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EFFECT OF TEMPERATURE, STORAGE CONDITIONS AND LIGHT

ON THE COLOR OF PREPACKAGED FROZEN MEAT

F re e z in g  as  a method f o r  p re se rv in g  meat has been used  s in c e  th e  

e a r ly  1900*s .  D uring th e  p a s t  few y e a r s ,  f ro z e n  m eat p ro d u c ts  have 

become v e ry  prom inent because o f  c e r t a in  c o n d it io n s  produced by World 

War I I ,  The developm ent o f  lo c k e r  p la n t s ,  home f r e e z e r  s to ra g e  u n i t s  

and d is p la y  ty p e  f r e e z e r  c a se s  h as  he lped  to  a c c e le r a te  th e  w ide sp read  

a cc e p tan ce  o f  f ro ze n  m ea ts . In  1947 (1954), on ly  13 f ro z e n  meat p ro ­

c e s s o rs  were in  th e  c o u n try . By 1953, th e  number in c re a s e d  to  138, an 

in c re a s e  o f  more th a n  950%, O utput o f  f ro z e n  m eats in c re a se d  from f iv e  

m il l io n  pounds in  1938 to  250 m il l io n  pounds in  1956 (1956).

F rozen  s to ra g e  o f  prepackaged f ro z e n  meat w i l l  be o f  economic 

v a lu e  to  b o th  th e  p ro d u cer and th e  consum er. P repackag ing  f ro z e n  meat 

w i l l  g ive  g r e a te r  re co v e ry  o f  bones, f a t ,  e t c .  There w i l l  be a  d i f f e r ­

ence in  t r a n s p o r ta t io n ,  s to ra g e , h an d lin g  c o s ts  in  fa v o r  o f  e i t h e r  

p ac k e r , p ro d u cer o r  p ro c e s s o r .

Packaging f ro z e n  meat p roduced problem s th a t  have proven to  be 

d i f f i c u l t  to  s o lv e . They a re  concerned w ith  te m p e ra tu re , s to ra g e  c o n d i­

t io n s  (w hich in c lu d e  te m p e ra tu re , a i r  movement, h u m id ity ) , packaging  

m a te r ia ls  and methods (which in c lu d e  v i s i b i l i t y ,  n e a tn e s s  o f  c u t and 

t ig h tn e s s  o f  w rap ), and d is p la y  under l i g h t .  A m ajor f a c to r  a f f e c t in g  

th e  a t t r a c t iv e n e s s  o f  prepackaged  f ro z e n  r e t a i l  meat i s  th e  c o lo r  o f 

th e  exposed le a n .

M yoglobin, th e  m uscle p igm ent, i s  c h ie f ly  re s p o n s ib le  f o r  th e  

c o lo r  o f  le a n  m eat, which under v a r io u s  c o n d itio n s  changes from  oxym yoglobin



( th e  d e s i r a b le  re d  c o lo r )  to  m etm yoglobin ( th e  brown c o lo r  so c h a ra c ­

t e r i s t i c  o f  meat c o lo r  d e g ra d a tio n ) .  Review o f  th e  l i t e r a t u r e  r e v e a ls  

some in fo rm a tio n  co n cern in g  th e  e f f e c t  o f  v a r io u s  c o n d it io n s  on d i s ­

c o lo r a t io n  in  p repackaged f ro z e n  m eat, but l i t t l e  in fo rm a tio n  co n cern in g  

th e  c h a r a c te r  o f  t h i s  d i s c o lo r a t io n .

The m ain purpose o f  t h i s  s tu d y  was to  a ttem p t to  c h a r a c te r iz e  th e  

chem ical s t a t e  o f  m yoglobin as  a f f e c te d  by v a r io u s  s to ra g e  c o n d i t io n s .

The Longissim us d o r s i  m uscle from U.S. Good and Choice g rade b e e f  

r ib s  was used  th ro u g h o u t t h i s  s tu d y . B oneless r i b  s te a k s  1 in c h  th ic k  

were c u t from th e  w h o lesa le  r i b  c u t .  S teaks w ere p laced  in  Cry-O-Wrap 

p l a s t i c  b ag s , vacuum ized, c lo se d  w ith  a Cry-O-Wrap c l i p ,  d ipped in to  

b o i l in g  w a te r  which reduced th e  s iz e  o f  th e  bag a p p ro x im a te ly  o n e - th i r d ,  

th u s  g iv in g  th e  s te a k s  a t i g h t  wrap. P repackaged f ro z e n  s te a k s  used  in  

th e  v a r io u s  s tu d ie s  were s to re d  in  a s e l f - s e r v i c e  ca se  o r  in  a c i r c u ­

l a t i n g  c o ld  a i r  w a lk - in  type f r e e z e r .

S teak s  s to re d  in  th e  s e l f - s e r v ic e  f ro z e n  food case  un d er th e  i n ­

f lu e n c e  o f  l i g h t  w ere k e p t under f lu o r e s c e n t  lamps d e l iv e r in g  56 f t c .  

o f  i l lu m in a t io n .  V arious c o lo red  f i l t e r s  were used in  th e  s tudy  con­

c e rn in g  th e  a t t r i b u t e  o f  l i g h t  t h a t  may be r e s p o n s ib le  f o r  c o lo r  d e g ra ­

d a t io n .  S teak s  s to re d  under co lo re d  f lu o re s c e n t  lamps d e l iv e ry in g  20 f t c ,  

o f  i l lu m in a t io n  w ere k e p t in  th e  0°F w a lk -in  f r e e z e r .

M easurements o f  s u r f a c e  c o lo r  o f meat were made by th e  u se  o f  M unsell 

sp in n in g  d is k s  as g iv en  by V oegeli (1952). E s tim a tio n  o f  th e  p e rc e n t 

m etmyoglobin was e s s e n t i a l l y  a s  a p p lie d  by Mangel (1951) and B u tle r  

(1953).
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Tem perature v a r i a t io n s  in  a  s e l f - s e r v i c e  fro z e n  food case  a f f e c t s  

th e  ap p earan ce  o f prepackaged  f ro z e n  meat packaged in  t r a n s p a r e n t  oxygen 

im perm eable w rapping m a te r ia l s .  P reh an d lin g  c o n d itio n s  and r a t e  o f 

f re e z in g  a f f e c t s  i n i t i a l  c o lo r  d e g ra d a tio n  o f  p repackaged f ro z e n  m eat. 

R epeated f r e e z in g  and thaw ing in  an oxygen im perm eable w rapper h as  a 

marked a f f e c t  on th e  c o lo r  o f  p repackaged  m eat. With a l t e r n a t e  f r e e z in g  

and thaw ing c y c le s ,  th e re  was an in c re a s e  o r d e c re a se  o f  m etm yoglobin 

fo rm a tio n . D isp lay  o f  prepackaged f ro z e n  meat under in c a n d esc e n t o r  

f lu o r e s c e n t  l ig h t in g  cau ses  d e g ra d a tio n  o f  c o lo r .  Tem perature o f  d i s ­

p la y  o f  p repackaged  f ro z e n  meat under f lu o r e s c e n t  l i g h t in g  had an 

e f f e c t  on c o lo r  d e g ra d a tio n . Samples s to re d  under f lu o r e s c e n t  l i g h t  a t  

0°F showed l e s s  d is c o lo r a t io n  and metmyoglobin fo rm a tio n  than  sam ples 

s to re d  in  d a rk n ess  a t  th e  same tem p era tu re  in  th e  s e l f - s e r v i c e  ca se  in  

which th e re  was c o n s id e ra b le  tem per a t t ire  f lu c tu a t io n .

Wave le n g th s  o f  l i g h t  between 560 and 630 mu (yellow  and orange 

p o r t io n  o f  th e  spectrum ) seem to  be r e s p o n s ib le  f o r  c o lo r  d e g ra d a tio n  

o f  prepackaged f ro z e n  m eat. F rozen  meat s to re d  under g reen  and red  

f lu o r e s c e n t  lamps has b e t t e r  c o lo r  s t a b i l i t y  b u t th e se  l i g h t s  g iv e  

m eat an u n fa m il ia r  ap p earan ce . I t  would appear t h a t  th e  l i g h t  from  th e  

yellow  p o r t io n  (580 mu re g io n )  o f  th e  spectrum  em itte d  by w h ite  f l u o r e s ­

c e n t lamps commonly used f o r  f ro z e n  food d is p la y  c a se s  i s  r e s p o n s ib le  

f o r  c o lo r  d e g ra d a tio n  o f  prepackaged fro z e n  m eat. The fo rm atio n  o f  

m etm yoglobin i s  th e  p rim ary  cause o f  d is c o lo r a t io n  when prepackaged 

fro z e n  m eat in  a t r a n s p a re n t  w rapper i s  exposed to  l i g h t .
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INTRODUCTION

F re e z in g  a s  a  method f o r  p r e s e rv in g  meat h as  been used s in c e  th e  e a r ly  

1900*s# During th e  p a s t  few y e a rs  f ro z e n  m eat p ro d u c ts  have become v e ry  

p rom inent because  o f  c e r t a i n  c o n d itio n s  produced by World War I I#  The de­

velopm ent o f  lo c k e r  p l a n t s ,  home f r e e z e r  s to ra g e  u n i t s  and d is p la y  ty p e  

f r e e z e r  c a se s  h as  h e lp ed  to  a c c e le r a te  th e  w ide sp read  ac c ep tan c e  o f  f ro z e n  

m eats* In  1947 (Anonymous, 1954), o n ly  13 f ro z e n  meat p ro c e s s o rs  w ere i n  

th e  c o u n try . By 1953, th e  number had in c re a se d  to  138, an in c re a s e  o f  more 

th a n  950%# O utput o f  f ro z e n  m eats in c re a se d  from  f iv e  m il l io n  pounds in  

1938 to  125 m il l io n  pounds i n  1952, and to  250 m il l io n  pounds in  1956 (Anony­

mous, 1 9 56). T h is  in d ic a te s  t h a t  th e  program f o r  experim ental, ad ju stm en t o f  

prepackaged  f ro z e n  m eat and th e  ground work f o r  th e  “evolution** o f  f ro z e n  

m eat i s  s lo w ly  being  l a i d  by g rad u a l in t ro d u c t io n  o f  f ro z e n  s te a k s ,  chops, 

e t c .

F re e z e r  s to ra g e  o f f e r s  a means tow ard e q u a liz in g  th e  su p p ly  o f  f r e s h  

m eats a v a i la b le  a t  a l l  seaso n s  o f  th e  y e a r . This i s  o f  economic v a lu e  to  

b o th  th e  p ro d u ce r and th e  consumer. P repackag ing  f ro z e n  meat w i l l  g iv e  

g r e a te r  re c o v e ry  o f  bones, f a t ,  and trim m ings which can be co n v e rted  in to  

more u s e fu l  and v a lu a b le  p ro d u c ts . There w i l l  be a d i f f e r e n c e  in  t r a n s ­

p o r ta t io n ,  s to ra g e ,  h a n d lin g , and packaging  c o s ts  in  fa v o r  o f  e i t h e r  th e  

p a ck e r , p ro d u cer o r  p ro c e s s o r .  C e n tra liz e d  c u t t in g ,  trim m ing, f r e e z in g  

and packag ing  o f  m eat a t  th e  p ack ing  p la n t  would e l im in a te  shipm ent o f  

bu lk  c a rc a s s e s  and save f r e i g h t  c o s ts  i n  fa v o r  o f  th e  consum er, p ro d u c e r  

o r  p ro c e s s o r .

However, th e  method o f  packaging  f ro z e n  meat gave r i s e  to  many p ro ­

blem s, though th ey  seem to  be few er, b u t more d i f f i c u l t  to  s o lv e .  These



problem s a r e  concerned  w ith  te m p e ra tu re , s to ra g e  c o n d it io n s  (w hich in c lu d e  

te m p e ra tu re , a i r  movement, h u m id ity ) , packaging  m a te r ia ls  and m ethods (w hich 

in c lu d e  v i s i b i l i t y ,  n e a tn e s s  o f  c u t and t ig h tn e s s  o f  wrap) and d is p la y  

under l ig h t*  A m ajor f a c t o r  a f f e c t in g  th e  a t t r a c t iv e n e s s  o f  p repackaged  

f ro z e n  r e t a i l  m eat c u ts  i s  th e  c o lo r  o f  th e  exposed lean* The c o lo r  o f  

meat and m eat p ro d u c ts  i s  o f  g r e a t  im portance  in  our system  o f  m eat mar­

k e t in g .  Changes in  c o lo r  a re  l a r g e ly  u t i l i z e d  by th e  r e t a i l e r  and th e  

meat t r a d e  a s  an in d ic a t io n  o f  m eat q u a lity *  Consumers a r e  v e ry  c r i t i c a l  

o f  m eat c o lo r  and d is c r im in a te  a g a in s t  meat c u ts  t h a t  show d is c o lo ra t io n *

M yoglobin, th e  m uscle p igm ent, i s  c h ie f ly  r e s p o n s ib le  f o r  th e  c o lo r  

o f  le a n  m eat, w hich under v a r io u s  c o n d it io n s  changes from  oxym yoglobin 

( th e  d e s i r a b le  re d  c o lo r )  to  metmyoglobin ( th e  brown c o lo r  so c h a r a c te r ­

i s t i c  o f  meat c o lo r  d e g ra d a tio n .

In  rev iew in g  th e  l i t e r a t u r e  on th e  c o lo r  o f  m eat, i t  becomes a p p a re n t 

t h a t  r e p o r t s  d e a lin g  w ith  c o lo r  d e g ra d a tio n  o f  p repackaged  f ro z e n  meat 

p e r  se  a re  l im i te d ,  and s in c e  i t  has been shown by A lle n  (1948) t h a t  c o lo r  

i s  very  im p o rtan t f a c to r  in  prepackaged meat s a le s ,  i t  would seem t h a t  any 

s tu d y  o f  th e  f a c to r s  in v o lv ed  would be b e n e f ic ia l  to  th e  m eat in d u s t r y .
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REVIEW OF LITERATURE

A rev iew  o f  th e  l i t e r a t u r e  re v e a le d  some in v e s t ig a t io n s  on d i s c o lo r ­

a t i o n  o f  f ro z e n  m eat. Much o f  th e  r e s e a rc h  has been done w ith  ground b e e f .  

The in v e s t i g a to r s  b e lie v e d  t h a t  i f  th e r e  were go ing  to  be c o lo r  ch anges, 

i t  would be a c c e le r a te d  by th e  l a r g e  s u rfa c e  a r e a  e x h ib i te d  by ground b e e f .  

S tu d ie s  concern ing  th e  d is c o lo r a t io n  o f  p repackaged  f ro z e n  meat i n  th e  

form  o f  s te a k s  a s  d isp la y e d  tinder s to r e  c o n d it io n s  a re  r a t h e r  l im i t e d .

In  o rd e r  to  u n d e rs tan d  th e  e f f e c t  o f  v a r io u s  c o n d it io n s  on th e  c o lo r  change 

o f  m eat, i t  i s  e s s e n t i a l  t h a t  one have a  tho ro u g h  knowledge o f  th e  c h e m is try  

o f  th e  m uscle pigm ent (m yoglob in).

The b r ig h t  re d  c o lo r  o f  f r e s h ,  cu red , and f ro z e n  m eat, a s  w e l l  as 

c o lo r  d e g ra d a tio n , i s  due to  th e  chem ical s t a t e  o f th e  pigm ent c a l le d  

m yoglobin ( fo rm erly  r e f e r r e d  to  a s  m uscle hem oglobin). I t  was i n t e r ­

e s t in g  to  go th ro u g h  th e  l i t e r a t u r e  and n o te  th e  many in t e r e s t i n g  th e o r ie s  

re g a rd in g  th e  t ru e  c h a r a c te r  o f  a  pigm ent connected  w ith  th e  m uscular sub­

s ta n c e ,  As e a r ly  a s  th e  b eg in n in g  o f  th e  e ig h te e n th  c e n tu ry , in q u i r i e s  

were made re g a rd in g  th e  o r ig in  o f  th e  c o lo r  o f  th e  m uscle . Boerhave (1739) 

was o f  th e  o p in io n  t h a t  i t  was d e riv ed  from  blood and could  be washed away 

w ith  i t .  H ild e rb ra n d t (1789) m a in ta in ed  th a t  th e  c o lo r  o f  th e  m uscular 

t i s s u e  was connected  w ith  i t s  g re a t  q u a n t i ty  o f  b lood v e s s e l s ,  b u t a ls o  

p o in te d  ou t t h a t  th e  s tro n g e r  th e  "body” th e  re d d e r  th e  m uscle and b lo o d . 

B ic h a t (1803) pursued  th e  same l i n e  o f  th o u g h t, and s ta te d  t h a t  th e  m uscle 

d id  n o t ta k e  i t s  c o lo r  from  th e  c i r c u l a t in g  b lo o d , bu t from  th a t  which be­

came d e p o s ite d  in  th e  t is s u e *
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From 1803 to  1886 many th e o r ie s  w ere developed  re g a rd in g  th e  n a tu re  

o f  th e  m uscle p igm en t. D uring th e  y e a r s  1886 to  1890, a  g r e a t  i n t e r e s t  

developed  re g a rd in g  th e  n a tu re  o f  th e  pigm ent i n  m uscle . MacMunn (1886) 

d em o n stra ted  t h a t  a  p igm ent co u ld  be e x tr a c te d  from  m u sc les , and t h a t  t h i s  

p igm ent gave r i s e  to  d ecom position  p ro d u c ts  w hich were r e l a t e d  to  hemo­

g lo b in , b u t n e v e r th e le s s  n o t i d e n t i c a l  w ith  th e  decom position  p ro d u c ts  o f  

t h i s  l a t t e r  s u b s ta n c e . He a p p lie d  th e  te rm  ,,nQrohematinn to  t h i s  su b s ta n c e . 

He a ls o  assumed t h a t  t h i s  new su b stan ce  had som ething to  do w ith  th e  s to r in g  

o f  oxygen i n  f r e s h  m uscle .

In  1897, K. A. H. Morner (1897) was a b le  to  r e p o r t  t h a t  he had proved  

t h a t  th e  a b s o rp tio n  spectrum  o f  m uscle pigm ent was n o t i d e n t i c a l  w ith  t h a t  

o f  hem oglobin, and t h a t  th e s e  two su b stan ces  were q u i te  d i f f e r e n t .  Morner 

(1897), th ro u g h  h i s  w a te r e x t r a c t s  on m uscles o f  d o gs, c a t t l e ,  and h o rs e s ,  

showed th e  d isp lacem en t to  th e  red  p a r t  o f  th e  spectrum  o f m yoglobin as 

compared to  hemoglobin* G unther (1921), a s  a  r e s u l t  o f  h i s  f in d in g s ,  was 

convinced  th a t  m uscle p igm ent was n o t i d e n t i c a l  w ith  hem oglobin, and sug­

g e s te d  and used  th ro u g h o u t th e  r e s t  o f  h is  w ork, f o r  th e  f i r s t  tim e , th e  

te rm  f,m yoglobinH. In  1926, W hipple (1926) d id  many e x t r a c t io n  te c h n iq u e s , 

i n  o rd e r  to  g e t  an  e s tim a te  on th e  m yoglobin c o n te n t o f  m u sc les .

D uring th e  n ex t few  y e a r s ,  a s e r i e s  o f  p u b l ic a t io n s  fo llo w ed  i n  w hich 

th e  occuartence o f  m yoglobin and i t s  chem ica l c o n d itio n s  were su b je c te d  to  

more com prehensive a n a ly s is .  T h e o r e l l 's  (1932, 1934) c o n c lu s iv e  c o n t r i ­

b u tio n s  to  th e  r e s e a r c h  re g a rd in g  th e  n a tu re  o f  m yoglobin were p re se n te d  

in  1932 and 1934. I t  was i n  1932 t h a t  T h e o re ll succeeded in  c r y s t a l l i z i n g  

m yoglobin which gave ch em ists  and p h y s io lo g is ts  new grounds f o r  co n tin u ed
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re sea rch *  Schenk, H a ll and King (1934) found i n  t h e i r  work th a t  th e  myo­

g lo b in  c o n te n t in  r ib e y e  m uscle o f  b e e f  d id  n o t d is c lo s e  any p a r a l l e l i s m  

w ith  th e  hem oglobin co n ten t*  D uring th e  y e a rs  between 1934 to  th e  p r e s e n t  

tim e much re s e a rc h  h as  been going  on to  b e t t e r  u n d erstan d  th e  ch em ical 

changes t h a t  o ccu r i n  m uscle due to  t h i s  pigm ent ltm yoglobin,? and i t s  

v a r io u s  d e r iv a t iv e s *

C hem istry  o f  M yoglobin

M yoglobin and hem oglobin belong to  th e  group o f h em o -p ro te in s , com­

p r i s in g  a  p r o s th e t i c  g roup , p ro to p o rp h r in  and a  p r o te in  component, v i z ,  

g lo b in .  The fo rm er c o n s is t s  o f  fo u r  p y r ro l  r in g s  i n  th e  c e n te r  o f  w hich 

an i r o n  atom i s  coupled  to  th e  fo u r  n i tro g e n  atom s, th u s  making th e  p o r­

p h y r in  an i r o n  p o rp h y rin . Bound to  t h i s  i ro n  atom i s  th e  f u n c t io n ,  

e s s e n t i a l  to  th e  h e m o -p ro te in s , o f  a r e s p i r a to r y  pigm ent. The s t r u c tu r e  

o f  th e  heme p a r t  o f  th e  m olecu le  i s  shown in  F ig u re  1 (1956)* Only fo u r  

o f  th e  s ix  v a le n c e s  o f  th e  i r o n  atom a re  connected  w ith  th e  n i t ro g e n  o f  

th e  p y r ro l  r in g s .  The o th e r  two seem to  be bound to  th e  p r o te in  component, 

Kendrew (1949). T h e o re l l f s works (1932, 1934 and 1947) o f fe re d  compre­

h e n s iv e  knowledge o f  th e  ch em istry  o f  m yoglobin. H is works showed th a t  

th e  i ro n  c o n te n t o f  iqyoglobin was i d e n t i c a l  w ith  t h a t  o f hem oglobin , v iz ,  

0 .345  p e rc e n t .

Kendrew (1949) proposed  th e  fo llo w in g  s t r u c tu r e  o f m yoglobin a s  shown 

in  F ig u re  2 . He b e lie v e d  th a t  th e  s t r u c tu r e  o f  i^yoglobin i s  c o n s t i tu te d  

by two d i s c s ,  57.8 d iam e te r  and 9$ th ic k ,  p a r a l l e l  to  each o th e r  and p e r ­

p e n d ic u la r  to  t h e i r  a x i s ,  s e p a ra te d  by a  la y e r  of l iq u id  o f  c r y s t a l l i z a t i o n  

6 .6 $  t h i c k .  Each of th e  d is c s  i s  formed by one p o ly p e p tid e  c h a in , fo ld e d

- 5 -
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F ig u re  1

S ch w e ig e rt, B. S. 1956. P ro c . o f  th e  E ig h th  R esearch  C onference, Univ. 

o f  C hicago, C hicago, I l l i n o i s ,  pg 61-64 .
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b

S tru c tu r e  o f  M yoglobin 

F ig u re  2*

on i t s e l f  in  fo u r  eq u a l s e c t io n s .  The p r o s th e t ic  group (p ro to fe rro h em e) 

i s  p e rp e n d ic u la r  to  th e  p la n e  o f  each d is c  and ex ten d s  above and below 

i t ,  i t s  th ic k n e s s  b e in g  abou t 15& g r e a te r  th a n  th a t  o f  th e  d is c  i t s e l f *

He found in  Svedberg*s u l t r a c e n t r i f u g e  a se d im e n ta tio n  c o n s ta n t f o r  myo­

g lo b in  o f  2 .0  X lO -M . The m o lecu la r w eigh t o f  34,000 re p o r te d  by T h e o re ll  

(1932) was l a t e r  c o r re c te d  by Svedberg (1939) to  a m o lecu lar w eigh t o f  

ab o u t 17 ,0 0 0 , w hich conformed w ith  th o se  o f  P o ison  (1937), and Roche (1 9 4 0 ). 

Bowen (1948) r e p o r te d  a  m o lec u la r  w eigh t o f 16,400 and an i r o n  c o n te n t o f  

0 .323  p e rc e n t .  The i s o e l e c t r i c  p o in t  o f  m yoglobin was found to  be pH 

6 .9 9 .

The com position  o f th e  g lo b in  component o f  th e  d i f f e r e n t  sp e c ie s  o f  

an im als  has been ana ly zed  by R o s s i-F a n e l l i  (1940, 1941, 1942, 1947, 1948, 

1954, 1955 and 1 9 5 6 ). He n o tic e d  th a t  m yoglobin had is o le u c in e  b u t no 

c y s t in e  i n  th e  g lo b in  p o r t io n ,  a s  c o n tra s te d  w ith  hem oglobin w hich c o n ta in s
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c y s t in e  b u t no i s o le u c in e .  R a th e r  th a n  to  g iv e  a  f u r th e r  d is c u s s io n  on 

th e  p h y s io -c h e m ic a l c o n s ta n ts  o f  m yoglobin and hem oglobin, th e  a u th o r  

b e l ie v e s  t h a t  more in fo rm a tio n  can be d e riv e d  from  o b s e rv a tio n  o f  th e  

fo llo w in g  T ab les  I  and I I .
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T able I .  P h y sio -ch em ica l C on stan ts o f  M yoglobin and Hemoglobin

P h y sio -ch em ica l
C o n stan t

Myoglobin
(Mb)

Hemoglobin
(Hb)

P r o s th e t ic  Group P ro to ferrohem e Pro t o f  errohem e

M olecu lar ¥ e ig h t 17,000 68,000

I ro n  C onten t 0.34/* 0 .3 4 /

Form o f  D is s o c ia t io n  Curve H yperbolic Sigmoid

E f f e c t  o f  pH on th e  
D is s o c ia t io n  Curve L i t t l e M oderate

O x id a tio n  to  "Met11 Very E a s i ly L ess E a s i ly

Oxygen A f f in i ty Large M oderate

R a p id ity  o f  F ix a t io n  a t  pH CO..........300 130
7 .4 ,  20°C, m illim o le ” l  sec"^- 02 ..........19,000 4,000

R a p id ity  o f  D is s o c ia t io n  a t CO..........0 .0 4 0 .004
pH 7 .4 ,  20°C se c”1 02 »•*»«37 40

I s o e l e c t r i c  P o in t 6 .99 6.78

S o lu b i l i ty Very s o lu b le Less s o lu b le

R e s is ta n c e  to  D e n a tu ra tio n  
By A l k a l i i Large Sm all

Taken from  MLes P igm ents M u scu la ire s : p h y s io p a th o lo g ie "  by A lessand ro
Ro s s i - F a n e l l i  (1950)*
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T able I I ,  C h a r a c te r is t ic s  o f  M yoglobin and Some o f  I t s  D e r iv a t iv e s

Name
Di s t in g u is h in g  

Chem ical C h a ra c te rs Color
A b so rp tio n  
Peaks (mu)

M yoglobin MbH20 (Fe*2 ) P u rp lis h  Red 555

Oxymyoglobin Mb02 (Fe*2 ) B r ig h t Red 544,582

M etmyoglobin MMbOH (Fe+3) Brownish Red 510,635

N i t r i c  Oxide 
M yoglobin

MbNO (Fe*2 ) P in k is h  Red 544,575

Carboxymyo g lo b in MbCO (Fe+2) Red 540,570

Sulfmyo g lo  b in Mb S (Fe*2) Green (540),617 ,620

Taken from  "C hem istry  o f  Meat Pigments*1 by B* S* S chw eigert (1950)*
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P h y s io lo g ic a l  F u n c tio n  o f  M yoglobin

The advances in  th e  n in e te e n - tw e n t ie s  and t h i r t i e s ,  in  th e  f i e l d  o f 

r e s p i r a t i o n  p h y s io lo g y , n a tu r a l ly  in v o lv ed  a  c lo s e r  s tu d y  o f  th e  r o le  o f  

m yoglobin a s  a  r e s p i r a to r y  pigment* Fundam ental f a c t s  were p re se n te d  by 

T h eo re l'l (1934) and H i l l  (1933, 1936), and f u r th e r  in v e s t ig a te d  by M i l l i -  

kan (1936-1939)* No r e a l l y  new v iew p o in t has been added to  th e  d is c u s s io n  

s in c e  M il l ik a n !s s tu d ie s*  F ig u re  3 i l l u s t r a t e s  s c h e m a tic a lly  th e  i n t e r ­

p r e t a t io n  o f  th e  r o le  o f  m yoglobin (B io rck , 1949),

Oxygen in  A lv eo la r A ir
Pulmonary C a p i l la r ie s  ------------

A r t e r i a l  b lood
Venous blood

0 2 « # ten sio n  40mm Hg
0 2 * * ten sio n  100mm Hg 
0 2 **s a tu r a t io n  95%

0 2 * . s a tu r a t io n  70%

P e r ip h e ra l  C a p i l la ry P e r ip h e ra l  C a p il la ry

0 2 * •s a tu r a t io n  70%

(venous end)
02*. te n s io n  40 mm Hg 4

( a r t e r i a l  end)
02*•te n s io n  100mm Hg 
02**s a tu r a t io n  95%

02

The Muscle C e ll

R e s p ira to ry  Enzymes: M yoglobin1s ?

Cytochrome o x id ase  ^

Cyto chrome a

Cytochrome c 

H+’ Cytochrome b

C e l lu la r  M etabolism  ^

F ig u re  3
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The C olor o f  F re sh  Meat

The c o lo r  o f  f r e s h  m eat and th e  mechanism o f  th e  r e a c t io n s  w hich cause  

v a r io u s  d i s c o lo r a t io n s ,  m ain ly  metm yoglobin (brow n), have been re p o r te d  by 

th e  fo llo w in g  a u th o r s ,  on ly  to  m ention a  few o f  them: A lle n , 1948; B aker,

1954; B rooks, 1929; 1931, 1933, 1935, 1937, 1948, 1955; B u t le r ,  1953; 

Coleman, 1951; H e iss , 1933; Hoagland, 1914; Kennedy and H h ip p le , 1926;

K r a f t ,  1952; L androck, 1955; L av ers , 1948; Moran, 1935; P enrod , 1954;

R ik e r t ,  1952; U rbain , 1952; M hipple, 1926 a  and b ; and H in k le r , 1939 a 

and b .

The C olor o f  F rozen  Meat

Meat when f ro z e n  a f t e r  i t  has been oxygenated h as  a d e s i r a b le  re d  

c o lo r  t h a t  th e  consumer p r e f e r s  in  a p ie c e  o f  m eat. However, t h i s  d e s ir a b le  

re d  c o lo r  does n o t l a s t  long due to  v a r io u s  f a c t o r s ,  such a s ,  type o f 

w rapper, s to ra g e  c o n d it io n s  (such  a s  l i g h t ,  te m p e ra tu re , r a t e  o f  f r e e z in g ,  

e t c . ) .  F u r th e r  e x p la n a tio n  w i l l  be g iven  in  th e  s e c t io n  on f a c t o r s  in ­

f lu e n c in g  th e  d is c o lo r a t io n  o f prepackaged f ro z e n  m eat.

Moran and Brooks (1932) p o in te d  ou t th a t  when m uscle i s  f ro z e n  v e ry  

r a p id ly ,  e . g . ,  in  l i q u id  a i r ,  i t  i s  p a le  and y e llow  to  p in k  in  c o lo r  i n  

th e  f ro z e n  s t a t e ,  w hereas i f  i t  i s  f ro z e n  s lo w ly , e . g . ,  i n  a i r  a t  -3°C , 

i t  i s  deep r e d .  The d if f e r e n c e  i n  c o lo r  i s  r e a l l y  an o p t i c a l  e f f e c t  due 

to  d i f f e r e n c e s  in  th e  s iz e  o f  i c e  c r y s t a l s .  Hhen th e  c r y s t a l s  a re  sm all 

th e r e  i s  l e s s  p e n e t r a t io n  o f th e  in c id e n t  l i g h t  due to  r e f l e c t i o n  and r e ­

f r a c t i o n  a t  th e  i n t e r f a c e s  between th e  c r y s ta l s  and th e  su rro u n d in g  medium. 

They e s ta b l is h e d  th e  fo llo w in g  schem atic  diagram  in  o rd e r  to  show t h i s  

phenomena:
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F re e z in g
S u rface

D ire c t io n  o f  F ib e rs

Red Zone

->• Yellow to  P ink  Zone

In te n se  Yellow Zone 
With Rapid F re ez in g

F ig u re  4 .

Moran (1935) f u r th e r  s ta te d  th a t  i n  f ro z e n  meat th e  lo s s  o f  c o lo r  i s  

th o u g h t to  be due to  th e  s c a t te r in g  of l i g h t  by th e  m inute a i r  bubb les  

i n  th e  t i s s u e  o r ig in a l ly  occupied  by th e  ic e  c r y s t a l s .

C hem istry  o f  C olor Change In  F rozen Meat

The oxyrayoglobin^=^m yoglobin^5:metm yoglobin r e a c t io n  p la y s  an im p o rta n t 

p a r t  i n  th e  packaging  o f  f ro z e n  m eats ( B r a tz le r ,  1955). Myoglobin combines 

r e v e r s ib ly  w ith  oxygen to  form  th e  b r ig h t  red  oxymyoglobin (W atts, 1954). In  

t h i s  compound th e  heme ( iro n )  rem ains in  th e  f e r r o u s  (Fe++) form . Two ty p e s  

o f  o x id a t iv e  changes may be r e s p o n s ib le  f o r  the  abnorm al brown d is c o lo r a t io n  

o f  meat (W atts , 1954). One in v o lv e s  th e  o x id a tio n  o f th e  f e r ro u s  i ro n  in  

th e  heme compound to  th e  f e r r i c  c o n d it io n , th e  second i s  a d i r e c t  a t ta c k  

by oxygen on th e  p o rp h y rin  r in g .  The most commonly encoun tered  ty p e  o f
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d is c o lo r a t io n  i s  t h a t  o f  th e  Nmet'1 pigm ent formed by o x id a t io n  o f  th e  

i r o n  i n  th e  heme to  th e  f e r r i c  (Fe+++) s t a t e ,  known a s  m etm yoglobin.

H eiss  and H ohler (1933) s ta te d  t h a t  c o lo r  changes in  meat d u rin g  

s to ra g e  may o r ig in a te  in  th re e  ways:

1 . The o x id a t io n  o f red  m yoglobin to  brown metmyoglobin*

2* The lo s s  o f  m o is tu re  from  th e  meat s u rfa c e  w ith  consequent in ­
c re a s e  in  c o n c e n tra t io n  o f th e  co lo re d  c o n s t i tu e n ts  a t  th e  
su rface*

3* The d is in te g r a d a t io n  o f th e  g lo b in  components*

Brooks (1929, 1930, 1931) s ta te d  t h a t  th e  pigm ent o f  m uscular t i s s u e ,  

m yoglobin, i s  p re s e n t  a t  th e  s u rfa c e  a s  oxym yoglobin, w hich can change 

g ra d u a lly  d u rin g  co ld  s to ra g e  to  m etm yoglobin. W in ter (1952) s ta te d  

t h a t  meat may darken  due to  o x id a t iv e  r e a c t io n s  w ith  th e  re d  c o lo red  

p ig m en ts .

F a c to r s  In f lu e n c in g  th e  Color Changes o f  F rozen  Meat

1* Oxygen P re s s u re  and P e n e tra t io n

N e i l l  (1925) has shown th a t  th e re  was no ev idence th a t  methem oglobin 

was form ed in  th e  com plete  absence o f  o^Qrgen s in c e  in  t h i s  c o n d itio n  th e r e  

w ere no o x id iz in g  a g e n ts  form ed to  o x id iz e  hem oglobin to  m ethem oglobin. 

Brooks (1929) a ls o  showed t h a t  when hem oglobin was s to r e d  i n  pu re  n i t ro g e n  

s to ra g e  th e r e  was no fo rm a tio n  o f  m ethem oglobin. From t h i s  work i t  was 

a p p a re n t t h a t  oxygen was n e c e ssa ry  f o r  th e  fo rm a tio n  o f m ethem oglobin, 

th e  dark  co lo re d  pigm ent o f  m eat. R obertson  (1950) s ta te d  t h a t  s in c e  

d i s c o lo r a t io n  i s  a c tu a l ly  an o x id a t iv e  r e a c t io n ,  th e  e l im in a tio n  o f  a i r  

c o n t r o ls  d i s c o lo r a t io n .  He s ta te d  t h a t  low oxygen tra n sm is s io n  r a t e  f i lm  

i s  v e ry  e s s e n t i a l  to  in c re a s e  f ro z e n  meat q u a l i t i e s .  He a lso  s ta te d  t h a t
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one o f  th e  l im i t in g  f a c t o r s  in  meat f r e e z e r  s to ra g e  l i f e  i s  to  be found 

i n  th e  deg ree  o f  oxygen p r o te c t io n  o f fe re d  by th e  packaging m a te r ia l .

The r e l a t i o n  betw een oxygen p re s s u re  and th e  r a t e  o f  m ethem oglobin 

fo rm a tio n  was r e s p o n s ib le  f o r  th e  r a p id  d is c o lo r a t io n  o f t i s s u e  s to r e d  a t  

32°F i n  g ases  c o n ta in in g  a sm all amount o f  oxygen acco rd in g  to  Brooks 

(1 9 2 9 ). He found th a t  t i s s u e  had a  sm all oxygen up tak e  so t h a t ,  g iv en  

s u f f i c i e n t  tim e , a s te a d y  s t a t e ” was reach ed  where th e  d ep th  o f  oxygen 

p e n e t r a t io n  was determ ined  by th e  r a t e  o f  d i f f u s io n  o f  oxygen in to  th e  

t i s s u e s  and th e  oxygen consum ption o f th e  t i s s u e .  He showed th a t  th e  

d e p th  o f  oxygen p e n e tr a t io n  was determ ined  by th e  oxygen p re s s u re  i n  a t ­

m ospheres a t  th e  s u rfa c e  o f  th e  t i s s u e ,  th e  d i f f u s io n  c o e f f i c i e n t  o f  oxygen 

th ro u g h  th e  t i s s u e ,  and th e  oxygen up take o f th e  t i s s u e .  Brooks (1935) 

found t h a t  th e  d ep th  of oxygen p e n e tr a t io n  showed a slow in c re a s e  w ith  tim e , 

and a  r i s e  in  tem p e ra tu re  d ecreased  th e  d e p th . He found th a t  th e  d e p th  

o f  oxygen p e n e t r a t io n  v a r ie d  from  2 to  5 mm and th a t  th e  d ep th  o f  pene­

t r a t i o n  was p ro p o r t io n a l  to  th e  square ro o t  o f  th e  oxygen p re s s u re  in  a t ­

m ospheres.

Brooks (1929) gave th e  fo llo w in g  form ula f o r  f in d in g  th e  d ep th  o f  

oxygen p e n e tr a t io n :

where d = d ep th  of oxygen p e n e tr a t io n ;  c0 th e  p re s s u re  o f oxygen a t  th e  

su r fa c e  o f  the t i s s u e  and D and A a re  r e s p e c t iv e ly  th e  c o e f f i c i e n t s  o f  i t s  

d i f f u s io n  th ro u g h  th e  t i s s u e  and consum ption. T h e re fo re , th e  d is s o lv e d  

oxygen was p re s e n t  o n ly  in  a  s u p e r f i c i a l  la y e r  a few mm th ic k .  D isc o lo ra ­

t i o n  was co n fined  to  th e  s u p e r f i c i a l  l a y e r .  F reez ing  and thaw ing th e  t i s s u e
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had no s ig n i f i c a n t  e f f e c t  on oxygen p e n e t r a t io n ,  b u t d id  a c c e le r a te  m et­

hem oglobin fo rm a tio n  in  th e  re g io n  o f  oxygen p e n e tr a t io n .

2 . Packaging Methods and M a te r ia ls

R obertson  (1950) s ta te d  t h a t  v i s i b i l i t y  and t ig h tn e s s  o f  wrap a re  a 

n e c e s sa ry  req u ire m e n t f o r  f ro z e n  m eat. He gave th e  e s s e n t i a l  f e a tu r e s  o f  

a  package m a te r ia l  a s  fo llo w s : low oxygen tra n sm iss io n  r a t e  and low

m o is tu re  vapor t ra n s m is s io n  to  p re v e n t d e h y d ra tio n . He s ta te d  t h a t  a  

p ackag ing  m a te r ia l  w ith  low m o is tu re  vapor tra n sm is s io n  r a t e  i s  e s s e n t i a l  

b ecau se  meat bloom i s  an e f f e c t  o f  su rfa c e  m o is tu re  o v er red  meat c o lo r .

He f u r t h e r  m entioned t h a t  v a r io u s  c o lo r  e f f e c t s  can be observed  as  su rfa c e  

d e h y d ra tio n  p ro ceed s  on th e  packaged p ro d u c t in  s to ra g e . A g ray  o r  dark  

c o lo r  can be n o tic e d  in  th e  l a t e r  s ta g e s  o f  d e h y d ra tio n . O rd in a r i ly ,  

t h i s  l a t e  s ta g e  o f d e h y d ra tio n  i s  known a s  “f r e e z e r  b u rn ” . R obertson  

(1950) s ta te d  t h a t  th e  w rapping o f th e  p ro d u c t should be so w e ll done 

th a t  i t  i s  f r e e  o f  a i r  p o c k e ts ,  which cause  th e  lo s s  o f  v i s i b i l i t y  when 

m o is tu re  condenses in  th e  c a v i ty  form ing a  show o r  f r o s t .

Weisman (1947) s ta te d  t h a t  by w rapping th e  p ro d u c t t i g h t l y  i n  a  

m a te r ia l  p o s se s s in g  a  low m o is tu re  vapor t ra n sm is s io n  r a t e ,  th e  tendency 

f o r  m o is tu re  to  t r a v e l  outw ard i s  m inim ized. A ir p o ck e ts  must be avoided 

a s  much as  p o s s ib le  because where a i r  i s  p re s e n t  r i  th in  a  package, th e r e  

i s  a c e r t a in  amount o f  m o is tu re  lo s s  r e s u l t in g  in  f r o s t  fo rm a tio n  on th e  

in n e r  s u rfa c e  o f “the package. C lose adherence of th e  p ro d u c t a lso  p r e ­

v e n ts  harm fu l o x id a t iv e  changes. He f u r th e r  s ta te d  th a t  p ro p e r  packaging  

o f  f ro z e n  m eats i s  a ls o  o f m a te r ia l  a id  in  red u c in g  “c a v ity  ic e "  fo rm a tio n  

w ith in  a  package. “C av ity  i c e “ i s  a term  coined  by S ay les  (1946) to  d e s ig ­

n a te  th e  fo rm a tio n  of i c e  i n  th e  a i r  spaces in s id e  a package. T h e re fo re ,
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by u s e  o f  c e r t a in  packag ing  m a te r ia ls  which p ro v id e  in s u la t io n  and th u s  

red u c e  te m p e ra tu re  g r a d ie n ts  betw een th e  p ro d u c t and th e  packag ing  s u r ­

f a c e ,  th e  tendency  f o r  c a v i ty  ic e  to  form  i s  le s s e n e d .

Moran (1935) s ta te d  th a t  sim ple d e s ic c a t io n ,  p a r t i c u l a r l y  o f  f ro z e n  

m ea ts , le a d s  to  a p p a re n t d is c o lo r a t io n .  L avers (1948) s ta te d  t h a t  in

u s in g  an oxygen im perm eable w rap, th e  su p p ly  o f  oxygen i s  c u t o f f  and th e

r a t e  o f  o x id a t io n  to  m ethem oglobin, i . e . ,  th e  r a t e  o f d i s c o l o r a t i o n , i s  

g r e a t ly  in c re a s e d . M ethemoglobin i s  formed r a p id ly  when th e  p re s s u re  o f 

oxygen around th e  meat i s  reduced  by th e  packaging  m a te r ia l .  R obertson  

(1950) s ta te d  t h a t  f r e s h  meat c o lo r  and c o lo r  s t a b i l i t y  w i l l  sometim es 

change a t  d i f f e r e n t  r a t e s  in  d i f f e r e n t  m a te r ia ls  and th a t  c o lo r  may be 

r e a d i ly  l o s t  i n  th e  wrapped package i f  th e  package i s  n o t s e n t d i r e c t l y  

to  th e  f r e e z e r .

3 . M ethods o f  F reez in g

There a re  s e v e ra l  methods o f  f re e z in g  m eat. Among th e se  a r e :

1 . F re ez in g  in  low tem p era tu re  rooms in  s t i l l  a i r .

2 . F ree z in g  in  low tem p era tu re  rooms in  an a i r  b l a s t .

3 . F reez in g  on c o i l s .

4 . P la te  f r e e z in g .

5 . F re e z in g  in  l iq u id  a i r ,  b r in e ,  e t c .

R obertson  (1950) has d isc u sse d  each one o f  th e se  m ethods. He s ta te d  

t h a t  s t i l l  a i r  f r e e z in g  r e s u l t e d  in  a  v e ry  dark  co lo red  meat s u r f a c e .  T his 

was a  s i t u a t i o n  i n  which th e  s u rfa c e  d id  n o t f r a c tu r e ,  b u t th e  r a t e  o f  

f r e e z in g  was so slow th a t  a l l  o f  th e  o r ig in a l  re d  meat c o lo r  was l o s t .

Once th e  p ro d u c t i s  s a t i s f a c t o r i l y  f ro z e n  and h e ld  a t  su b -zero  te m p e ra tu re s ,
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th e  c o lo r  changes a r e  slow . He a ls o  s ta te d  t h a t  p l a t e  f r e e z in g  a t  -50°F  

a lth o u g h  v e ry  r a p id ,  r e s u l te d  in  a lm ost com plete lo s s  o f  th e  s u r fa c e  c o lo r  

and ap p ea ran ce . The s u rfa c e  was d e sc rib e d  as  hav ing  been f r e e z e r  b u rn ed , 

b u t t h a t  t h i s  c h a r a c t e r i s t i c  was due to  th e  f r a c tu r e  o f  th e  f ro z e n  s u rfa c e  

l a y e r .  He s ta t e d  t h a t  b l a s t  f re e z in g  gave s im ila r  r e s u l t s .  He n o ted  th a t  

when s t i l l  a i r  was used f o r  f r e e z in g  a t  0°F , th e  meat was dark  i n  c o lo r .

He concluded  th a t  th e  d ark  c o lo r  in  meat f ro z e n  by s t i l l  a i r  was due to  

th e  f a c t  t h a t  th e  r a t e  o f f r e e z in g  was so slow th a t  a l l  o f th e  o r ig in a l  

meat c o lo r  was l o s t .

Jen sen  (1 9 4 9 ), on th e  o th e r  hand, re p o r te d  t h a t  a te m p era tu re  o f  -10°F  

o r  low er r e s u l t e d  in  a  s a t i s f a c to r y  c o lo r  when f re e z in g  by th e  b l a s t  m ethod. 

Brooks (1929, 1930, 1931) re p o r te d  t h a t  because o f  th e  u n s ig h t ly  ap p earan ce  

o f  th e  thawed s u rfa c e  due to  th e  e f f e c t  o f  f re e z in g  in  c o n c e n tra te d  s a l t  

s o lu t io n ,  t h i s  ty p e  o f  f re e z in g  has n o t been adopted com m ercia lly . Col­

l i e r ' s  (1956) s ta te d  t h a t  f r e e z in g  m eats in  l iq u id  n i tro g e n  a t  te m p e ra tu re s  

a s  low a s  -320°F  showed b e t t e r  c o lo r  th a n  th o se  f ro z e n  a t  -20°F .

4 . E f f e c t  o f  Time, Tem perature and R e la tiv e  Hum idity

At 14°F Brooks (1937) found no v i s i b l e  d is c o lo r a t io n  of le a n  meat 

s to re d  f o r  s ix te e n  w eeks. At 29 .5°F  th e r e  was no d is c o lo r a t io n  owing to  

th e  fo rm a tio n  o f  methem oglobin u n t i l  40-50 days from  k i l l i n g .  Mangel (1951) 

s to re d  sa n p le s  a t  te m p e ra tu re s  ran g in g  from  10.4°F  to  -1 1 .2 °F . She found 

t h a t  m ethem oglobin fo rm a tio n  was slow er i n  samples s to re d  a t  th e  h ig h e r  

te m p e ra tu re  th a n  in  sam ples s to re d  a t  th e  low er tem p e ra tu re . Ram sbottom 's 

work (1947) would in d ic a te  th e  o p p o s ite .  He s to re d  f r e s h  b e e f  a t  s ix  d i f ­

f e r e n t  te m p e ra tu re s  ran g in g  from  -20°F  to  26°F packaged in  DuPont 300 M .S.A.T. 

#87 c e llo p h a n e . The p ro d u c t s to re d  a t  26°F was d is c o lo re d  in  l e s s  th a n

-1 8 -



t h i r t y  d a y s , w hereas th e  p ro d u c t s to re d  a t  -20°F  was s t i l l  sco red  good in  

c o lo r  and appearance  a f t e r  one y e a r f s s to rage*  He concluded t h a t  th e  

low er th e  te m p e ra tu re  o f  s to ra g e , th e  lo n g e r  th e  s to ra g e  l i f e .  T r e s s le r  

and E v ers  (1947) s ta te d  t h a t  f ro z e n  meat changes in  c o lo r  from  th e  red  

to  brown c o lo r  a t  a h ig h e r  tem p era tu re  o f  s to r a g e .  At 29°F, d is c o lo r a ­

t i o n  o f  b e e f  was n o t ic e a b le  a f t e r  e ig h t w eeks, w hereas a t  14°F th e r e  was 

no n o t ic e a b le  change in  c o lo r  u n t i l  a f t e r  12 weeks*

Ramsbottom and Koonz (1941) determ ined  th e  r e l a t i v e  c o n c e n tra tio n  o f  

oxyhem oglobin and m ethem oglobin i n  th e  su rfa c e  o f t i s s u e  s to re d  f o r  one 

y e a r  a t  10°F and -30°F . They p lo t te d  s p e c tra  cu rv es  from  e x t r a c t s  o f  th e  

s u rfa c e  t i s s u e  from  sp ec tro p h o to m e tr ic  re a d in g s . The cu rves f o r  th e  s te a k s  

s to re d  a t  10°F f o r  one y e a r  w ere q u i te  s im ila r  to  th e  curve f o r  methemo­

g lo b in .  The cu rves f o r  s te a k s  s to re d  a t  -30°F  in d ic a te d  a m ix tu re  o f  oxy­

hem oglobin and m ethem oglobin. This in d ic a te d  th a t  a  g r e a te r  o x id a tio n , 

and c o n se q u e n tly , d a rk e r  b e e f , o ccu rred  in  th e  t i s s u e  a t  1CK>F th a n  a t  -3 0 °F . 

Jen sen  (1949) s ta te d  t h a t  f r e e z in g  should be done a t  a r a t e  w hich gave 

m eat a  b r ig h t  c o lo r .  A tem p era tu re  o f  -10°F o r  low er r e s u l te d  in  a  s a t i s ­

f a c to r y  c o lo r  when f r e e z in g  by th e  b l a s t  f re e z in g  m ethod. He ag reed  w ith  

R o b ertso n  in  t h a t  slow ly  f ro z e n  m eats were dark  in  c o lo r .

Brooks (1929) n o ted  th a t  th e  fo rm a tio n  o f  methemoglobin in  f ro z e n  meat 

was l e s s  im p o rtan t (u n le s s  th e  tim e o f s to ra g e  was lo n g ) th an  th e  l o s s  o f  

c o lo r  due to  e x c e ss iv e  d ry in g . He sa id  t h a t  c r y s ta l s  o f  ic e  in  th e  su p er­

f i c i a l  la y e r  e v a p o ra te , and th e  sm all b u lb s  o f  a i r  l e f t  behind  s c a t t e r  

th e  in c id e n t  l i g h t .
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R o b ertso n  (1950) d isc u s se d  th e  in f lu e n c e  o f  tem p era tu re  on th e  con­

d e n s a t io n  o f  m o is tu re  i n  th e  c a v i t i e s  o f  m eat. He s ta te d  t h a t  a i r  a t  60°F 

c o n ta in s  77 .2 9  g ra in s  o f  m o is tu re  p e r  pound o f a i r ,  w hereas a t  -10°F  th e  

a i r  c o n ta in s  3.206 g r a in s  o f  m o is tu re  p e r  pound o f a i r .  He a lso  n o ted  

th a t  th e  m o is tu re  c o n te n t o f  th e  en trap p ed  a i r  can f lu c tu a te  w ith  changes 

i n  th e  s to ra g e  te m p e ra tu re . Wiesman (1947) gave f u r t h e r  e x p la n a tio n  on 

th e  s u b je c t  o f  " c a v i ty  i c e 11 which in te r f e r e d  w ith  v i s i b i l i t y  o f  th e  p ro ­

d u c t .  When a p ro d u c t i s  s to re d  under f lu c tu a t in g  te m p e ra tu re s , th e r e  i s  

a  c e r t a i n  increm en t o f  th e  t o t a l  w ater in  meat which i s  b e in g  c o n t in u a l ly  

thawed and f ro z e n .  The p re se n c e  o f  " c a v ity  i c e 11 i s  an in d ic a t io n  th a t  a  

c e r t a in  amount o f  d e h y d ra tio n  o f  th e  p ro d u c t has tak en  p la c e  s in c e  m ois­

tu r e  i s  n e c e s sa ry  f o r  th e  fo rm a tio n  o f  i c e .  A ccording to  him, w a te r  moves 

from  th e  c o n te n ts  o f  th e  p ro d u c t to  th e  s id e  w a lls  o f  th e  package e i t h e r  

by c o n v e c tio n  c u r r e n ts  e s ta b l is h e d  because o f  a d if f e r e n c e  i n  th e  tem pera­

tu r e  betw een th e  a i r  and th e  c o ld e r  s id e  w a l l ,  o r  because o f  an a l t e r n a t e  

r i s e  and f a l l  in  te m p e ra tu re . During a f a l l  in  tem p era tu re  and th e  sub­

seq u en t lo s s  o f  w a te r  h o ld in g  c a p a c ity  of th e  i c e ,  ic e  w i l l  be d e p o s ite d  

on th e  c o ld e s t  s u r fa c e  e x is t in g  a t  th e  tim e . I f  th e  c o ld e s t  s u r fa c e  i s  

th e  package c o n te n ts ,  i c e  w i l l  be d e p o s ite d  on th e  c o n te n ts ,  w hich in  

e f f e c t  means no c a v i ty  ic e  fo rm a tio n . When th e  tem p era tu re  in s id e  th e  

package r i s e s ,  i t  w i l l  ab so rb  w a te r from  th e  food c o n te n t and any p r e v i ­

o u s ly  e x i s t in g  " c a v i ty  i c e " .  I f  th e re  i s  no tem p era tu re  change w ith in  

th e  p ack ag e , no f r o s t  w i l l  form . This may be reg ard ed  a s  a "pumping a c t io n " .  

A re d u c t io n  i n  tem p era tu re  red u ces  th e  m o istu re -v ap o r in  th e  a i r  and causes 

a  p r e c i p i t a t i o n  in  th e  form  o f  i c e .  An in c re a s e  i n  te m p era tu re  in c re a s e s
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th e  m o is tu re -v a p o r  c a p a c ity  o f  th e  a tm osphere, th u s  cau sin g  a flo w  o f  th e  

m o is tu re -v a p o r  from  th e  p ro d u c t in to  su rro u n d in g  atm osphere r e s u l t i n g  in  

d e t e r io r a t i o n  and f r e e z e r  burn*

5* E f f e c t  o f  B io lo g ic a l  A gents

V oegeli (1952) and B u tle r  (1953) have summarized th e  s tu d ie s  o f  th e  

w orkers  who s tu d ie d  th e  e f f e c t  o f b io lo g ic a l  a g e n ts  on th e  c o lo r  of f r e s h  

meat* V oegeli (1952) m entioned th a t  th e s e  w orkers found th a t  Pneumococci 

reduced  m ethem oglobin to  hem oglobin in  com plete absence o f oxygen and 

t h a t  an ae ro b ic  b a c i l l i  have th e  a b i l i t y  to  o x id ize hem oglobin. B u tle r  

(1953) i n  h i s  w ork, found th a t  b a c te r ia  commonly found on meat c u ts  caused 

d i s c o lo r a t io n .  The main e f f e c t ,  an in c r e a s e  in  th e  r a t e  o f  metmyoglobin 

fo rm a tio n , was th e  g r e a te s t  during  th e  lo g a r ith m ic  growth p h ase .

A ccording to  Tanner (1944), m ic ro b ia l developm ent was m arkedly r e ­

ta rd e d  b u t n o t e n t i r e ly  e lim in a te d  by fre e z in g *  S u lzbacher (1950) s ta te d  

t h a t  th e  p o p u la r i ty  o f  f ro z e n  food du ring  th e  p a s t  two decades has o cca­

s io n ed  c o n s id e ra b le  i n t e r e s t  in  th e  grow th and s u rv iv a l  o f  m icroorganism s 

d u rin g  f r e e z in g  and f ro z e n  s to rag e*  Haines (1931) reco g n ized  th a t  th e  

grow th  o f  Pseudomonas sp a t  su b -f re e z in g  te m p era tu re s  was l i k e l y  to  p la y  

a  p a r t  i n  meat sp o ilag e*

6 . E f f e c t  o f  S to rag e  In  D if fe r e n t  Atmospheres

Mangel (1951) s to re d  sam ples under atm ospheres o f  n i t ro g e n ,  oxygen, 

and carbon  d io x id e , w ith  a i r  as th e  c o n tr o l .  She found no s ig n i f i c a n t  

d i f f e r e n c e ,  b u t th e  methem oglobin fo rm a tio n  tended  to  be slow er when th e  

t i s s u e  was s to r e d  under oxygen, th an  under n i t ro g e n ,  carbon d io x id e  o r  a i r 9
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R o b ertso n  (1950) s ta te d  t h a t  n i t ro g e n  may be used to  d is p la c e  th e  a i r  in  

a  package and th e re b y  p re v e n t d is c o lo ra t io n *  Brooks (1935) n o ted  t h a t  th e  

r a t e  o f  o x id a t io n  o f  hem oglobin in  m uscle was n o t a f f e c te d  to  a  s ig n i f i c a n t  

e x te n t  by c o n c e n tra t io n s  o f  carbon  d io x id e  below 20%. Hence, i f  o th e r  

c o n d it io n s  o f  s to ra g e  a re  th e  same, th e  c o lo r  change o f  meat in  a i r  and 

i n  a i r  c o n ta in in g  20% carbon d io x id e  should be th e  same*

R ik e r t  (1952) f lu s h e d  packaged sam ples w ith  carbon d io x id e  and n i t r o ­

gen b e fo re  e v a c u a tin g . T his r e s u l te d  in  l e s s  i n i t i a l  d a rk en in g  th a n  t h a t  

w hich o cc u rre d  i n  sam ples evacuated  w ith o u t f lu s h in g .  He a ls o  s to re d  

sam ples a t  a tm ospheric  p re s s u re  in  carbon d io x id e  and n i t ro g e n .  T h is  had 

a  d e tr im e n ta l  e f f e c t  on th e  to p  s u rfa c e  c o lo r  bu t improved th e  bottom  c o lo r  

when compared w ith  sam ples s to r e d  in  a i r .

E xperim ents conducted by th e  a u th o r (1955) in d ic a te d  th a t  r e l a t i v e l y  

s h o r t  exposure o f  m eat to  an atm osphere o f  40% o r  l e s s  carbon monoxide 

gave e x c e l le n t  c o lo r  s t a b i l i t y  in  f ro z e n  s to ra g e  fo r  p e r io d s  o f  s ix  months 

o r  lo n g e r .

7 . E f fe c t  o f  L ig h t

D is c o lo ra t io n s  caused  by exposure to  l i g h t  become a  p a r t i c u l a r l y  

s e r io u s  problem  because of modern m erchandizing methods w hich r e q u ir e  

exposure o f  r e t a i l  c u ts  in  l ig h te d  d isp la y  c a s e s .

A rev iew  o f  th e  l i t e r a t u r e  re v e a le d  v ery  l im ite d  in fo rm a tio n  con­

ce rn in g  th e  e f f e c t  o f  l i g h t  on prepackaged f ro z e n  meat packaged i n  a 

t r a n s p a r e n t  w rapper.
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Nauman (1957) s ta te d  t h a t  s t a b i l i t y  o f  c o lo r  o f f ro z e n  b ee f  vacuum 

packed in  f l e x i b l e  t r a n s p a re n t  f i lm  under 20-50 fo o t-c a n d le s  o f  i l lu m in a ­

t i o n  was r e l a t e d  to  le n g th  o f  dark  s to ra g e , fo o t-c a n d le  hours o f  i l lu m in ­

a t io n  and te m p e ra tu re . He s to re d  sam ples in  th e  dark  a t  0°F f o r  0 , 1 , 2 

and 4 weeks p r i o r  to  i l lu m in a te d  d i s p la y .

Cured, smoked and ta b le  ready  m eats when exposed to  l i g h t  become 

“fa d e d 11 o r d is c o lo re d .  There have been  s e v e ra l  s tu d ie s  conducted to  s tu d y  

th e  c au se s  o f  t h i s  ty p e  o f  d is c o lo r a t io n  (P ra c e ju s , 1949; A rch er, 1950; 

T a y lo r , 1950; Ramsbottom, 1951; Kampschmidt, 1955 and Hockman, 1956).

These s tu d ie s  were conducted in  o rd e r  to  b e t t e r  u n d erstan d  i t s  r e l a t i o n ­

sh ip  to  r a d ia n t  f lu x  d e n s ity  (o r  i l lu m in a tio n )  s p e c t r a l  d i s t r i b u t i o n ,  and 

tim e o f ex p o su re . In  some c a se s  o th e r  v a r ia b le s  no t d i r e c t ly  r e l a t e d  to  

r a d ia n t  en erg y , such a s  te m p e ra tu re , hum id ity , w rapping m a te r ia ls ,  e t c . ,  

were a ls o  c o n s id e re d . I t  may be w orthw hile to  summarize th e  r e s u l t s  o f  

th e  v a r io u s  t e s t s  t h a t  were conducted by th e  above in v e s t ig a to r s *

1 . When te m p era tu re  and o th e r  f a c to r s  a re  h e ld  c o n s ta n t,  r a t e  o f  

fa d in g  w i l l  be th e  same under e i th e r  in can d escen t o r  any o f 

s e v e ra l  w h ite  f lu o re s c e n t  lam ps, p ro v id in g  i l lu m in a tio n  i s  th e  

same f o r  b o th .

2 . The deg ree  of d is c o lo r a t io n  o f a p a r t i c u l a r  p ro cessed  meat saaqple 

i s  a f u n c t io n  o f  exposure in  fo o t-c a n d le  h o u rs . The r e c ip r o c i ty  

law was found to  app ly  over a ran g e  o f  20-200 f o o t- c a n d le s ,  f o r  

bacon, bo logna, and s l ic e d  ham. I l lu m in a tio n  le v e l s  o u ts id e  t h i s  

ran g e  were n o t r e p o r te d .
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3. The m ain ta in ed  tem p era tu re  o f  th e  m eats may have a  s ig n i f i c a n t  

e f f e c t  on t h e i r  s u s c e p t i b i l i t y  to  fad ing*  In  a  s e r i e s  o f  t e s t s  

by A rcher (1 9 5 0 ), r a i s in g  th e  te m p e ra tu re  of th e  m eat from  34°F 

to  40°F r e s u l te d  in  an approxim ate 50% re d u c tio n  in  th e  exposure 

f o r  minimum p e r c e p t ib le  f a d in g .

F re sh  m ea ts , on th e  o th e r  hand, appear to  be r e l a t i v e l y  u n a f fe c te d  

under norm al d is p la y  c o n d it io n s  o f  l i g h t .  K ra ft  (1964) r e p o r te d  t h a t  th e  

i n t e n s i t y  of s o f t  w h ite  f lu o r e s c e n t  l i g h t  was un im portan t in  in f lu e n c in g  

th e  c o u rse  o f  d i s c o lo r a t io n  o f packaged f r e s h  b e e f . M easurements o f  spec­

t r a l  r e f l e c ta n c e  and v i s i b l e  c o lo r  changes in d ic a te d  th a t  u l t r a - v i o l e t  

l i g h t  caused  r a p id  o x id a t io n  o f m yoglobin to  produce marked d is c o lo r a t io n  

o f  f r e s h  b e e f  e a r ly  in  s to ra g e . Ramsbottom (1951) re p o r te d  t h a t  d is p la y  

c a se  l i g h t i n g  does n o t s ig n i f i c a n t ly  d is c o lo r  f r e s h  meat w ith in  th e  u su a l 

d is p la y  p e r io d s  up to  3 day s . Longer d is p la y  p e r io d s  may b r in g  about 

d i s c o lo r a t io n  t h a t  i s  a  f a c t o r  o f  m ic ro b ia l developm ent. V oegeli (19B2) 

n o ted  t h a t  th e  i n t e n s i t i e s  o f  l i g h t  employed, 20-215 f o o t- c a n d le s ,  d id  

n o t a f f e c t  th e  r a t e  o f c o lo r  change o f  unwrapped sam ples un d er com parable 

s to ra g e  te m p e ra tu re s . Sources o f  l i g h t  t h a t  in c re a se d  th e  s to ra g e  tem­

p e r a tu re  reduced th e  s a le a b le  s to ra g e  tim e o f  bo th  wrapped and unwrapped 

sam ples.
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PURPOSE OF STUDY

A rev iew  o f  th e  l i t e r a t u r e  r e v e a ls  some in fo rm a tio n  concern ing  th e  

e f f e c t  o f  v a r io u s  c o n d itio n s  on d is c o lo r a t io n  in  prepackaged f ro z e n  m eat, 

b u t th e r e  i s  l i t t l e  in fo rm a tio n  concern ing  th e  c h a ra c te r  o f  t h i s  d i s ­

c o lo r a t io n .

The main purpose  o f  t h i s  in v e s t ig a t io n  was to  a ttem p t to  c h a r a c te r iz e  

th e  chem ical s t a t e  o f m yoglobin a s  a f fe c te d  by v a r io u s  s to ra g e  c o n d itio n s*  

One m ajor cau se  o f  d is c o lo r a t io n  in  prepackaged f ro z e n  m eats packaged 

i n  a  t r a n s p a r e n t  package i s  t h a t  o f  l i g h t .  This e f f e c t  has been su sp e c ted  

by s e v e ra l  in v e s t i g a to r s ,  b u t su p p o rtin g  ev idence as  to  what p ro p e r ty  o f  

l i g h t  cau ses  th e  d is c o lo r a t io n  has been in co m p le te ly  p re se n te d  o r  e n t i r e ly  

a b s e n t .  A cco rd in g ly , experim en ts  were designed  and conducted to  s tu d y  

what p ro p e r ty  o f l i g h t  cau ses  t h i s  d is c o lo r a t io n  and to  c h a r a c te r iz e  th e  

chem ical s t a t e  o f  m yoglobin a s  a f fe c te d  by l ig h t*
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EXPERIMENTAL PROCEDURE

I* Sam pling P ro ced u re  and Methods o f  F reez in g

The L ongissim us d o r s i  m uscle from  U.S. Good and Choice g rade  b eef 

r i b s  were u sed  th ro u g h o u t t h i s  s tu d y .

B oneless r i b  s te a k s  app ro x im ate ly  one in c h  th ic k  were c u t from  th e  

w h o le sa le  r i b  c u t .  A l l  s te a k s  were allow ed to  bloom f o r  30 m inutes and 

th e n  a 3mm s l i c e  was removed f o r  spectropho  to  m e tric  e s tim a tio n  o f  metmyo­

g lo b in .  The s te a k s  were th en  p laced  i n  a  -20°F  f r e e z e r  to  harden  f o r  

ap p ro x im a te ly  one h o u r. T h is  was done to  f a c i l i t a t e  p ack ag in g .

A f te r  rem oval from  th e  f r e e z e r ,  th e  s te a k s  were p laced  i n  Cry-0-Wrap 

p l a s t i c  b ag s . The bags were vacuum ized, c lo se d  w ith  a Cry-0-W rap c l i p ,  

d ipped in to  b o i l in g  w a te r w hich reduced  th e  s iz e  o f  th e  bag ap p ro x im a te ly  

o n e - th i r d ,  th u s  g iv in g  th e  s te a k s  a  t i g h t  w rap. The s te a k s  were th e n  

r e tu rn e d  to  a  -20°F  f r e e z e r  f o r  24 h o u rs . A f te r  f r e e z in g ,  measurement o f 

s u rfa c e  c o lo r  was made by u se  o f M unsell sp inn ing  d is k s  in  th e  f re e z e r*  

T h is  method w i l l  be d isc u s se d  under c o lo r  m easurem ents.

A f te r  s u rfa c e  c o lo r  m easurem ents were made, th e  s te a k s  were removed 

from  th e  f r e e z e r  and su b je c te d  to  th e  v a r io u s  s to ra g e  c o n d itio n s  o f t h i s  

in v e s t ig a t io n .  These s to ra g e  c o n d itio n s  w i l l  be d iscu ssed  in  more d e t a i l  

under r e s u l t s  and d is c u s s io n .

I I .  S to ra g e

A. Tem perature

The prepackaged f ro z e n  s te a k s  used in  th e  v a r io u s  s tu d ie s  were s to re d  

in  a  s e l f - s e r v i c e  case  o r  i n  a c i r c u la t in g  cold  a i r  w a lk -in  ty p e  f r e e z e r
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ex cep t in  th e  s tu d y  co n cern in g  th e  e f f e c t  o f  re p e a te d  f r e e z in g  and thaw ing 

on m etm yoglobin fo rm ation*  The steal?s used i n  t h i s  s tu d y  w ere s to re d  in  

a  -20°F f re e z e r#

A S h e re r  s e l f - s e r v i c e  f ro z e n  food case  was used  to  s to r e  th o se  s te a k s  

o b serv ed  under s e l f - s e r v i c e  co n d itio n s*  The tem p era tu re  o f th e  case  and 

f r e e z e r  w ere m easured by th e  use  o f a  Foxboro f i l l e d  system  re c o rd in g  

therm om eter* R ecords o b ta in e d  were a s  shown in  F ig u re s  5 and 6* A Honey­

w e ll re c o rd in g  tw elv e  p o in t p o te n tio m e te r  was used  to  m easure tem p era tu re  

v a r i a t io n s  in  v a r io u s  p o in ts  o f  th e  s e l f - s e r v i c e  case#

B. R epeated F re ez in g  and Thawing

Twelve s te a k s  were packaged i n  Cry-0-Wrap p l a s t i c  bags and tw elve  

s te a k s  were packaged in  aluminum f o i l .  These s te a k s  were f ro z e n  tw en ty - 

fo u r  hours* S teak  #1 from  each ty p e  o f  wrap was ta k e n  from th e  f r e e z e r  

and allow ed to  thaw f o r  two hours  to  f a c i l i t a t e  s l i c in g  f o r  e x t r a c t io n  

p u rp o se s . A f te r  th e  w rappers were removed, su rfa c e  c o lo r  m easurem ents 

were made by th e  u se  o f  M unsell sp in n in g  d is k s  and e s tim a tio n  o f  metmyo­

g lo b in  by th e  u se  o f  th e  sp ec tro p h o to m ete r. S teak s  #2 th ro u g h  #11 were 

allow ed  to  thaw f o r  tw e n ty -fo u r ho u rs  and th e n  re f ro z e n  f o r  tw en ty -fo u r 

h o u rs . S teak s  #2 were removed a f t e r  thaw ing and re f ro z e n  once. S teaks 

#3 removed a f t e r  thaw ing and re f ro z e n  tw ic e , and so f o r t h  u n t i l  S teak s  #11 

were thawed and r e f ro z e n  te n  tim e s . pH and a b so rp tio n  s p e c tra  d e te rm in a ­

t i o n s  were made on a l l  s teak s#
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F ig u re  5* Tem perature o f  S e lf -S e rv ic e  F rozen Food D isp lay  Case
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C* E f f e c t  o f  L ig h t

S te a k s  s to re d  in  th e  s e l f - s e r v i c e  f ro z e n  food c a se  under th e  i n f l u ­

ence o f  l i g h t  were k e p t under f lu o r e s c e n t  lam ps d e l iv e r in g  56 f o o t- c a n d le s  

o f  i l lu m in a t io n .  V arious co lo re d  f i l t e r s  were used in  th e  s tu d y  con­

c e rn in g  th e  a t t r i b u t e  o f  l i g h t  t h a t  may be re sp o n s ib le  f o r  c o lo r  d eg rad a­

t i o n ,  S te a k s  s to re d  in  th e  0°F f r e e z e r  under th e  in f lu e n c e  o f  l i g h t  were 

k e p t under f lu o r e s c e n t  and in c a n d e sc e n t lamps d e l iv e r in g  56 fo o t- c a n d le s  

o f  i l lu m in a t io n ,  ex cep t in  one s tu d y  where th e  s te a k s  were k ep t under 

v a r io u s  c o lo re d  f lu o r e s c e n t  lam ps d e l iv e r in g  20 fo o t-c a n d le s  o f  i l lu m in ­

a t io n ,

I I I ,  C o lo r Measurement

D e ta i le d  i n s t r u c t io n s  w ere g iv en  by V oegeli (1952) on th e  a p p l ic a t io n  

o f  d is k  c o lo r im e try  f o r  th e  measurement o f  th e  s u r fa c e  c o lo r  o f  m eats by 

use  o f  M unsell sp in n in g  d isks*

The s ta n d a rd  c o lo r  employed f o r  c a lc u la t io n  o f  th e  in d ex  o f  fa d in g  

( I )  by th e  fo rm ula  o f  N ickerson  (1946), as a p p lie d  by V oegeli (1952) was 

7 ,0  Red i n  Hue, 4 ,0  i n  V alue, and 8 .0  i n  Chroma. The s e le c te d  s tan d a rd  

f o r  th e  p l o t t i n g  o f  c o lo r  re a d in g s  o f f ro z e n  meat was th e  c o lo r  o f  some 

v e ry  b r ig h t  s te a k s  o b ta in e d  by B u tle r  (1953) fo llo w in g  tre a tm e n t w ith  

oxygen under p r e s s u re .  By u s in g  th e  N ickerson  (1946) fo rm u la , i t  was 

p o s s ib le  to  f in d  th e  p o s i t io n  o f  subsequent sample re a d in g s  i n  r e l a t i o n  

to  th e  s ta n d a rd . These p o s i t io n s  were p lo t te d  a g a in s t  tim e to  show th e  

d i s c o lo r a t io n  o f  p repackaged f ro z e n  meat d u rin g  s to ra g e .

E s tim a tio n  o f th e  p e rc e n t metmyoglobin was e s s e n t i a l l y  a s  a p p lie d  by 

Mangel (1951) and B u tle r  (1 9 5 3 ). A s l i c e  th re e  mm in  th ic k n e s s  was removed
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w ith  a  H obart Model 300 s l i c i n g  m achine. The s l i c e  was w eighed on a  b a la n ce  

to  th e  n e a r e s t  1 /1 0  gram. A f te r  w eigh ing , th e  s l i c e  was t r a n s f e r r e d  to  a 

c h i l l e d  Waring B lendor j a r  and d i s t i l l e d  w a te r a t  34°F was added to  g iv e  

a  d i l u t i o n  o f  1 to  8 , w hich gave a  s o lu t io n  o f a p p ro x im a te ly  0 ,0 2  to  0 ,0 3  

m il l im o la r  c o n c e n tr a t io n .  S o lu tio n s  o f  such c o n c e n tra t io n s  had o p t i c a l  

d e n s i t i e s  f a l l i n g  on a  d e s ir a b le  a re a  o f  th e  o p t i c a l  d e n s ity  sca le*

E x tra c te d  m yoglobin i s  somewhat u n s ta b le ,  and metm yoglobin may in c r e a s e  

o r  d e c re a se  depending on th e  c o n d it io n s  under w hich i t  i s  handled  b e fo re  

th e  o p t i c a l  d e n s i t i e s  a r e  ta k e n . Mangel (1951) s ta te d  t h a t  th e  p e rc e n t  

o f  m etm yoglobin in c r e a s e s  w ith  tim e . At any r a t e ,  i t  i s  v e ry  n e c e s sa ry  

to  s ta n d a rd iz e  th e  e x t r a c t io n  p ro ce d u re . In  th e s e  s tu d ie s ,  o p t i c a l  den­

s i t y  re a d in g s  were tak en  w ith in  ap p rox im ate ly  one h o u r from  th e  tim e o f  

e x t r a c t io n  of th e  p igm en t.

O p tic a l  d e n s i ty  was m easured in  a  Beckman Model DU sp ec tro p h o to m e te r 

a t  wave le n g th s  o f 544 and 582 m ill im ic ro n s . The t o t a l  pigm ent concen­

t r a t i o n  was o b ta in e d  by co n v e rs io n  o f th e  p igm ents to  th e  CN d e r iv a t iv e  

by add ing  a d rop  o f 2% s o lu t io n  o f p o tass iu m  f e r r ic y a n id e  and a  drop o f

0.5% p o ta ss iu m  cyan ide  to  each c u b it  a f t e r  re a d in g s  were o b ta in e d . The 

r e s u l t a n t  m etmyoglobin cyan ide  d e r iv a t iv e  was m easured a t  540 m illim ic ro n s  

and th e  m ill im o la r  e x t in c t io n  c o e f f i c i e n t  o f  11 .3  g iv en  by Bowsn (1949) 

f o r  m etm yoglobin cy an id e  was used to  c a lc u la te  th e  c o n c e n tra t io n .

The c a lc u la t io n  of c o n c e n tra t io n  o f  th e  s o lu t io n  whose o p t i c a l  den­

s i t y  was m easured was based on th e  Lam bert-B eer law a s  g iv en  by Bowen 

(1 9 4 9 ).
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I°g-1Q J 0 = d -  ST c l
I

Where I Q = i n t e n s i t y  o f  in c id e n t  l i g h t

I  -  i n t e n s i t y  o f em ergent l i g h t

d « d e n s i ty  from  sp ec tro p h o to m ete r 

= m olar e x t in c t io n  c o e f f i c i e n t  

c ■» m olar c o n c e n tra tio n

1 ■ le n g th  o f  l i g h t  p a th  th ro u g h  th e  s o lu t io n  in
cm(= 1 .0  f o r  th e  c e l l  u s e d ) .

c = d where 1 = 1 .0
s :

and f o r  t h i s  s tu d y

c * d
1 1 .3  x  10*

To e s tim a te  th e  p e rc e n t  m etm yoglobin, th e  d i f f e r e n c e  betw een th e  

e x t in c t io n  c o e f f i c i e n t s  o f  oxymyoglobin and metmyoglobin a t  544 and 582 

m ill im ic ro n s  were ta k e n  as maximum p o s s ib le  change a t  th e s e  w a v e len g th s . 

These f ig u r e s  w ere 9 .6  a t  544 mu and 1 2 .1  a t  582 mu a s  g iv en  by Bowen 

(1 9 4 9 ). At each  w av elen g th , th e  change due to  metmyoglobin was e q u a l to  

th e  21 o f  oxymyoglobin minus t h a t  o f  th e  sam ple. By d iv id in g  th e  f ig u r e  

o b ta in e d  by th e  t o t a l  change in  21 from  oxymyoglobin and m etm yoglobin 

and m u ltip ly in g  by 100, an e s tim a tio n  o f th e  p e rc e n t m etm yoglobin was 

o b ta in e d . The e s tim a tio n s  o f  th e  p e rc e n t m etm yoglobin a t  544 mu and 582 

mu were averaged  to  o b ta in  th e  f i n a l  e s tim a te  o f th e  p e rc e n t m etm yoglobin.
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RESULTS AND DISCUSSION

A* T em perature

T em perature h a s  been  found in  many s tu d ie s  to  have a marked e f f e c t  on 

c o lo r  d e g ra d a tio n  in  f ro z e n  m ea ts . (B rooks, 1937; M angel, 1951; Ramsbottom, 

1947; T r e s s le r  and E v e rs , 1947; and Jen se n , 1949). T h e re fo re , i t  i s  e s se n ­

t i a l  t h a t  one have some in fo rm a tio n  concern ing  th e  e f f e c t  o f  tem p e ra tu re  on 

c o lo r  d e g ra d a tio n  o f  prepackaged f ro z e n  m eat. In  o rd e r  to  d e r iv e  some i n ­

fo rm a tio n  on c o lo r  d e g ra d a tio n  a s  r e l a t e d  to  te m p e ra tu re , i t  was d ec id ed  

to  do t h i s  phase  o f  th e  s tu d y  in  th r e e  p a r t s ,  nam ely, 1 . )  te m p e ra tu re  v a r ­

i a t i o n  i n  th e  s e l f - s e r v i c e  c a se ; 2 . )  tem p era tu re  v a r i a t io n  in  th e  s e l f -  

s e rv ic e  c a se  when lo ad ed  to  c a p a c ity  and 3 . )  th e  e f f e c t  o f  p re h a n d lin g  

c o n d it io n s  and th e  r a t e  of f r e e z in g  on i n i t i a l  c o lo r  d e g ra d a tio n .

1 . Tem perature V a r ia t io n  in  S e lf -S e rv ic e  Case

Therm ocouples were p laced  in  s e v e ra l  s te a k s  in  th r e e  lo c a t io n s  as  

fo llo w s :  1 . )  bottom  o f s te a k  n ex t to  th e  bottom  o f th e  c a se ; 2 . )  c e n te r

o f  th e  s te a k  and 3 . )  to p  of th e  s te a k .  R e s u lts  o f  t h i s  phase  o f th e  s tu d y  

may be r e p re s e n te d  i n  F ig u re  7 on page 34, w hich shows th e  arrangem ent o f  

th e  s te a k s  i n  th e  s e l f - s e r v i c e  c a se . The d iagram  r e p re s e n ts  an a e r i a l  

view  o f  th e  s e l f - s e r v i c e  c a se .

Tem perature f lu c tu a t io n s  w ith in  th e  s e l f - s e r v i c e  ca se  i t s e l f  v a r ie d  

from  -£4»0°F to  + 5 .0°F  depending on the  s ta g e  o f  th e  c y c lin g  o f  th e  com pressor 

f u rn is h in g  th e  r e f r i g e r a n t .  The te m p e ra tu re  v a r ie d  n in e  d eg rees  from  one 

s id e  o f th e  c a se  to  th e  o th e r  s id e  o f  th e  c a s e . I t  was n o tic e d  th a t  th e  

s u r fa c e  o f th e  s te a k s  o c c a s io n a lly  reached  a tem p era tu re  eq u a l to  t h a t  o f  

th e  bo ttom  o f  th e  s te a k .  This may be ex p la in ed  by th e  f a c t  t h a t  th e r e  was
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c o n d e n sa tio n  o f  m o is tu re  from  th e  atm osphere on th e  s u rfa c e  o f  th e  s te a k  

cau s in g  f u r t h e r  c o o lin g  o f  th e  p ro d u c t and th u s  low ering  th e  s u rfa c e  

te m p e ra tu re  o f  th e  s teak*  Table I I I  summ arizes te m p era tu re  v a r i a t io n s  

i n  th e  s e l f - s e r v i c e  case*

2* Tem perature V a r ia t io n s  in  Packaged F rozen  S tea k s  when S to red  in  a 
S e lf -S e rv ic e  Case Loaded to  C ap ac ity

E ig h t s te a k s  were used in  t h i s  s tu d y  and a rran g ed  a s  r e p re s e n te d  

in  th e  end view o f  th e  s e l f - s e r v i c e  case  as  shown i n  F ig u re s  8 and 9*

Therm ocouples were p la c e d  in  each steak*  Tem perature m easurem ents 

w ere made by th e  u se  o f  a  tw elve p o in t  Honeywell re c o rd in g  p o te n tio m e te r .  

These s te a k s  were s to re d  f o r  a p e rio d  o f  te n  days a f t e r  w hich s u r fa c e  

c o lo r  m easurem ents were made by th e  u se  o f  M unsell sp in n in g  d is k s  and 

e s t im a t io n  o f  th e  p e r  cen t raetmyoglobin by th e  use  o f  th e  sp e c tro p h o to ­

m eter*
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S teak  No* T em perature S teak  No,, Tem perature

7 1 1 * 3 ^  to  2 4 ^  8 7 . OOF to  10 .0°F

5 7*0 °F to  9*5 ^  6 11*0°F to  17 .0°F

3 2 .0  ^  to  8 * 0 ^  4 -3*0°F  to  - 1 . 0 ^

1 10*0 ^  to  2 .0 °F  2 -4*0°F  to  -1 .0 ° F

Figure; 9

R e s u lts  o f  t h i s  s tu d y  a r e  summarized in  T able IV on page 38* They 

showed v a r i a t io n  in  tem p e ra tu re  from  one s id e  o f  th e  case  to  th e  o th e r  s id e  

a s  w e l l  a s  v a r i a t io n  i n  te m p era tu re  o f th e  s te a k s  s to re d  a t  v a r io u s  l e v e l s  

i n  th e  s e l f - s e r v i c e  case* I t  was th o u g h t t h a t  th o se  s te a k s  s to re d  a t  th e  

h ig h e r  l e v e l s  i n  th e  ca se  would have a h ig h e r p e rc e n ta g e  o f  metmyoglobin 

th a n  th o se  s te a k s  s to re d  on th e  bottom  o f th e  s e l f - s e r v i c e  case* T h is  was 

n o t b o rn e  o u t i n  t h i s  study* The r e s u l t s  o f  t h i s  s tu d y  showed th a t  th e re  

was n o t to o  much d i f f e r e n c e  in  th e  p e rc e n t metm yoglobin fo rm a tio n  in  s te a k s  

s to re d  a t  v a r io u s  l e v e l s  in  th e  s e l f - s e r v ic e  case  ex cep t a t  th e  to p  l e v e l  

w here th e  s te a k s  w ere exposed to  l i g h t  and h ig h e r  te m p e ra tu re s . P erhaps a 

s tu d y  should  have been made to  see i f  th e re  would be an in c r e a s e  in  metuqro- 

g lo b in  fo rm a tio n  w ith o u t th e  in f lu e n c e  o f l i g h t  o r  w hether i t  was due to  

th e  e f f e c t  o f  l i g h t .  The s u rfa c e  c o lo r  o f  th e  s te a k s  was r e l a t i v e l y  good 

where th e y  w ere n o t exposed to  l i g h t ,  b u t th e  s te a k s  on th e  to p  l e v e l  be­

came d is c o lo re d  in  about 2 -3  days*
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T ab le  I I I ,  Summarized T em perature V a r ia t io n s  In  S e lf -S e rv ic e  Case

S teak  I

Top o f  s t e a k ..........................................-1 °F  to  -2#8°Fo

C en te r o f  s te a k  ................................. -3 ,5 ° F  to  -5 .0 °F

Bottom  o f  s t e a k ...........................  ,  -1 .0 ° F  to  -3 ,0 ° F

D uring D e fro s tin g  C y c l e .............................. + 3 .5°F  to  +20°F

S teak  I I

Top o f  s t e a k ..........................................-1 .5 ° F  to  -3 .0 ° F

C en ter o f  s te a k  • • • • • • » •  0°F to  -2 ,0 °F

Bottom  o f  s te a k  • • • • • • • •  -0 ,5 ° F  to  +2,5°F

D uring D e f ro s tin g  C y c l e    • +4,0°F  to  +19.5°F

S teak  I I I

Top l / 4  in c h  o f  s te a k  • • • * . 0°F to  +2°F 

Bottom  l / 4  in c h  o f  s te a k  • • . • 0°F to  +5°F 

D uring D e fro s tin g  Cycle • * • • • • •  + 5 .0°F  to  +14,5°F

S teak  IV

Top o f  s te a k  • • • • • • • • • •  0 .2 °F  to  +8°F

C en ter o f  s te a k  * • « « • « + •  +1,0°F  to  +13°F 

Bottom o f  s te a k  • • • • • • • •  + 4 ,0°F  to  +5,5°F

D uring D e fro s tin g  C ycle • • • • • • •  +30°F to  +26°F

-3 7



Table IV

P e rc e n t M etmyoglobin Index o f  Fading  
Tem perature B efo re  and A f te r  B efore and A f te r

S teak  No, V a r ia t io n  S to rag e  S to rag e
B efore A f te r B efore A f te r

1 -10°F to -2°F 0*79 8.98 14 .0 14 .5

2 -  4°F to -1 °F 0 .79 9 .68 20 .8 19 .0

3 +2.0°F to  +8°F 0 .7 9 6.65 20 .0 15 .7

4 -3*0°F t© -1°F 0 .79 9 .83 18 .9 1 1 .7

5 + 7 .OOF to +9.50F 0 .7 9 9 .95 17 .0 12 .7

6 +11«0°F to +17,0°F 0 .79 10.10 22 .8 1 7 .0

7 + 1 1 .5°F to +240F 0.79 35.10 16 .5 22.6

8 + 7 .OOF to +10° F 0 .79 47.80 14 .7 2 8 .4

F ig u re  10 shows th e  index  o f  fa d in g  o f  th e se  e ig h t  s teak s*  The s te a k s  

w hich were n o t exposed to  l i g h t  d id  n o t d i s c o lo r  to  any ex ten t*  There were 

some s te a k s  t h a t  even showed b e t t e r  c o lo r  th an  when p la ce d  in  s to ra g e  a s  

in d ic a te d  by in d ex  o f  fad ing*  S teak s  #7 and #8 changed from  16*5 to  22*5; 

and from  14*7 to  28*4 u n i t s  from  S tan d ard , re sp e c tiv e ly *

3* P reh an d lin g  C o n d itio n s  and R ate o f F ree z in g

In  t h i s  s tu d y , two s te a k s  each were used and su b je c te d  to  th e  fo llo w in g  

th r e e  c o ld  s to ra g e  c o n d i t io n s :  1*) c o o le r  a t  34°Fj 2 ,)  f r e e z e r  a t  0°F and

3 .)  f r e e z e r  a t  -2 0 °F . Therm ocouples were p laced  in  each s teak*  R ate o f  

f r e e z in g  was reco rd ed  by use o f  a re c o rd in g  p o te n tio m e te r . M easurements 

o f  s u rfa c e  c o lo r  were made every  two o r  th re e  hours f o r  tw elve h o u rs  and 

th e n  l e f t  o v e rn ig h t, w ith  a f i n a l  re a d in g  made a t  24 o r  28 hours by th e  u se  

o f  M unsell sp in n in g  d isk s*  E s tim a tio n s  o f  metm yoglobin were made b e fo re  and 

a f t e r  tre a tm e n t*
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a . )  C oo ler Tem perature o f  34°F -  The purpose  o f  t h i s  s tu d y  was to  see 

how lo n g  i t  would ta k e  f o r  th e  c o lo r  o f  oxymyoglobin to  be reduced  back to  

th e  c o lo r  o f  reduced  m yoglobin when packaged in  a  t r a n s p a r e n t  oxygen im per­

m eable w rap p er. A f te r  ’’b loom ing", th e  s te a k s  had a very  d e s ir a b le  re d  c o lo r  

c h a r a c t e r i s t i c  o f  t h a t  o f  oxym yoglobin. D uring th e  f i r s t  hour t h a t  th e  

s te a k s  were i n  th e  Cry-O-Wrap, th e re  was n o t too  much change in  c o lo r .  At 

th e  end o f  two hours th e  s te a k s  s ta r t e d  to  d is c o lo r .  At th e  end o f  3, 4 , 5 

and 6 h o u rs  th e r e  was c o n s id e ra b le  d is c o lo r a t io n  o f  th e  s te a k s .  At th e  end 

o f  seven h o u rs , th e  s te a k s  were com parable in  c o lo r  to  th e  s te a k s  when f i r s t  

c u t .  At th e  end o f  n in e  hours th e  s te a k s  showed g r e a te r  d is c o lo r a t io n  th a n  

when f i r s t  c u t .  The c o n tro l  s te a k  which was n o t w rapped, b u t l e f t  exposed 

to  a i r  d is c o lo re d  a t  about th e  same r a t e ,  b u t d id  n o t d is c o lo r  to  th e  same 

e x te n t  as  th o se  s te a k s  wrapped i n  Cry-O-Wrap. S u rface  c o lo r  changes a re  

shown in  F ig u re  11 . T h is  in d ex  o f fa d in g  g raph  shows v e ry  w e ll th e  change 

o f  red u ced  m yoglobin to  th e  re d  c o lo r  o f  oxymyoglobin and th e n  th e  change 

back to  th e  c o lo r  o f  reduced  m yoglobin when s to re d  in  an oxygen im perm eable 

w rapping  m a te r ia l .  A f te r  tw e n ty -e ig h t h o u rs , th e  w rapper was removed from  

one s te a k  to  see i f  i t  would "bloom" ( r e tu r n  to  th e  re d  c o lo r  o f  oxyrayoglo- 

b in )  a g a in . I t  was found th a t  when th e  w rapper was removed th e  s te a k  changed 

from  25 u n i t s  from  s tan d a rd  to  19 u n i t s  from  s ta n d a rd . T h is in d ic a te d  th a t  

th e  s te a k  d id  b r ig h te n .  P e rc e n t metmyoglobin fo rm a tio n  in c re a se d  from  0% 

b e fo re  th e  s te a k s  were packaged to  19.86% and 16.85% a f t e r  tw e n ty -e ig h t h ou rs  

o f  s to r a g e .  The s te a k  which was n o t packaged and served  a s  a  c o n tro l  changed 

from  0% metm yoglobin to  5.63% m etm yoglobin. The l a r g e r  p e rc e n t o f  metmyo­

g lo b in  in  th e  f i r s t  two s te a k s  seems to  be r e l a t e d  to  B rook’ s (1935) o b s e r ­

v a t io n  th a t  a s  th e  s u rfa c e  te n s io n  o f  oxygen i s  low ered to  about 4-20mm Hg, 

th a t  th e r e  i s  f a s t e r  change o f  reduced m yoglobin to  m etm yoglobin.
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b* ) R ate  o f  F re e z in g  -  R obertson  (1950) s ta te d  t h a t  s t i l l  a i r  f r e e s in g  

r e s u l t e d  i n  a  v e ry  d ark  c o lo r  su rface*  This was a  c o n d it io n  in  which th e  

s u r f a c e  d id  n o t f r a c t u r e ,  b u t  th e  r a t e  o f f re e z in g  was so slow t h a t  a l l  

o f  th e  o r ig i n a l  re d  meat c o lo r  was l o s t .  Jen sen  (1949), on th e  o th e r  hand, 

r e p o r te d  t h a t  a  tem p era tu re  o f  -10°F  o r  low er r e s u l t e d  in  a s a t i s f a c t o r y  

c o lo r  when f r e e z in g  was done by th e  b l a s t  f re e z in g  method*

The r e s u l t s  o f  t h i s  s tu d y  showed th a t  s te a k s  f ro z e n  a t  0°F and a t  

-20°F  d is c o lo re d  a t  abou t th e  same r a t e  as  in d ic a te d  by th e  in d ex  o f fa d in g  

g rap h  i n  F ig u re  12* The i n i t i a l  d i s c o lo r a t io n  o f  th e  s te a k  in  th e  0°F 

f r e e z e r  was more g ra d u a l th an  th o se  f ro z e n  in  th e  -20°F  f re e z e r*  T h is sud­

den d i s c o lo r a t io n  in  th e  -20°F f r e e z e r  m ight be due to  s u r fa c e  f r a c tu r e  

such a s  was r e p o r te d  by R obertson  (i960)*

F ig u re  13 shows th e  r a t e  o f  f re e z in g  o f  one and o n e - fo u r th  in c h  s te a k s  

in  th e  0°F f r e e z e r  and th e  -20°F f re e z e r*  I t  should  be n o ted  th a t  th e  

s te a k s  f ro z e n  a t  0°F r e q u ire d  about th re e  to  fo u r  h o u rs  to  re a c h  th e  11 zone 

o f  c r y s t a l l i z a t i o n 1*• I t  took o n ly  one hour f o r  th e  s te a k s  in  th e  -20°F  to  

re a c h  th e  "zone o f  c r y s t a l l i z a t i o n "  o f  meat* As a m a tte r  o f  i n t e r e s t ,  i t  

to o k  abou t e lev en  hours f o r  th o se  s te a k s  f ro z e n  in  th e  0°F f r e e z e r  to  come 

a t  e q u il ib r iu m  w ith  th e  tem p e ra tu re  o f  th e  f r e e z e r .  I t  took  on ly  seven 

h o u rs  f o r  th e  tem p era tu re  o f  th e  s te a k s  f ro z e n  in  th e  -20°F to  come to  

e q u il ib r iu m  w ith  th e  tem p era tu re  o f  th e  f r e e z e r .  I t  was u s u a lly  observed  

t h a t  th e  fo llo w in g  m uscles: S p in a l is  d o r s i , Longissim us costarum  and T rap ez iu s  

d is c o lo re d  v e ry  q u ic k ly  d u rin g  th e  f re e z in g  p ro c e ss , w hereas th e  c o lo r  o f  th e  

L ongissim us d o r s i  m uscle was v ery  slow to  show any d i s c o lo r a t io n .  The a u th o r 

b e l ie v e s  t h a t  p reh an d lin g  c o n d itio n s  (such  as  le n g th  o f  "bloom ing" p e r io d ,

-4 2 -
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tim e i n t e r v a l  b e fo re  th e  package i s  p la c e d  in to  th e  f r e e z e r ,  and th e  r a t e  

o f  f re e z in g )  has a  marked e f f e c t  on th e  i n i t i a l  d i s c o lo r a t io n  o f  prepackaged  

f ro z e n  m eats* The i n i t i a l  c o lo r  d e g ra d a tio n  may be due to  th e  e f f e c t  o f  

te m p e ra tu re  on enzym atic a c t i v i t y  in  m eat. G o rtn er (1949) has shown t h a t  

enzym atic  a c t i v i t y  i s  r e l a t e d  to  te m p e ra tu re . With a  f a l l  in  te m p e ra tu re , 

enzym atic a c t i v i t y  i s  slowed down. F a i r l e y  (1957) s ta te d  th a t  th e  cy tochrom e- 

o x id a se  system  r e p re s e n ts  abou t 90% o f  th e  oxygen up take by th e  t i s s u e .  

C jrtochrom e-oxidase ta k e s  up oxygen from  m yoglobin which a c ts  a s  an oxygen 

r e s e r v o i r  in  th e  t i s s u e .  In  th i s  r e a c t io n ,  oxygen may be p icked  up from 

m yoglobin by th e  cy tochrom e-ox idase  system  to c a r ry  on th e  r e s t  o f th e  

m e ta b o lic  f u n c t io n s  o f  m uscle m etabolism . The d is c o lo r a t io n  o f  th e  s te a k s  

k e p t in  th e  c o o le r  i n  an oxygen im perm eable wrap was b e lie v e d  to  be due to  

th e  enzymes i n  th e  meat p ic k in g  up th e  r e s id u a l  oxygen i n  th e  package and 

re d u c in g  oxym yoglobin to  reduced m yoglobin, w hereas in  th o se  s te a k s  th a t  

were f ro z e n , th e  enzym atic a c t i v i t y  was slowed down due to  th e  f a l l  i n  tem­

p e r a tu r e .  I f  s te a k s  a re  qu ick  f ro z e n  as  was su g g ested  by Jen sen  (1949), 

th e  enzym atic a c t i v i t y  i s  slowed down f a s t e r  than  th e  oxygen u p tak e  by th e  

enzymes and oxymyoglobin i s  n o t reduced to  m yoglobin.

The im p o rtan t f a c t  to be d e riv ed  from  th e se  s tu d ie s  in  o rd e r  to  o b serv e  

w hat e f f e c t  th e y  have on i n i t i a l  d i s c o lo r a t io n  o f prepackaged fro z e n  meat 

i s  th e  manner i n  which th e  meat p ro d u c t i s  handled  b e fo re  b e in g  se n t to  

th e  f r e e z e r  and th e  r a t e  o f  f re e z in g  o f th e  p ro d u c t. These s tu d ie s  p o in te d  

o u t th e  n e c e s s i ty  o f  send ing  meat p ro d u c ts  to  the f r e e z e r  a s  soon as  p o s s ib le  

a f t e r  i t  i s  packaged , e s p e c ia l ly  in  an  oxygen im perm eable wrap. These s tu ­

d ie s  a ls o  p o in t  o u t th e  n e c e s s i ty  o f  q u ick  f re e z in g  a t  -20°F o r  low er in  

o rd e r  to  m a in ta in  th e  o r ig i n a l  c o lo r  o f  oxym yoglobin.

- 4 5 -



®• E f f e c t  o f  R epeated  F reez in g  and Thawing on Myoglobin o f  Prepackaged 
F rozen  M eat.

A rev iew  o f  th e  l i t e r a t u r e  re v e a le d  no in fo rm a tio n  co n cern in g  th e  e f f e c t  

o f  r e p e a te d  f r e e z in g  and thaw ing on th e  pigm ent m yoglobin when packaged in  

an oxygen im perm eable t r a n s p a r e n t  p l a s t i c  w rapper and aluminum f o i l .  Mangel 

(1951) found th a t  when sam ples were allow ed to  thaw from  one to  f iv e  tim es 

th e  m ethem oglobin fo rm a tio n  d id  n o t in c re a s e  w ith  re p e a te d  thawing* S a u rie s  

thawed th r e e  and fo u r  tim es showed th e  low est p e rc e n t metmyoglobin fo rm a tio n . 

She d id  m ention  th a t  a l l  sam ples thawed more th an  once showed s u rfa c e  d a r ­

k e n in g . Brooks (1929) r e p o r te d  t h a t  f re e z in g  and thaw ing had no s ig n i f i c a n t  

e f f e c t  on oxygen p e n e tr a t io n ,  b u t d id  a c c e le r a te  methem oglobin fo rm a tio n  in  

th e  re g io n  o f  oxygen p e n e tr a t io n .

R e s ti l ts  o f  t h i s  s tu d y  showed c o n s id e ra b le  v a r ia t io n  in  th e  p e rc e n t o f  

m etm yoglobin fo rm a tio n  a s  shown in  F ig u re  14. S tea k s  a f t e r  having  been 

f ro z e n  f o r  tw e n ty -fo u r  hours e x h ib ite d  a c o lo r  c h a r a c t e r i s t i c  o f  oxymyoglo­

b in ,  w ith  a  p e rc e n t  metmyoglobin fo rm a tio n  o f  0 .36  and 2 .02  p e rc e n t metmy­

o g lo b in  from  s te a k s  packaged in  Cry-O-Wrap and aluminum f o i l ,  r e s p e c t iv e ly .  

The p e rd e n t m etm yoglobin fo rm a tio n  changed v ery  l i t t l e  a f t e r  th e  s te a k s  

were f ro z e n  f o r  tw e n ty -fo u r  h o u rs . A f te r  th e  f i r s t  thaw ing c y c le ,  th o se  

s te a k s  packaged in  Cry-O-Wrap e x h ib i te d  re d  and p u rp lis h  b lo tc h e s  ch a ra c ­

t e r i s t i c  o f  oxy- and reduced  m yoglobin. A f te r  th e  second thaw ing c y c le ,  

th e  s te a k s  packaged in  Cry-O-Wrap p l a s t i c  bags showed much d i s c o lo r a t io n .

The s id e  o f  th e  s te a k s  n e x t to  th e  n o n -fo ld  s id e  o f  th e  aluminum f o i l  package 

showed a c o lo r  much th e  same a s  th a t  e x h ib ite d  by th o se  s te a k s  packaged i n  

Cry-O-Wrap. T h is  seems to  in d ic a te  t h a t  aluminum f o i l  i s  somewhat oxygen 

im perm eable. The s id e  o f  th e  s te a k  n ex t to  th e  f o ld  s id e  o f  th e  package

-4 6 -
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e x h ib i te d  a  red  c o lo r  c h a r a c t e r i s t i c  o f  oxyn$roglobin up to  th e  f o u r th  thaw ing 

and r e f r e e z in g  c y c le ,  a f t e r  w hich i t  s t a r t e d  to  d i s c o lo r • F ig u re  14 shows 

an a l t e r n a t e  incx 'ease and d e c re a se  o f  p e rc e n t  metm yoglobin fo rm atio n  w ith  

a l t e r n a t e  thaw ing and f r e e z in g  c y c le s .  Those s te a k s  packaged i n  aluminum 

f o i l  showed abou t th e  same p e rc e n t metmyoglobin fo rm a tio n  a s  th o se  s te a k s  

packaged in  Cry-O-Wrap, The s id e  o f  th e  s te a k s  packaged in  aluminum f o i l  

n e x t to  th e  package fo ld  in  which th e re  was some a i r  showed a p ro g re s s iv e  

in c r e a s e  i n  p e rc e n t metmyoglobin fo rm a tio n .

F ig u re  15 shows th a t  th o se  s te a k s  packaged in  Cry-O-Wrap and th e  s id e  

o f  th e  s te a k s  in  aluminum f o i l  n o t n e x t to  th e  package f o ld  d is c o lo re d  a t  

about th e  same r a t e ,  w hereas th o se  s te a k s  n ex t to  f o ld  s id e  o f  th e  aluminum 

f o i l  package d id  n o t d is c o lo r  u n t i l  abou t th e  fo u r th  thaw ing and r e f r e e z in g  

cycle*  No a tte m p t was made to  s tu d y  f u r th e r  th e  r e la t io n s h ip  o f  enzym atic 

a c t i v i t y  a s  r e l a t e d  to  thaw ing and r e f r e e z in g  o f  meat*

C, The E f f e c t  o f  L ig h t on C olor D eg rad atio n  o f  Prepackaged Frozen Meat*

Tn o rd e r  to  p ro p e r ly  an a ly ze  th e  r e s u l t s  o f  th e  e f f e c t  o f  l i g h t  on 

c o lo r  d e g ra d a tio n  o f  p repackaged f ro z e n  m eat, i t  i s  n e c e ssa ry  to  become 

a c q u a in te d  w ith  th e  s u b je c t  o f  p h o to ch em istry , Blum (1941) s ta te d  t h a t  

p h o to b io lo g ic a l  p ro c e sse s  a re  e s s e n t i a l l y  photochem ical p ro c e s s e s . P hoto­

c h em is try  i s  th e  s tu d y  o f  chem ical r e a c t io n s  produced d i r e c t l y  o r  i n d i r e c t l y  

by means o f  r a d ia t io n *  I t  i s  p o s s ib le  to  a c t iv a te  m olecu les w ith  an e x te r n a l  

so u rce  o f  en erg y , a s  f o r  exam ple, by in tro d u c in g  a  beam o f  l i g h t  hav ing  th e  

p ro p e r  freq u en cy  to  be absorbed  and s u f f i c i e n t  energy  in  each photon  to  a f f e c t  

th e  r e a c t io n .  A photon  o f  r a d ia t io n  i s  a  u n i t  o f r a d ia t io n  which p o sse s se s  

one quantum o f  energy* F re q u e n tly , th e  term  quantum i s  used in te rc h a n g e a b ly  

w ith  th e  te rm  pho ton . In  th e  p rim ary  pho tochem ical p ro c e ss  each m olecule
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i s  a c t iv a te d  by th e  a b s o rp tio n  o f  one photon#

D a n ie ls  (1948) s ta te d  t h a t  i f  th e r e  i s  no p o s s ib le  e l e c t r o n ic ,  a to m ic , 

o r  m o lecu la r  change th a t  can  use  th e  ex ac t amount o f  energy co n ta in e d  i n  

th e  photon  o f  r a d ia t io n ,  th e re  w i l l  be no i n t e r a c t io n  and no chem ical o r  

p h y s ic a l  changes w i l l  r e s u l t .  However, i f  th e r e  i s  w ith in  th e  m olecule 

some change w hich i s  n o t in  c o n f l i c t  w ith  th e  quantum r e s t r i c t i o n s  and 

w hich co rre sp o n d s  to  th e  energy o f  th e  pho ton , th e re  may be a t r a n s f e r  o f  

en e rg y , and th e  photon  i s  "ab so rb ed "♦ The o n ly  d if f e r e n c e  betw een th e  

u l t r a v i o l e t  and v i s i b l e  s p e c tr a  i s  t h a t  g r e a te r  e n e rg ie s  and la r g e r  d i s ­

p lacem en ts  a r e  in v o lv ed  i n  u l t r a v i o l e t  a b s o rp tio n , 35,000 to  71 ,000  c a lo r ie s  

p e r  mole b e in g  r e q u ire d  f o r  a b s o rp tio n  in  th e  v i s i b l e  re g io n  and 71,000 to  

s e v e ra l  hundred thousand  c a lo r ie s  fo r  a b s o rp tio n  in  th e  u l t r a v io le t*  Dan­

i e l s  (1948) f u r t h e r  s ta te d  t h a t  e n e rg ie s  re q u ire d  f o r  most chem ical r e a c t io n s  

ran g e  from  abou t 10,000 to  100,000 c a lo r i e s .  He s ta te d  th a t  o n ly  t h a t  

r a d i a t io n  which i s  absorbed can produce chem ical change. He a ls o  m entioned 

t h a t  G ro tth u s  p o in te d  o u t in  1818 th a t  th e re  cannot be a pho tochem ical r e ­

a c t io n  u n le s s  r a d i a t io n  i s  absorbed#

L ig h t i s  o r d in a r i ly  made up o f  many wave le n g th s .  When composed o f  

v i r t u a l l y  o n ly  one wave le n g th ,  i t  i s  c a l le d  m onochrom atic. We d i s t in q u is h  

th e  k in d s  o f  r a d ia n t  energy  acco rd in g  to  wave le n g th . Wave le n g th  can be 

d e f in e d  ad e q u a te ly  o n ly  by a te c h n ic a l  d e s c r ip t io n  o f  how i t  i s  measured#

The wave le n g th s  o f  l i g h t  p rece iv ed  by th e  human eye a re  c a l le d  v i s i b l e .  

V is ib le  r a d ia n t  energy i s  co n fin ed  to  wave le n g th s  between abou t 380 mu and 

760 mu o r  380 to  760 m il l io n th s  o f  a  m il l im e te r .  The fo llo w in g  ran g es  o f 

wave le n g th s  co rrespond  to  th e  in d ic a te d  c o lo r s :
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V i o l e t    380 mu to  450 mu

B lue • * • • . . * • • • • • •  450 mu to  490 mu

G reen     490 mu to  560 mu

Yellow  • •  ............................... . .  560 mu to  590 mu

Orange 590 mu to  630 mu

Red  ....................... . • 630 mu to  760 mu

The energy  o f  quantum may be tran sfo rm ed  i n  s e v e ra l  d i f f e r e n t  ways summar­

iz e d  a s  fo llo w s :

1 . H eat- th e  tem p e ra tu re  o f  th e  ab so rb in g  system  i s  r a i s e d .

2 . D is s o c ia t io n -  th e  m olecule undergoes a  chem ical breakdown.

3. I o n iz a t io n

4 . F lu o re sce n c e

A m olecu le  may be e x c ite d  i n  s e v e ra l  d i f f e r e n t  ways, depending on th e  

freq u en cy  o f  r a d ia t io n  ab so rb ed . These d i f f e r e n t  methods o f  ab so rb in g  

r a d i a t io n  in  th e  d i f f e r e n t  p a r t s  o f  th e  spectrum  and th e  e n e rg ie s  in v o lv ed  

a re  summarized in  F ig u re  16.

Have L ength  A°,
X-Rays

2 ,0 0 0  
U ltra  f t/io le t

4 .000 8,000
Vi s ib

200 ,000  
Near I n f r a r id

C a lo r ie s  p e r Mole 142,000 71,000 35,000

<2f r o  0 ? o  b : ®  o i o

1,400

Taken from  “O u tlin e s  o f  P h y s ic a l C hem istry11 by F a r r in g to n  D a n ie ls , 
(1 9 4 8 ), p .  595.

F igure 16
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In  th e  upper h a l f  o f  th e  f ig u r e  sire g iv en  th e  g e n e ra l ty p e s  o f  s p e c t r a  

to g e th e r  w ith  th e  wave le n g th  re g io n s  and energy  o f  th e  r a d ia t io n  in  c a lo r ie s  

p e r  m ole. In  th e  low er p a r t  i s  g iv en  a  crude  r e p r e s e n ta t io n  o f  what happens 

when th e  r a d i a t io n  i s  ab so rb ed . The b la ck  d o ts  r e p re s e n t  e le c t r o n s ,  and 

th e  la r g e  c i r c l e s  r e p re s e n t  atoms in  th e  m o lecu le . In  th e  v i s i b l e  and u l t r a ­

v i o l e t  r e g io n  o f  th e  spectrum , th e  a b s o rp tio n  c o n s is t s  i n  d is p la c in g  an o u te r  

e le c t r o n  i n  th e  m o lecu le . A b so rp tio n  s p e c tra  f o r  e x t r a c t s  from  prepackaged 

f ro z e n  meat s to re d  under l i g h t  were determ ined  to  see  i f  l i g h t  caused  any 

d e v ia t io n  from  th a t  o f  th e  norm al a b s o rp tio n  s p e c tr a  cu rv es  o f  mixed pigm ent 

e x t r a c t s  c o n ta in in g  m yoglobin, oxymyoglobin and m etm yoglobin.

1 . The E f f e c t  o f  In can d escen t L ig h t on C olor D egradation  o f  P repackaged 
F ro zen  M eat.

Three sam ples were used i n  t h i s  s tu d y . One s te a k  was p laced  under opaque 

p ap e r to  p ro v id e  d a rk n e ss . The o th e r  two s te a k s  were s to re d  under 56 f o o t -  

c a n d le s  o f  in c a n d esc e n t tu n g s te n  f ila m e n t i l lu m in a t io n .  S u rface  c o lo r  mea­

surem ents were made a t  v a r io u s  i n t e r v a l s  o f  tim e f o r  a  p e r io d  o f f iv e  w eeks. 

E s tim a tio n s  o f  metmyoglobin w ere made b e fo re  and a f t e r  s to ra g e . pH and ab­

s o rp t io n  s p e c tra  d e te rm in a tio n s  were made. T h is  p a r t  o f  th e  s tu d y  was done 

to  see i f  t h i s  type o f  l i g h t  had any e f f e c t  on c o lo r  d e g ra d a tio n  o f  p repackaged 

f ro z e n  m eat. R e s u lts  o f  t h i s  s tu d y  showed th a t  t h i s  ty p e  o f  l i g h t  caused 

c o n s id e ra b le  d a rk en in g  a s  compared to  th e  c o n tro l  sam ple. The in d ex  o f 

fa d in g  changed from  15 to  a s  h ig h  a s  24 .8  u n i t s  from  s ta n d a rd . The change 

from  2 4 .8  u n i t s  to  18 .9  u n i t s  from  s ta n d a rd  f o r  th e  l a s t  rea d in g  was due to  

th e  f a c t  th a t  th e  l a s t  re a d in g  was tak en  w ith  th e  w rapper removed f o r  s p e c tro -  

p h o to m e tric  a n a ly s is .  S teak s  two and th re e  which were k ep t under 56 f o o t -
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c a n d le s  of* l i g h t  changed from  12*2 to  26*9 u n i t s  from  s tan d a rd  f o r  s te a k  

No* 2 , and 11*7 to  31*4 u n i t s  from  s ta n d a rd  f o r  s te a k  No* 3* The g r e a te s t  

change i n  M unsell r e n o ta t io n s  seem to  be i n  hue and chroma. The g rap h  

showing th e  in d ex  o f  fa d in g  i s  shown in  F ig u re  17 on page 54. The p e rc e n t 

m etm yoglobin changed from  0.91% to  31.33% f o r  th e  s te a k  s to re d  i n  darkness*  

S tea k s  two and th r e e  changed from  0*91% to  57.02% and 52*48% m etm yoglobin, 

r e s p e c t iv e ly .  A rev iew  o f  th e  a b s o rp tio n  s p e c tra  cu rv es  in  F ig u re  18 on 

page 55 shows t y p i c a l  a b s o rp tio n  s p e c tra  cu rv es  f o r  e x t r a c t s  c o n ta in in g  

mixed p ig m en ts . T h is a g re e s  w ith  th e  work re p o r te d  by Mangel (1 9 5 1 ). One 

sh o u ld  n o te  th e  a b s o rp tio n  s p e c t r a  cu rves f o r  th e  sam ples s to re d  under l i g h t .  

At abou t 502-505 mu, th e r e  i s  an in c re a s e  in  th e  s lo p e  o f  th e  a b s o rp tio n  

curve w hich i s  t y p i c a l  f o r  e x t r a c t s  which c o n ta in  a  c o n s id e ra b le  amount o f  

m etm yoglobin a s  shown by Mangel (1951).

2 . C olor D eg rad a tio n  o f  P repackaged Frozen Meat D isp layed  Under F lu o re s c e n t 
L ig h t .  -  A P re lim in a ry  S tudy .

T w enty-four s te a k s  packaged in  Cry-0-Wrap were used in  t h i s  s tu d y .

Twelve s te a k s  were k e p t in  d ark n ess  and tw elve s te a k s  were k ep t under 56 

f o o t- c a n d le s  o f  s ta n d a rd  w h ite  f lu o r e s c e n t  i l lu m in a t io n .  These s te a k s  were 

s to r e d  in  a  S h e re r  s e l f - s e r v i c e  f ro z e n  food  c a se , w ith  s te a k s  be ing  removed 

from  th e  case  a t  v a r io u s  i n t e r v a l s  o f s to ra g e  up to  t h i r t y - f i v e  d ay s . As 

each  s te a k  was removed from  th e  c a se , i t  was allow ed to  thaw f o r  two h o u rs , 

a f t e r  which th e  w rapper was removed and su rfa c e  c o lo r  m easurem ents were made 

by u se  o f  M unsell sp in n in g  d is k s .  A th re e  mm th ic k  s l i c e  was s l i c e d  o f f  w ith  

a  H obart Model 300 s l i c e r  f o r  sp ec tro p h o to m e trie  e s tim a tio n  o f  m etm yoglobin.
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S to red  Under 56 f t c  
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Each s te a k  was tu rn e d  o v e r and s u rfa c e  c o lo r  m easurem ents a g a in  made.

The s te a k  was th e n  p laced  in  a  Cry-O-Wrap p l a s t i c  bag f o r  fo u r  h o u rs  to  see 

i f  th e r e  was an in c r e a s e  o f  oxymyoglobin fo rm a tio n . A f te r  th e  fo u r  hour 

bloom ing p e r io d ,  s u rfa c e  c o lo r  m easurem ents were a g a in  made and a  th r e e  mm 

th ic k  s l i c e  removed f o r  sp e c tro p h o to m e tr ie  e s tim a tio n  o f  metmyoglobin* De­

te rm in a t io n s  f o r  pH were a ls o  made.

R e s u l ts  o f  t h i s  s tu d y  showed th a t  f lu o r e s c e n t  l ig h t in g  caused c o lo r  

d e g ra d a tio n  o f  prepackaged  f ro z e n  meat when d isp la y e d  in  a  s e l f - s e r v i c e  

f ro z e n  food  c a s e .  F ig u re  19 shows t h a t  th o se  s te a k s  s to re d  in  darkness 

w ere o n ly  15 .6  u n i t s  from  s ta n d a rd  a t  th e  beg inn ing  o f  th e  s tu d y  and in c re a s e d  

to  2 8 .0  u n i t s  from  s ta n d a rd  a t  th e  end o f  th e  s to ra g e  p e r io d .  Those s te a k s  

s to re d  under l i g h t  changed from  15 .2  u n i t s  from  s tan d a rd  to  26 .0  u n i t s  from 

s ta n d a rd .  F ig u re  19 a lso  shows th a t  th o se  s te a k s  s to re d  in  d ark n ess  " b r ig h t ­

ened” when allow ed  to  "bloom" f o r  fo u r  h o u rs , however, th o se  s te a k s  s to re d  

tinder l i g h t  d id  n o t  b r ig h te n  when allow ed  to  "bloom" f o r  fo u r  h o u rs .

The change in  p e rc e n t metmyoglobin fo rm a tio n  showed c o n s id e ra b le  v a r i a ­

t i o n .  T h is  p ro b ab ly  was due to  th e  f a c t  t h a t  a s t r i c t  sch ed u le  was n o t 

fo llo w e d  in  exposing  each s id e  o f  th e  s te a k  to  th e  same p e r io d  o f  i l lu m in a ­

t i o n .  F ig u re  20 shows i n  g e n e ra l  t h a t  th o se  s te a k s  s to re d  in  d ark n ess  

c o n ta in e d  l e s s  metm yoglobin th an  th o se  s te a k s  s to re d  under l i g h t .  F ig u re  

21 shows th e  a b s o rp tio n  s p e c tra  cu rv es  f o r  e x t r a c ts  from  f ro z e n  s te a k s  

s to re d  i n  d a rk n ess  and under 56 fo o t-c a n d le s  o f  f lu o re s c e n t  i l lu m in a tio n  

f o r  one day and t h i r t y - f i v e  days o f s to ra g e . S teak s  s to re d  i n  d a rk n ess  

sind under l i g h t  f o r  one day fo llo w  abou t th e  same a b s o rp tio n  cu rv e , however, 

a f t e r  t h i r t y - f i v e  days s to r a g e ,  th e  p re se n c e  o f  m etnyoglobin  can r e a d i ly  be 

d is t in g u is h e d  a s  a f f e c te d  by d a rk n ess  and l i g h t .
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A b so rp tio n  S p ectra  For E x tr a c ts  From Frozen Steaks S tored  In Darkness And
Under 56 F o o t-c a n d le s  o f  F lu o r esce n t

I l l u m in a t io n

14

<310
O

O

—  0

Legend:
In  D arkness

1 Day o f  S to ra g e

• -----  35 Days o f  S to ra g e

U nder 56 f t c  L ig h t 
---------------  1 Day o f  S to ra g e

35 Days o f  S to ra g e

540520

Uave L eng th  In  M ill im ic ro n sF ig u re  21
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3# C o lo r D eg rad a tio n  o f  P repackaged F rozen  Meat Under th e  Same L ev e l o f  
I l lu m in a t io n  a t  Two D if fe r e n t  Tem peratures

T h is  s tu d y  was conducted to  see  what e f f e c t  56 fo o t-c a n d le s  o f  i l lu m ­

in a t io n  a t  two d i f f e r e n t  tem p e ra tu re s  would have on d e g ra d a tio n  o f  c o lo r  i n

prepackaged  f ro z e n  m eat.

A t o t a l  o f  t h i r t y - s i x  s te a k s  were used  i n  t h i s  s tu d y . These were 

d iv id e d  in to  fo u r  g roups o f  n in e  s te a k s  each . These groups were a s  fo llo w s : 

Group I .  S to red  i n  th e  S h ere r s e l f - s e r v ic e  case  i n  d a rk n ess .

Group I I .  S to red  in  th e  s e l f - s e r v ic e  case  under 56 fo o t-c a n d le s  o f  i l lu m ­

in a t io n .  I t  was n e c e ssa ry  to  tu rn  th e s e  s te a k s  o v er each  day a t  a s p e c i f i c  

tim e in  o rd e r  th a t  bo th  s id e s  o f  th e  s te a k  r e c e iv e  eq u a l exposure to  l i g h t .  

Group I I I .  S to re d  i n  a  0°F f r e e z e r  under 56 fo o t-c a n d le s  o f  i l lu m in a t io n .  

These s te a k s  w ere t r e a te d  in  th e  same manner a s  th o se  in  Group I I .

Group IV. These s te a k s  were s to re d  in  a f r e e z e r  in  d a rk n ess  a t  0°F .

S teak s  were removed a t  v a r io u s  in t e r v a l s  o f  tim e , w ith  th e  l a s t  s te a k  

b e in g  removed a t  th e  end o f  f iv e  weeks. S u rface  c o lo r  m easurem ents and 

sp e c tro p h o to m e tr ic  e s tim a tio n s  o f  metmyoglobin fo rm a tio n  were made in  th e  

same manner a s  d e sc rib e d  in  th e  p re lim in a ry  s tu d y .

F ig u re s  22, 23 and 24 show th e  r e s u l t s  o f  th e  e f f e c t  o f  th e  same le v e l  

o f  i l lu m in a t io n  a t  two d i f f e r e n t  te m p era tu re s  on c o lo r  d e g ra d a tio n  o f  p re ­

packaged f ro z e n  m eat. Immediate M unsell re a d in g s  a s  shown in  F ig u re  22 

show t h a t  th o se  s te a k s  s to re d  in  d a rk n ess  i n  th e  0°F f r e e z e r  d id  n o t d i s ­

c o lo r  to  th e  same e x te n t a s  th o se  s te a k s  s to re d  in  th e  s e l f - s e r v ic e  ca se  

under l i g h t  and d a rk n ess  as w e ll  a s  th e  s te a k s  s to re d  in  th e  f r e e z e r  under 

l i g h t .  A f te r  a  fo u r-h o u r  “bloom" p e r io d , F ig u re  23 showed th a t  th o se  s te a k s  

s to r e d  in  d a rk n ess  i n  th e  f r e e z e r ,  and s te a k s  s to re d  under l i g h t  in  th e
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f r e e z e r  b r ig h te n e d  a f t e r  a fo u r  hour •♦blooming p e r io d ” . Those s te a k s  s to re d  

i n  th e  s e l f - s e r v i c e  c a se  d id  n o t b r ig h te n  to  any e x te n t  a f t e r  a fo u r  h o u r 

'♦blooming p e r io d ” . F ig u re s  24 and 24a show th e  e f f e c t  o f  th e  same l e v e l  o f  

i l lu m in a t io n  a t  two d i f f e r e n t  te m p era tu re s  on th e  fo rm a tio n  o f  m etm yoglobin. 

S te a k s  s to r e d  in  d a rk n ess  in  th e  f r e e z e r  showed th e  l e a s t  in c re a s e  in  th e  

fo rm a tio n  o f  m etmyoglobin when b o th  im m ediate and fo u r  hour re a d in g s  were 

made, how ever, th e r e  was an in c re a s e  o f  m etm yoglobin from  th o se  s te a k s  a f t e r  

a  fo u r  hour ”bloom ing p e r io d ” . S teak s  s to re d  under l i g h t  in  th e  f r e e z e r  

showed l e s s  m etmyoglobin fo rm a tio n  th a n  th o se  s te a k s  s to re d  in  th e  s e l f -  

s e rv ic e  case  in  d a rk n e ss . There was r e l a t i v e l y  l i t t l e  change in  metmyoglobin 

fo rm a tio n  a s  a  r e s u l t  o f  th e  ”blooming p e r io d ” .

S tea k s  s to re d  under l i g h t  in  th e  s e l f - s e r v i c e  ca se  showed th e  g r e a te s t  

amount o f  metm yoglobin fo rm a tio n , however, when allow ed  to  ”bloom” f o r  fo u r  

h o u rs  th e r e  was a  d e c rea se  in  metmyoglobin fo rm a tio n . In  g e n e ra l th e  r e ­

s u l t s  may be summarized a s  fo llo w s :

1 . Meat s to re d  in  th e  f r e e z e r  i n  d a rk n ess  showed th e  l e a s t  fo rm a tio n  

o f  m etm yoglobin, b u t an in c re a s e  o f  metm yoglobin a f t e r  th e  fo u r  

hour "bloom ing p e r io d " .

2 . Meat s to re d  under l i g h t  in  th e  f r e e z e r  showed l e s s  metmyoglobin 

fo rm a tio n  th an  s te a k s  s to re d  i n  darkness in  th e  s e l f - s e r v i c e  c a s e .  

There was no s ig n i f i c a n t  change i n  th e  p e rc e n t metmyoglobin a f t e r

a  fo u r  hour "bloom ing p e r io d ” f o r  th o se  s te a k s  s to re d  in  th e  f r e e z e r  

under l i g h t ,  b u t th e r e  was a d ec re a se  in  metmyoglobin fo rm a tio n  f o r  

th o se  s te a k s  k ep t in  th e  s e l f - s e r v ic e  case  i n  th e  d a rk .
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3* S te a k s  s to r e d  under l i g h t  i n  th e  s e l f - s e r v i c e  case  showed th e

g r e a t e s t  fo rm a tio n  o f  metm yoglobin, however, th e re  was a  d e c re a se

a f t e r  a f o u r  hour ^blooming p e r io d 1*,

4 . C b io r D eg rad a tio n  o f  P repackaged F rozen  Meat S to red  Under V arious C olored 
F i l t e r s

R e s u l ts  o f  th e  two p reced in g  s tu d ie s  in d ic a te d  t h a t  l i g h t  was d e tr im e n ta l  

to  th e  c o lo r  o f  p repackaged  f ro z e n  m eat. T h e re fo re , i t  was d ec id ed  to  f u r th e r  

e x p lo i t  th e  a t t r i b u t e  o f  l i g h t  which i s  r e s p o n s ib le  f o r  t h i s  d e g ra d a tio n  o f  

c o lo r .

I t  h a s  been shown by Kampschmidt (1955) and T aylor (1950) t h a t  wave­

le n g th  i s  one o f th e  most im p o rtan t f a c to r s  cau sin g  fa d in g  o r  d is c o lo r a t io n  

o f  c o lo re d  m a te r ia ls ,  such a s  c o lo re d  t e x t i l e s  and p ro c e sse d  m eats (su ch  as  

bo lo g n a , v e a l  lo a f  and b o ile d  ham, e t c , ) .  Kampschmidt (1955) re p o r te d  t h a t  

f o r  cu red  m eats th e r e  a re  s p e c i f i c  w av e-len g th s  o f l i g h t  which a re  absorbed  

to  a g r e a te r  e x te n t  by cu red  m eats and b rin g  about i t s  d i s c o lo r a t io n .  He 

s ta te d  t h a t  th e  e f f e c t iv e  s p e c tra  d i s t r i b u t i o n  curve i s  h ig h e r in  th e  re g io n  

betw een 400 mu and 550 mu th an  w av e-len g th s above 550 mu, W ith th e s e  th o u g h ts  

i n  m ind, a s tu d y  was p lanned  u s in g  v a r io u s  c o lo red  f i l t e r s  which would allow  

c e r t a i n  w av e-len g th s  o f  l i g h t  to  p a s s  th ro u g h  them. T his f i r s t  s tu d y  was 

more o r  l e s s  a  p re lim in a ry  s tu d y . No a tte m p t was made in  t h i s  s tu d y  to  main­

t a i n  th e  same l e v e l  o f  i l lu m in a tio n  on th e  s te a k s .

E ig h t s te a k s  packaged in  Cry-0-Wrap were used in  t h i s  s tu d y . One sample 

was p lac ed  under each o f  th e  fo llo w in g  l i g h t  f i l t e r s :  p u rp le ,  b lu e , g reen ,

y e llo w , orange and re d . One s te a k  was h e ld  in  d ark n ess  and one s te a k  s to re d  

under S tan d ard  Cool f lu o r e s c e n t  l i g h t i n g .  E x te rn a l i l lu m in a tio n  o f  56 f o o t -

-6 5 -



c a n d le s  was u sed  w ith  th e  fo llo w in g  l i g h t  i n t e n s i t i e s  f a l l i n g  on th e  s te a k  

a f t e r  p a s s in g  th ro u g h  th e  f i l t e r *  These were as  fo llo w s :

P u rp le  . . •   * * . 5  fo o tc a n d le s

S lu e    * • • • • • • • • • • * 2  fo o tc a n d le s

Green • • • • * • • * . . * . . * * . 4  fo o tc a n d le s  

Yellow • • • • • • • • • * • • • • • • 4 4  fo o tc a n d le s

Orange • • • * * • • • « . • • • • • •  14 fo o tc a n d le s

No f i l t e r  ...........................................................  56 fo o tc a n d le s

D arkness  ...................* ......................... • • • 0 fo o tc a n d le s

S to rag e  was f o r  a p e r io d  o f  f iv e  weeks. S u rface  c o lo r  measurem ents 

were ta k e n  a t  v a r io u s  i n t e r v a l s  o f  s to ra g e  tim e by th e  use  o f  M unsell sp in n in g  

d isk s*  S p ec tro p h o to m e tric  e s tim a tio n s  o f  m etmyoglobin fo rm atio n  were tak en  

b e fo re  and a f t e r  s to rag e#  pH d e te rm in a tio n s  were made*

R e s u lts  o f  t h i s  s tu d y  seemed to  show th a t  th e  w av e-len g th s  o f  l i g h t  

betw een 560 mu and 630 mu (yellow  and orange p o r t io n  o f  th e  spectrum ) a re  

r e s p o n s ib le  f o r  th e  d e g ra d a tio n  o f  th e  c o lo r  o f  prepackaged f ro z e n  meat*

T able V shows th e  e f f e c t  o f  l i g h t  t h a t  has p assed  th ro u g h  v a r io u s  co lo red

f i l t e r s  on th e  fo rm a tio n  o f m etm yoglobin.

I t  should  be no ted  th a t  th o se  s te a k s  s to re d  under th e  orange and ye llow  

f i l t e r s  showed th e  l a r g e s t  in c re a s e  in  metmyoglobin fo rm a tio n , w hereas th o se  

s te a k s  s to re d  under th e  g reen  and p u rp le  f i l t e r  showed th e  l e a s t  amount o f  

m etm yoglobin fo rm a tio n  o f  th o se  s te a k s  s to re d  under v a r io u s  f i l t e r s .  F ig u re  

25 shows ib o u t  th e  same ty p e  o f  r e la t io n s h ip *  A rev iew  o f  th e  a b s o rp tio n  

s p e c t r a  cu rv es  in  F ig u re  26 shows th a t  th o se  s te a k s  s to re d  under no f i l t e r

and under th e  o range and y e llo w  f i l t e r  gave a  sm all a b so rp tio n  peak in  th e

a b s o rp tio n  s p e c tr a  cu rves a t  about 505 mu which i s  c h a r a c t e r i s t i c  o f  metmyo­

g lo b in *

-6 6 -



Table V

C olor o f  F i l t e r P ercen t M etmyoglobin

P u rp le 38.49

B lue 46.56

G reen 38.04

Yellow 53.71

Orange 60.26

Red 45.59

Under l i g h t  (no f i l t e r ) 59.40

Under no l i g h t 32.52

Under norm al e x t r a c t io n  p ro ce d u re s , a  th r e e  mm s l i c e  removes th e  m a jo r i ty  

o f  th e  pigm ent i n  th e  s u p e r f i c i a l  l a y e r .  T h is  d id  n o t happen when s l i c e s  

were removed from  th o se  s te a k s  s to re d  under th e  orange and yellow  f i l t e r s .  

A f te r  th e  f i r s t  th r e e  mm s l i c e  was removed, i t  was n o tic e d  th a t  th e r e  were 

some brow nish  a re a s  u n d ern ea th  th e  f i r s t  s l i c e .  S e v e ra l th re e  mm s l i c e s  

w ere removed b e fo re  th e re  were no more brow nish a r e a s .  Depth o f d is c o lo r a ­

t i o n  was e s tim a te d  to  be a t  a dep th  o f o n e -h a lf  in c h .

5 . C o lo r D eg rad a tio n  o f  P repackaged F rozen  Meat S to red  Under V arious Colored 

F i l t e r s  a t  th e  Same L evel o f  I l lu m in a t io n .

A f te r  a n a ly z in g  th e  d a ta  in  th e  p reced in g  s tu d y , i t  was dec ided  to  u se  

th e  g re en , o range and red  l i g h t  f i l t e r s  i n  t h i s  s tu d y . R e su lts  o f  th e  p r e ­

v io u s  stu d y  showed no la rg e  d if f e r e n c e s  i n  th e  fo rm a tio n  o f  metm yoglobin 

betw een th e  p u r p le ,  b lu e  and g reen  f i l t e r s .

-6 7 -
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A b so rp tio n  S p ectra  fo r  E x tra cts  From Prepackaged Frozen S teak s Held Under
V arious C olored F i l t e r s

— I

V
Legend:

bS tored  In  D arkness 

S to red  Under L ight 

S to red  Under P u rp le  F i l t e r  

S to red  Under Blue F i l t e r  

S to red  Under Green F i l t e r  
S to red  Under Yellow F i l t e r  
S to red  Under Orange F i l t e r  
S to red  Under Red F i l t e r

F igu re  26 .

530 555 5ST
Wave Length In  M illic ro n s

630
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F iv e  s te a k s  packaged in  Cry-Q-Wrap were used in  t h i s  s tu d y . One s te a k  

was p la c ed  under each  f i l t e r ,  one s te a k  was p laced  in  d a rk n ess  and one s te a k  

was p la c e d  under S tan d ard  Cool f lu o r e s c e n t  l i g h t i n g .  The f i l t e r s  were so 

a d ju s te d  to  g iv e  th e  same l e v e l  o f i l lu m in a t io n  on each s te a k .  S to rag e  was 

f o r  a  p e r io d  o f  f iv e  w eeks. S u rface  c o lo r  m easurem ents were ta k e n  a t  v a r io u s  

i n t e r v a l s  o f  tim e by use o f  M unsell sp in n in g  d is k s .  S p ec tro p h o to m etric  

e s t im a tio n s  o f  metm yoglobin fo rm a tio n  were made b e fo re  and a f t e r  s to ra g e .  

pH d e te rm in a tio n s  were a lso  made.

R e s u lts  o f  t h i s  s tu d y  showed th a t  th o se  s te a k s  s to re d  under no f i l t e r  

and under th e  o range and red  f i l t e r  showed th e  l a r g e s t  amount o f  metujyoglobin 

fo rm a tio n . T able VI shows th e  p e rc e n t metmyoglobin formed under th e  v a r io u s  

t r e a tm e n ts .

Table VI

T reatm ent P e rc en t Metmyoglobin

Orange f i l t e r  21.86

G reen f i l t e r  14.56

Red f i l t e r  25 .17

S to red  i n  d a rk n ess  14 .21

S to re d  under l i g h t  (no f i l t e r )  25.33

The s te a k s  s to re d  under th e  g reen  f i l t e r  and in  darkness showed th e  

l e a s t  amount o f m etm yoglobin fo rm a tio n . F ig u re  27 shows th e  c o lo r  change 

o f  s te a k s  s to re d  under v a r io u s  l i g h t  f i l t e r s .  F ig u re  28 shows th e  change 

in  m etm yoglobin fo rm a tio n  of s te a k s  s to re d  under v a r io u s  f i l t e r s .  F ig u re  

29 shows th e  a b s o rp tio n  s p e c tra  f o r  e x t r a c t s  from  s te a k s  s to re d  under v a r ­

io u s  f i l t e r s .  In  g e n e ra l ,  t h i s  s tudy  ag reed  w ith  th e  r e s u l t s  o f th e  p re lim -
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A b sorp tion  S p ectra  For E x tr a c ts  From Prepackaged Frozen S tea k s Held Under
V arious Colored F i l t e r s  At Same I llu m in a tio n

16

I l lu m in a t io n  = 2-3 F oot-C andles

14

1 2 ----

o

♦H

•H
•H Legend

S to red  Under L igh t 

S to red  i n  D arkness

S to red  Under Green F i l t e r  

■Stored Under Orange F i l t e r

S to red  Under Red F i l t e r

480

Have Length In  M illim ic ro n sF ig u re  29



in a r y  s tu d y , i n  t h a t  i t  seems to  be th o se  w av e-len g th s  betw een 560 mu and 

630 mu which a r e  r e s p o n s ib le  f o r  th e  d e g ra d a tio n  o f  c o lo r  i n  p repackaged  

f ro z e n  meat*

6* C o lo r D eg rad a tio n  o f  Prepackaged F rozen  Meat S to red  Under V arious C olored 

F lu o re s c e n t Lamps

A t o t a l  o f tw en ty  s te a k s  packaged in  Cry-0-W rap p l a s t i c  bags were used  

i n  t h i s  study* Four G*E. co lo re d  f lu o r e s c e n t  lamps were chosen, nam ely, 

r e d ,  g re e n , w h ite , and yellow * These f lu o re s c e n t  lamps were used  because 

th e y  e m it te d  dom inant w av e-len g th s  a s  shown in  Table VII* A ll  s te a k s  w ere 

s to r e d  in  th e  0°F f re e z e r*

T able V II

Phosphorus Compound Used 
f o r Dominant

C olor o f  Lamp

W hite S i l i c a t e  and magnesium 5810

Yellow Zinc b e ry lliu m  s i l i c a t e 5840

Green Zinc s i l i c a t e 5280

Red Cadmium b o ra te 6230

Pub* Co*, 1946.

These lam ps were so a d ju s te d  to  g iv e  a l e v e l  o f  i l lu m in a tio n  o f  20 

f o o t- c a n d le s  on th e  s teak s*  Four s te a k s  were p laced  under each k ind  o f 

l i g h t  and fo u r  s te a k s  were s to re d  in  d a rk n e ss . A s te a k  was removed each 

week f o r  s u rfa c e  c o lo r  m easurem ents and sp ec tro p h o to m e tric  e s tim a tio n s  o f  

m etm yoglobin fo r  a t o t a l  p e r io d  o f fo u r  w eeks. pH d e te rm in a tio n s  were a ls o  

made*
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R e s u l ts  o f  t h i s  s tu d y  a re  shown in  F ig u re s  30 and 31* F ig u re  30 shows 

c l e a r l y  th e  e f f e c t  o f  v a r io u s  c o lo red  f lu o re s c e n t  lamps which em it c e r t a in  

w a v e -len g th s  o f  l i g h t  on th e  d e g ra d a tio n  o f  c o lo r  o f prepackaged f ro z e n  m eat. 

F ig u re  30 shows t h a t  s te a k s  s to re d  in  d ark n ess  show r e l a t i v e l y  l i t t l e  change 

i n  c o lo r ,  w h ile  th o se  s te a k s  s to re d  under th e  yellow  f lu o re s c e n t  lamp and 

w h ite  f lu o r e s c e n t  lamp showed th e  g r e a te r  c o lo r  changes. S teaks s to re d  

under th e  re d  and g reen  f lu o re s c e n t  lamps showed c o lo r  changes in te rm e d ia te  

betw een th e s e  s te a k s  s to re d  in  d ark n ess  and under th e  w hite  and yellow  

f lu o r e s c e n t  lam ps. R e s u lts  o f t h i s  s tu d y  f u r th e r  in d ic a te  t h a t  l i g h t  o f 

w a v e -len g th s  around 580 mu a re  re sp o n s ib le  f o r  th e  d e g ra d a tio n  o f  c o lo r  in  

p repackaged  f ro z e n  m eat. I t  a ls o  would seem to  in d ic a te  t h a t  i t  i s  th e  

y e llo w  p a r t  o f  th e  spectrum  (which em its  w ave-leng ths o f  l i g h t  o f  about 

5800 X) in  w h ite  f lu o re s c e n t  lamps th a t  a re  commonly used in  d is p la y  c a se s  

and s to r e s  t h a t  i s  cau s in g  th e  d eg rad a tio n  o f c o lo r  in  prepackaged f ro z e n  

meat*

The r e s u l t s  o f  th e se  s tu d ie s  concern ing  th e  e f f e c t  o f  l i g h t  on c o lo r  

d e g ra d a tio n  o f  f ro z e n  meat seem to  in d ic a te  t h a t  w ave-len g th s  o f 5800 X, 

w ith  th e  r a d ia t io n  and energy  concerned w ith  i t  a re  absorbed  by th e  meat 

p igm ent m yoglobin and as  a  r e s u l t  p roduces a  pho tochem ical r e a c t io n  changing 

oxym yoglobin to  m etm yoglobin.

D. Comparison o f  Spinning D isk Method With S p ec tro p h o to m etric  E s tim a tio n  
o f  M etmyoglobin f o r  D ete rm in a tio n s  o f  S u rface  C olor o f  F rozen  M eat.

B u t le r  (1953) found th a t  d u rin g  th e  p e rio d  o f  in c re a s in g  fo rm a tio n  o f 

m etm yoglobin, th e r e  was a h ig h  c o r r e la t io n  between th e  index  o f  fa d in g  c a l ­

c u la te d  from  M unsell hue, v a lu e , and chroma determ ined by d isk  c o lo r im e try ,

-7 5 -
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and th e  p e rc e n t  m etmyoglobin determ ined  sp e c tro p h o to m e tr ic a lly  f o r  d e te r ­

m in a tio n  o f  s u r f a c e  c o lo r  o f  f r e s h  meats* In  a  t o t a l  o f  114 sam ples, he 

found c o r r e l a t i o n  c o e f f i c i e n t s  betw een th e  index  o f  fa d in g  and th e  p e rc e n t 

m etm yoglobin ran g in g  from  0*830 to  0 .8 8 2 . He a lso  p o in te d  o u t f a c to r s  r e ­

s p o n s ib le  f o r  p a r t  o f  th e  u n c o r re la te d  v a r i a b i l i t y  observed*

C o r re la t io n  c o e f f i c i e n t s  were determ ined  to  see  i f  th e re  was any c o r re ­

l a t i o n  betw een in d ex  o f fad in g  and p e rc e n t metmyoglobin f o r  d e te rm in a tio n  

o f  s u r fa c e  c o lo r  o f  f ro z e n  meat* F ig u re s  32 th rough  35 p re s e n t  com parative  

d a ta  from  40 samples* C o r re la t io n  c o e f f ic ie n t s  between index  o f  fa d in g  and 

p e rc e n t metm yoglobin were o b ta in e d  by th e  method o f Snedecor (1946), and 

ranged  from  0 .77? to  0 .930 • These v a lu e s  ag ree  w e ll w ith  th o se  o f  B u tle r  

(1953) and in d ic a te  th a t  w ith  th e  p e r io d  o f  in c re a s in g  fo rm a tio n  of metmyo- 

g lo b in ,  th e r e  i s  a  r e l a t i v e l y  h igh  r e l a t i o n  between in d ex  o f  fa d in g  and 

p e rc e n t  m etm yoglobin determ ined  sp e c tro p h o to m e tr ic a lly  f o r  p repackaged f ro z e n  

meat*
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SUMMARY AND CONCLUSIONS

1# T em perature v a r i a t io n s  in  a s e l f - s e r v ic e  f ro z e n  food case  a f f e c t  th e  

ap p earan ce  o f  prepackaged f ro z e n  meat packaged in  t r a n s p a re n t  oxygen 

im perm eable wrapping m a te r ia ls .

2 . P reh an d lin g  c o n d itio n s  and r a t e  o f  f r e e z in g  a f f e c t  i n i t i a l  c o lo r  d eg ra ­

d a t io n  o f  prepackaged fro z en  m eat.

3 . R epeated f re e z in g  and thawing in  an oxygen im permeable w rapper has a

marked e f f e c t  on th e  c o lo r  o f prepackaged f ro z e n  m eat. With a l t e r n a t e  

f r e e z in g  and thaw ing c y c le s ,  th e re  was an in c re a se  o r d ec rease  o f  

m etm yoglobin fo rm a tio n .

4 . D isp la y  o f  prepackaged fro z e n  meat under in ca n d e sce n t o r  f lu o r e s c e n t

l ig h t in g  cau ses  d eg ra d a tio n  o f  c o lo r .  Tem perature of d is p la y  o f  

p repackaged fro z e n  meat under f lu o re s c e n t  l ig h t in g  of th e  same l e v e l  

o f  i l lu m in a tio n  had an e f f e c t  on c o lo r  d e g ra d a tio n . Samples s to re d  

under f lu o r e s c e n t  l ig h t in g  a t  0°F showed l e s s  d is c o lo r a t io n  and 

m etm yoglobin fo rm a tio n  th an  sam ples s to re d  in  d a rk n ess  i n  th e  s e l f -  

s e rv ic e  case  in  w hich th e re  was c o n s id e ra b le  tem p era tu re  f lu c tu a t io n .

5 . W ave-leng ths o f l i f h t  between 560 mu and 630 mu (yellow  and orange

p o r tio n  o f  th e  spectrum ) seem to  be re sp o n s ib le  fo r  c o lo r  d eg ra d a tio n  

o f  p repackaged fro z e n  m eat.

6 . F rozen  meat s to re d  under g reen  and re d  f lu o re s c e n t  l i g h t in g  seem to

g iv e  b e t t e r  c o lo r  s t a b i l i t y  o f  prepackaged fro z e n  m eat, bu t g iv es  

meat an  u n fa m ilia r  appearance when d isp lay ed  under such l i g h t in g .

-8 3 -



7 , I t  would ap p ea r th a t  th e  yellow  p o r tio n  (560 mu reg io n )  o f  the  spectrum

e m itte d  by w h ite  f lu o r e s c e n t  lamps commonly used f o r  f ro z e n  food d i s ­

p la y  c a se s  and m arkets  i s  r e s p o n s ib le  fo r  co lo r  d e g ra d a tio n  o f  

p repackaged  f ro z e n  m eat.

8 . The fo rm a tio n  o f  metmyoglobin i s  the p rim ary  cause o f  d is c o lo r a t io n

when prepackaged  fro ze n  meat in  a tra n s p a re n t  w rapper i s  exposed 

to  l i g h t .

-8 4 -
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Appendix B*

Time In

D ata C o lle c te d  On Tem perature V a r ia tio n  In  S e lf -S e rv ic e  Case
 __________When Loaded To C ap ac ity

Tem perature (°F)
S teak  No* s .

Hours 1 2 3 4 5 6 7 8

0 -  8 .5 -  2 .5 + 2 .5 1 .5 + 8 .9 +13.0 + 5 .0 +12.0
1 -  8 .5 -  3 .0 + 3 .0 - 1 .5 + 8 .9 +14.0 + 7 .0 +13.0
2 -  8 .5 -  3 .0 + 5 .0 - 2 .0 + 8 .5 +25.0 +17.0 +33,0
3 -  9 .0 -  3 .5 + 7 .0 - 2 .5 + 8 .0 +17.0 + 9 .0 +19.0
4 -  9 .0 -  3 .5 + 8 .0 a 2 .5 + 8 .0 +18.0 +10.0 +22*0
5 «« 9 .5 -  3 .8 + 7 .0 - 3 .0 + 8 .0 +16.5 + 7.8 +17.5
6 -  9 .5 -  3 .8 + 8 .0 — 3.0 + 7 .5 +17.0 + 8 .0 +18.5

D e fro s t
6 .5 +14.0 +11.0 +20.0 - 1 .8 +10.0 +17.0 +37.0 +42.0

7 +11.0 +11.5 +19.0 - 1 .0 +10.0 +17.0 +17.0 +24.0
8 -  2 .0 + 3 .0 + 8 .0 0 .0 +10.0 +15.0 +11.0 +17.0
9 -  6 .0 0 .0 + 4 .0 + 1 .0 + 9 .5 +14.0 + 8 .0 +14.0

10 -  7 .0 -  1 .5 + 5 .5 0 .0 + 9 .5 +15.5 + 6 .0 +13*0
11 — 8 .0 -  2 .0 + 5 .0 0 .0 + 9 .0 +15.0 + 3 .0 +10.0
12 -  9 .0 -  2 .0 + 4 .0 0 .0 + 9 .0 +15.5 + 7 .5 +15.0
13 -  9 .0 -  3 .0 + 4 .0 - 1 .0 + 9 .0 +15.0 +9 .0 +15.0
14 -  8 .5 -  3 .0 + 4 .0 - 1 .0 + 9 .5 +14.0 + 9 .5 +14.0
15 -  8 .0 -  3 .0 + 3 .0 - 1 .5 + 8 .5 +13.0 + 7 .5 +10.0
16 -  8 .0 -  2 .8 + 3 .5 - 1 .5 + 9 .0 +13.5 + 8 .0 +11.0
17 -  8 .5 -  3 .0 + 2 .5 - 2 .0 + 7 .0 +11.0 + 4 .0 + 6 .0
18 -  9 .0 -  3 .5 + 2 .0 - 2 .0 + 8 .0 +12.0 + 1 .5 + 7 .0

*19 +10.0 +11.0 +14.0 +13.0 + 7 .0 +12.0 +10.0 +15.0
*20 -  5 .0 + 1 .5 + 9 .0 +15.0 + 6 .0 +10.0 + 8 .0 +16.0

21 -  8 .0 -  1 .0 + 3 .0 - 1 .5 + 9 .0 +13.0 + 2 .0 +16.5
22 -  8 .5 -  2 .0 + 5 .0 0 .0 + 8 .5 +14.0 + 4 .0 + 5 .0
23 -  8 .5 -  2 .5 + 7 .0 - 1 .0 + 8 .0 +13.0 + 3 .0 +11.0
24 -  8 .0 -  3 .0 + 8 .0 - 1 .0 + 7 .0 +17.0 +13.0 +18.0

S to rag e
0 Time 10 Days

S teak % $
No. H V C I tmnb H V C I mmb

1 9 .2R 4 .9 5 .0 1 4 .0 0 .7 9 0.2VR 3 .9 5 .7 1 4 .5 8 .9 8
2 9.9R 5 .0 4 .8 2 0 .8 0 .7 9 1.7YR 3 .9 5 .0 1 9 .0 9 .6 8
3 9 .1R 5 .0 4 .6 2 0 .0 0 .7 9 0.2YR 4 .2 5 .5 1 5 .7 6 .6 5
4 0.3YR 4 .6 5 .1 1 8 .9 0 .7 9 9 . OR 3 .9 5 .9 1 1 .7 9 .8 3
5 0.3VR 4 .8 4 .7 1 7 .0 0 .7 9 9.8R 4 .0 6 .0 1 2 .7 9 .9 5
6 9 .8R 5 .1 4 .1 2 2 .8 0 .7 9 9.8R 4 .3 4 .6 1 7 .0 1 0 .1 0
7 9.3R 4 .6 5 .4 1 6 .5 0 .7 9 3.1YR 4 .1 3 .5 2 2 .6 35 .10
8 9 .3R 4 .5 5 .8 1 4 .7 0 .7 9 3.7YR 4 .9 3 .0 2 8 .4 4 7 .8 0

^ I n c r e a s e  m  te m p e ra tu re  due to  second d e f r o s t  c y c le .  """""
H « Hue, V » V a lu e , C * Chroma, I  = In dex  o f  F ad in g , % MMb = F e rc e n t
m etm yoglob in .
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A ppendix D. D ata C o lle c te d  On R ate o f  F reez in g  In  0°F and -20°F F re e z e r  
  _ R ate  o f  F reez in g  in  -2 0 CF F re e z e r

Time In  
Hours Tem perature o f F re e z e r  (°F)

Tem perature o f  
S teaks (°F)

S teak  No. 1 S teak  No. 2

0 -16°F +44 +43
i -16°F +29 +30
2 -17°F +28 +29
3 -17°F +22 +22
4 -17 °F -5 .0 -5 .0
5 -18°F -1 3 .5 -1 3 .8
6 -18°F -1 5 .0 -1 5 .0
7 -17 °F -1 7 .0 -1 7 .0

24 -17°F -1 7 .0 -1 7 .0

S teak  No.
Time o f  M unsell S teak  No,► 1 S teak  No. 2

Reading H V C I fo MMb H V C I <fo MMb

0 Hour 8.8R 4*4 5 .5 13.9 1 .4 1  9.2R 4 .3 5 .8  13 .7 1 .3 2
1 Hour 8.8R 3 .8  4 .0 16.0 9.8R 4 .1 4 .0  17 .1
2 Hour 8.9R 3 .8  4 .2 15.6 8.8R 3 .9 4 .0  15 .4
3 Hour 8.6R 4 .4  3 .8 17 .2 8.6R 4 .5 3 .6  18 .4
4 Hour
5 Hour
6 Hour
7 Hour 8.5R  4 .4  3 .7 17 .4 4 .43  8.5R 4 .4 3 .7  17 .4 5 .31

24 Hour 8.5R 4 .4  3 .7 17 .4 8.5R 4 .4 3 .7  17 .4

R ate  o f F reez in g  in  0°F F ree z e r
Time In R ate o f  F reez in g  ( F)
Hours T em perature o f F re e z e r  (°F) S teak  No. 1 S teak  No. 2

0 +5.0 +34.5 +34.5
1 +3.0 +30.0 +30.0
2 +3.0 +29.8 +29.8
3 +3.0 +29.5 +29.3
4 +1.0 +28.3 +28.0
5 +2.5 +25.0 +26.0
6 +2.0 +14.0 +15.0
7 +1.0 + 8 .0 + 7 .0
8 +1.5 + 5 .5 + 5 .8
9 +1.0 + 4 .0 + 4 .0

10 +1.0 + 3 .0 + 3 .0
11 +1.0 + 3 .0 + 3 .0
12 +1.0 + 2 .5 + 2*5
13 +2.0 + 2 .0 + 2 .2
24 +1.0 + 2 .0 + 2 .0
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A ppendix D. (co n tin u ed )

Time o f  M unsell 
R eading

S teak  No.
S teak  No . 1 S teak  No . 2

H V C I fo MM b H V C I % MMb

0 hour 9.6R 4 .1 6 .3 11.9 1.29 9.6R 4 .0 6 .7 10 .7
1 hour 7.7R 4 .4 3 .7 16 .4 8.5R 3 .9 4 .7 13 .2 .92
2 hour 8 .OR 4 .3 3 .3 17 .3 8.2R 4 .1 3 .1 1 6 .7
3 hour 8.2R 4 .1 2 .9 1 7 .3 9 .OR 4 .2 3 .5 17.5
4 hour 8.9R 4 .0 4 .2 13.3 8.6R 4 .1 3 .4 16.6
5 hour 8.9R 4 .0 4 .2 14 .4 8.6R 4 .1 3 .4 16.6
6 hour 9.3R 3 .9 3 .3 16.5 8.8R 4 .2 4 .1 15 .8
7 hour 8.8R 3.9 3.9 15.8 8.8R 4 .2 4 .0 16 .1
8 hour 9.3R 3 .9 3 .8 15 .3 8.8R 4 .2 4 .0 16 .1
9 hour 9.3R 3.9 3 .8 15 .3 9.3R 4 .1 3 .5 17 .3

11 hour 8.7R 4 .3 4 .6 14 .1 8.5R 4 .1 4 .1 14 .7
24 hour 8.8R 4 .0 3 .8 18 .1 9 .40 8.9R 4 .1 4 .1 14 .8 11.00

H ■ Hue, V = V alue, C ~ Chroma, X * Index o f f a d in g , % MMb -  P e rc e n t metmyo
g lo b in .
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A ppendix E* D ata C o lle c te d  On Repeated Thawing and F reez in g  o f  P repackaged
Frozen S teaks

Time o f  M unsell
S teak  and S p ec tro p h o to m etrie  S teak s  Packaged In  Cry-O-Wrap

No. Readings H V C I % MMb PH

CTF-tt B efore F reez in g 0.3YR 3 .7 6 .4 1 5 .2 0 .36 5.70

CTF-1 A f te r  F re ez in g  -  24 H rs. 

Thawing and F reez in g  Cycle

9.5R 4 .7 4 .7 18.6 1 .70 5.70

CTF-2 1 3.8VR 3 .2 3 .1 27.7 48.38 5.60

CTF-3 2 4.4YR 2 .9 2 .7 29.9 48.83 5.70

CTF-4 3 5.0YR 3.3 2 .6 28 .4 15.85 6 .00

CTF-5 4 6.9YR 3.6 3 .1 29.0 28.16 6 .0 0

CTF-6 5 2.6YR 2 .8 3 .8 28.8 55.08 6.00

CTF-7 6 4.7YR 4 .2 2 .9 25 .7 31.09 6 .00

CTF-8 7 4.3YR 3 .7 3 .1 25.3 12.12 6 .0 0

CTF-9 8 7.5YR 3 .5 2 .9 30.9 54.26 5 .80

CTF-10 9 3.7YR 3 .4 3 .0 26.6 45.25 5.80

CTF-11 10 4.4VR 3 .4 2 .8 28 .1 15 .18 5 .80

H * Hue, V = V alue, C “ Chroma, I  = Index o f  Fading 
% MMb ** P e rc e n t metmyoglobin
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Appendix £ • (co n tin u ed )

S teak
No.

Time o f  M unsell and 
Spec t r o  pho tome t r i e  

Readings
S teaks Packaged 

H V C
In  Aluminum F o i l  

I  % MMb pH

ATF-0 B efo re  F reez in g 0.8YR 3 .8 7 .0 14 .8 2 .02 5.70

ATF-1 A f te r  F re ez in g

Thawing and F reez in g  Cycle

9.8R 3 .3 5 .3 17.9 .7 2 5.70

ATF-2 1 0.6YR 3 .1 5 .3 20 .7 25 .94 5.69

ATF-3 2 2.1YR
*3.7VR

3.6
2 .9

4 .6
2 .8

21.6
30 .2

22.65
43.08

5 .50

ATF-4 3 2.1YR
^S.OVR

3 .7
3 .2

4 .2
3 .7

21 .4
24 .7

23.58
28.77

5.80

ATF-5 4 3.6YR
*3.1VR

3 .1
3 .2

3 .7
3 .7

27.5
26.9

16.80
41.40

5 .80

ATF-6 5 3.4YR
*2.8YR

3 .8
3 .4

4 .1
3 .2

23 .1
24.9

36.24
6 .00

6.00

ATF-7 6 3.1YR
*3.4YR

3 .4
4 .1

4 .5
3 .9

25 .1
23 .1

37.98
20.60

6.00

ATF-8 7 5.0VR
*2.9YR

3.0
3 .3

3 .2
3 .5

30 .0
26.0

47.06
3 .44

6.00

ATF-9 8 5.2YR
*3.8YR

3.5
3 .2

2 .9
3 .1

28 .1
27 .7

59.98
33.76

6.00

ATF-10 9 3.9YR
*1.7YR

3 .1
3 .0

3 .6
3 .5

28.3
26.0

55.72
21.60

5.90

ATF-11 10 5.3YR
*5.3YR

3 .7
3 .1

3 .5
4 .0

26.8
30 .7

59 .22
32.38

5.90

•^Bottom o f S teaks
H « Hue, V -  V alue, C = Chroma, I  = Index of fa d in g  
% MMb s  P e rcen t metm yoglobin
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A ppendix F .
v

D is c o lo ra t io n  Of Prepackaged Frozen Meat S to red  In  D arkness and Under 

56 F o o t-c a n d le s  o f  In can d escen t I l lu m in a t io n . C u ttin g  Tem perature 34°F. 

F re e z in g  Tem perature -20°F . S to rage  Tem perature 0°F . S tandard  7 .OR 4 .0 /8 .0 .  

M unsell R e n o ta tio n  R epresen ted  by H -  Hue, Y = V alue, C = Chroma and 

I  “ Index  o f  F ad in g .

Time o f  M unsell and 
Spec tro p h o  to m e tr i  c 

R eadings H Y C I
P e rc e n t

(MMb) pH

S tored In  D arkness
B efo re  F reez in g 0.7YR 4 .0 5 .7 1 5 .0 0 .91
A f te r  F re ez in g 0.1YR 4*4 4 .2 18 .8

2 days in  s to ra g e 0.9YR 4.7 3 .3 21 .4
6 days i n  s to ra g e 2.2YR 4 .5 2 .8 24.8
10 days i n  s to ra g e 3.0YR 4 .1 3 .0 22.8
35 days i n  s to ra g e 1.0YR 3 .7 3 .9 18.9 31.33 5 .90

S to red  Under 56 Foot--cand les o f  I l lu m in a tio n
B efo re  F re ez in g 9 .OR 4.0 5 .4 12 .2 0 .91
A f te r  F re e z in g 9.9R 4 .4 4 .1 18 .7

2 days i n  s to ra g e 9.3R 4 .4 2 .7 21 .1
6 days i n  s to ra g e 9.9R 5 .4 4 .3 24 .7
10 days i n  s to ra g e 2.6YR 4 .5 2 .0 25.8
35 days in  s to ra g e 4.0YR 3.5 3 .3 26.9 57.02 5.50

S to red  Under 56 Foot-•candles o f  I llu m in a tio n
B efore  F reez in g 9 .OR 3.4 5 .9 11 .7 0 .9 1
A f te r  F reez in g 9.6R 4 .4 5 .0 16.6

2 days in  s to ra g e 0.8YR 4 .0 3 .3 19 .4
6 days in  s to ra g e 3.6YR 3.9 2 .8 24.1
10 days in  s to ra g e 3.7YR 3.9 2 .1 25.0
35 days i n  s to ra g e e i r m 3 .1 2 .2 31 .4 52.48 5 .5 0
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A ppendix I .  D ata C o lle c te d  From Prepackaged Frozen  S teak s  S to red  In  D arkness 
and Under V arious Colored F i l t e r s ,  C u ttin g  Tem perature 34°F. 
F re e z in g  Tem perature -20°F . S to rag e  In  S e lf -S e rv ic e  Case*
S tan d ard  7 . OR 4 ,0 /8 .0 ,  M unsell R en o ta tio n  R epresen ted  by H -  Hue, 
V -  V alue, C = Chroma, and I  -  Index o f F ad in g . MMb = P e rc e n t 
M etmyoglobin,

Time o f  M unsell and 
S p ec tro p h o to m e trie  

R eadings H V C I % MMb pH

S to red  Under 56 F o o t-c a n d le s  o f  F lu o re sc e n t I l lu m in a tio n
B efo re  F re e z in g 0.5YR 4 .2 7 .4 8 .3
A f te r  F ree z in g 9.4R 4*8 5 .2 18.0

2 days i n  c a se 8.5R 4 .0 4 .3 13 .5
4 days i n  case 9.9R 4 .1 2 .4 20.3
6 days in  case 1 . SYR 4 .3 2 .5 23.2
8 days in  case 3.9YR 3.6 2 ,4 26 .1

10 days i n  case 4 .2  YR 4 .0 2 .6 27.7
14 days in  case 3.9YR 3.6 2 .4 26.1
21 dajrs in  case 4.3YR 4 .1 2 .4 24.7
28 days in  case 4.2YR 4 .0 2 .5 23.7
35 days in  case 3.1YR 4 .2 2 .1 23.8 59.40 4 .9

S to red  In D arkness
B efo re  F ree z in g 0.2YR 4 .0 7 .8 10 .2
A f te r  F re ez in g 7.1R 4 .3 6 .1 ff.7

2 days i n  case 7.9R 3.9 6 .4 7 .6
4 days in  case 7.6R 3 .9 6 .7 5 .1
6 days in  ca se 8 .OR 3 .9 5 .8 9 .4
8 days i n  case 9.1R 3.9 5 .8 11 .8

10 days in  case 9.8R 3 .8 5.2 15 .2
14 days i n  case 9.9R 3 .8 5 .2 1 5 .4
21 days in  case 0.6YR 3 .7 4 .5 18 .8
28 days in  case 1 . SYR 3.8 4 .0 20.9
35 days in  case 0.1YR 3 .8 4 .5 17.3 32.52 5 .0

S to red Under P u rp le  F i l t e r
B efore  F ree z in g 0.2YR 4 .0 7 .8 5 .4
A f te r  F re ez in g 7.5R 4 .2 5 .7 9 .2
2 days in  ca se 7.8R 4 ,0 6 .1 7 .6
4 days in  case 8 . OR 3.8 5 .9 9 .9
6 days in  case 8.7R 3.6 6 .1 12.2
8 days in  case 8.6R 3.7 5 .2 13 .4
10 days in  ca se 9.8R 3 .3 5 .2 18 .2
14 days in  case 9.7R 3.5 4 .2 18 .7
21 days in  case 2.0YR 3 .4 3 .9 23.8
28 days in  case 2.3YR 3 ,5 3 .5 23 .9
35 days in  case 1.9YR 3.6 3 .4 23.8 38.49 5 .6
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Appendix I .  (co n tin u ed )

Time o f  M unsell and 
S p ec tro p h o to m e tric  

R eadings H V C I % MMb pH

S to red  Under B lue ]F i l t e r
B efo re  F ree z in g 2.0YR 4 .0 7 .7 10.5
A f te r  F re e z in g 7 .1 2 4 .5 5 .1 11 .9

2 days i n  case 7.4R 4 .4 5 .2 11 .6
4 d ays in  case 7.9R 4 .2 5 .0 12 .0
6 days i n  c a se 6.8R 4 .1 4 .2 12 .3
8 days i n  case 0.1YR 4 .3 3 .3 19.6

10 days in  case 0.3YR 4 .0 3 .9 17 .6
14 days in  case 0.8YR 3 .9 3 .8 18 .5
21 days i n  case 0.7YR 4 .0 2 .6 19 .9
28 days i n  case 2.4YR 3 .2 2 .1 26.8
35 days in  case 1.6YR 4 .3 2 .5 22.9 46.56 6 .1

S to red  Under Green F ille r
B efo re  F re e z in g 9.9R 4 .1 7 .5 10 .8
A f te r  F reez in g 8.5R 4 .2 5 .8 1 1 .4

2 days in  case 7.6R 4 .1 5 .8 8 .5
4 days i n  case 9.2R 3 .8 6 .1 12.2
6 days i n  case 8.4R 3*7 5 .6 12 .1
8 days in  ca se 8.6R 3 .7 5 .4 15.5

10 days in  case 9.4R 3 .5 5 .0 16 .8
14 days in  case 0.3YR 3 .7 4 .8 1 7 .4
21 days in  case 2.2YR 3.6 4 .5 22.3
28 days in  ca se 1.2YR 3 .7 3 .7 20.6
35 days in  case 0.9YR 3.7 3.9 20.3 38.04 5 .6

S to red  Under Yellow F i l t e r
B efore  F re e z in g 9.9R 4 .4 7 .0 13 .5
A f te r  F ree z in g 7.6R 4 .1 6 .0 8 .0

2 days in  ca se 8 . 2R 3.9 5 .5 1 0 .7
4 days in  case 9.2R 3 .8 4 .0 1 6 .7
6 days in  case 1.8YR 3 .8 3 .2 2 1 .4
8 days i n  case 0.7YR 3 .5 2 .8 21.8

10 days i n  ca se 2.7YR 3 .7 3 .1 24 .2
14 days in  ca se 4.6YR 3.5 3 .3 26.8
21 days i n  case 4.9YR 3 .4 3 .0 27 .2
28 days i n  ca se 3.0YR 3 .6 2 .5 24.6
35 days in  ca se 3 . SYR 3.9 3 .7 23.6 53.71 5 .6
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A ppendix I* (co n tin u ed )

Time o f  M unsell and 
S p e c tro p h o to m e tr ic  

R eadings H V C I % MMb pH

S to red Under Orange F i l t e r
B efo re  F re e z in g 0.2YR 4 .0 7 .8 10 .2
A f te r  F re e z in g 8 .OR 4 .1 6 .9 6 .7

2 days i n  case 8.3R 3 .7 6 .2 10 .2
4 days in  ca se 0.6YR 3 .7 4 .0 19.6
6 days i n  case 9.8R 3 .8 3 .4 17 .5
8 days i n  case 0.7YR 3.5 3 .2 21.8

10 days in  case 3.0YR 3 .4 3 .1 25.5
14 days in  case 2.3YR 3 .4 3 .8 21 .8
21 days in  case 1.5YR 3 .5 3 .6 22.5
28 days in  case 2.0YR 3 .5 2 .8 24.6
35 days in  ca se 3.2YR 3 .8 2 .5 23.9 60.26 5 .1

S to red  Under Red F i l t e r
B efore  F ree z in g 9.9R 4 .4 7 .0 13.5
A f te r  F re e z in g 6.6R 4 .0 5 .7 5 .5

2 days i n  case 8.3R 3 .7 6 .1 10.6
4 days i n  case 8.4R 3 .7 5 .6 12 .0
6 days i n  case 9.3R 3 .5 5 .0 16.6
8 days i n  case 8.6R 3 .8 4 .9 13 .7

10 days i n  case 9.6R 3 .4 4 .1 18 .2
14 days in  case 0.3YR 3 .8 4 .3 17 .6
21 days i n  case 1.4YR 3.3 3 .2 23.9
28 days i n  case 1.3YR 3 .3 3 .2 23 .8
35 days i n  case 2.6YR 3 .7 3 .0 1 9 .9 45.59 6 .0
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Appendix J . D ata C o lle c te d  From Prepackaged F rozen  S teaks S to red  In  D arkness 
and Under V arious Colored F i l t e r s  a t  th e  Same L ig h t I n te n s i t y .  
C u ttin g  Tem perature 34°F. F reez in g  Tem perature -20°F . S to rag e  
In  S e lf -S e rv ic e  C ase. S tandard  7 . OR 4 .0 /8 .0 .  M unsell R e n o ta tio n  
R epresen ted  by H = Hue, V = V alue, C = Chroma, and I  = Index  
o f  F ad in g .

Time o f  M unsell and 
S p ec tro p h o to m e tr ic

R eadings H V C I % MMb

S to re d  Under 2-3  F oot-■candles o f F lu o re sc e n t I l lu m in a tio n
B efo re  F re e z in g 0.4YR 4 .1 6 .0 14 .8 0 .9 1

2 days i n  case 9.6R 4 .4 4 .4 17 .9
7 days i n  case 1.2YR 4 .9 4 .5 23.5

17 days i n  case 1.9YR 4 .7 3 .8 23.6
24 days in  case 2.6YR 4 .8 3 .8 25 .2
31 days in  case 3.6YR 4 .8 3 .2 27 .1
35 days i n  case 4.9YR 4 .4 4 .0 27.0 25.33

£H

5.38

S to red  In  D arkness
B efo re  F re e z in g 0.4YR 4 .2 5 .9 15.6

2 days in  case 0.4VR 4.9 4 .8 21.8
7 days in  case 7.6R 4 .9 4 .1 18 .1

17 days i n  case 1.4YR 4 .2 2 .8 22 .1
24 days i n  case 3.0YR 4 .4 2 .5 24.9
31 days i n  case 3.9YR 4 .4 2 .3 24 .0
35 days i n  case 2.9YR 4 .7 3.7 25 .4

B efo re  F re e z in g  
2 days in  case  
7 days in  case  

17 days i n  case  
24 days in  case  
31 days i n  case  
35 days in  ca se

B efore  F re e z in g  
2 days in  case  
7 days i n  case  

17 days in  case  
24 days in  case  
31 days in  case  
35 days in  case

S to red  Under Orange F i l t e r
9.8R
8.5R
1.0YR
2.6YR
6.7YR
5.7YR
5.6YR

4 .4
4 .8
5 .0
4 .9  
5 .2
5 .1
4 .5

5 .4
4 .5
4 .2  
3 .7
3 .2  
3 .0  
3 .4

16 .4
18.0
23.8  
26 .1  
33 .2  
32.0
28.8

S to red  Under Red F i l t e r
9.3R 4 .2 5 .6 13 .5
8.6R 4 .8 4 .7 17*6
1.2YR 4 .8 4 .8 22.8
2.3YR 5 .1 3.3 28.1
2.9YR 5 .0 3.4 28.1
3.2YR 5 .1 3 .2 28 .4
2.7YR 4 .8 3 .7 25 .7

0*91

14.21

0.91

5.50

21 .86

0 .9 1

5.00

25 .2 5 .00
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Appendix J .  (co n tin u ed )

Time o f  M unsell and 
Sp e c t r o  pho tome t r  ic  

R eadings H V C I % MMb PH

StoredI Under Green F i l t  e r
B efo re  F re e z in g 9.3R 4 .2 5 .6 13 .5 0 .9 1

2 days i n  case 9.9R 5 .1 5 .1 2 1 .1
7 days i n  case 1.2YR 4 .9 4 .5 23.5

17 days i n  case 1.8YR 4 .6 3 .9 23.6
24 days i n  case 4.4YR 4 .7 4 .1 28.5
31 days in  case 3.9YR 5 .0 3 .4 29.5

5 .2 035 days i n  case 3.2YR 4 .4 4 .0 24.3 14.6
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A ppendix K. D ata C o lle c te d  From Prepackaged Frozen  S teaks S to red  In  D arkness 
and Under V arious Colored F lu o re sc e n t Lamps, E m ittin g  20 F o o t-  
c a n d le s  o f  I l lu m in a tio n . C u ttin g  Tem perature 34°F. F reez in g  
Tem perature -2 0 °F . S to rag e  In  0°F F re e z e r . S tandard  7 . OR 
4 .0 /8 .0 .  M unsell P .eno ta tion  R epresen ted  by H = Hue, V -  V alue,
C *= Chroma, and I  = Index o f  F ad ing . MMb -  P e rc e n t Metuyo g lo b in .

Time o f  M unsell and 
Spec tro p h o  to m e tr ic  

R eadings H V C I % MMb pH

0 days
S to red  In  

9.2R 4 .8
D arkness

4 .9 18.5 1 .21 5 .7
7 days 10.R 4 .0 5 .2 1 4 .4 5.19 5 .6

14 days 0.6YR 3.6 4 .9 18 .9 12.34 5 .4
21 days 1.4YR 4 .1 4 .9 18 .7 31.74 5 .5
28 days 1.4YR 3 .8 4 .3 20.2 26.49 5 .6

0 days
S to red  Under 

9.5R
White
4 .9

F lu o re sc e n t Lamp 
4 .5  20 .5 1 .21 5 .6

7 days 3.0YR 3.6 3 .7 24.9 28.50 5 .8
14 days 2.3YR 4 .2 2.5 23.0 47.69 6 .0
21 days 5.9YR 3.8 2.9 27 .2 46.54 6 .0
28 days 4.6YR 3.9 2 .7 24 .7 50.00 6 .2

0 days
S to red  Under 

9.8R
Green
4 .7

F lu o re sc e n t Lamp 
5 .0  18 .8 1 .2 1 5 .6

1 days 3.6YR 3.9 3 .7 23.3 8.56 5 .7
14 days 3.5YR 3 .7 3 .2 25.3 34.56 5 .6
21 days 4.3YR 4 .1 2 .9 25.3 38.24 5 .8
28 days 3.9YR 4 .0 2 .7 22.8 46.14 5 .6

0 days
S to red  Under 

9.2R
Yellow F lu o re sc e n t Lamp 
4 .8  4 .9  18 .7 1 .2 1 5 .6

7 days 1.4YR 4 .0 4 .0 19.0 18.62 5 .9
14 days 3.1YR 3 .7 2 .9 23.8 46 .62 6 .0
21 days 7.5YR 3 .5 2.9 30.9 50.07 6 .2
28 days 5.2YR 3 .8 2 .4 26.2 61.37 6 .1

0 days
S to re d  Under 

9.4R
Red F lu o re sc e n t 
4 .8  4 .6

Lamp
19.3 1 .21 5 .4

7 days 1.8YR 4 .2 4 .1 20.6 14.32 5 .6
14 days 2 . SYR 3.8 3 .7 22.9 40.88 5 .8
21 days 3 . SYR 3 .8 4 .0 23.6 38.72 5 .7
28 days 2.4YR 4 .0 3 .3 21 .7 38.59 5 .6
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