere  a n a ly z e d  by 
T u k e y 's  s t u d e n t i z e d  ra n g e  t e s t .

<U

Co

the

R e s u l t s  and d i s c u s s i o n
Non-contaminated samples. Anaerobes and lactobacillus counts were below the limit of

ofd e t e c t i o n  i r r e s p e c t i v e  o f  t h e  t r e a t m e n t  a t  z e ro  t im e  (T a b le  1 ) .  They i n c r e a s e d  a t  month 2 
s t o r a g e  on sam ples  i r r a d i a t e d  w i th  7 .5  kGy b e in g  L a c t o b a c i l l u s  t h e  dom inan t  f l o r a .  I*®»" 
t o b a c i l l i . u s u a l l y ,  become t h e  dom inan t  s p o i l a g e  f l o r a  i n  p r o d u c t s  p ac k ag ed  u n d e r  modif i e<̂ 
a tm o sp h e re .  N o n e th e le s s ,  c o u n ts  w ere  t o o  low t o  p ro d u c e  s e n s o r y  d e t e c t a b l e  c h a n g e s .  No ° r

%

ganism s were found  up t o  month 4 o f  s t o r a g e  on sam ples  s u b j e c t e d  t o  15 kGy. NaCl c o n te n t wa®

n e a r  t h e  e x p e c te d  v a lu e  (3%), s i n c e  t h i s  was t h e  maximum NaCl c o n t e n t  t h a t  p a n e l i s t s ac'

c e p te d  d u r in g  p r e l i m i n a r y  a s s a y s  ( r e s u l t  no shown) and w h ich ,  s h o u ld  have  an e f f e c t ih %

lo w e r in g  aw. NaCl c o n t e n t  had  no d i f f e r e n c e s  (p > 0 .0 5 )  f o r  b o th  7 .5  and 15 kGy i r r a d i a t e'i
ohs a m p le s .  NaCl c o n t e n t  was r e l a t i v e l y  c o n s t a n t  up t o  4 months o f  s t o r a g e .  R e s id u a l  n i t r i t e

sam ples  s u b j e c t e d  t o  7 .5  kGy were d i f f e r e n t  (p< 0 .05 )  from t h o s e  s u b j e c t e d  t o  15 kGy a t  z er°
y i y

t im e .  I r r a d i a t i o n  p ro d u c e  a d e c r e a s in g  i n  NaN02 (A r tu so ,  19 8 8 ) .  R e s id u a l  N02 s i g n i f i c a n t  
d e c r e a s e d  (p < 0 .0 5 )  a t  month 2 o f  s t o r a g e .  N i t r i t e  i s  a r e a c t i v e  ch e m ic a l  compound and whe  ̂
u sed  f o r  c u r in g  p u rp o s e ,  l e s s  th a n  50% o f  t h e  N02 added  ca n  be  a n a ly z e d  a f t e r  c o m p le t io n  
p r o c e s s i n g  (C assen s  e t  a l  19 7 9 ) .  F la v o r  and  aroma im proved  as  s t o r a g e  t im e  i n c r e a s e d  re g a r ^

3
l e s s  t h e  r a d i a t i o n  d o s e ,  w h i le  t e n d e r n e s s  and j u i c i n e s s  w ere  k e p t  c o n s t a n t .  N o n e th e le s s ;  
t r e n d  s u g g e s t  t h a t  sam p les  from p a c k a g in g  A showed b e t t e r  aroma and f l a v o r  th a n  sam ples

A

p a c k a g in g  B, and among them 7 .5  kGy sam ples  were b e t t e r  t h a n  t h e  15 kGy o n e s .  The TBA nu«1'

b e r s  fo u n d  were lo w er  t h a n  th o s e  from o t h e r  r e p o r t s  (Chang, 1961);  how ever ,  o t h e r  d i f f ere n1

test condition were used and this might explain that difference. No differences on TBA were
%

offound  be tw een  t h e  two p a c k a g in g  c o n t a i n e r s  u s e d .  TBA numbers f o r  sam ples  w i th  2 months 
s t o r a g e  were h i g h e r  (p < 0 .05 )  th a n  t h e  o n es  from t h e  o t h e r  two t im e s  t e s t e d .

2
c h a l l e n g e d  s a m p le s . R e s u l t s  o f  m o n i to r in g  and t o x i n e  e v a l u a t i o n  a r e  shown on T ab le  

T ox in  p r o d u c t i o n  o c c u r r e d  in  sam ples  e i t h e r  i r r a d i a t e d  w i th  7 .5  kGy (b o th  inoculum  level® 
o r  i r r a d i a t e d  w i th  15 kGY and c h a l l e n g e d  w i th  10B s p o r e s / g .  Most o f  sam p les  (77.55%) had vl
a b l e  SLu b o tu l in u m  c e l l s  a t  z e ro  t im e ;  how ever,  o n ly  20% o f  sam ples  ( v i s u a l l y  s p o i l e d ah'à k

w ith  t o x i n e  fo r m a t io n )  had  v i a b l e  c e l l s .  T h is  f i n d i n g  i s  p a r t i a l l y  d i f f e r e n t  from t h a t  
Rowley e t  a l  (1983) who found  a g r e a t e r  p r o p o r t i o n  o f  v i a b l e  c e l l s ,  w h e th e r  t o x in e

f1.

p ro d u c ed  o r  n o t ,  i n  i n o c u l a t e d  b ac o n .  R e p o r ts  on b o tu l in u m  o c c u r r e n c e  i n  raw meat ate

s c a r c e .  However, i t  h a s  b ee n  found  a t  l e v e l s  o f  1 s p o r e / 1 - 7 . 1  l b  i n  p r o d u c t s  such  as cooK®u

ham, smoked b ac o n ,  f r a n k s  and raw c h ic k e n  ( G e n ig e o rg i s ,  1986).  In  o u r  s tu d y  a h ig h  inocu
lii®’

l e v e l  was u s e d ,  and i r r e s p e c t i v e  o f  t r e a t m e n t  v i s i b l e  o r g a n o l e p t i c  ch an g es  ( s e v e r e  ti®®
■ Aih"d i s r u p t i o n ,  " m u sh y - l ik e "  t e x t u r e  and o f f e n s i v e  o d o r)  p r e c e d e d  t o x i n e  f o r m a t io n .  T h is  f i n°

U« Ä
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ls somewhat in  ag reem en t w i th  t h a t  r e p o r t e d  by H a u s c h i ld  e t  a l  (1985) who showed t h a t
P°ilage o c c u rre d  p r i o r  to  vacuum-packaged raw b e e f  became t o x i c .  A n e l l i s  e t  a l  (1965)

reP o r ted  t h a t  canned  bacon  c h a l l e n g e d  w i th  10® s p o re s  was s t e r i l i z e d  by  a d o se  o f  4.5 Mrad.
| 6y c a l c u l a t e d  a D12 v a lu e  o f  2 .6 5 - 2 .8 7  Mrad. Rowley e t  a l  (1983) i n  t u r n ,  p r e v e n te d  s w e l l -

9 o f  bacon  c h a l l e n g e d  w i th  2 s p o r e s / g  and i r r a d i a t e d  w i th  1 .5  Mrad r e g a r d l e s s  o f  n i t r i t e
|  ̂ Put <°- 40 o r  120 u g / g ) . However, when th e  p r o d u c t  was i n o c u l a t e d  w i th  160 s p o r e s / g ,  1 .5
J d id  n o t  a c c o m p l ish e d  a co m p le te  p r o t e c t i o n  a g a i n s t  t e m p e r a tu r e  ab u se  (2 7 °C -6 0 d s ) .  In

°Ur o-t-s t u d y , 15 kGy h as  p ro v e d  t o  be  e f f e c t i v e  in  p r e v e n t i n g  t o x i n e  fo r m a t io n  in  a b e e f
I i n d u c t  c h a l l e n g e d  w i th  103 £_*. b o tu l in u m  s p o r e s / g . ,  so f a r  up t o  4 month s t o r a g e  a t  28°C; i t

s t r e s s e d  how ever,  t h a t  v i a b l e  c e l l s  rem a in ed  in  t h e s e  s am p le s .  F u r t h e r  s t u d i e s  com bin ing  
e r e n t  l e v e l s  o f  NaN02 and i r r a d i a t i o n  a r e  c u r r e n t l y  u n d e r  way a t  o u r  l a b o r a t o r y .

Coi>clus io n s

A p r o c e s s  i n v o l v i n 9 c u r in g ,  c o o k in g ,  vacuum -packag ing  and i r r a d i a t i o n  to  p ro d u ce  a 
4 f ~ s t a b l e  b e e f  p r o d u c t  sh o u ld  be s u i t a b l e  to  p r e v e n t  <L. b o tu l in u m  t o x i n e  fo r m a t io n  up t o

II Months o f  s t o r a g e  a t  28°C.

in
ow ledgm ents. T h is  work was done u n d e r  c o n t r a c t  ARG-6267/RB w i th  t h e  I n t e r n a t i o n a l  Atomic 

16r 9Y Agency (IAEA).
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TABLE 1
Non C ontam inated Sam ples of Beef S h e lf-s ta b le  Product 

Microbial Counts, Lipid Stability, NaCl Content, 
Residual NaN02 and Aw

7.5 kGv 15 kGV
Storage PACKAGING PACKAGING
tim e (months) A B A B

Anaerobes (CFU/g) <1.69 <1.69 <1.69 <1.69
Lactobacillus (CFU/g) <1.69 <1.69 <1.69 <1.69

0 TBA number 0.0406 0.0383 0.0653 0.0719
NaCl (%) 2.77 2.80 2.65 2.60
NaNOz(ppm) 123 122 85.6 81.6
Aw 0.989 0.988 0.987 0.978

Anaerobes (CFU/g) 3.81 2.18 <1.69 <1.69
Lactobacillus (CFU/g) 3.289 2.22 <1.69 <1.69

2 TBA number 0.0960 0.1025 0.1208 0.1199
NaCl (%) 2.91 3.30 3.15 2.77
NaN02(ppm) 30.6 31 19.6 18.8
Aw 0.9V5 0.965 0.975 0.972

Anaerobes (CFU/g) NA NA <1.69 <1.69
Lactobacillus (CFU/g) NA NA <1.69 <1.69

4 TBA number NA NA 0.0756 0.0833

NaCl (%) NA NA 2.76 2.94
NaN02(ppm) NA NA 17.2 15.0
Aw NA NA 0.968 0.967

a: See text for composition. NA: N o t  analized.

T A B L E  2
Challenged Sam ples of Beef S h e lf-s ta b le  Product

Irradiation Inoculum  Packaging  
Dose Level a
(KGy) ( sp o r e s /g )

Rejection
T___

(weeks)
im e

Toxine Cell
D etection  Viability
(m on th s)  0

15

10

10

10
B

3 (days) 

3 (days)

3 (days) 5 / 5  

3 (days) 5 / 5

4 (0/5)

4 (0/5) 

2 0 / 5 )

2  (2/5)

N A

N A

A 7 2 (1/5) +

3 <
1° J

B 7 2 (1/5) +
7.5 A 7 2 (2/5) +

5 J
10 <

B 7 2 (1/5) +

a: See text for pa c k a g i n g  c omposition
6: First s a m p l e  (n=5) s h o w i n g  organoleptic c h a n g e / s
c: N u m b e r  of toxic sample s / T o t a l  n u m b e r  of analyzed s a m p l e s

d: N o t  analyzed.
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