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The in f lu e n c e  o f  v a r io u s  gasses and gas m ix tu re s  on th e  b a c t e r ia l  g ro w th  on r e t a i l  packed p o rk  c u t le t s

and in  com m inuted p o rk

P e te r  Zeuthen and Id a  M o lgaard  Knudsen

Food T echno logy L a b o ra to ry ,  T e c h n ic a l U n iv e r s i t y  o f  Denmark

In t r o d u c t io n
The p r in c ip le  o f  u t i l i z i n g  m o d if ie d  a tm ospheres as a means o f  p ro lo n g in g  th e  s h e l f  l i f e  o f  f re s h  meats was 
f i r s t  d e m o n s tra te d  by K olbe (1 8 8 2 ) . Between th e  tw o W orld  Wars f re s h  meat was sh ip p e d  from  South Am erica 
and A u s t r a l ia  to  Europe in  an a tm osphere added 10?« C02 (H a le s , 1 9 6 3 ). A t t h a t  t im e  i t  was c la im e d  t h a t  h ig h e r  
CCL c o n c e n tra t io n s  w ou ld  damage th e  c o lo u r  o f  f re s h  meat i r r e v e r s i b ly .  However, r e t a i l i n g  o f  f re s h  m eats in  
m o d if ie d  a tm osphere  has o n ly  been a tte m p te d  on a la rg e  s c a le  w i t h in  th e  p a s t c o u p le  o f  decades.
In  Denmark tw o la rg e  su p e rm a rke t c h a in s  a re  m a rk e tin g  f re s h  m eats packed in  a m o d if ie d  a tm osphere c o n s is t in g  
o f  a m ix tu re  o f  C0„ and 0 „ ,  som etim es a ls o  added s m a ll am ounts o f  N „. T h is  gas m ix tu re  w i l l  p r o te c t  th e  c o lo u r  
o f  th e  meat and a t^ th e  same t im e  to  some e x te n t  r e ta r d  th e  g row th  o f  s p o i l in g  o rgan ism s  and th u s  r e s u l t  in  a 
p ro lo n g e d  s h e l f  l i f e .  To a c h ie v e  t h i s  th e  p a cka g in g  o p e ra t io n  m ust be com bined w i th  a h ig h  h y g ie n ic  l e v e l ,  ve ry  
f re s h  raw m a te r ia ls  w i th  a low  le v e l  o f  b a c te r ia ,  and e f f e c t i v e  c h i l l i n g  d u r in g  d i s t r ib u t i o n  and r e t a i l i n g ,  
p r e fe r a b ly  a t  2C.
The pu rpose  'o f  t h i s  in v e s t ig a t io n  was to  exam ine , how o th e r  gas m ix tu re s  th a n  th o s e  o r d in a r i l y  used w ou ld  
a f f e c t  th e  g ro w th  o f  th e  m ic r o b ia l  f l o r a  o f  f re s h  p o rk , n o ta b ly  B ro c h o t r ix  th e rm o sp h a c ta , H2 S p ro d u c in g  and 
o th e r  p s y c h o tro p h ic  b a c te r ia .
In  m o d if ie d  a tm osphere  many o f  th e  b a c te r ia  u s u a l ly  h e ld  re s p o n s ib le  f o r  th e  s p o ila g e  o f  f re s h  p o rk  a re  
a f f e c te d ,  bhaw and N ic o l(1 9 6 9 )  th u s  fou nd  a do u b le d  g e n e ra t io n  t im e  o f  Rseudomonas a t  5C in  10% C 0„. The grow th  
o f  A lc a lig e n e s  was re ta rd e d  i n  20% C02 , and c o m p le te ly  in h ib i t e d  i n  100%’ C02 . S im i la r l y ,  G i l l  and Tan (1979 and 
1980) fou nd  in c re a s in g  i n h i b i t i o n  o f  Pseudomonas, A lte ro m o n a s  p u t re fa s c ie n s  and Y e rs in ia  e n t e r o c o l i t i c a  w ith  
in c re a s in g  c o n c e n tra t io n s  o f  C02 . However, th e se  a u th o rs  a ls o  fou nd  t h a t  L a c t o b a c i l l i  were u n a f fe c te d  by C02 , 
and th a t  g ro w th  o f  B ro c h o t r ix  th e rm o sp h a c ta  was o n ly  a f fe c te d  in  pu re  C02>
W ith  re g a rd  to  th e  e f f e c t  o f  N? th e  p ic t u r e  seems more c o m p lic a te d . Weidemann (1 965 ) th u s  fou nd  no e f f e c t  on 
B .th e rm o sp h a c ta  in  100% N- a t  0C. Partm ann e t  a l  (1 971 ) fou nd  a r e ta r d in g  e f f e c t  o f  b a c t e r ia l  g ro w th  on meat 
in  100% N? a t  30 and 70 , B u t s tre s s e d  th a t  as l i t t l e  as 1% 02 i n  N2 was s u f f i c i e n t  to  change th e  g ro w th  con
d i t i o n s .  E n fo rs  e t  a l  (1 979) fou nd  tw ic e  as lo n g  a g e n e ra t io n  t im e  o f  th e  f l o r a  on p o rk  a t  4C, when com paring  
100% N, w i th  th e  o r d in a r y  a tm osph e re . However, a f t e r  10 days th e y  s t i l l  fou nd  n o n - l i p o ly t ic  and n o n - p r o te o ly t ic  
Pseudomonas d o m in a tin g . Huffm an (1 9 7 4 ) , Huffm an e t  a l  (1 975) and Seideman e t  a l  (19,/9 )  fou nd  no r e ta r d in g  
e f f e c t  o f  100% N2>

E x p e r im e n ta l
M a t e r ia ls : in  each s e r ie s  was used p o rk  c u t le t s  and com m inuted p o rk  s u p p lie d  by a su p e rm a rke t c h a in .
P a c k a q in q : The c u t le t s  were packed s e p a ra te ly  in  packs and th e  com m inuted p o rk  was packed in  c a . 100 g p o r t io n s .  
The p a cka g in g  o p e ra t io n  was c a r r ie d  o u t on a M u lt iv a c  deep-d raw  p a cka g in g  m ach ine . The b o ttom  f i lm  c o n s is te d  
o f  a la m in a t io n  o f  c a s t - p o ly p r o p y le n e /p o ly - a c r y lo n - n i t r i le / L D  p o ly e th y le n e  and th e  to p  f i lm  o f  a la m in a t io n  o f  
p o ly e s te r / p o ly - v in y l id e n e  c h lo r id e /L D  p o ly e th y le n e .
Head space a n a ly s e s  d u r in g  s to ra g e  were k in d ly  p e rfo rm e d  by O tto  N ie ls e n  E m ba llage  A/S
pH measurem ents were made on each s e r ie s .  _»
B a c te r io lo g ic a l  e x a m in a tio n s  were p e rfo rm e d  as fo l lo w s :  T o ta l c o u n ts  on P la te  Count Agar (PCA), c o l i fo r m s  (37 
on. V io le t  B i le  Agar (V B A), B .th e rm o sp h a c ta  on S t re p to m y c in -T h a ll iu m -A c t id io n e  Agar (STAA), L a c t o b a c i l l i  on 
N i t r i te - A c t id io n e - P o ly m y x in e  Agar (NAP) and H2S p ro d u c in g  b a c te r ia  on I r o n  Agar ( I A ) .
The in v e s t ig a t io n  was c a r r ie d  o u t in  4 s e r ie s .  1 : i n  pu re  N2 , 2 : in  pu re  C02 , 3 : in  a gas m ix tu re  o f  20% C02 
and 80% 0 2 and 4 : in  a gas m ix tu re  o f  40% C02 and 60% 02>
A l l  4 s e r ie s  were s to re d  a t  2C and 5C.

R e s u lts  and d is c u s s io n
F ig u re s  1 th ro u g h  4 show th e  r e s u l t s  o f  th e  b a c te r io lo g ic a l  and head space a n a ly s e s , as w e l l  as th e  r e s u l t s  
o f  th e  pH m easurem ents o f  th e  4 s e r ie s .
I t  w i l l  be seen t h a t  th e  i n i t i a l  b a c t e r ia l  numbers a re  h ig h e r  th a n  u s u a l f o r  gas packed m eats e x c e p t f o r  th e  
s e r ie s  packed i n  20% C0? and 80% 02 . However, in  a l l  cases th e  i n i t i a l  b a c t e r ia l  numbers were low  enough to  
ob se rve  th e  in f lu e n c e  o r th e  v a r io u s  gasses on th e  c o m p o s it io n  o f  th e  b a c t e r ia l  f l o r a  d u r in g  s to ra g e .
In  p u re  N0 , see f ig u r e  1 , no i n h i b i t i o n  ta k e s  p la c e  o f  n e it h e r  B .th e rm o sp h a c ta  n o r o f  H2S p ro d u c in g  b a c te r ia ,
and l a c t i c  a c id  b a c te r ia  seem to  be fa v o u re d  by g ro w th  in  com m inuted meat in  com pariso n  to  on meat s u r fa c e s . 
There was an e v id e n t  bloom in  a l l  packs when th e y  were opened, even a f t e r  7 d a ys , a lth o u g h  th e re  was a p u t r i  
od ou r a t  t h a t  t im e .  The gas a n a ly s e s  showed t h a t  th e  p ro d u c t io n  o f  C02 was o f  th e  o rd e r  o f  4 to  5% w i t h in  7 
days a t  2C and 1 to  2% h ig h e r  a t  5C. . .
In  p u re  CCL, see f iq u r e  2 , th e  c o l i f o r m  b a c te r ia  were re ta rd e d  i n  g ro w th . A lth o u th  th e  i n i t i a l  numbers o f  tn e  ^  
meat packed i n  N? and in  CCL were f a i r l y  much i d e n t i c a l ,  i t  ap pea rs  t h a t  th e  c o l i fo r m s  were sup p resse d  i n  gro
e s p e c ia l ly  a t  2CTWith re g a rd  to  H„S p ro d u c in g  b a c te r ia ,  no g ro w th  was observed  d u r in g  s to ra g e .  The low  pH o f
th e  meat in  t h i s  s e r ie s  may in  i t s e l f  be o f  im p o rta n c e , b u t th e  f a c t  t h a t  th e  CCL/HCCL r a t i o  i s  h ig h  in  th e  
w a te r phase o f  th e  meat a t  t h i s  pH, i s  p ro b a b ly  a ls o  a c o n t r ib u t in g  f a c t o r .  F u r th e r ,  th e  g ro w th  o f  B .th e rm o s - 
p h a c ta  i s  s t r o n g ly  a f fe c te d  on th e  c u t l e t s ,  and i s  o n ly  fou nd  in  m odera te  num bers. S ince  B .th e rm o sp h a c ta  was 
g ro w in g  r e la t i v e l y  w e l l  i n  p u re  N2 i t  may be co n c lu d e d  t h a t  C02 , r a th e r  th a n  la c k  o f  02 has an i n h i b i t i n g  
gffeet•
The gas a n a ly s e s  re v e a le d  t h a t  some o f  th e  packs were s l i g h t l y  le a k in g ,  b u t on none o f  th e  days where packs 
were in v e s t ig a te d ,  b o th  packs w ere le a k e rs .  In  th e  case= where packs were le a k in g ,  th e  r e s u l t s  o f  th e  b a c te r  
l o g ic a l  a n a ly s e s  o f  th e se  packs a re  o m it te d ,  i . e .  th e  re p o r te d  r e s u l t s  a re  based on s in g le  d e te rm in a t io n s .
The c o lo u r  o f  th e  meat was l i g h t  p in k  th ro u g h o u t s to ra g e ,  and bloom  was ob se rved  when th e  packs were opened. 
W ith in  th e  7 d a y s ' s to ra g e ,  a f a i n t  o f f - o d o u r  was o n ly  ob se rved  on th e  l a s t  day in  packs s to re d  a t  5C.
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The r e s u l t s  o f  th e  s e r ie s  packed in  a - m ix tu re  o f  80% 0-  and 20% COp a re  shown in  f ig u r e  3 . S ince  th e  i n i t i a l  
b a c te r ia l  numbers were v e ry  lo w , i t  was d e c id e d  to  e x te n d  th e  s to ra g e  to  10 d a ys . The r e s u l t s  a f t e r  7 and 10 
b a ys ' s to ra g e  a re  th e r e fo r e  based on s in g le  d e te rm in a t io n s .  The r e s u l t s  o f  th e  gas a n a ly s e s  show a c o n s id e ra b le  
in c re a s e  i n  th e  C0„ c o n c e n tra t io n  a f t e r  10 days a t  50 , whereas th e  c o n c e n tra t io n  a t  20 rem ained f a i r l y  c o n s ta n t .  
On th e  c u t l e t s ,  B .th e rm o sp h a c ta  in c re a s e d  c o n s id e ra b ly  in  numbers d u r in g  s to ra g e , e s p e c ia l ly  a t  50 . In  t h i s  
s e r ie s ,  g ra m n e g a tiv e , c a ta la s e p o s i t iv e  ro d s  were fou nd  in  la rg e  numbers in  s e v e ra l cases w h ich  in d ic a te  th a t  
20% C0„ i s  to o  low  to  i n h i b i t  g ro w th  a t  h ig h  02 c o n c e n tr a t io n s .
in  th e  com m inuted m eat, L a c t o b a c i l l i  d o m in a te d ^ th e  f l o r a  a f t e r  a few  d a y s ' s to ra g e ,  b o th  a t  20 and 50 .
The c o lo u r  was found po o r a f t e r  7 days in  a l l  ca se s , and u n a c c e p ta b le  a f t e r  10 d a ys . M odera te  o f f - o d o u r  was 
d e te c te d  a f t e r  7 d a ys , b u t e x c e p t f o r  th e  com m inuted meat s to re d  a t  20 a l l  o th e r  c o m b in a tio n s  were c o m p le te ly  
U naccep tab le  a f t e r  10 d a y s ' s to ra g e .
The r e s u l t s  o f  th e  s e r ie s  packed in  60% 0^ and 40% CO-  a re  shown in  f ig u r e  4 . The gas a n a ly s e s  showed a la rg e
decrease i n  00 - c o n c e n tra t io n  a lre a d y  a f t e r  24 h o u rs , th e  la r g e s t  decrease  ta k in g  p la c e  in  th e  packs s to re d  a t
2C, P resum ably th e  gas has been d is s o lv e d  i n  th e  w a te r phase o f  th e  m e a t. D u rin g  s to ra g e  th e re  was an in c re a s e  
° f  CO2  th o u g h , e s p e c ia l ly  in  th e  com m inuted m eat. I t  i s  n o t ic a b le  t h a t  th e  O2  c o n c e n tra t io n  rem a ined  h ig h  in  
the  packs w ith  c u t l e t s ,  even a f t e r  7 d a ys , and a t  b o th  s to ra g e  te m p e ra tu re s .
U n fo r tu n a te ly ,  th e  i n i t i a l  b a c t e r ia l  numbers were h ig h  in  t h i s  s e r ie s ,  b u t on th e  w ho le  th e  deve lopm ent o f  th e
T lo ra  c o m p o s it io n  showed th e  same t re n d  as shown in  th e  packs w ith  a gas m ix tu re  o f  80?í O2  and 20% C ^ j i . e .  
in  th e  c u t le t s  th e  d o m in a tin g  f l o r a  a f t e r  7 d a y s ' s to ra g e  com prised  l a c t i c  a c id  b a c te r ia  and B. th e rm o s p h a c ta . 
There was some g ro w th  o f  H-S p ro d u c in g  b a c te r ia  and o f  c o l i f o r m s .
Tn th e  com m inuted meat l a c t i c  a c id  b a c te r ia  and B. th e rm o sp h a c ta  a ls o  d o m in a te d , whereas no p ro d u c in g  bac
t e r ia  were d e m o n s tra te d , a lth o u g h  th e  i n i t i a l  pH was above 6 , so th e y  w ou ld  be e xp e c te d  to  be a b le  to  g row .
Tt th e r e fo r e  appears  t h a t  th e  in c re a s e d  CO2  c o n c e n tra t io n  does n o t r e ta r d  n e it h e r  th e  g ro w th  o f  B . the rm osphac
ta  n o r o f  c o l i fo r m s  in  th e  p recence  o f  CL.
because o f  th e  h ig h  i n i t i a l  numbers th e  s to ra g e  s t a b i l i t y  was s h o r t  i n - t h i s  s e r ie s .  Weak o f f - o d o u r  was d e te c te d  
S lre a d y  a f t e r  3 days a t  5C and a f t e r  7 days a t  2C. B oth th e  c u t le t s  and th e  com m inuted meat had fad ed  and 
showed no bloom on op e n in g  a f t e r  7 d a y s ' s to ra g e .

Hg fe re n c e s
E n fo r s ,S . - 0 . , G .M o lin  & A .T e rn s trö m  (1 9 7 9 ) ,J . A p p i.B a c t .4 7 ,197 -20 8  
U i l l jC .O .  & K .H .Tan (1 9 7 9 ) ,A p p i.and E n v iro n m .M ic r o b io l  3 8 ,237 -24 0  
U i l l .C .O .  & K .H .Tan (1 9 8 0 ) , i b i d .3 9 ,3 1 7 -3 1 9  
h a le s , K .C . (1 9 6 3 ) , A d v . in  Food Res. 12 ,147 -20 1  
H u ffm a n ,D .L . (1 9 7 4 ) ,J .F o o d  S e i.  3 9 ,723 -72 5
H u ffm a n ,D .L ., K .A .D a v is ,D .N .M a rp le  & J .A .M cG u ire  (1 9 7 5 ) ,J .F o o d  S e i .40 ,122 9 -1 231  
h ° lb e ,H . (1 8 8 2 ) ,J . p r a k t .  Chem. 26 ,249 -25 5
H artm ann,W ., H .K .F ra n k  & J .G u ts c h m id t (1 9 7 1 ) ,K ä l te te c h n ik - K l im a t is ie r u n g  2 3 ,1 1 3 -1 1 7  

ws id e m a n n ,J .F . (1 9 6 5 ) .J .A p p i .B a c t .28 ,365 -36 7
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