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A usw irkungen d e s  G e fr ie r g r a d e s  und d e s  V e r p a c k u n g s -m a te r ia ls  

a u f  d ie  Q u a l i t ä t  g e f r o r e n  g e l a g e r t e r  B e e f  S t e a k s .

J .  B u ck le y  and L . K e a rn e y ,
D ep artm en t o f  D a iry  and Food T e c h n o lo g y ,
U n iv e r s i ty  C o l le g e ,
C o rk , I r e l a n d .

Es wurden d r e i  v e r s c h ie d e n e  G e fr ie rm e th o d e n  m it  u n t e r s c h ie d 

l i c h e n  G e fr ie r g r a d e n  und zw ei v e r s c h ie d e n e  V erp ack u n g s

m a t e r i a l i e n  a u f  i h r e  A usw irkungen a u f  B e e f  S te a k s  

u n t e r s u c h t ,  d ie  40  Wochen la n g  g e f r o r e n  g e l a g e r t  w urden.

Es e rg a b e n  s i c h  s i g n i f i k a n t e  U n te r s c h ie d e  im p r o z e n tu a le n  

G e w ic h ts v e r lu s t  w ährend d e r  L a z e r z e i t  und im p r o z e n tu a le n  

K o c h v e r lu s t  n ach  d e r  L a z e r z e i t .

U nabhängig von d e r  G e r fr ie rm e th o d e  e rg a b  s i c h  w ährend d e r  

Lagerun g e in  s i g n i f i k a n t e r  Zuwachs im P e ro x y d -W e rt, im 

T h io b a r b i t u r a t s ä u r e - W e r t  und im P r o z e n tw e r t  d e r  M etm y o g lo b in - 

b i ld u n g . Auch e rg a b  s i c h  e i n  E i n f l u s s  d e r  G e fr ie rm e th o d e  

a u f  d ie  b a k t e r i e l l e  f l o r a  d e r  S t e a k s .

E f f e t s  de l a  v i t e s s e  de c o n g é la t io n  e t  d e s  moyens d 'e m b a l l a i  

s u r  l a  q u a l i t é  d e s  s t e a k s  de b o e u f c o n g e lé .

J .  B u ck le y  e t  L . K e a rn e y ,
D ep artm en t o f  D a iry  and Food T e c h n o lo g y ,
U n iv e r s i ty  C o l le g e ,
C o rk , I r e l a n d .

On s ' e s t  s e r i r  de t r o i s  p r o c é d é s  de c o n g é l a t i o n ,  a y a n t t r o i s  

v i t e s s e s  d i f f é r e n t e s  e t  deux fo rm es d 'e m b a l la g e ,  p ou r déterm in' 

l e u r  e f f e c t  s u r  d es s t e a k s  de b o e u f c o n g e lé ,  s t o c k é s  pendant 

une p é ro id e  de 40  s e m a in e s .

ne«5

¡et

L es p ro cé d é s  de c o n g é la t io n  o n t  f i n i  p a r  a v o ir  d e s  d i f fè r e » ®  

s i g n i f i c a t i v e s  d an s l e s  % p e r t e s  de p o id s  de l a  v ia n d e  pen<*aIlt

l a  p é r io d e  de c o n g é l a t i o n ,  dans l a  c u i s i n e  de l a  v ia n d e  conge 

e t  a u s s i  p en d an t l a  p é ro id e  de s t o c k a g e .  Dans to u s  l e s  p ï° c& 

u t i l i s é s  on a v a i t  n o té  p en d an t l e  s to c k a g e  d e s  a u g m e n ta t io n  

m arquées dans l a  v a le u r  de p é ro x y d e , dans l ' i n d i c e  t h i o b a r -  

b i t u r i q u e  e t  dan s l e  % de l a  fo rm a tio n  m e tm y o g lo b in e . L e s  

p ro cé d é s  de c o n g é la t io n  a v a ie n t  a u s s i  a f f e c t é  l a  f l o r e  

b a c t é r ie n n e  d e s  s t e a k s .

.jé*

E f f e c t  o f  F r e e z in g  R a te  and P a ck a g in g  M a t e r ia l  on th e  Q u a lity  

o f  F ro z e n  S to r e d  B e e f  S te a k s

J .  B u ck le y  and L . K e a rn e y ,
D ep artm en t o f  D a iry  and Food T e c h n o lo g y , 
U n iv e r s i ty  C o l le g e ,
C o rk , I r e la n d .

T h re e  d i f f e r e n t  f r e e z i n g  m eth o d s, h a v in g  d i f f e r i n g  f r e e z in g  

r a t e s  and two d i f f e r e n t  p a c k a g in g  m a t e r i a l s ,  w ere used t o  

d e te rm in e  t h e i r  e f f e c t  on f r o z e n  s t o r e d  b e e f  s t e a k s  o v e r  a 40  

week p e r io d .

F r e e z in g  m ethods r e s u l t e d  in  s i g n i f i c a n t  d i f f e r e n c e s  in  

p e r c e n t  w eig h t l o s s  d u r in g  f r e e z i n g  and p e r c e n t  c o o k in g  l o s s  

a f t e r  f r e e z i n g  and d u rin g  f r o z e n  s t o r a g e .  I r r e s p e c t i v e  o f  

f r e e z i n g  m ethod , s i g n i f i c a n t  i n c r e a s e s  in  p e ro x id e  v a lu e ,  

t h i o b a r b i t u r i c  a c id  number and p e r c e n t  m etm yoglobin  fo rm a tio n  

w ere o b se rv e d  d u rin g  f r o z e n  s t o r a g e .  The b a c t e r i a l  f l o r a  o f  

th e  s t e a k s  w ere a l s o  a f f e c t e d  by f r e e z i n g  m eth od s.

H e f t c T H e  p a 3 M e p a  3 a M o p a * H B a H H H  h  M a T e p n a / ia  r j i h  y n a K O B a H H  

x a v e c T B O  M o p o a c e H o r o  x p a H H m e r o c b  6 H < J )u rre K ca

J .  B u ck le y  and L . K e a rn e y ,
D ep artm en t o f  D a iry  and Food T e c h n o lo g y ,
U n iv e r s i ty  C o l le g e ,
C o rk , I r e l a n d .

T p n  p a 3 H u x  M e T O f la  3 a M o p a * H B a H H H . H M etoo iH X  p a s H b ie  p a s M e p ^

3aMopa)KHb3h hh, h f l B a  pa3Hbix M a T e p n a n a  f l j i a  y n a x o B a H H H  

y n o T p e Ö J iH H C b  a j i h  o n p e n e J ie H H H  h x  a s h c t b h h  H a  M o p o a c e H u B  

a a n a c e H H u B  6 H <Jm iTeK c b  T e v e H H e  4 0  H e a e J ib .

MeTOflbi 3aMopaxcHBaHHH HMejiH pesyjiTaTOM SHaMeHaTejibHbie pa3Hi.f#

n p o u e H T H O f t  n o T e p w  B e e a  b  T e v e H H e  3 a M o p a a (H B a H H H  h  n p  o u e H T fi0  

x y x o H H O B  n o T e p w  n o c j i e  3 a M o p a x c H B  a H H H  h  b  T e w e H H e  M O poaceH O r °  

x p a H e H H H . H e c M O T p n  H a  M e T o n  3 3 M o p a * H B a H H H ,  a a M e v a J iH C b  0 

T e v e H H e  M o p o a c e H o r o  x p a H e H H H  3 H a M e H a T e j ib H h ie  y B e j in v e H H H  u eHfcJ 

n e p e K H C H  h  v n c j i a  T H O ö a p Ö H T y p H v e c K o r o  K H c r a  h  n p o u e H T H o r O  

O Ö p a S O B a H H H  M H O T J IO Ö H H a . H a  Ö a K T e p H a J IH b ie  (J jj io p b l 6 H(J)UITeKCa  

B 0 3 f le « C T B O B a J lH  M eTO Jtfd  3 a M O p a * H B a H H H .

>*e



231

E f f e c t  o f  F r e e z in g  R a te  and P a ck a g in g  M a t e r ia l  on th e  Q u a lity  
o f  F ro z en  S to r e d  B e e f  S te a k s

by

J .  B u ck le y  and L . K e a rn e y , 
D ep artm en t o f  D a iry  and Food T e c h n o lo g y , 

U n iv e r s i ty  C o l le g e ,  C o rk , I r e la n d .

I n t r o d u c t io n

V r a t e  and p a c k a g in g  m a t e r i a l  a r e  two o f  th e  more 
s t o r ^ 'a n t  f a c t o r s  t o  be  c o n s id e r e d  in  th e  f r e e z i n g  and fr o z e n  
c o ? i  g® m e a t* F r e e z in 9 r a t e  h as a d e f i n i t e  in f lu e n c e  on th e  
r * f,,0u?  o f  m<f a t - P a ck a g in g  m a t e r i a l  ca n  in f lu e n c e  q u a l i t y  by -  

u c in g  m o is tu r e  l o s s e s  and r e t a r d in g  o x id a t io n  d u rin g  s t o r a g e . I

a Tbe c o lo u r  o f  f r o z e n  le a n  b e e f  becom es p r o g r e s s iv e ly  l i g h t e r  
r a t e  ° f  f r e e z i n 9 i s  in c r e a s e d .  G u en th er and H en d rick so n  

moc:Î2 r e P o r te d  t h a t  te m p e r a tu r e s  o f  - 3 5  t o  -40O c r e s u l t e d  in  th e  
a c c e p t a b le  f r o z e n  m eat c o lo u r  w h ile  L e n tz  (1 9 7 1 ) r e p o r te d  

o f  a i r  b l a s t  f r e e z i n g  a t  -2 9 ° C  p roduced  c o lo u r  s i m i l a r  t o  t h a t  
as  k S ^ f r o z e n  p r ö d u c t . M etm yoglobin  fo rm a tio n  h a s  b een  r e p o r te d  
s t  e i n g th e  p r im a ry  c a u s e  o f  c o lo u r  d e t e r i o r a t i o n  d u rin g  fro z e n  
W h *«?®  (Ram sbottom  and Koonz, 1 9 4 1 ) .  T h is  i s  p a r t i c u l a r l y  so  
l i  u f r o z e n  m eat p ack ag ed  in  t r a n s p a r e n t  w rap p er i s  exp o sed  to  

J-yht (Townsend and B r a t z l e r ,  1 9 5 8 ) .

E v a p o ra tio n  d u rin g  f r e e z i n g  i s  red u ced  by i n c r e a s in g  f r e e z in g  
. s  ( C u t t in g ,  1 9 7 3 ) ,  and ca n  be  p re v e n te d  d u rin g  fr o z e n  s to r a g e  
e acuum p a c k a g in g . H owever, f r e e z e r  b u rn , a s  a r e s u l t  o f  
f r  P ° r a t i ° n l o s s ,  h as b een  shown t o  d e v e lo p  more r a p id ly  in  f a s t  
l 9 6 i ? n m eat th a n  in  s lo w ly fro z e n  m e a t. (K aess and W eidemann,

f j .  C o n s id e r a b le  r e d u c t io n s  in  m ic r o b ia l  p o p u la t io n  o c c u r  d u rin g  
to  and fr o z e n  s t o r a g e  and a v a r i e t y  o f  f a c t o r s  a r e  known
p l n f l u en ce  th e  r a t e  and e x t e n t  o f  d e s t r u c t i o n  (G eer e t  a l .  1 9 3 3 ) .  
ba e x amP l e ,  s lo w e r  f r e e z i n g  r a t e s  a r e  r e p o r te d  a s  b e in g  more 

c e r i c i d a l  th a n  f a s t  f r e e z i n g  r a t e s .

ac F ro z en  m eat i s  s u s c e p t i b l e  t o  l i p i d  o x id a t io n  w hich  ca n  be 
f j.  e i e r a te d  by f l u c t u a t i n g  te m p e r a tu r e s  and in a d e q u a te  p r o t e c t i o n  

m t b e  a tm o sp h ere  d u rin g  f r o z e n  s t o r a g e  (Love and P e a r s o n , 1 9 7 1 ) .

f r  C o n tr a d ic to r y  r e p o r t s  have b een  g iv e n  a s  t o  th e  e f f e c t  o f  
PH e z ^n9 r a t e  on d r ip  l o s s .  I t  i s  p r o b a b le  t h a t  d i f f e r e n c e s  in  
th  va lu e s  o f  th e  m eat and d i f f e r i n g  f r e e z i n g  r a t e s  co u ld  e x p la in  

c o n t r a d i c t i o n s .  In  g e n e r a l ,  i t  i s  f e l t  t h a t  f r e e z in g  r a t e  
and m°  s i 9n i f i c a n t  e f f e c t  on d r ip  l o s s  ( B a i l e y ,  1 9 7 2 ) .P e a rs o n  
c ooki l l e r  d 9 5 0 )  s t a t e d  t h a t  th e  r a t e  o f  f r e e z in g  d id  n o t  a f f e c t  
gr e  ln 9  l o s s e s  in  b e e f ,  h ow ev er, f ro z e n  s t o r a g e  in c r e a s e d  i t  
me a t l y ‘ C ookin g  l o s s e s  a r e  r e p o r te d  t o  be  in c r e a s e d  in  f ro z e n  
( t j  a and t h a t  ra p id  f r e e z i n g  r e s u l t s  in  a l e s s  ju i c y  p ro d u c t 

ln d e t  a l .  1 9 7 1 ) .

f e i o l o a * :  C o re s , 2 .8  cm in  d ia m e te r (a p p ro x im a te ly  lO g ) ,
9o a s e p t i c a l l y  rem oved, p la c e d  in  s t e r i l e  p l a s t i c  b a g s  c o n ta in in g  

1/4 s t r e n g t h  R in g e r s  s o l u t i o n ,  m a ce ra te d  in  a C olw orth  
f 0 1 la c h e r  and a l l  s u b se q u e n t d i l u t i o n s  made t o  1 in  1 0 .  The 
the s ? wl n9 d e te r m in a t io n s  w ere made w ith  m edia o r  method in  p a r e n -©si
‘̂ ium t o t a l  c o u n ts  ( t r y p to n e  so y a  a g a r ) , F I .  pseudomonads

;2r°b, B o f  K ing e t  a l .  1 9 5 4 ) ,  c o l i f o r m s  ( v i o l e t  re d  b i l e  a g a r )  
a c t e r i a  (G a rd n e rs ' medium, G a rd n er, 1 9 6 6 ) and l a c t o b a c i l l i  

ted iu m  o f  R ogosa and S h a rp e , 1 9 6 0 ) .
i e ^ S i i o n :  The t h i o b a r b i t u r i c  a c id  number (TBA) was u sed  a s  a
Of T r ® ° f  r a n c i d i t y  in  th e  le a n  p o r t io n  o f  s t e a k s  u s in g  th e  method 

^ la d g is  £ t  al^. ( 1 9 6 0 ) .  P e r o x id e  v a lu e  ( P .V .)  and f r e e  f a t t y  
ch lQr w ere m easured on th e  o u ts id e  f a t  l a y e r ,  u s in g  a common

° * orm e x t r a c t  (P e a rso n  and M uslem uddin, 1 9 6 9 ) .  FFA w ere 
s sed  a s  p e r c e n t  o l e i c  a c id  and P .V . a s  m equiv/kg o f  f a t .  

^ o i^ S ild  c o o k in q  l o s s :

-  -
Catt i e a  W eig b t was e x p re s s e d  a s  p e r c e n t  d r ip  l o s s .  C ookin g  was 

okerid ° u t  in  a c o n v e c tio n  o v e n , p r e h e a te d  t o  3 5 0 °F  (177°C ) and
t o  an i n t e r n a l  te m p e r a tu r e  o f  171CF (7 7 0 C ) . L o ss  in  w eig h t 

P*r e s se d  a s  p e r c e n t  c o o k in g  l o s s .

C o re s , 1 .2 7  cm in  d ia m te r ,  w ere ta k e n  in  p a r a l l e l  
(10oCvab * on w ith  m u scle  f i b r e s  a f e r  c o o k in g  and s t o r i n g  a t  50OF 

ap OVer n i g h t .  A W a r n e r -B r a tz le r  m eat s h e a r  f i x t u r e  f i t t e d  
(kg)^ n s t r o n  t a b l e  model I I I !  was used t o  m easu re s h e a r in g  f o r c e s

„ ----------------- ------------  S te a k s  w ere thaw ed on w ire  t r a y s  a t  16°C
LoSs “ ° u r s ,  c o v e re d  w ith  norm al wrap t o  p r e v e n t  c o n d e n s a t io n . 

ar t i  a w eig h t was e x p re s s e d  a s  p e r c e n t  d r ip  l o s s .Ôp'- ^ OUt in a mnvppf i r»n mron rtrohoafoH f n

^ 6 a ^ -S tic a l  a n a l y s i s : The t - t e s t  was u sed  t o  t e s t  w h eth er th e  
t h e  d i f f e r e n t  s e t s  o f  d a ta  d i f f e r e d  s i g n i f i c a n t l y .

RESULTS AND DISCUSSION
fesht

............_
^ Vah ta 9 r a t e s  o f  g r e a t e r  th a n

rn  re d u c in g  w e ig h t l o s s
x .

‘ E f f e c t  o f  f r e e z i n g  m ethods on w eig h t l o s s  d u r in g  f r e e z in g

-v. ]r— Wei g b t  l o s s  d u r in g  f r e e z i n g  was s i g n i f i c a n t l y  d i f f -  
- ie e 2^netw een  th e  slo w  and f a s t e r  f r e e z i n g  r a t e s ,  how ever,

Vant;»g r a t e s  ° f  g r e a t e r  th a n  4 cm/min showed no s i g n i f i c a n t  
3op ---------------- ’ • '  (T a b le  1 ) .

N itro g e n  v P l a t e  

v Deep f r e e z e

Not s i g n i f i c a n t

(P < 0.001)

% W eigh t L o ss  (means) 
0 .8 4  0 .7 3

t - v a l u e

v ‘ck> f r o z e n  s t o r a g e  no w eig h t l o s s  was o b se rv e d  f o r  vacuum 
0 f  ^ s i g n i f i c a n t  w eig h t l o s s e s  w ere n o te d  a t  1 0 ,  24 and 40

lt>©tri^f i c a S t 0 r a g e  in  t *le  norm al  w raps (T a b le  2 ) .  T h e re  w ere no
^n t  ^ i f f e r e n c e s  in  w eig h t l o s s  b etw een  any o f  th e  f r e e z in q  
au r in g  s t o r a g e .

ütfs íss-.s . s -
Methods and Materials 

Freezing and Packaging

c a r c a s e s  ^ cut ^ a t ' t h e  1 m U SCles' b o th  s id e s  o f  two
used p ir -S io  u 6 th  lum bar v e r t e b r a  t o  th e  1 1 th  r i b  w ere

S i & r  .s-ssi5 -
a ^ f o l l o S s ?  o ^ S e ^ e ^

C a r c a s e  No. 1 ^ ^ N i t r o g e n ^ f r o z e n  ( L .N .,  v P l a t e  f r o z e n  ( P I ,

C a rc a s e  No. 2 Deep f r e e z e  ( D .F . ) v P l a t e  f r o z e n  (Pd)
(0.2 cm/hr)

fina/interva/temperatures'of"0^ and. a11 Bteaks ”ere frozenev en  numbered s t e a k s  w e r l f, a p p ro x im a te ly  - 1 3 ° F  ( - 2 5 ° C) . A l l  
s t e a k s  w ere wrapped in  an acuum Packed  and th e  odd numbered 
S te a k s  w ere s t o ? I d  i i  a  L e i T "  P erm eab le  P -V .C . f i lm  (n o rm a l) .
after 10, 21 a n d ^ w e e k s  ^  stooge“  ~6°F (‘21°C) ^  anal^ d 
Analysis

s t e a k s  from  e a c h ^ a / w r e ^ s e d ^ o ?  a ? 6?  f ° r  f r 6 S h  a n a l i, s i s - Four  
f r e e z i n g .  Fo u r vacuum packed  fnd e a n a ly s i s  im m e d ia te ly  a f t e r  
used f o r  a n a l y s i s  a t  th e  end o f  e a c h  s t ^ e  p e r ! ^  S tS a k S  “ e r e

^ ^ a r ^ f r ¥ e f i n g Dandr a t nth e^ en d e o f ks t o r a g e FVFdUa  ̂ “ “ *■ ^ a- a t e l y

e ^ e a ^ s ' a n d °im m e d ia te ly  rem ove?  f r ° m th e  c e n t r e  o f
u s in g  a Beckman DK-2AYsp ec ? ro p h o ? o m ete r  T f f  7° °  t 0  4 0 0  ™  
w ere p rep a re d  a c c o r d in g  t o  S n y d er 'a l « , '  R®f e r e n c ® ">a a t  sam p les 
o xym yog lobin  and metmyoglobin^ » e r e  c a  e l l ' P®r c e n t  "> y °9 lo b in ,
Hood ( 1 9 7 3 ) .  V is u a l  o b s e r v a t i o n f o f ^ 8d. u s ln 9 T ab l e  11 o f  
d e te rm in e  th e  d e g re e  o f  f r e e z e r  b u m  m d  5  ykS “ e r e  a l s °  made t o  
th e  s t e a k  c o l o u r !  Urn and d a rk n e ss  o r  l i g h t n e s s  o f

T a b le  2 :  E f f e c t  o f  f r o z e n  s t o r a g e  on p e r c e n t  w eig h t l o s s  f o r  
d i f f e r e n t  f r e e z i n g  m ethods in  norm al w rlp  f

F r e e z in g  Method S to r a g e  tim e  (w eeks,

10  v  24 24 v 40

means t - v a l u e means t - v a l u e
L iq u id  n i t r o g e n 0 .3 1 .0 2 5 . 4 * * 1 .0 2 1 .9 6 N .S .
P l a t e 0 .5 7 0 .9 6 3 .9 4 * * 0 .9 6 2 .4 3 2 . 4 3 * *
Deep f r e e z e 0 .7 1 0 .9 7 N .S . 0 .9 7 2 .3 7 2 .6 7 *
N .S . = Not s i g n i f i c a n t  
* *  = (P < 0 .0 1 )
* = (P < 0 .1 )

C o lo u r : V is u a l  o b s e r v a t io n s  in d ic a t e d  t h a t  thf> c i  *  
o f  0 .2  cm/hr r e s u l t e d  in  an u n d e s ir a b le  d ark  m d  c o l o u r ^ 1? 9 r J t e  
f a s t  f r e e z i n g  r a t e  o f  20  cm/hr gave a p a le  re d  c o lo n ?  ~  l e  th e  
a c c e p t a b le  m eat c o lo u r  r e s u l t e d  from  th e  i n t e r m e d d l e '  f  r  '  • m° S t  
r a t e  o f  4 cm /hr. D urin g  fr o z e n  s t o r a g e  c o lo u r  d e t e r i o r f m d 1" 9 
a l l  s t e a k s  p a r t i c u l a r l y  a f t e r  24 w eeks Tn 1 d ln
s t e a k s  f r e e z e r  burn  was o b serv e d  a f t e r ' 10  w eeks which^1 " r a PPed 
p r o g r e s s iv e ly  more e v id e n t  w ith  s to ra g e ,^  p « S l u ? « i 5  S  ? h ?  
l iq u id  n i t r o g e n  o r  f a s t  f r o z e n  s t e a k s ?  u i a r i y  in  th e

P e r c e n t  m etm yoglobin  in c r e a s e d  m ost s i g n f i c a n t l v  d u ri n „  i s  
f i r s t  10  w eeks o f  s t o r a g e  f o r  a l l  f r e e z i n g  m ethods a n d ™ ? ? 9 kh® 
m a t e r i a l s  (T a b le  3 ) .  y a s  and p a c k a g in g

T a b le  3 :  E f f e c t  o f  s t o r a g e  tim e  and p a c k a g in g  m a t e r ia l  on
m etm yoglobin  fo r m a tio n . 9 a l  on Pe r c e n t

8w ? Ik l?  tlm e  P a c k a g in g  M a te r ia l

Vacuum Normal
means t - v a l u e means t - v a l u e

1 3 .6 3 5 .4 1 6 .7 7 * * * 1 3 .6 3 9 .2 1 9 . 6 9 * * *
3 5 .4 4 1 .1 2 .1 5 * 3 9 .2 3 9 .8 N .S .

4 1 .1 4 8 .2 5 . 4 6 * * 3 9 .8 5 1 .1 8 . 6 9 * * *

= (P < 0.001) 
= (P < 0.01)
= (P < 0.1)



T h e re  was no ch an g e i n  th e  amount o f  red u ced  m y o g lo bin  i n  th e

I n h ? M t io n  o f  d U rin g  f r ° zen  s t o r a ^ -  t h i s 9 i s  d Se t o  th ei n h i b i t i o n  o f  t h e  e n z y m a tic  re d u c in g  s y s te m s .

t S ? bt o r t ‘ly ' F r e e z in g  m ethods d id  n o t  r e s u l t  in  d e c r e a s e s  in  
a t o i L e  a 5  num bers im m e d ia te ly  a f t e r  f r e e z i n g .  D u rin g  fro z e n  
l iS u f d  r ,? ?  d e c re a a e  ln  t o t a l  num bers c o u ld  be  a t t r i b u t e d ^  
d i f f e ? i n o  f a s t  f r e e z i n g .  F r e e z in g  m ethods showed w id e ly
d ^ r J i s S  in  f o ? i ? o r n c o l i fo rm s,: De®P f r e e z i n g  r e s u l t e d  in  a  la r g e  
r e s u l t e d  tn  num ber? w h ereas l i q u i d  n i t r o g e n  f r e e z i n g

i n c r e a s e s  i n  c o l i f o r m  num bers p r o b a b ly  due t o  th e  
up ° f  i o l ° 2 ie S  by th e  l i ( 3u id  n i t r o g e n  s p r a y .  F ig u r e  1 

shows th e  e f f e c t s  o f  l i q u i d  n i t r o g e n  and p l a t e  f r e e z i n g  on c e r t a i n
L iS u id 1n i i nd tD ta i  o o u n ts  a t  1 0 '  2 4 and 40  w eeks o f  f r o z e n  s t o r a g e  

l t : ro g en  shew s a t r e n d  t o  re d u ce  b a c t e r i a l  num bers in
o l a t e  a id  dee Pe f r e e z i n g - » a r e  was l i t t l e  d i f f e r e n c e  betw een p l a t e  and deep  f r e e z i n g  t e c h n iq u e s  on b a c t e r i a l  num bers.

o f  t h e a S i a k i 9d S ? i i f  s t o r a g e ? 0 *  “ “  " ^ b i o l o g i c a l  q u a l i t y

l i a n t t a f f I c t Fi i e 2 l " l  f r th o d  o r  p a c k a g in g  m a t e r i a l  had no s i g n i f -  l e a n t  e f f e c t  on o x id a t iv e  ch a n g e s  d u rin g  s t o r a g e .  As e x p e c te d
( X b l i r ? f di  Vad1U0S <Table 4) and f h i o b a r b i t u r i c  a c id  n S l £(T a b le  5 ) showed s i g n i f i c a n t  i n c r e a s e s  d u r in g  s t o r a g e .

T a b le  4 :  E f f e c t  o f  s t o r a g e  tim e  and p a c k a g in g  m a t e r i a l  on 
p e ro x id e  v a lu e

S to r a g e  tim e  
(w eeks) P a ck a g in g  M a t e r ia l  

Vacuum____________________ Norma 1

T a b le  5 :  E f f e c t  o f  s t o r a g e  tim e  and p a c k a g in g  m a t e r ia l  on 
t h i o b a r b u t u r i c  a c id  number

S to r a g e  tim e  
(w eeks)

P a ck a g in g  M a t e r ia l  

Vacuum_____________________Normal
means t - v a l u e means t - v a l u e

0 V 10 .1 2 ,21 N .S . .1 6 .2 3 N .S .
10 V 24 .2 1 56 4 . 7 2 * * * .2 3 .5 0 4 . l i * * *
24 V 40 • 57 66 3 . 8 8 * * .5 0 .6 7 4 . 0 2 * *
N .S . = Not s i g n i f i c a n t  
* * *  = (P < 0 .0 0 1 )
* *  = (P < 0 .0 1 )
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. ,__. . . " V“ -LU occm u ia i. u x ia a u o n  o c c u r s  f i r s t  -
t;L? ? o ? f , and th e n  in  th e  a d ip o s e  t i s s u e s .  Ledward and 

M a cF a rla n e  (1 9 7 1 ) re p o r te d  t h a t  h ig h  TBA num bers g e n e r a l ly  
c o rresp o n d e d  w ith  h ig h  m etm yoglobin  c o n t e n t s  d u r in g  fro z e n  
h ow ev er, f o r  lo w er c o n c e n t r a t io n s  th e y  s t a t e d  t h a t  TBA numbers 
a r e  n o t  d i r e c t l y  r e l a t e d  t o  p ig m en t o x id a t io n .  F ig u r e  2 show® 
s t o r a g e °  m et>ny°9 lo b in  and TBA number in c r e a s e d  d u rin g  f ro i« 11

hot-wof«6 *  f a t t y  a c id  v a lu e s  showed no s i g n i f i c a n t  d i f f e r e n c e  
s t o r a g e  f r e e Z ln g  m eth o d s/ o r  p a c k a g in g  m a t e r i a l  d u rin g  fro z en

£ rij ? and co o k in g  l o s s e s ; R a te  o f  f r e e z i n g  o r  p a c k a g in g  m ateri»1 
showed no s i g n i f i c a n t  in f lu e n c e  on d r ip  l o s s .  L iq u id  n itro g en  (. 
h o w e i i i9  r a s u l t e d  fh  s i g n i f i c a n t l y  g r e a t e r  co o k in g  l o s s e s  (Tal)1 
h ow ever, s t o r a g e  tim e  o r  p a c k a g in g  m a t e r ia l  had l i t t l e  e f f e c t '

T a b le  6 :  E f f e c t  o f  f r e e z i n g  m ethod on c o o k in g  l o s s  a f t e r  
d i f f e r e n t  s t o r a g e  t im e s

fweeks^ tim e  F r e e z in g  Method

L iq u id  N itro g e n  V P l a t e

0
10

24
means t - v a l u e means t - v a l u e 40 25

0 V 10 0 .8 3 0 .8 6 N .S . 0 .8 7 0 .9 N .S .
10

% C ookin g  l o s s  in  non
V 24 0 .8 6 1 .4 7 N .S . 0 .9 1 .6 7 N .S . * * *  _ (P < .0 0 1 )

24 V 40 6 .1 0 6 .1 0 7 . 8 5 * * * 1 .6 7 4 .9 8 4 . 9 4 * * * * = (P < .1 )

means

2 8 .8  2 4 .0

2 7 .1  2 3 .1

2 9 .1  2 3 .1  

2 2 .3

t - v a l u e

2 .2 9 *

2 .7 6 *

4 . 0 2 * * *

2. 2*

18%

S T T Ü n f F t i m ^ d S rn eS S  Was n o t  a f f e c t e d  by e i t h e r  f r e e z in g
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