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^hg-fiaseous Jhivi r onnent of Packaged F resh  F eat ,—— — xt»ii • x a y  l o r
Cn êr th e  l a s t  fe u  y e a rs  th e re  has been an in c re a se  in  th e  amount of 

f r e s h  n ea t packaged a t  some s ta g e  b efo re  re a ch in g  the  consumer. This s ly  
be done f o r  reaso n s of economy of lab o u r and s to ra g e  sp ace , or i t  be“
a jae a n s  whereby meat can be m arketed in  a more convenien t form . The“ ah r  
° i pacnaging i s  oO g e t n e a t to  the consumer in  a c le a n , u seab le  co n d itio n  
and th i s  n o rm ally  in v o lv es  h o ld in g  the  meat in  a new e n v i r a S n ? .  ^  
im p o rtan t a a c to r  m  th i s  new environm ent i s  c o r re c t  c o n tro l of low

F r e - r e q u is i te  f o r  s a t i s f a c to r y  s to ra g e  of a l l  n e a t ,  w hether 
packed or^not., bu« the  p a r t i c u l a r  a sp ec t which i s  to  be d iscu ssed  h ere  i s  
^he n o c iix ica tio n  oi th e  gaseous atm osphere su rro u n d in g  th e  n e a t .  The 
com position  o f t h i s  atm osphere in f lu e n c e s  th e  c o lo u r of n e a t and determ ines 
th e  type and e x te n t  of m ic ro b io lo g ic a l sp o ila g e  d u rin g  s to ra g e .  Gases 
d is so lv e  m  meat acco rd in g  to  t h e i r  p a r t i a l  p re ssu re s"an d  re a c t io n s  in  the 
meat c °nsU!ae or Produce g a s ; th e  package i t s e l f  may be perm eable to  
g a s . ih e  i n t e r n a l  atm osphere i s  th e re fo re  an e q u ilib r iu m  th e  -a s  
exchanges between meat and package.

A t t r a c t iv e  d is p la y  of p re-packed  f r e s h  meat re q u ire s  th e  co lo u r to  be
th e  S p  f  0 i v °nSU22t r * 53x18 co lo u r i s  de term ined  by r e la t io n s  between 
tn e  p i ^ e n t  m yoglobin and oxygen. In  p resence  of the  l a t t e r ,  myoglobin mav 
be converted  to  e i t h e r  the  oxygenated form , oxymyoglobin, or th e  o x i d S e f
t h i ^ a r ^ i ' ^ ^  i n ‘ Talatlve amounts of th e se  two pigm ents depend on
th e  p a r t i a l  p re s su re  of oxygen. B rig h t re d  oxymyoglobin i s  fav o u red  by
h ig h  c o n c e n tra tio n s  of oxygen, w hile  a t  low c o n c e n tra tio n s , brown 
netm yoglobin  p red o m in a te s. The optimum le v e l  of oxygen f o r  the  l a t t e r  
o x id a tio n  i s  4 mm Hg (Brooks, 1938). In  a p ie c e  of meat exposed to  oxygen, 
b o tn  r e a c t io n s  tak e  p la c e ; a t  th e  s u rfa c e , where oxygen i s * f r e e ly  a v a i la b le ,  
oxymyoglobin i s  produced and t h i s  pigment ex ten d s inwards u n t i l ,  a t  a p o in t 
wnere the  p a r t i a l  p re s su re  i s  lew , brown metmyoglobin i s  form ed. Beyond * 
t h i s  wnere oxygen has n o t p e n e tr a te d ,  reduced myoglobin p e r s i s t s .

. . Tixe d ep th  ° f  p e n e tr a t io n  (d) of oxygen in to  muscle i s  governed by the 
p a r t i a l  p re s su re  (Co) of gas a t  th e  s u rfa c e , r a t e  of u t i l i z a t i o n  (a ) of 
oxygen by th e  t i s s u e  and th e  d if f u s io n  c o n s ta n t (l>), acco rd ing  to

-J2Co,D
A

Lowering th e  tem p era tu re  of s to ra g e  in c re a se s  th e  dep th  of p e n e tra tio n  
s in c e  i t  in c re a s e s  th e  s o l u b i l i t y  of gas in  th e  meat and red u ces" th e  
r e s p i r a t io n  demands of th e  t i s s u e .  A lthough the  pigment removes some 
o x ^ e n  j.rom th e  a tm osphere , the  main ro le  of myoglobin i s  to  c a r ry  the  was

e t ? irixx?; t l s s u e » wnere enzyme system s co n tin u e  to  consume oxygen 
a f t e r  d e a th  w ith  p ro d u c tio n  of carbon d io x id e . H ates of r e s p i r a t io n  v a r^  
wion sp e c ie s  and in d iv id u a l  m uscles, and a re  a f fe c te d  by c o n d itio n s  both"

i s  S V ^ b u f  in r uS lt U gh ter'  ^  f r e s h ly  k i l l e d  — O le, the  r e s p i r a t io n  L e  
I® i=  P° r3f ° r  Eeai  tn e  r a te  f a l l s  t0  a c o n tin u in g , low er r a t e .1 i s  d i f f i c u l t  m  p r a c t ic e ,  th e r e f o r e ,  to  p re d ic t  p r e c is e ly  what the 
oxygon. aeaands of a  p ie ce  of meat w i l l  be .

A c e r ta in  amount of oxygen i s  p re s e n t a t  some t in e  in  a l l  commercial 
packages Oi n e a t and system s d i f f e r  in  the  amount of oxygen a v a i la b le  in  
tn e  package i n i t i a l l y ,  and d u rin g  subsequent s to ra g e .  The v a rio u s  methods 
of packaging may be co n sid ered  from th e  v iew point of gas exchanges and the 
e ij.ee  t winch th e se  have on co lo u r of meat and i t s  keep ing  q u a l i ty  du rin g  
s t o ra g e .  ̂ ^
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Fresh, s e a t  p re -packed  f o r  r e t a i l  s a le  i s  u s u a lly  d isp la y ed  in  p la s t i c  
o r paper t r a y s ,  o v e r la p p e d  w ith  p l a s t i c  f i lm . I n i t i a l l y ,  the  n ea t i s  
su rrounded by a i r ,  and the  gas p e rm e a b ility  of th e  overwrap i s  h ig h  enough 
to  en su re  an abundant su p p ly  of 0? to  th e  m eat. I f  th e  p e rm e a b ility  i s  too  
low, and the  supp ly  of O2 i s  r e s t r i c t e d ,  i t s  p a r t i a l  p re s su re  soon drops to  
a le v e l  fa v o u rin g  the  fo rm atio n  of aetm yoglobin  and so l im i t s  the  a t t r a c t i v e  
d is p la y  l i f e  of the  m eat. Landrock & W allace, (1955) c a lc u la te d  th a t  a 
minimum O2 p e rm e a b ility  of 5000* was n e c e ssa ry  f o r  r e te n t io n  of oxyaoglobin 
d u rin g  norm al p e rio d s  of d is p la y . Although meat p re-packed  in  t h i s  way 
r e ta in s  i t s  a t t r a c t i v e  appearance f o r  a t  l e a s t  a week when h e ld  a t  0°C, 
tem p era tu re  c o n tro l  in  r e f r i g e r a te d  c a b in e ts  i s  u s u a lly  so inadequate  th a t  
meat cannot be d isp lay ed  beyond 2 days, h o t only does the  co lo u r d e te r io r a te  
b u t th e  a e ro b ic  c o n d itio n s  in  the  package encourage ra p id  m ic ro b io lo g ic a l 
growth..

This type  of packaging can h a rd ly  be regarded  as m o d if ic a tio n  of the  
package atm osphere , as th e  o b je c tiv e  i s  to  adm it the  maximum amount of Og 
w hile  p re v e n tin g  m o istu re  lo s s .  The in h ib i to r y  p o te n t ia l  of the  CO2 produced 
by the  meat i s  no t r e a l i s e d ,  s in ce  the  gas p e rm e a b ility  of f ilm s  i s  such th a t  
CO2 cannot be re ta in e d  w hile  a llow ing  f r e e  a cc e ss  of O2 .

Vacuum

I t  i s  now common p r a c t ic e  to  pack and s to re  meat under vacuum to  ex tend  
i t s  s to ra g e  l i f e  a t  r e f r i g e r a te d  te m p e ra tu re s . Such packs have a l im ite d  
amount of C>2 p re se n t i n i t i a l l y ,  and rep len ish m en t du ring  s to ra g e  i s  r e s t r i c t e d ,  
The aim of vacuum packing  i s  to  reduce the  volume of r e s id u a l  a i r  sea le d  in  
w ith  the  m eat. S ince th e  packages a re  f l e x i b l e ,  they  ten d  to  fo llo w  the 
co n to u rs  of the  meat so th a t  p re ssu re  in s id e  the  package i s  seldom much le s s  
th an  a tm o sp h eric . The volume of O2 i s  n e v e r th e le s s  very  s n a i l ,  and i t  i s  very  
q u ic k ly  consumed by th e  n e a t to  give a low p a r t i a l  p re ssu re  a t  which the  
p e n e tr a t io n  l im i t  of O2 i s  very  n e a r the  s u r fa c e . S ince th e  m a te r ia l  of the  
package has a low p e rm e a b ility  the  O2 e n te r in g  i s  not s u f f i c i e n t  to  p reven t 
th e  fo rm atio n  of a th in  la y e r  of metmyoglobin, 2~5mn th ic k ,  on th e  su rfa c e  
of th e  m eat. However th e  pigment in  the  u n d e rly in g  n e a t i s  s t i l l  the  
o r ig in a l  m yoglobin and th e  brown metmyoglobin on th e  su rfa c e  i s  no t th ic k  
enough to  obscure th e  p u rp le  i n t e r i o r .

The method of a ch ie v in g  th e  vacuum pack , w hether by a Cryovac p rocess 
or by a vacuum chamber s e a l in g  p ro c e ss , does not g r e a t ly  a f f e c t  the m e a t 's  
s to ra g e  perform ance. The m a te r ia ls  used f o r  the  package a re  of s im ila r  Op 
p e rm e a b il ity  (5 0 -70 ), so th a t  a l l  w i l l  g ive  vacuum packs in  which th e  bulk  
of th e  meat i s  p u rp le , w ith  a th in  su rfa c e  la y e r  of brown m etmyoglobin. ¡lore 
e f f i c i e n t  rem oval of Op b e fo re  s e a lin g  and more impermeable packages would 
reduce th e  th ic k n e ss  of th e  d isco lo u red  s u r fa c e  la y e r .

Tvhile O2 i s  d e p le te d , the  r e s p ir e d  CO2 accum ulates du rin g  th e  f i r s t  
few days a f t e r  packing  to  a p re s su re  of between. 70-150 mm Eg and rem ains a t  
t h i s  le v e l  th roughou t s to ra g e . The e f fe c t  on m ic ro b io lo g ic a l developm ent of 
t h i s  en rich ed  CO2 atm osphere w i l l  be d iscu ssed  in  a n o th e r  paper.

* cc-m il/m e tre  -day-1 atm .
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i The n a in  a p p l ic a t io n  of t h i s  packaging system  to  f r e s h  n e a t has been 
in  the  sxorage  and. d i s t r i c u t io n  of la rg e  b o n e le ss  p rim al j o i n t s .  The 
purp le  co lo u r of Hie n e a t i s  no lo n g er a d isad v an tag e  s in ce  exposure to  a i r  
le ad s  to  ra p id  oxygenation , o r  blooming of the  s u r fa c e .

In  add i t i ö n ,  t h i s  type of packaging a llow s n e a t to  be aged w ithou t th e  
e v ap o ra tiv e  weight lo s s e s  in c u rre d  when c a rc a sse s  a re  hung. D i f f e r e n t ia l  
ageing  can be g iven  to  d i f f e r e n t  p a r ts  of the  c a rc a s s , and th e  b a c te r ic id a l  
co n d itio n s  in  the  package make a c c e le ra te d  ag e in g  p o s s ib le  under c o r re c t  
c o n d itio n s  ci xne i^ine and tem p era tu re . T änu ler ¿z .deins (19T0) r e c e n tly  
defined  th e se  c o n d itio n s  and l i s t e d  the  advan tages of th e  p ro c e ss . I t  i s  
e s s e n t i a l ,  however, th a t  tn e  meat d e s tin e d  f o r  th e se  pack s , has minimum 
b a c te r i a l  load  i f  good k eep ing  q u a l i ty  i s  d e s ire d .

B a l l  (1961) sugg ested  th a t  vacuum packed r e t a i l  c u ts  cou ld  g ive th e  
n ecessa ry  e x te n s io n  of s h e l f - l i f e  to  make c e n t r a l i s e d  packaging  of meat 
p o o c ib le , n e v e rx h e le s s , the  system  has now been adopted to  any g re a t e x te n t ,  
sn in ly  because ox tne  pu rp le  meat c o lo u r. I t  i s  in t e r e s t i n g  to  n o te , however, 
th a t  t h i s  co lo u r has n o t p re ju d ic e d  the  s a l e ,  in  U .S .A ., of "chub'1 packs of 
raw, ground ceex . T his i s  packed under vacuum in  im perm eable, opaque p l a s t i c  
and i s  c laim ed  to  have a r e f r ig e r a te d  l i f e  of s e v e ra l  days.

N itrogen

A d isad v an tag e  o f vacuum packing i s  th a t  th e  package may be su b je c te d  
to  a c e r t a in  amount ot s t r a i n .  I t  i s  d e b a ta b le  w hether vacuum packing 
in c re a se s  th e  amount of d r ip  exuding from meat bu t th e re  i s  no doubt th a t  
the  meat may^be c o n s id e ra b ly  d is to r te d  in  t h i s  p ro c e ss , and the  i n e r t  
p ro p e r t ie s  01 n itro g e n  have led  to  i t s  use  w ith  meat in  an e f f o r t  to  g a in  
tne  advan tages of vacuum packing  w ithou t th e  a s s o c ia te d  d isad v a n ta g es . 
Impermeable packs a re  used as f o r  vacuum b u t ,  a f t e r  e x h au s tio n  of a i r ,  the  
package i s  ± lu sh ed  w ith  x-.p and s e a le d . The main d if fe re n c e  between th i s  and 
vacuum pack ing  i s  th a t  in  t h i s  c ase , the  gas space around th e  meat i s  g re a te r -  
R esidual 02 i s  consumed as  b e fo re  bu t g^s perm eating  in to  th e  package i s  
d i lu te d  by the  Np atm osphere and the p a r t i a l  p re ssu re  of Op i s  low er th an  in  
vacuum pacxxs. Tne metmyoglooin la j/e r  of th e  meat su rfa c e  i 3 consequen tly  
very  th in  so th a t  th e  p u rp le  co lo u r of th e  packed m eat, and th e  red  co lo u r 
a f t e r  exposure  to  a i r  a re  v e ry  good. By th e  same token , however, the  CO2 
pioduced Dy tne  meat i s  a ls o  d i lu te d  and m ic ro b io lo g ic a l sp o ila g e  would 
th e re io re  be expected  to  occur e a r l i e r  th an  i n  vacuum pack s.

Carbon D ioxide

The p ro c e sse s  so f a r  d iscu ssed  have r e l i e d  on th e  accum ulation  of 
r e s p ire d  COp to  produce b a c te r ic id a l  c o n d itio n s  in  th e  package. A 
c o n s id e ra b le  p e r io d  may e lap se  b e fo re  t h i s  le v e l  i s  reached  however, and the 
a d d i t io n  of COp to  th e  i n i t i a l  atm osphere in  th e  package has obvious 
ad v an tag es . The in n iu i t i o n  of sp o ila g e  by COp en ric h ed  atm ospheres (Haines* 
1933) has been common p ra c t ic e  f o r  many y e a r s .  In  th e  1930's~C0p was added 
to  shipm ents of c h i l l e d  meat im ported  to  the  U.H. from A u s tra lia  and New 
Z ealand . Host com m ercial system s losing COp en rich m en t, in v o lv e  pro longed 
s to ra g e  of meat i n  r e f r ig e r a te d  b u lk  c o n ta in e rs

While COp has been proved to  be b e n e f ic ia l  in  reduc ing  s p o ila g e , the 
co lo u r oi meat i s  ad v e rse ly  a f fe c te d  i f  h igh  co n cen tra tio n s ' a re  used (Brooks 
1933). K ra ft &  Ayres (1952) observed th a t  the  a b i l i t y  of a package to  r e t a i l  
C02 was c lo s e ly  r e l a t e d  to  k eep ing  q u a l i ty  b u t th a t  h ig h  c o n c e n tra tio n s  gave 
d isco lo u red  n e a t ,  ro n ja  e t  a l  (1967) o b ta ined  ex tended  s to ra g e  l i f e  fo r  
packed in  c o n c e n tra tio n s  of 1 0 - 4 COp in  Np a t  +0.5°C . They observed  th a t
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10-30,- CO2 produced a g rey  co lo u r in  n e a t .a f te r  33 days w hile  40j-; CO> 
d isc o lo u re d  che n e a t a f t e r  only 13 days. H igher c o n c e n tra tio n s  a c c e le r a te d  
t h i s  co lo u r change even f u r th e r .  H eiss & E ichner (1969) extended s to ra g e  
l i f e  s l i g h t l y  by t r e a t i n g  the  n e a t w ith  a n ix  tu re  of 8>-: 0?. + 92>- CCp f 0r°3  
hours b e fo re  pack ing . F artnann  e t  a l  (1970) s to re d  n e a t 'a t  3°C and 7°C in  
m ix tu res  of CĈ  and a i r .  K ith  c o n c e n tra tio n s  of 30;- and 7Op COg, s to ra g e  
l i j ; e vías very good bu t co lo u r was no t a c c e p ta b le . D e te r io ra t io n  of co lo u r 
Vías nore  pronounced a t  th e  h ig h e r s to ra g e  tem p e ra tu re .

ihe  evidence su g g es ts  tn e re fo re  tn a t  COp, w hile  e f f e c t iv e  in  ex tend ing  
s to ra g e  l i f e ,  cannot be used in  c o n c e n tra tio n s  above 20;- i f  an a t t r a c t i v e  red  
meat c o lo u r i s  d e s i r e d .

Oxygen

Although the  dependance of th e  red  oxymyoglobin pigment on an abundant 
sup p ly  of Op^has long  been re c o g n ise d , com paratively  few re p o r ts  appear on 
th e  e f f e c t  of enhanced 02 c o n c e n tra tio n s  on the  keep ing  q u a l i ty  o f 'm e a t. 
F e l l e r s  e t  a l  (1963) re p o r te d  maximum red n ess  in  b eef packed in  0 .3  atm 0o 
sonv iri^in^j e a r l i e r  o b se rv a tio n s  by B r a ts le r  0  955) who had used h iv h e r 
c o n c e n tra t io n s . Zimmerman and Snyder (1959) fo llow ed  ur> re p o r ts  th a t  
h y p e rb a ric  02 in h ib i te d  enzyme r e s p i r a t io n  and a ttem p ted  to  use t h i s  e f f e c t  
to  p rev en t fo rm atio n  of metmyoglobin in  oxygen-dep leted  packages. Beef s l i c e s ,  
t r e a te d  w ith  O2 a t  80 p s i  f o r  12 h o u rs , were oxygenated th ro u g h o u t. Then 
tn e se  s l i c e s  were overv.rapped in  impermeable f i lm , how ever, r e s p i r a t io n  
appeared  to  proceed no rm ally  and Og d e p le t io n  le d  to  metmyoglobin fo rm a tio n . 
S im ila r  s l i c e s  h e ld  in  th e  h y p e rb a ric  02 f o r  12 days were s t i l l  com pletely  
oxygenated a t  th e  end of t h i s  p e r io d , bu t o ff-o d o u rs  had developed which were 
a t t r i b u t e d  to  e i t h e r  l i p i d  o x id a tio n  or a e ro b ic  s p o ila g e .

High c o n c e n tra tio n s  of 02 a re  c e r ta in ly  e f f e c t iv e  in  h o ld in g  the  
oxymyoglobin s t a t e  bu t the  s t a b i l i t y  of meat in  th ese  atm ospheres was 
u n s a t i s f a c to r y  and th e  te c h n ic a l  problems invo lved  in  u s in g  h igh  O2 p re s su re s  
a re  c o n s id e ra b le .

Carbon d io x id e  and Oxygen

There a re  numerous examples in  the  l i t e r a t u r e  of 
co n ju n c tio n  w ith  m odified  le v e l s  of 02 to  ex tend
most of th e se  have been l im ite d  to  02 p re s su re s  below th a t  of a i r .  In  a 
re c e n t s tu d y , Ledward (1970) s to re d  s t e r i l e  beef samples in  atm ospheres of

w02 b e in g  used  in  
s to ra g e  l i f e  of m eat, but

enhancement of h ig h  Op c o n c e n tra tio n s .

Brody (1 970) re p o r te d  in d ic a t io n s ,  from se v e ra l so u rc e s , th a t  en rich ed  
CO^and 02 m ix tu res  gave good co lou r and k eep in g  q u a l i ty ,  bu t th a t  o x id a tio n  
of s ig h t  be a problem . . Do l u r t h e r  in fo rm a tio n  on th e  s u b je c t ap p eared , 
u n t i l  1970, when two p a te n t s _(B .P. 1186,937; B .P. 1199,998) were g ran ted  
co v e rin g  the  use of COp/02 m ix tu res in  v a rio u s  p ro p o r tio n s  in  packages of 
f r e s h  m eat. Both a re  concerned w ith  low p e rm e a b ility  c o n ta in e rs  desig n ed , 
a p p a re n tly , f o r  r e t a i l  d i s t r i b u t io n .  A m ixture of 20;; COp + 80^ 0? i s  
c laim ed to  keep the  co lo u r of meat red  f o r  up to  15 days a t  +4°C, d u rin g  
which tim e m ic ro b ia l sp o ila g e  i s  kep t to  an acc e p tab le  le v e l  (< 107 b a c te r ia  
P3r g . ) .  Dower c o n c e n tra tio n s  of e i t h e r  gas were re p o r te d  to  be l e s s
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e f f e c t iv e .  The experim en ts d e sc rib e d  in  th ese  p a te n ts  a re  i n te r e s t in g  
from  th e  p o in t of view of co lo u r a c c e p ta b i l i ty  and m ic ro b io lo g ic a l l e v e l s ,  
and no doubt th e  r e s u l t s  w i l l  e v e n tu a lly  be re p o r te d  in  g r e a te r  d e t a i l .

Gas packing  d esig n ed  f o r  c o lo u r  r e te n t io n  depends on hav ing  a h ig h  
i n i t i a l  Op c o n c e n tra tio n  in  a headspace whose volume i s  la rg e  enough to  
av o id  s e r io u s  d e p le t io n  by r e s p i r a t i o n .  The o th e r  im p o rtan t requ irem en t 
i s  t h a t  the  gas m ix tu re  must 'nave easy  access to  th e  whole of th e  meat 
s u r f a c e .  C ontact betw een c o n ta in e r  and n ea t r e s t r i c t s  02 suuply  and le ad s  
to  -L o ra a t io n  of p a tch es  of m etm yoglobin. The uneven co lo u r so uroduced i s  
v e ry  u n a t t r a c t iv e  and c o n ta in e rs  must be designee to  ensure th a t  a l l  the  
meat i s  exposed and oxygenated. T h is te c h n ic a l  problem  i s  claim ed to  be 
overcome in  th e se  p a te n ts  where r e t a i l  packages a re  concerned , b u t i t  i s  
d i f f i c u l t  to  v i s u a l i s e  how t h i s  p ro cess  could  be a p p lie d  w ith  advantage 
to  p rim a l jo in t s  and o th e r  la rg e  p ie c e s  of meat where c o n tac t i s  alm ost 
in e v i ta b le .

Experim ents have been c a r r ie d  out a t  th e  K .R ,I . to  in v e s t ig a te  changes 
in  th e  gaseous environm ent of f r e s h  b eef packed in  CO2/O 2 m ix tu re s . 
C y lin d r ic a l  sam ples of m eat, 5-5 cm d ia  x 5 .5  cm, were sea le d  in  cans in  
such a way th a t  t h e i r  whole su rfa c e  was f r e e ly  exposed to  the  g ases in  th e  
headspace . Cans w hich gave headspace volume to  n e a t r a t i o s  of 0 .9 , 1 .5  and 
2 .7  were used . By u s in g  cans th e  n e a t was com pletely  i s o la te d  from o u ts id e  
atm osphere and headspace volume rem ained c o n sta n t th roughou t th e  experim ent. 
The gas m ix tu res  used  in  th e se  experim ents were 20> CO? + 80/g Op, 2Cfi COp + 
60?j O2 and 20$C C02 + 40£> 02 , w ith  n i tro g e n  making up th e  balance  where 
n e c e s sa ry . S to rage  tem peratu re  in  most cases was 0+.5°C and sam ples were 
removed p e r io d ic a l ly  over 15 days. A nalysis  of headspace gas gave th e  
p a t te r n  of change shown, f o r  the h ig h  O2 m ix tu re , in  F ig . 1. In  a l l  c a se s , 
th e  COp p re s su re  rem ained v i r t u a l l y  c o n s ta n t th roughou t the  15 day s to ra g e  
p e rio d  and only th e  02 p re s su re  showed any s ig n i f i c a n t  change. The Op 
cu rves a l l  in d ic a te d  a qu ick  d e p le t io n  d u rin g  th e  f i r s t  day, fo llo w ed 'b y  a 
slow decrease  d u rin g  th e  rem ainder of th e  s to ra g e  p e rio d .



V arying th e  i n i t i a l  0o c o n c e n tra tio n  changed only th e  le v e l  of the
v*k r '  ■ 4- Vi r-« V  4- i-s a  k m  « ~     __   r  * *1    (  t i  * /~\ \  n  i i  i i

4QV, 60V and 80V 0o. 
Headspace to  n e a t 
r a t i o  = 1 . 5 .

Days a t  C°C

F u r th e r  experim en ts under th e  same c o n d itio n s  hu t u sing  o th e r  s e a t  
sam ples showed t h a t ,  a lth o u g h  th e  slow r a te s  a f t e r  th e  second day were 
re a so n a b ly  c o n s ta n t ,  th e  02 d e p le t io n  du rin g  th e  f i r s t  day v a r ie d

tn re e  d i f f e r e n t  can s iz e s  were u sed  to  c o n ta in  th e  m eat, i s  ex p ec ted , the 
d e p le t io n  of Op was g r e a te s t  in  th e  sm a lle s t  cans.

p re s su re  of 
oxygen in  head- 
space of cans of 
d i f f e r e n t  headspace 
volum es, i n i t i a l l y  
c o n ta in in g  20,j CO? 
w ith  40V, 60V and 
80V Op. Headspace 
to  meat r a t i o s  were
0 .9  (----- ) ,  1.5V' (••
and 2 .7  (~ -  - ) .

exchanges; th e  shape of th e  cu rves were s im i la r  (F ig . 2 ) ,  a lthou ; 
d e p le t io n  d u rin g  th e  f i r s t  day was s l i g h t l y  h ig h e r  w ith  th e  80V 0.
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although th e  
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F ig . 2 . Changes 
in  p a r t i a l  
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I r ^ a l l  th e se  ex perim en ts, th e  co lour of the  n e a t su rfa ce w as
s in greco rd ed  p h o to g ra p h ic a lly  under s tan d a rd  c o n d itio n s  as s e l l  as ue—

E easured  o b je c t iv e ly  a t  each exam ination  t i n e .  S im u ltan eo u sly , the  
d ep th  ox p e n e tra t io n  of 02 in to  th e  n e a t was m easured d i r e c t ly  in  - 
s e . tx o n  cu t through th e  S te p le . From these  obsar v a t i o t e  c le » r
th a t  t i l l s  d ep th , p ro p o r t io n a l  to  th e  square  ro o t of th e  0 , p re s -u re ” -~>s 
th e  im p o rtan t f a c to r  in  producing a good rad  co lo u r on t h l  s - r f e jo
“ » f ? » :  °2 P - « s v r e  of 0 .8  a t e .  gave an orynjroglobin d y e r
' 2 tu ic ,.  a f . e r  2 days a t  0 C. th e  depth  of t h i s  la y e r  d id  not
d ecrease  du rin g  s to ra g e  and ensured  th a t  the  in te n s e ,  u n d e rly in g  band 0f  
metmyogiobin a id  no t cone to  th e  s u r fa c e . Throughout s to ra g e  th e  l e - -  *
" l o f ^ v V i 1^ 1011 °l th e  m y o g l o b i n  la y e r  to  metmyogiobin proceeded
olo.viy b u t, s in ce  i t  occurred  un ifo rm ly  th roughou t th e  t i s s u e  i t  was no t 
n o tic e a b le  u n t i l  p re s e n t in  a c o n c e n tra tio n  >20h m etm yogiobin. In  s l i c e s  
o n e a t tn e  O2 nay p e n e tra te  f a r  enough to  oxygenate th e  whole in te rio r!! ' 
A lthougn noo b r ig h t  r e d ,  the  u n ifo rm ity  of t h i s  c o lo u r  makes i t  a t t r a c t i v e  
a n a ^ n e  slow change as th e  p ro p o rtio n  of metmyogiobin in c re a s e s  i s  d i f f i c u l t  
to  d e te c t  s u b je c t iv e ly  u n le ss  d i r e c t  com parison can be made w ith  f u l l y

Qeai*  type  of co“ Parisoix was p o s s ib le  in  th e se  experim ents
where a l l  sam ples hud baxn photographed under s tan d a rd  c o n d itio n s .

w l  , i s  ^ r e s t i n g  to  no te  th a t  w ith  the  O2 p re s su re s  and headspace 
n o USea in  th e se  exPe rim 3 n ts> the le v e l  of 02 nev er dropped below 
0,25 d u rin S th e  15 d ay s ' s to ra g e  p e rio d . There was, th e re fo re ,  always
enough 02 p re sen t in  th e  package to  oxygenate the su rfa c e  of the  n e a t ,  
n e v e r th e le s s ,  in  t h i s  ex p erim en t, th e  co lo u r a c c e p ta b i l i ty  of the meat d id  
n o t ex ten d  f a r  beyond 8 days a t  0 C. This was only  s l i g h t l y  b e t t e r  th an  
s im i la r  sam ples c o n v e n tio n a lly  packed in  oxygen-perm eable wraps and h e ld  
ao tn e  same te m p e ra tu re . In  o th e r  experim ents c a r r ie d  o u t, co lo u r r e te n t io n  
Wc-.s 0 DS a lm ost as  good as th a t  d e sc rib ed  in  th e  p a te n t s p e c if ic a tio n «

, v a r ia t io n  in  co lo u r r e te n t io n  i l l u s t r a t e s  the  dan g er"o f g e n e ra lis in g  
wnere 1 re s h  meat i s  concerned . With some m eat, 02 p re s su re s  of the  o rd e r 
Ox , r- ,b  a tm ., w ith  adequate  headspace volume nay e f f e c t iv e ly  r e t a in  a wood 
co io u r 1 o r up to  2 w eeks, b u t, i f  th e  p ro cess  i s  to  in c lu d e  a l l  f r e s h  m eat, 
the  bes^ perform ance shou ld  come from one u s in g  the maximum amount of Op 
wi„n uhe minimum q u a n t i ty  of CO? re q u ire d  to  c o n tro l b a c t e r i a l  s p o ila g e .

. , Altllougl1 the  g e n e ra l p r in c ip le s  in v o lv ed  in  packing  f r e s h  meat in  
m ix tu res  of COg and 02 a re  f a i r l y  w e ll understood  and equipm ent e x i s t s  which 
can pacx meat m  t h i s  way, th e  s u c c e ss fu l in tro d u c t io n  of t h i s  p rocess ray  
ba n e ld  up by econom ical and te c h n ic a l  problem s. One w hich i s  always p r e s e t  
wicn packages whose a i r  has been re p la ce d  w ith  an o th e r g a s , i s  the  d i f f ic u l ty  
in  d e te c t in g  packs which a re  n o t g a s - t ig h t .  This i s  p a r t i c u l a r ly  im portan t 
wnere lo n g  p e rio d s  of s to ra g e  a re  in ten d ed  and where a c c id e n ta l  changes in  
one com position  of the  headspace may no t be accompanied by e a r ly  chan-res in  
tn e  co lo u r of th e  m eat. A nother problem which has n o t been c en tio n °d ~ in  
re p o r te d  experim ents i s  th e  p o te n t ia l  f i r e  hazard  which e x is t s  when 02 i s  
en ric n ed  beyond norm al a tm ospheric  l e v e l .  S t r i c t  c o n tro l  would be e sse n tia l»  
n o t only  du rin g  th e  packing  o p e ra tio n  but a ls o  d u rin g  s to ra g e  and di s t r i b u t i cS 
01 meat packed in  t h i s  way.

C urren t i n t e r e s t  in  h o ld in g  meat f r e s h  f o r  long  p e rio d s  en su res  th a t 
in e  se a rc h  fo r  s u i ta b le  methods f o r  ach iev in g  t h i s  w i l l  c o n tin u e . At th is  
ti,..e  i t  appears t h a t  m o d if ic a tio n  of the  gaseous environm ent, a l l i e d  to  
c o n tro l le d  tem p era tu res  j u s t  above f r e e z in g , i s  th e  approach most l i k e ly  to  
g ive  tn e  e x ten s io n  of s to ra g e  and d is p la y  l i f e  re q u ire d  f o r  the  advantage*3 
ox c e n t r a l l y  p re-packed  f r e s h  meat to  be f u l l y  r e a l i s e d .
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