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Q u a l i t y  o f  Canned Beef in  R e la t io n  to  I n t e r n a l  C o r r o s io n  o f  P la in  A lum in ium  Cans

NEVENKA SIM lC , DU§AN LUClC, MIODRAG MICKOVID and TOMISLAV BOJOVIC 

J u g o s lo v e n s k i  i n s t i t u t  za t e h n o l o g i j u  mesa, B eograd , Y u g o s la v ia

the e o * '  ,,
The word " c o r r o s i o n "  means a l l  t r a n s f o r m a t i o n s  i n  w h ich  the  meta l  passes f rom  the  e le m e n ta ry  to  ^  /

c o n d i t i o n  i n c l u d i n g  r e a c t i o n s  l e a d in g  t o  th e  fo r m a t io n  o f  a s o l i d  o x id e  f i l m  and o t h e r  k in d s  o f  

as the  r e a c t i o n s  r e s u l t i n g  in  a compound d i s s o l v e d  in  the  c o r r o s io n  medium ( 3 ) .  C o r ro s io n  phenomen 

a p p a r e n t l y  complex in  th e  can n ing  i n d u s t r y ,  e s p e c i a l l y  the  i n t e r n a l  c o r r o s i o n  o f  canned food pr° '  

numerous v e r i a b l e s  t a k in g  p a r t  i n  such p ro c e s s e s .  F in d in g  o u t  o f  the  i n t e r r e l a t i o n s  o f  packaging 

- p r o d u c t  m a n u fa c tu r in g  p ra c t i c e s -c a n n e d  p r o d u c ts  i s  th e  i te m  o f  permanent i n v e s t i g a t i o n s

af®

duct5
tnateri'

du«

which aim

escape p o te n t  d e le t e r i o u s  e f f e c t s  o f  m a t e r i a l s  on the  q u a l i t y  o f  canned p ro d u c ts  t h a t  co u ld  be th 

m a rk e t in g  f a c t o r s  e s p e c i a l l y  f o r  l o n g - s t o r a g e  p ro d u c ts  ( 8 ) .

1 ¡m'1

Nowadays, in  the w o r ld  can n ing  i n d u s t r y , a Iuminiurn use ,a s  the  food  packag ing  m a t e r i a l ,  has s i g n . . -  t j v itV

srab i1't '
ased owing t o  i t s  f o l l o w i n g  p r o p e r t i e s :  n o n t o x i c i t y ,  good f o r m a b i l i t y ,  low w e ig h t ,  good he a t  con— - _ !W- g'

i f i c a n t l y  

d u c t i ^ V

o d o u r le s s n e s s ,  t e s t e l e s s n e s s , im p e r m e a b i l i t y  t o  ga ses ,  m o is t u r e ,  l i g h t  and g re a s e ,  good lacqu e r  

p r i n t a b i l i t y  and good r e c y c l a b i l i t y  (2 , 1 0 ) .

A c c o rd in g  to  i t s  p o s i t i o n  in  th e  p o t e n t i a l  s e r ie s  o f  the  m e ta l s ,  a lu m in iu m  sho u ld  be a v e r y  re a c t '  .¡nS
. .. . ...  , .. . •_r e ° er>

However,  ow ing

eta'

t o  i t s  s i g n i f i c a n t  a f f i n i t y  t o  oxygen as w e l l  as to  the  a b i l i t y  o f  p r o d u c in g  and
n o re  h ° ^ e .¡a

the  s t a b l e ,  a d h e re n t ,  w a te r  i n s o l u b l e  o x id e  f i l m ,  a lu m in iu m  i s  p a s s iv a te d  and so shows t o  be « 1 ^

r e l a t i o n  t o  i t s  e le c t r o c h e m ic a l  p o t e n t i a l  i . e , ,  i t  i s  c o r r o s i o n  r e s i s t a n t  to  a i r ,  w a te r  and many ^ {

( 3 ) .  When th e  a lumi nium m a t e r i a l  i s  found in  the  c o n d i t i o n s  in  w h ich  i t s  o x id e  f i l m  i s  des troyed
w'

maj°r' %
r e g e n e r a b i1 i t y ,  a lu m in iu m  c o r r o s i o n  r e a c t i o n s  d e v e lo p  ( 3 ) .  P ro b a b ly  such c o n d i t i o n s  a re  in  the

canned food  p r o d u c t s .  T h e r e fo r e ,  many a u th o r s  recommend o n ly  the  use o f  v a r n is h e d  a lum in ium  cans 

to  o b t a i n  th e  s a t i s f a c t o r y  c o r r o s i o n  s h e l f - l i f e  o f  canned p r o d u c t s  (5 ,  6 , 7 , 8 , 9 ) .

r food Pr , -
Having in  mind a l l  above c i t e d  f a c t s  as w e l l  as the  la c k  o f  l i t e r a t u r e  da ta  on i n t e r a c t i o n s  o '  ¡0(1

- p l a i n  a lu m in iu m  p l a t e ,  in  o u r  w o rk ,  we de c id ed  to  i n v e s t i g a t e  th e  r a t e  o f  i n t e r n a l  a lum in ium  cor in

rP°5

r i n g  he a t  t r e a tm e n t  and s to r a g e  o f  the  p r o d u c t  and i t s  e f f e c t  on th e  q u a l i t y  o f  p rocessed beef Pr 

p l a i n  a lu m in iu m  cans

duct

MATERIALS AND METHODS

E xp e r im e n ta l  drawn cans (0 73 mm; 75 ml c a p a c i t y )  and c o n v e n t io n a l  ends (0 73 mm) were  produced 

g o s la v  can f a c t o r y  -  " S a tu r n u s " ,  L j u b l j a n a .  Cans and ends were  made o f  p l a i n  c o l d - r o l l e d  a ' uml

the P '

, 1 .

5 i1 'C°n
lav

the

I ill»1'
M0e f '

(0 .2 5  mm t h i c k n e s s )  d e r i v i n g  f ro m  pure  a lu m in iu m  -  A1 9 9 ,5  W  w i t h  th e  f o l l o w i n g  i m p u r i t i e s .

i r o n  0 .3A 3 ,  cop pe r  0 .0 1 3 ,  z in c  O -O Ll,  t i t a n i u m  0 .0 2 3 .  A lum in ium  p l a t e  was produced by the YugoS

nium in d u s t r y  -  " I m p o l "  S lovenska  B i s t r i c a  w i t h o u t  a d d i t i o n a l  he a t  and chemical t r e a tm e n ts  upc"1 ¡¡>1-
- from v

mance o f  th e  c o l d - r o l l i n g  o p e r a t i o n .  Meta l s u r fa c e s  were  smooth, m a t t ,  g re y  s i l v e r  and fee  

d e f e c t s .  By l a b o r a t o r y  t e s t s ,  no m a n u fa c tu r in g  d e fe c t s  were  fou nd .

ts  at th d
P la in  drawn a lu m in iu m  cans were used in  th e  p r o d u c t io n  o f  t h r e e  e x p e r im e n ta l  canned be e f  prod

..,e>re
’Budimka" meat pa ck in g  p l a n t .  In  p r e p a r in g  meat f o r  c a n n in g ,  c o n n e c t i v e  t i s s u e  and f a t t y  

f ro m  be e f  b u t t  c u ts  and b e e f  was c u t  in  cubes o f  d im e ns ion  2 0 x 2 0  mm.

one were

: «jr*bl , ec
In the  "A "  e x p e r im e n ta l  canned be e f  s e r ie s -c a n n e d  be e f  g o u l a s h - i n g r e d i e n t s  were  the  f o l l o w i n g   ̂ peP? 

b e e f ,  b e e f  bone soup, l a r d ,  t a l l o w ,  f l o u r ,  o n io n ,  tomato c o n c e n t r a te ,  p a p r i k a ,  common sal 

c e l e r y ,  c a r r o t  and l a u r e l  l e a f .  The r e l a t i o n  o f  meat to  l i q u i d  p a r t  o f  can c o n te n t  was 1 :

x pe
I t  ( 2 . 5 * ) '

1 : 1 .

In the  p r o d u c t io n  o f  the  canned b e e f  o f  th e  " B "  e x p e r im e n ta l  s e r ie s ,  2 .5 3  common s a l t  was a 

b e e f  cubes.

dded to unbI a»1/
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"C"
e*Per¡'m en ta l  s e r i e s ,  can c o n te n t  were unb lanched bee f  cubes cu red  by 2 .5 1  common s a l t  and 0 . 0 2 %

oeef
^  rnir)utPr° dUCtS ° f  the  " A" ’ " B"  3nd " C"  s e r ie s  were  s im u l t a n e o u s l y  p rocessed in  the  r e t o r t  a t  118 -120°C 

es and p re s s u re  c o o le d .

■ the
!!i 15. , »  produ c t i o n ,  canned b e e f  p ro d u c ts  were k e p t  In the  u n c o n d i t io n e d  room ( te m p e ra tu re  v a r i a t i o n s

X  3 C
V

and r e l a t i v e  h u m id i t y  -  66-82%). P ro d u c ts  were sampled f o r  t e s t i n g ’  p r i o r  t o  p r o c e s s in g ,  

t r e a tm e n t ;  a f t e r  30, 90 and 180 s to ra g e  days .  The q u a l i t y  o f  canned be e f  p r o d u c ts  o f  each 

Series  and e x p e r im e n ta l  g roup  was te s te d  on 10  samples.

:Ptic ̂
ept i  a u a t ion o f  p ro d u c ts  was pe r fo rm ed  by 3  e x p e r t s  hav in g  the  ta s k  t o  check samples w i t h  o f f -  

ed Pr° p e r t i e s  o f  samples and the  k in d  o f  the  d e f e c t .  The o n l y  im p e r fe c t io n  t h a t  sho u ld  no t  be 

pr0ri ie e x c e s s iv e  s a l t i n e s s ;  s a l t  was i n t e n t i o n a l l y  added in  the  h ig h e r  q u a n t i t y  ( 2 „ 5 %) on p u r -  

n9 the  h ig h e r  c o r r o s i o n  r a t e .

loan
Was d e te rm in ed  by d i r e c t  pH-meter (R a d io m e te r ,  Denmark).

l l«l, t i t a t i v e  a n a l y s i s  was pe r fo rm ed  by the  s p e c t r o p h o to m e t r i c  method w i t h  a lum inon  ( 1 ) .
tf|eSs w

s ev a lu a te d  by means o f  the  da ta  on doub le -seam q u a l i t y  and i n d i c a t o r  t e s t  ( 6 ) .

ION'V % D|scuss
i '5t6l'«( v f01]

° W|ng the  p r o d u c t io n  o f  canned be e f  p r o d u c t s ,  i t  was found t h a t  o u t s i d e  can s u r fa c e  appearan-
"'Ples

format;
changed from  m a t t ,  g re y  s i l v e r  to  the  u n i f o r m ,  m a t t ,  w h i t e  one. I t  i s  p r o b a b ly  the  conse- 

on o f  mixed o x id e - h y d r o x id e  f i l m  d u r in g  th e  h e a t  t r e a tm e n t  o f  the  p r o d u c t s .  I t  i s  to

%  ’ ^ e v e r ,  t h a t  above m e n t ione d  c o r r o s i o n  changes had no t  caused the  u n a c ce p ta b le  o u t s id e

*' ■ nned P ro d u c ts .  In the  same t im e ,  i n t e r n a l  can s u r fa c e s  o f  samples from  a l l  e x p e r im e n ta l  

q u a n t i t y  and pH o f  can c o n te n ts  in  d i f f e r e n t  p e r io d s  o f  p r o d u c t io n  and s to ra g e  o f  

6d beef  p ro d u c ts

Canned bee f  t e s t i n g  p e r io d

1 11 111 IV V

8 ,2 6 8 , 4 7 26 ,35 34,69 54,15

10,00 1 0 , 5 0 31,21* 41,01 62,75

6 , 9 6 6 , 7 5 20,41 27,38 42,55

5,50 5,^5 5,70 5,75 5,90

"Oium X 5 , 0 6 5 ,3 4 1 2 , 0 0 17,92 22,03
V kg) max 6 ,7 8 7,23 16,03 2 0 , 6 0 25,50

min 3,92 4,41 10,24 15,73 19,98

6 , 0 0 6 , 0 0 6 , 0 0 6 ,1 5 6 ,1 5

, i n 'um X 5 , 1 6 4,99 15,93 18,55 24,64

l /k9) max 6 ,3 7 7 ,7 4 1 8 , 2 0 22 ,35 2 8 , 1 1

min 4 ,1 8 4,01 10,97 17,61 20,70

6 , 1 0 6 , 0 0 6 , 0 0 6 , 1 0 6 , 2 0

pe r j Car>ned be e f  g o u la s h ;  B -  canned s a l t e d  b e e f ;  C -  canned cured  b e e f ;  canned bee f  t e s t i n g  
I I I  I -  p r i o r  to  p r o d u c t  p r o c e s s in g ;  I I  -  im m e d ia te ly  f o l l o w i n g  p r o d u c t  p r o c e s s in g ;
1 8 q "J ® f t e r  30 day s to r a g e  o f  p r o d u c t ;  IV -  a f t e r  90 day s to r a g e  o f  p r o d u c t  and V -  a f t e r  

ay s to r a g e  o f  p r o d u c t ;  x  -  mean v a lu e  f o r  a lu m in iu m  c o n te n t  in 10  sam ples.
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s e r ie s  o f  canned p ro d u c ts  had th e  a p p a re n t  unhomogeneous appearance -  m a t t ,  g re y  s i l v e r  sp o ts  i n t e r m i t
• • • i 56̂

w i t h  b r i g h t ,  s i l v e r  s p o ts ;  i n t e r n a l  end s u r fa c e s  were  c o m p le te ly  m a t t ,  g re y  s i l v e r  In a l l  exper im en ta l

e x c e p t  in  A s e r ie s  (canned bee f  g o u la sh )  in  w h ich  i n s i d e  end appearance was s i m i l a r  t o  th e  can one.

• 16̂

D ur in g  s to r a g e ,  the  o u t s i d e  appearance o f  cans remained unchanged. A l r e a d y  a f t e r  30 day s to ra g e  o f  canne 

bee f  p ro d u c ts  a t  room te m p e r a tu r e ,  i t  was found o u t  t h a t  i n t e r n a l  can s u r fa c e s  and end ones had o b t a ' ne<i
If

th e  u n i f o r m ,  b r i g h t ,  s i l v e r  appearance and so i t  was ke p t  up t o  th e  t e r m i n a t i o n  o f  t e s t i n g s  -  1 8 0  day5 ' 

no case th e  p i t t i n g  c o r r o s i o n  was produced i . e . ,  the  can c o r r o s i o n  was o f  th e  s u p e r f i c i a l  ty p e .

The changes o f  i n t e r n a l  can s u r fa c e s  showed t h a t  a l r e a d y  d u r i n g  th e  hea t  t r e a tm e n t  o f  canned beef Prot*u 

i n t e r n a l  can c o r r o s i o n  r e a c t i o n s  were d i r e c t e d  tow ards  th e  d e s t r u c t i o n  o f  th e  o x id e  f i l m  and in  the
cours5

¡nil#1
o f  30 day s to r a g e  o f  a l l  t e s t e d  canned be e f  p r o d u c t s ,  t h e y  succeeded t o  d e s t r o y  i t  c o m p le te ly .  So a ^ rl' 

p l a t e  has l o s t  th e  p r o t e c t i o n  a g a in s t  th e  c o r r o s i o n  p ro ce sse s .  Such s ta te m e n t  was proved by check ing  

a lu m in iu m  c o n te n t  in  canned bee f  p r o d u c ts  o f  a l l  e x p e r im e n ta l  s e r i e s  d u r i n g  th e  p r o d u c t io n  and the 5 t 0

In the  T a b le  1, t h e r e  a re  d a ta  on a lu m in iu m  c o n te n ts  in  canned be e f  g o u la s h ,  s a l t e d  be e f  and c u r e d  bee

p r i o r  and a f t e r  hea t  t r e a tm e n t  o f  th e  p ro d u c ts  as w e l l  as in  th e  cou rse  o f  t h e i r  s t o r a g e .  I t  can be ^

t h a t  t h e r e  was no s i g n i f i c a n t  r i s e  in  a lu m in iu m  q u a n t i t i e s  in  can c o n te n ts  d u r in g  th e  heat  treatment ^

t e s te d  p r o d u c t s .  The h ig h e s t  r a t e  o f  i n t e r n a l  a lu m in iu m  c o r r o s i o n  o f  a l l  canned beef  p ro d u c ts  was reC° ,
rna

in  th e  co u rse  o f  th e  f i r s t  30 days o f  s to r a g e .  D ur in g  th e  subsequent s to r a g e  o f  the  p r o d u c t s ,  the  1 

c o r r o s i o n  proceeded b u t  in  the  reduced r a t e .  The c o r r o s i v i t y  o f  canned bee f  p ro d u c ts  c o u ld  be d i f f e r ' 

in  the  s to r a g e  p e r io d .  Canned bee f  go u la sh  showed the  h ig h e s t  degree o f  c o r r o s i v i t y .  Ndmely, the  a 

c o n te n t  in  th e  canned be e f  go u lash  s to r e d  3 0  days a t  room te m p e ra tu re  was a p p r o x im a te ly  th e  same as 

canned cured  be e f  s to r e d  in  th e  same c o n d i t i o n s  f o r  180 days .  A l th o u g h  canned cured  be e f  showed the

p t e  

eflt '

1 um»;ni^
th* 

i ah«rbig
o f

a g g re s s iv e n e s s  than  canned s a l t e d  bee f  a l l  th ro u g h  th e  c o r r o s i o n  t e s t i n g  p e r i o d ,  the  d 1 f f e r e n t ¡ a t ¡ on 

f rom  o t h e r  was n o t  so s i g n i f i c a n t  as in  th e  case o f  canned be e f  go u lash  in  r e l a t i o n  t o  o t h e r  canne
e r \ e $ >

p r o d u c t s .  In  th e  i n t e r n a l  c o r r o s i o n  p rocesses  in  canned bee f  p ro d u c ts  o f  A, B and C e x p e r im e n ta l  se a]t

c o n s ta n t  f a c t o r s  were th e  f o l l o w i n g :  k i n d ,  c o n s t r u c t i o n  and q u a l i t y  o f  cans and ends, meat and comm°n td

In g r e d ie n t s  o f  canned be e f  p ro d u c ts  and he a t  t r e a tm e n t  and s to r a g e  c o n d i t i o n s  o f  canned p ro d u c ts ,  

be s ta t e d  t h a t  o t h e r  I n g r e d ie n t s  o f  canned beef  go u la sh  and canned cu red  be e f  a re  re s p o n s ib le  f ° r 

c o r r o s i o n  r a t e .  For canned cured  bee f  such i n g r e d i e n t s  a r e  n i t r i t e s  and f o r  canned bee f  gou lash  i 

o f  a l l ,  tomato c o n c e n t r a te .  S u r e ly ,  one o f  d e c i s i v e  f a c t o r s  In th e  more i n t e n s i v e  c o r r o s i o n  procès

So

the hi?

i t  ¡ s ’ 
ses

.¡r5t

Th5
e f  Pr°'canned be e f  go u lash  was a l s o  the  h ig h e r  f l u i d i t y  o f  can c o n te n t  be ing  In th e  c o n t a c t  w i t h  a 1 um 1 r i i urn

j
f i n d i n g  o f  s i g n i f i c a n t  d i f f e r e n c e s  In a lu m in iu m  q u a n t i t i e s  In  samples o f  th e  same s e r ie s  o f  canne° .¡v

f  cOi”£
d u c t s ,  e s p e c i a l l y  In th e  case o f  canned be e f  g o u la s h ,  c o u ld  be e x p la in e d  by uneven d i s t r i b u t i o n  ol 

I n g r e d ie n t s  In cans.

roduct i 
l t

The a lu m in iu m  c o r r o s i o n  In canned be e f  d id  n o t  p roduce o f f  -  o r g a n o l e p t i c  p r o p e r t i e s  o f  those  p f  ,
, alum|n

i s  i n t e r e s t i n g  t o  m en t ion  t h a t  th e  can c o n te n t  s u r fa c e s  w i t h  c o n c e n t r a te d  c o r r o s i o n  p r o d u c ts  o t  -j,
r t 0^

n o t  even were d i s c o lo u r e d  bu t  t h e i r  appearance was more a t t r a c t i v e  than I t  was In th e  c e n t r a l  Par

LJlH

c o n t e n t s .

pH o f  canned be e f  go u lash  showed a sm a ll  r i s e  In th e  s to ra g e  p e r io d  w h i l e  pH o f  two o t h e r  p ro d u c t 5 

s i g n i f i c a n t  changes up t o  th e  t e r m i n a t i o n  o f  e x p e r im e n ts  (T ab le  1 ) .

A l l  t e s te d  canned be e f  p r o d u c t s  o f  A. B and C s e r ie s  showed s a t i s f a c t o r y  r e s u l t s  in  re s p e c t  o f  can

h3[ n<>

t i ^

CONCLUSION J
o f  ^  o '

Based on th e  e x p e r im e n ta l  r e s u l t s  I t  can be con c lu ded  t h a t  th e  o n l y  e f f e c t  o f  I n t e r n a l  c o r r o s i ° n f(°

be e f  p ro d u c ts  was th e  In c re a s e  o f  a lu m in iu m  q u a n t i t i e s  in  can c o n te n ts  w i t h o u t  th e  d e t e r i o r a t i o h  0 .j g na
d u c t  q u a l i t y .  As a lu m in iu m  has n o t  been in  the  g roup  o f  t o x i c  m e ta ls  i . e . ,  i t s  q u a n t i t i e s  in  

been l i m i t e d ,  i t  may be s ta t e d  t h a t  th e  t e s te d  p ro d u c ts  a re  s a fe ,  o f  a c c e p ta b le  q u a l i t y  and s a t ! 5 

s h e l f - l i f e  in  th e  co u rse  o f  6  month s to r a g e  a t  room te m p e ra tu re .
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