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INTRODUCTION

S ” “ »■»■ * -  « * • » »
aoo? ®a l n l y due to  th e  b e l i e f  t h a t  i s  i n f f r i o r  f i 2 Ui5er3  ln  buMi n S f ro z e n
be Hp?ed+Wlth f ro z e n  m eat i s  th a t  o f  d r i p  on th a w in g  Th is '- )??16 ° f  th e  Problem 3 a s ­
king h T 6* t0  a  l a s s e r  e x t e n t  in  c h i l l e d  m eat i s  c l o s e d  b v ^ h e  d "  m 0 1 s tu re  t h a t  canth e  p r o c e s s  o f  R ig o r  M o r tis  t h a t  +C .3ea b.y th e  d e c r e a s e  i n  pH d u -
tho1^ b so ~ e l e c t r i c  p o i n t ,  Howard* ( lo se }  a n / r be m/'in iA I?u sc b e  P r o t e in s  c lo s e  to  
d fc f r r e v e r s i b l e  a c L m y o k n ?  B oth f a c t o r ^ b r ^  h ( ?9 7 4 > and t0  th e  f o ™ a t i o n  o f
S ( L Capa' i t y  o f  t h * mu s c l e  p r o t e i n s ? ^ D e n a t u r a t i o n ° o f  i n  t h e  W ater  h o l ~
( l 9 ? ^ l n  f r 0 2 e n  ® eat due to  a  c o m b in a t io n  o f  low oH -nri^ i b n l l a r  p r o t e i n s  can  a l s o

and V° y l e  0 9 7 4 )  c o n t r i b u t i n g  t h e r e ? o r i  t o PL ^ n o r Pr e d i p i t a t i o n ,  B e n d a l l  
ic s  l e r  w o rk e rs  h ave  p o s t u l a t e d  t h a t  f a s t  fr-e»*?« &n l n c f e a a e  l n  th e  amount o f  d r i p .  
Slow°r y s t a l s  w i t h i n  t h e  f i b e r  and by t h l w i n g t h e t h ? f o r ,n a t io n  o f  s m a l l P 
i i dW r a t e  o f  f r e e z i n g ,  on t h e  oW ier hand wm.id “  ^ 6 ° “  be r e a d i l y  a b s o rb e d .
Pronnr i 3 t a l a  t h a t  would draw m o i s t u r e  from w i t h i i ^ + b e  f o r ? a t l ° n o f  l a r g e  e x t r a - f i b e r  
p o r t i o n  o f  f l u i d  would be a v a i l a b l e  t h e  c e l l  and on th a w in g ,  a  l a r g e r
^ e ° o f ( J-9 5 2 >: P e a r b 0 a  ana  f i l l e r  0  950) L w e v e r ^ i ^ ^ o ' d e L ^  K° ° n a  ( 1 9 4 1 > aad

s x x i x *8
" t r * 0 ,1 1 " l a r  l0>  1 » a , " S X ” **

t e • : ™ ; V eT r‘t o  ^  « " u c G « « -  zo c.

^ l e n g t h  of storage on the losses ¿ S  text!" of l i e f  ^ freezinS rate
®°th 5 L AND METHODS

.S - ^ io T ? h r cs£ i.% L fs6J s f ? ,\ i  Fs s r  s i t ..* ™ *  ’8- 2° ■ » * * .  oW 
fcs  a s s . r ^ i , i ^ s a . ai i s;  i i v r , “  « ” , ? s g i  l u*HT tJ?ha right side muscle The sLnl es J Wed«bln« abo“t 70 g, were obtained

i £ e ’J  d°ay3 a t  1 C ^ b e f o r e ° b e in g  S i l i z e r ? r o b t ^ 1" | ° ^ ,Bf^ m ^  ^ a id a  w a g g e d
* a3  u se d  f o r  th e  unaged  o n es  th e  Sam plea f o l l °w ing  th e  same6

f n S 4 Prox^al'ends^Pive'^samplea'were o ^ t a i n ^ H ^  ^ i z t i o n s  between dis- ; % l f ga total of 60 samples. obtained from each muscle and 10 per animal
s S 2 ;  u £  0i ! r t« a ® ¡ ! l th , ? ^ h ° , “ * a  * " P « ™ t o .  o f  a b o u t 7 C. Ih<*
S t , v»5»u. sealed again and foilsed in ® 2 t e r t a t t ' K ' s n T V “1® * ^  #f,er the»W  they were cooled in the bags in ™ i d  ? ? 80 C for 30 mlnutes. After
Nte!f dipped off moisture surffce wPiih»? f l * ater’ the Juice3 discarded, the
S  e^°r texture detemination S U  sub® ?hetl 3t°red in a chiU cabinab for
oi°n of°tvSample- They were then compressed in a ni ene*"1?6 • ? J  cm,were obtained ¿the Bi?he fibers, between blunt jaws mounted inP? T  +* anglea to the direc-+̂ i Rhodes et ni Ciovoi <-\ i i? s mounted in a Instron Universal Testing Mn~
^1 ,j?plicate3 were' taken i n  e S h  s ^ o l e ^ o r ^ L ^ ^ ^ 1 WaS recorded. Measurementsaifraction, Voyle (1971). P f°r sarc0Dlere length determination by opti-

m



RESULTS AND DISCUSSION
The d i f f e r e n t  t r e a tm e n ts  a f f e c t e d  s i g n i f i c a n t l y  th e  am ount o f  
f e e t  i n  c o o k in g  l o s s ,  t a b l e  1 . d r i p  w ith  a  l e s s e r  ef ‘

TABLE 1
: EWECT of AGEING, FREEZING RATE AND LENGTH OF STORAGE ON L03SSS OF BEEF

D rip p in g lo s s Cooking l o s s .

Unaged Mean SD Mean SD

U nfrozen - _ 3 5 .90d 1.29
F rozen  -  10 /2  m onths 9. l l b 1 .82 3 4 .02ab .65

- 10 /4  m onths 1 2 . 12c 2 .5 6 3 4 .14ab .88
-  20/2 m onths 1 0 .76bc 2.20 3 4 .06ab 1.10
-  20 /4  m onths 1 3 .13c 3 .1 0 3 3 .58a 1.32

Aged
U nfrozen - - 3 5 .35bc 1.34
F ro zen  -  1 0 /2  m onths 6 . 51a 1 .6 4 3 4 .15ab '1 .83

-  1 0 /4  m onths 7 . 99a 1 .30 3 5 .41bc 1.73
-  20/2 m onths 7 .8 3 a 2 .05 3 5 .38bc .82
-  20 /4  m onths 8 . 62ab 1 .4 3 3 4 .75abc .63

abc „
Means on a column w ith  no common s u p e r s c r i p t s  a r e  d i f f e r e n t (P .0 5 )

4^ n T lHr !+ 3ei i n / i o l c ' \ a t e i _S °l d i ? g  c a p a c i ty  th ro u g h  c o n d i t io n in g  h a s  b ee n  r e p o r te d  W 
^ 7 ? “  1ai*  (1 956 ) and Hamm (1 9 6 0 ) . As can  be se e n  by th e  p r e s e n t  r e s u l t s ,  t h i 8 10
S v„n i a l n e ^ even  d u r in g  f r o z e n  s to r a g e  r e s u l t i n g  i n  l e s s  d r ip  on th a w in g .

f  in  fftgo £ n e h ^d _no s i g n i f i c a n t  e f f e c t  on d r ip  l o s s e s  b e in g  th e  a v e ra g e  value 
o r  ~ 10 ( 8 .9 3 $ )  and f o r  -  20 (10.08*). T hese r e s u l t s  a r e  i n  c o n t r a s t  w U h th e  W

d in g s  o f  C allow  (1952 ) b u t  in .a g r e e m e n t  w ith  th e  d a t a  r e p o r te d  by P e a rs o n  and 
(1 9 5 0 ) . The l e n g th  o f  s to r a g e ,o n  th e  o th e r  h a n d , s i g n i f i c a n t l y  in c r e a s e d  d r ip P 1“® gl’ 
l o s s  f o r  th e  unaged  sam p le s  a t  — 10 C and an  in c r e a s e  was a l s o  n o t i c i a b l e  a t  -"20» 
th o u g h  n o t  s i g n i f i c a n t .  A non s i g n i f i c a n t  g r e a t e r  am ount o f  d r ip  due to  s to r a g e  
l e n g th  was a l s o  v e r i f i e d  i n  th e  aged  s a m p le s , b u t h e r e  th e  d i f f e r e n c e  was sm alIf*  ̂
th a n  i n  th e  u naged  p i e c e s .  An i n c r e a s e  i n  d r ip  due to  s to r a g e  h a s  a l s o  been  no 
by P e a rs o n  and M i l l e r  (1 9 5 0 ) . As p o in te d  o u t by B e n d a ll  (1 9 7 1 ) , t h i s  in c r e a s e  ^  f 
d r ip  d u r in g  f ro z e n  s to r a g e ,  i s  a  r e s u l t  o f  an  in c r e a s e  i n  th e  s i z e  o f  e x t r a c e l iu /  
ic e  c r y s t a l s  a t  th e  ex p e n se  o f  th e  i n t r a c e l l u l a r  w a te r  r e s u l t i n g  i n  an  in c r e a s e  
3a l t  c o n c e n t r a t io n  w i th in  th e  f i b e r .  T h is  f a c t  t o g e th e r  w ith  th e  low  pH, l e a d s  * gf»' 
p r o te in  d e n a tu r a t i o n ,  b e in g  th e  phenom enon more n o t i c e a b le  a t  h ig h e r  s to r a g e  ten1? 
tu r e  s  •
C ooking l o s s  was l e s s  a f f e c t e d  by th e  s e v e r a l  t r e a tm e n ts .  The a v e ra g e  l o s s  fo r  
f ro z e n /u n a g e d  sam p les  was 33-95 and 3 4 .9 2  *  f o r  th e  ag e d . *,o*'
\  g r e a t  d e a l  o f  v a r i a t i o n  was found  w ith  r e s p e c t  to  l o s s e s  be tw een  a n im a ls .  Dr l L  
e v e r ,  was th e  v a r i a b l e  t h a t  p r e s e n te d  th e  g r e a t e s t  v a r i a t i o n  a s  can  be deduced  W 
m agnitude o f  th e  s ta n d a r d  d e v i a t i o n s  w ith  c o o k in g  l o s s e s  p r e s e n t in g  v a lu e s  idoi*® 
s e n t r a t e d  a ro u n d  th e  mean. The e f f e c t  o f  th e  d i f f e r e n t  t r e a tm e n t  on t e x t u r e ,  PH 
sa rc o m ere  l e n g th ,  cam be s e e n  on t a b l e  2 . tl>0
U n a g e d /u n fro z e n  sam p le s  p r e s e n te d  a  s i g n i f i c a n t l y  h ig h e r  s h e a r  f o r c e  o f  5 ,9 3  
a g e d , 4 .9 5 .  The same was t r u e  f o r  th e  f ro z e n  m eat b e in g  th e  a v e ra g e  v a lu e s  f o r  ; ‘ r g, 
unaged  4 .8 9  and 3 -96  f o r  th e  a g e d . The b e n e f i c i a l  e f f e c t  o f  c o n d i t io n in g  on t e % q6t '  
t h e r e f o r e ,  a s  h a s  been  r e p o r te d  by Davey and G i l b e r t  (1967) and H e r r in g  e t  a l * l l? 
i s  m a in ta in e d  even  a f t e r  th e  m eat h a s  b ee n  f r o z e n .  ^
T e x tu re  was n o t  a f f e c t e d  by r a t e  o f  f r e e z in g  w ith  th e  -1 0  C sa m p le s  p r e s e n t in g  
a v e ra g e  v a lu e  o f  4 .5 3  and - 2 0 ,  4 .3 2 .  These r e s u l t s  a r e  i n  ag re em e n t w ith  th o se  P ¿e'  
l i s h e d  by P e a rs o n  and M i l l e r  (1 9 5 0 ) . The f r e e z i n g  p r o c e s s  how ever p r e s e n te d  a 
r i z i n g  e f f e c t  b o th  i n  th e  unaged  and aged  s a m p le s , w ith  th e  f r o z e n  sam p le s  P re 3® t  °l 
an  a v e ra g e  s h e a r  f o r c e  o f  4 .4 3  a g a i n s t  5 .4 4  f o r  th e  u n f ro z e n .  A t e n d e r i z i n g  
th e  f r e e z i n g  p r o c e s s  h a s  been  c i t e d  by H in e r  e t  a l .  (1 9 4 5 ) . D i f f e r e n t  r e s u l t s  b 
w ere found  by Howard and L aw rie  (1956) w here no s i g n i f i c a n t  d i f f e r e n c e s  i n  tb® 3 
f o r c e s  f o r  f ro z e n  o r  u n f ro z e n  sam p les  c o u ld  be d e t e c t e d .  n il*0*
A d e c r e a s e  in  te n d e r n e s s  d u r in g  f ro z e n  s to r a g e  h a s  been  n o t ic e d  by P e a rs o n  and * A 
(1950 ) and J a k o b s s o n  and B en g ta so n  (1 9 7 3 ) . No c l e a r  i n d i c a t i o n  t h a t  m e a t becoffl®3 y  ji  
to u g h e r  w ith  p ro lo n g e d  s to r a g e  c o u ld  be i n f e r r e d  from  th e  r e s u l t s  o f  t h i s  s t u d y /  
th o u g h  th e  4 m onths s to r a g e  sam p le s  te n d e d  to  be l e s s  t e n d e r  and more v a r i a b l e  1 ,
th e  2 m onths t r e a tm e n t .
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Unfro2en
Fr°zen

Texture

£&ed

Unftozen

- 10/2 months
- 10/4 months
- 20/2 months
- 20/4 months

- 10/2 months
- 10/4 months
- 20/2 months
- 20/4 months

Mean
5.93c'
4.93
4.92
4.841
4.871

cb
cb

4.95l 
4.05£
4.22 
3.64i 
3.93a

ab

SD
.58
.30
.85
.65
.80

.50

.42

.57

.28

.57
abc

J2 !L
Mean SD

,ab5.46‘ 
5.42 
5.46 
5.41‘ 

S.471

ab
ab

5.521 
5.43
5.521

ab

5.42
s.ss1

ab

. 11

.05

.05

.04

.04

.06

.0 5

.05

.08

.04
Me

Sarcomere length
Mean
2.07
1.99
1.88
1.93
1.97

94
08
93
12

1.94

hon

SD
. 11

.24

.16

.21

.11

.09

.04

.30

.19

.24

ans on a column with no common superscripts are different (P .05)

> ; U ^ iC a n t ^ ig h f r  PH v ^ Ue o f  5 - 48 wa3 found  f o r  th e  aged  sam p les  i n  co n m a ri-  
f e e ihg whilQ+Un,agw+ v a lu |  ° f  5 .4 4 .  Hamm ( I9 6 0 )  s t a t e d  t h a t  th e  pH may r i s e  d u r in g
hn PH i f 1/ * 2! 111111! 11 ( 1971)» s t a t e d  t h a t  th e y  c o u ld  d e t e c t  no d i f f e r e n c e
DBtWeen t S  f  L d  4am onth6« tn yS P° r k - * s i g n i f i c a n t  in c r e a s e  i n  pH how ever was found  
^ o t i v e i , .  5 “ o n tb  s to r a g e  p e r io d  b e in g  th e  a v e ra g e  v a lu e s  5 .4 2  and 5 50 r e s -

“  « C f n X T H T . r o i “ 9" !  » S “ 86

I

_ no s i -  
m onths period.

t51 f l u c t » = ! d t h ? t  « « i m a t i c  a c t i v i t y  i s  n o t  e l i m i n a t e d  by f r e e z i n g  and t h e r e f o r e  someln the ^ a t l 0 n 18 bound t0 o c c u r d u r i n g f r e e z i n g s t o r a g e . g t h e r e f o r e some
a f f e e t 3! n t  3 tu d y \  f e e z i n g  r a t e  had  no e f f e c t  on pH. The s e v e r a l  t r e a tm e n ts  d id  

^ i e a r t l v  ™ °m ere l e n &th .,w ltb  th e  e x c e p t io n  o f  l e n g th  o f  s to r a g e  a l th o u g h  
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3-6 Bipxy HHnupeitTHOTO 3aMpa3BB3He Ha Tonnn moco

JIMMUTPOB B ., HJlBeTHOP, An.rp03JiaH0B 
llHCTHT'/T no MeCOnpOMHUnGHDCT

llHjruipeHTHOTO 33Mpa3BBaHe Ha T o n n o  moco Ha Snouone e Meion c fioHa3aHH 
HOMMMeCKH 11 TeXHOnORIHeCHH npBflMMCTBa. ÍÜHPOHOTO My pa3npOCTpaHOHHO
ovio ce 3anipüía nopanu hbkoh HeynaMM c KanecTBOTo na nponyHTa. ripov̂ n ĴJeTo 
nonaiBaT, ne Temí TexHononiHim npoSnefm ca cnennTBiie ochobho na BnMÍ1 
Ha Tpw *aKTopa: cnen~.CMi,pTHo BMeneunnaun; ciypono cwpaiqanaHe;
He cnen paaMpaanaaiie. flpn pa3paGoToane Ha perawMM 3a iiHnnpeKTHO 33*ipa3 
Ha Tonno Meco e Heo6xonnMO na ce petuaT cnenHiue ochobhm npofáneMii:
1. MaKCHManHO 3ana3Bane KanecTnaTa na Tonnom Meco
2. IhfareaHe nminmieTO Ha cnencMipTHOTO BneneHnoaHe
3. IbfarBane onimHHeTO na CTynonoTO ciKpaqanane
4. llafínreane BnnnHneTO na BiicneunBaHeTO cnen pa3Mpa3BBane
5. MaHCMManHO aantpwaHe h naconnane na aoToneTHHHHTe npouecn kim wen

KpaeH e<tei<T
3a na Mome na ce rapaHTiipa nofípoTO Kanecroo na MecoTo cnen neronnío 
neHTHO 3aMoa3nBaHe n Tonno cicTormne e Heofixoniino mdr3 oapnpane Ha P'




