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R e f lect ance spect r a  and co lo u r o f  bee f  packed in  d if f e r e n t  
conc ent r a t i o ns o f  o r /^ e n ,

D.B. MacDougall (Heat R esearch I n s t i t u t e ,  B r i s to l ,  U .K .)

IHTRODU C'TION

The a t t r a c t i v e  re d  co lo u r o f f r e s h  meat i s  produced by th e  oxygenation  
o f th e  p u rp le  haem, pigment myoglobin to  oxymyoglcbin, bu t con tinued  exposure 
r e s u l t s  in  i t s  o x id a tio n  to  brown netm yoglobin . The r a te  of o x id a tio n  i s  
maximal a t  low m a r t ia l  p re s su re s  o f  oxygen (George and S tratm ann*) and f o r  
meat packed in  th e  p resen ce  of oxygen th e re  a re  e f f e c t iv e ly  two s e p a ra te  
o x id a tio n  zones, one a t  th e  boundary n e a r th e  l im i t  o f oxygen -pen e tra tio n  
where th e  low p a r t i a l  p re ssu re  r a p id ly  forms metmyoglobin d isp la y in g  th e  
ty p ic a l  brow n-green su b su rface  band when c u t, (B rocks2 ) and th e  o th e r ,  w ith in  
th e  su rfa ce  la y e r  in  which th e  p a r t i a l  p re ssu re  i s  h ig h  and th e  r a t e  o f 
o x id a tio n  c o n s id e ra b ly  s low er. For n e a t packed in  a i r  where th e  su rfa ce  
oxymyoglobin la y e r  i s  r e l a t i v e l y  th in ,  o x id a tio n  p roceeds by th e  su b su rface  
brown la y e r  expanding upwards and d i lu t in g  th e  su rfa c e  red  la y e r  u n t i l  i t  i s  
d isp la c e d  and u n s ig h t ly  brown a re a s  develop  (llacB ougall and R hodes^). Recent 
l i t e r a t u r e ,  f o r  example G eorgala and Davidson4 , has in d ic a te d  th a t  th e  s h e lf  
l i f e  o f fresh  meat can be extended i f  i t  i s  packed in  th e  p resence  o f h igh  
c o n c e n tra tio n s  o f  oxygen to  p re se rv e  red n ess  and in  th e  -presence o f carbon 
d io x id e  to  r e ta r d  m ic ro b io lo g ic a l sp o ila g e . The r e la t io n s h ip s  o f  gaseous 
environm ent to  appearance a re  more f u l l y  d iscu ssed  in  th e  p a re r  by Taylor-5 
in  t h i s  symposium.

V isu a l a c c e p ta b i l i ty  l im i t s  o f  f r e s h  b eef co lo u r in  o b je c t iv e  term s have 
appeared  from tim e to  tim e  in  th e  l i t e r a t u r e  and a re  i l l u s t r a t e d  a f t e r  
tra n s fo rm a tio n  fro g  t h e i r  o r ig in a l  co lo u r system s to  th e  „uniform  co lo u r spacing 
o f th e  1364 C ,.i ,k .°  and Hunsell* system s in  F ig . 14> V °*

liSiJLs. „  uniform  c o lo u r diagram  showing Hun s e l l  hues 1 0 R?
.Qfo i  J t o p l e )  to  10 YR (bellow  RedJ,_ chroma 2 to  8, and*V ublished " lim its  o f  
a c c e p ta b i l i t y  of  f r e sh b e e f c o lo u r.' "" *” ” ” ' ' " “
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: e r t  o t a i f )'•'Ihidosir.-bie-’ , v->- 

;k .e c irq ;: le ;i , VÜ7—r t  e t  a l°  >
■unacceptable", y.eorga.ln and -¿aviasen^ j 
^Definite Browuaess", Víkcboúgmll and -diodes-^).

i’he o b je c ts  of t>JLs p re s e n t s tu d y  were to  a s c e r ta in  th e  a c c e p ta b i l i ty  
l i i i t s  of th e  v a r io u s  c o lo u rs  o f  f r e s h  n e a t in  o b je c t iv e  t e r n s  when packed 
in  d i f f e r e n t  c o n c e n tra tio n s  o f oxygen, and to  d e term ine  th e  e f f e c t s  of oxygen, 
c o n c e n tra tio n  on the  r e f le c ta n c e  s p e c tr a  and developm ent of u e tay o g lo b in .

hivb .2.73 -hCC„

monills old were urchase d 1
mom t was held 1Oj duri ng

*xl'.gariauibLi.- Gi:SCnlor sli
pac.he a into c.an s in such a •
mix C aim* *3 in tho he ¿..Cm-space.
the lid., mixt ure s c:f eit her
SO, °2 + 20,- if Go or 1ÜC ■ c
sealed writh sclde ■Jhe
slices wore aIso pa che a ill 1

me

¿‘o nn taac.c ana mm m  aiam eser r e r e  
th a t  th e  e n t i r e  su rfi.ce  was exposed to  th e  gi 

cans were s e a le d , a sm all h o le  munched in to

expanded p o ly s ty re n e  t r a y s  f o r  exposure to  a i r  and 
overw rspped w ith  a  com m ercial c l e a r  oxygen perm eable f i lm  w ith  a  p e rm e a b ility  
o f >5000 ml m--w n~ 24 h r“ -* atia„ .•* Hie sam ples were s to re d  a t  0 ¿  0 .5°v  ..oh 

5 ;h 0,5°C and th e  canned Samples examined n i to r  1, 4 and 14 days store. o. 
the wrapped sam ples vrere examined a f t e r  1 and 4 days s to ra g e  and th en  d a ily  
u n t i l  beyond v is u a l  accep tan ce .

jJxnerinen t 2 . C irc u la r  s l i c e s ,  50 nm th ic k  and 55 m  in  d iam eter were packed 
in to  cans to  g ive headspace gas volume to  meat volume 'ra t io s  of . 0 .5 , 1.5 and 
2 .7 . Hie gun . ix tu r e s  used were 40,. Om 20,. CO? 40,- 17-, ¿0,. Op + 20;-.' CO, + 20.' 
and 80,- Op 20,. COp and th e  sam ples s to re d  a t  0 v. 0 .5  °G. Cans were 
exai.rn.ned a f t e r  1, 2, 5, 0 and 12 d ay s . d l ic e s  wrapped in  f i lm  f o r  exposure 
to  a i r  were a ls o  s to re d  a t  0 ±  0 .5°0  and examine! d a ily  f o r  5 days.

he. dsnqce a s . m ualysis  of th e  breads pace gas was c a r r ie d  out on a  w ish er 
Ch.s r a r t i t io n - a r .

men renes - 4on. f o r  meat packed in  c a n s , the  depth  of oxy.en p o n e tr ..t ie r  
was determ ined im m ediately  upon rem oval from  uhe can by c u t t in g  th rough  the 
s l i c e  and m easuring the th ic k n e s s  of th e  oxy iyog lob in  + m etryog lob in  la y e r  
w ith  a m agnifying g la s s  w ith  an in te g r a l  0.1 mu s c a le .  f o r  meat wrapped n d  
exposed to  a i r ,  th e  d ep th  was measured by a  method based  on th a t  d ev ised  by 
b ro o k s.¿ kocit w ith  one edge covered by th e  f i lm  was p re sse d  between two 
le rs p e x  p l a t e s ,  s to re d  w ith  th e  packages, and th e  th ic k n e s s  of the  la y e r  
a.e ..: th rough  th.o r l a t e s .

Ob je c t iv e  co lour  measurem ent. - .s f le c ta n c e  spec tra , vrere measured between 
400 and 700 n :  u sing  an O ptica Gw4Dh double beam re c o rd in g  sweetronhotometev
w ith  in te g r nron snnere , p e c u la r  l i g h t  tram  and barium  s u lrh a te
re fe re n c e , -he t r i s t i r r u ln s  v a lu es  were de term ined  f o r  sou rce  0 and the 
•C .I.J . uniform  c k ro n a tic n e s s  and l ig h tn e s s  c o -o rd in a te s  u*, 7* and 
were c a lc u la te  clJ .

s u b e  c t  iv e  c : lo u r  as a o a e n e n t . ach sample a t  th e  tim e of o b je c tiv e
; asure  mens a a v_m;....  j a .cea anuo ene oa .nee v e r” n .c s iv e -

¿2 1 , :sr..curve enea .. so mane. >e—; m u e  a a m neem  t a b l e -  anule
—is a l lo c a t io n  of a sample to  a- p a r t i c u la r  g rade a t  tim e o f exam ination  

s c o n f in e d  l a t e r  by s u b je c t iv e  judgement of p ro je c te d  pho tog raph ic  
tr ..n ,sn areu c io s  ta k en  under s ta n d a rd iz e d  c o n d it io n s .
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I myoglobin p lu s  r e s id u a l  haem oglobin was d e te rn in e d  by 
tue tecnnique oi ..ie rD icx i e t  a l ° .  The pit of th e  t i s s u e  e x tr a c t  was 
re c o rd ed , i'ne r e l a t i v e  p ro p o rtio n s  of m yoglobin, oxymyoglobin and 
me to y o g lo b in  were a sse sse d  i r o n  th e  r e f le c ta n c e  spectrum  by th e  i / j  r a t i o s  
a t  474/515 nm and 571/525 nm as d e sc r ib e d  by h te w a r t, h ip s e r  ana b a t t s 10, and 
Snyder and .o rn stro n g ' ‘ .

iUSuLxo

and Hie c o n c e n tra tio n s  of myoglobin -i- r e s id u a l  
jin':—o^lo-'j.n , dece—lined  on eo.cn sam ple, were s im i la r  i  o r both expei’im e n ts ; 
th e  mean ±  s ta n d a rd  d e v ia t io n  f o r  experim ent 1 was 0.51 + 0.05,- and fo r  
experim ent 2 was 0 . x>2 + 0.08, . The pH of th e  n e a t in  both  experim ents "was 5*5*

fi.s.?As^genu- .of. c o lo u r. L i t t l e  d i f f i c u l t y  was ex p erien ced  in  g iv in g  
sam ples a d e f in i t e  v is u a l  g rad e , a  few were d i f f i c u l t  to  c l a s s i f y  bu t a f t e r "  
th e  co lo u r space f o r  each group was e s ta b l is h e d , i t  was found th a t  th o se  few, 
o b je c t iv e ly  as  w e ll as s u b je c t iv e ly ,  la y  on th e  b o rd e r - l in e  between groups 
ci/iCi would th e re fo re  oe expected so produce d isag reem ent among o b se rv e rs .

■Si-1 i-ldi-L.-ILlJblota.nce s p e c t r a . The r e í  ie c to n c e  s p e c tr a  f o r  meat packed in  
oxygen concen tr a ï i ons g re a te r  th a n  a i r  in  experim ent 1 were a l lo c a te d  to  
g rades 1, 2 o r 5 , any b o rd e r lin e  case  being  r e je c te d ,  The s p e c tra  were then  
superim posed upon one an o th e r and tn e  range in  r e f l e c t i v i t y  p lo t te d  ( :'i-';' . 2 '). 
xhe minimum number of s p e c tra  used  f o r  each grade was 6 . In  grade 1 , the  
most a t t r a c t i v e  of a l l ,  the  range was g re a te s t  betw een 600 and 700 nm (14.;.. a t  
650 nn) and much l e s s  a t  w avelengths <500 nm \2,. a t  500 nm). The chcr.-es in  
th e  s p e c tra  from  g rad es  1 to  5 were caused by th e  p ro g re ss iv e  fo rm a tio n  " 
oi metmyoglobin as evidenced by th e  c h a r a c te r i s t i c  in c re a se  in  absorbance 
(d ecrease  in  r e f le c ta n c e )  a t  630 nm and o v e ra l l  lo s s  of red  r e f l e c t i o n ,  ihe 
mean r e f le e  « iv i c ie s  a t  bpO nm were 34» 2o and 20,- r e s p e c t iv e ly  f o r  grades 
1 , 2 and 3 and th e  mean c o n c e n tra tio n s  of metmyoglobin c a lc u la te d  from  the  
ro .L lcc tu iice^spec tra  were ¡3, 23 and 60,-. At h ig h  c o n c e n tra tio n s  of oxygen,
o.«iaaoion o± oxymyogloban to  metmyoglobin occu rred  un ifo rm ly  or n e a r ly  
u n ifo rm ly  th roughou t th e  oxygenated la y e r ,  ih e  metmyoglobin band, i f " p r e s e n t ,  
vías f a r  enougn removed from the  su rfa c e  t c  be of l i t t l e  consequence in  th e  
r a t e  of co lo u r d e te r io r a t io n ,  w ith  th e  d e f in i te  e x ce p tio n  of 40,. oxygen a t  5°6

ih e  sam ples wrapped in  f i lm  and s to re d  in  a i r  were a l lo c a te d  to  the  
th r e e  g rades and th e  re f le c ta n c e  s p e c tr a  p lo t te d  ( f i g .  2 ) .  ihe  minimum 
number o j . s p e c tra  used  f o r  eacn grade 'was 8 .  ih e  p resence  of th e  f i lm  
in c re a se d  th e  r e f l e c t i v i t y  by 1 to  2,. i n  the  S o re t re g io n  (400 to  440 nm) 
b u t t h i s  in c re a s e  made only a minor c o n tr ib u t io n  to  th e  d if f e r e n c e s  in  the  
co lo u r between h ig h  oxygen c o n c e n tra tio n s  and a i r  when compared w ith  the  
g-lj-gcgs on the c o lo u r produced by tn e  s u b s ta n t ia l ly  low er r e f l e c t i v i t y  between 
600 and 700 nm. ih e  ty p ic a l  s p e c tra  in  grade 1 were chosen from  in d iv id u a l  
s p e c tra  reco rd ed  w ith in  th e  f i r s t  2 days of s to ra g e .  At 0°C and h ig h  oxygen 
c o n c e n tra tio n s , 1 or example 80,-, th e  20 ran th ic k  s l i c e  was com pletely  
oxygenated th ro u g h o u t i t s  th ic k n e ss  and m yoglobin was e lim in a te d  as  a 
c o n tr ib u to r  to  the  spectrum . However, f o r  meat packed in  a i r ,  the  
oxymyoglobin su rfa c e  la y e r  was on ly  2.0  to  2.5  mm th ic k  and the  su b su rface  . ,,r 
la g e r  o± myoglobin w ith  i t s  a lre a d y  form ing boundary of metmyoglobin considers^ 
reduced  the  r e f l e c t i v i t y  a t  >600 nm; a t  650 nm th e  re d u c tio n  in  r e f l e c t i v i t y  
from  the  f u l l y  oxygenated s p e c tra  was approx im ate ly  12g . The p a t te r n  ox 
o x id a tio n  from g rad es  1 to  3 f o r  meat in  a i r  was by d i lu t io n  and ra p id  
d isp lacem ent of tne  upper oxymyoglobin la y e r  by th e  su b su rface  metmyoglobin 
la y e r .  The r e f l e c t i v i t y  a t  65O nm f o r  g rades 1 to  3 were 25, 19 and 13g 
r e s p e c t iv e ly  and th e  metmyoglobin c o n c e n tra tio n s  were 17, 37 and 7 1 ,- 
Lyoglobin  was no t d e te c te d  in  e i t h e r  of the  mean s p e c tr a  from group 1 by 
th e  h /S  r a t i o  te c h n iq u e 10» H a lth o u g h  the  d i f f e r e n c e s > 600 nm would in d ic a te  
i t s  p o s s ib le  p resence  in  the  sam ples packed in  a i r .
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P ig . 2 . 'iV. ic 1 jr.e.riectance 
.it., 2 and 3) of neat sav v ies  
(40 ~ 10Q;-/and in air.

sppctra shoring range for each group 
jxicied in high concentrations ox oxygen

H I G H  O X Y G E N  C O N C E N T R A T I O N S . O X Y G E N  P E R M E A B L E  FILM IN AIR.

400 500 600
"h nm

700 400 500 600 700
^nm

group 1 -  Very a t t r a c t i v e
group 2 -  A t t r a c t iv e  enough to  purchase
group 3 -  U nacceptable
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A
U n ifo m  co lo u r sps.ce. The mean l ig h tn e s s  and c o lo u r c o -o rd in a te s  f o r  uhe 
ty p ic a l  s p e c tra  a re  shorn  in  P ig .3 fo r  h ig h  oxygen c o n c e n tra tio n s  and P ig .4 
f o r  meat exposed to  a i r .  The l im i t s  in  each group a re  based  on th e  
s u b je c tiv e  .judgement o f a l l  samples examined in  th e  two experim en ts.

1964 C .I .E . uniform  c o lo u r  diagram  of ty p ic a l  spec t r a  and s u b je c tiv e  
l i m its fo r  g y o u P3. 1 2 arid 3 f o r  'root cached in  h i gh cone ent r a t  io n s of' "
oxygen (*40-100 Two lls^^jy^/.btjie^ss^VjTlpie^s / r e  given in  p a re n th e s is .

___  1 :■ 1,/ C .T .P. u n i f orm c o lour diag ram  of ty p ic a l  s r e c t r a  and
su b jec t i v e  l im i t s  f o r  groups 1 , _2 and 3 f o r  meat packed in  a i r .  
l ig h tn e s s  v a lu e s  a re  r iv e n  in  par e n th e s i s .

ne mean

G 7 4



G-rade 1 sam ples packed in  h ig h  oxygen c o n c e n tra tio n s  had alm ost th e  
s a re  hue as  th o se  exposed to  a i r ,  but vrere much more s a tu r a te d .  The s iz e  
o f th e  s a tu r a t io n  d if f e r e n c e  was a p p ro x im a te ly .2 1u n s e l l  chroma s te p s  o r  
10 C .I .3 .  u n i t s  c f  co lo u r d i f f e r e n c e s ,  e q u iv a le n t to  about 1 0 / of th e  v is u a l  
d is ta n c e  from b la ck  t o  w h ite . G-rade 2 m a te r ia l  from  h igh  oxygen c o n c e n tra tio n s  
was a lso  more s a tu r a te d  th a n  e i th e r  grade 1 o r  2 packed in  a i r ,  and i t s  hue was 
l e s s  re d  by about 2 F u n se li  hue s te p s . In  a d d itio n  to  th e  d if f e r e n c e s  in  
s a tu r a t io n  and.hue between groups 1 and 2 f o r  bo th  s e ts  o f  m a te r ia l  meat which 
was packed in  h igh  oxygen c o n c e n tra tio n s  was a lso  o b je c t iv e ly  l i g h t e r  by 
app ro x im ate ly  1 .5  U n its  c f  uniform  l ig h tn e s s  . which was caused e n t i r e ly  by 
th e  in c re a se d  re d  r e f l e c t i o n  from th e  th ic k e r  oxygenated la y e r .

Ef f e c t  o f  s to r age c o n d itio n  on c o lo u r  change. The r a te s  o f  change in  oxygen 
p re s su re  w ith in  th e  cans a re  re p o r te d  by T ay lo r5 in  t h i s  symposium. In  no 
case  d id  th e  oxygen p re s su re  drop below 0.25 atm s. The e f f e c t s  o f  th e  
com  os i t  ion  c f  th e  gases an th e  h ead srace  on th e  growth o f b a c te r -5 a a re  reno-"t-''-d 
by K i tc h e l l12.

A ll  samples d u rin g  th e  f i r s t  two clays o f  s to ra g e  e i th e r  a t  0°C o r 5°C and 
i r r e s p e c t iv e  o f  oxygen c o n c e n tra tio n  were grade 1. By 5 days a t  0°C, a l l  th e
canned so:..pies oetween 5-0 to  100; oxygen were e i th e r  grade 1 o r 2, bu t th e  n ea t 
wrapped in  f i lm  was grade 3. A f te r  8 days a t  Cc0, o n ly  oxygen c o n c e n tra tio n s

o r more were grade 2, and by 12 days, a l l  were d e f in i t e ly  grade 3 orof e
n ear i t s  boundary. In c re a s in g  th e  tem p era tu re  from  0° to  5°C m arkedly a f f e c t  e; 
th e  r a te  o f  c o lo u r  d e te r io r a t io n ,  f o r  example in  a i r  and a t  40fS Oo th e re  was a 
grade change from  1 to  2 a f t e r  1 .day, end a t  8 0 / Op th e r e  was a grade change 
from 1 to  2 a f t e r  4 d ay s .

P i sous s i o r

Lcl in
F resh  meat i s  t r a n s lu c e n t .  I t s  r e f le c ta n c e  snectrum  i s  c o n tro l le d  bv th e  

r e l a t i v e  q u a n t i t ie s  o f th e  l i g h t  ab so rb in g  pigments^ m yoglobin, 
and netmyoglc. in  and th e  l i g h t  s c a t te r in g  n r o v e rt ie s
th e  m yofilam ents and co n n ec tiv e  t i s s u e  -p ro teins e tc ,  ____ _________
hy th e  f i r s t  h mm o f  t i s s u e  s in c e  a b so rp tio n  and s c a t t e r  benea th  t h i s  do no«, 
c o n tr ib u te  t c  th e  r e f le c ta n c e  spec trum 5 5 . In  th e  case o f meat packed in  a i r  
w it am  a few/ days o f  s la u g h te r--', th e  th ic k n e s s  o f th e  su rfa ce  oxvmvo --lobin l r ~ e r

o f s t r u c tu r a l  components, 
F ea t co lo u r i s  determ ined

i t  aces no t obscure th e  su b su rface  la y e r  whichi s  much l e s s  th an  3 nx an
c o n ta in s  m yoglobin a n d /o r  netm yoglobin . D iffe re n c es  in  pigment a b so rp tio n  
between tn e  la y e r s  nave a la rg e  e f f e c t  on th e  r e f le c ta n c e  spectrum , e s n e c ia l lv  
a t  > cCOnm where oxymyoglobin is  l e s s  ab so rb in g  th an  e i t h e r  myoglobin o r 
Eci..v o y o L in  w o.,en -/0 ..n th e  case  of meat pacxed in  h iga  c o n c e n tra tio n s  os‘
oxygen, th e  su rfa c e  la y e r  o f oxymyoglobin ex tends beyond 8 mm end th e re fo re  i t s  
spectrum  i s  more h ig h ly  red  r e f l e c t i n g  and th e  co lo u r i s  v is u a l ly  more 
s a tu r a te d  ( b r ig h te r ) .  During s to ra g e  a t  h igh oxygen c o n c e n tra tio n s , o x id a tio n  
o f th e  th ic k  oxygenated l a y e r  to  netm yoglobin proceeds un ifo rm ly  th ro u g h o u t th e  
la y e r  and th e  h igh  le v e l  o f co lo u r s a tu r a t io n  p e r s i s t s  f o r  lo n g e r th a n " th a t 
o f  meat packed in  a i r  where th e  su b su rface  band o f m etm yorlobin r a r i d l y  low ers 
th e  s a tu r a t io n  l e v e l  as i t  approaches and d is p la c e s  th e  oxymyoglobin s u rfa c e .

The d i r e c t io n  01- co lo u r change d u rin g  o x id a tio n  i s  e s s e n t ia l ly  w ars' l e i
t c  th e  U* a x is  o f th e  1965 ¿ . I .F .  d iagram . A d ec rea se  in  U* a t  a "c o n s tan t
v a lu e  o f V* i s  e q u iv a le n t to  b o th  a lo s s  in  s a tu r a t io n  and a change in  hue
tow ards ye llow . ' '. . . .  . ----

th a t  i s  lin o ;
1 and 2 in  FI 
and 2 and 1.

For meat racked  in  a i r ,  ( F ig .4) th e  a c c e p ta b i l i ty  l im i t s
e t  a l 'observed  in  t h i s  s tu d y  confirm  th e  l im i t s  found bg U-i -m e:

1 a re  a in c s t  i d e n t i c a l  to  th e  b o undaries  between g ro u p s '5 an
The l im i t s  o f  s a tu r a t io n  and hue r r c v io u s l su n re s te d  bv

the-.ac .cu  .a l l  ana Knoc.es-' f o r  tn e  s t a r t  o f  c ie f in ite  brew nness meet on tow- o: 
ty p ic a l  c o lo u r  o f group 2, cq t.a l to  a  c a lc u la te d  c o n c e n tra tio n  o f  57 / 
n e tn y cg lo b in . The u n accep tab le  l im i t  o f  34 ' p u r i ty  (G eorgala and Davidson4 ) 
7? x-j—caix e  on ly  fcc tn e  hign oxygen s i t u a t io n  ( F ig .3 ) s in ce  red  a c c e p ta b le  
a i r  packed meat was o f te n  l e s s  th a n  3 4 i n  p u r i ty .  The d if f e r e n c e s  in  th e  
p o s i t io n s  of th e  a c c e p ta b i l i ty  l im i t s  between F ig s .3 and 4 i l l u s t r a t e  th e
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h
v is u a l ly  com pensating e f f e c t  or s a tu r a t io n  noon hue. In  Fig.4 th e  boundaries 
a re  re d d e r in  hue bu t l e s s  s a tu r a te d  th an  th e  same accep tance boundaries’ in  
ru g . 3 where th e  in c re a se d  s a tu r a t io n  com pensates f o r  th e  d i s t i n c t  hue change 
tow ards ye llo w  f o r  g rade 2.

m e  ex ten s io n  o f the  s to ra g e  l i f e  o f f r e s h  meat by h igh  c o n c e n tra tio n s  
o f oxygen to  p re se rv e  acc e p tab le  co lo u r in  th e  p resence  o f carbon d io x id e  t o  
r e ta r d  th e  growth o f  b a c te r ia  would appear from  t h i s  in v e s t ig a t io n  to 'b e  o f ’ 
co n s id e ra b le  value  p rov ided  e f f i c i e n t  tem p era tu re  c o n tro l  was m ain ta ined  u p  to  
t"“ '* a1-'-r;m £ • Jucn tech n iq u es  i f  brought in to  commercial p r a c t ic e
would re q u ire  stringent q u a l i ty  c o n tro l  a t  p o in t o f d is p la y , f o r  a lth o u g h  
packs o f meat s to re d  f o r  some tim e a t  h igh  oxygen c o n c e n tra tio n s  n m V b e  
a cc e p tab le  in  th e  grade 2 co n d itio n  i f  d isp la y ed  on t h e i r  own, t h e i r  appea l 
woliI c. be lo se  i f  r*rnde 1 nis/teris.! were p r e s e n t#
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