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C°tltamirit0 le ran t P a th o g en s  th a t co m m o n ly  
^ ero tn ate rneat. Y e r s i n i a  e n t e r o c o l i t i c a ,  

h y d r o p h i l a  a n d  L i s t e r i a  
CfliUer $ \ ^ enes’ m ay grow  on p ro d u c t during  
r'Slc to C o"86 ('Palum ho, 1986). The degree o f 
0r§aniSrtl l̂Sulriers from  th e  p resen ce  o f  these  
N be j ° n m eat is u n certa in , bu t any risks 

, Creaseh by an in c rease  in  pathogen  
C°hdition 5 0re the m eat is spoiled. Packaging 

!°lcrant en^ ance the g row th  o f  a cold-

tVel°Pment° 8en relative to the rate o f spoilage
h Eitlennle(1, are therefore likely  to resu lt in an 

health hazard.
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CUUlil P a c ^ 6 ° r®an ŝm s du ring  storage o f  
t a^ e h m e a t m ay  in d ic a te  th e ir  
°  e ra b le  p r o l i f e r a t io n .  S o m e*a:Ses

C  lhe bg^0 expected, despite uncertainty 
hie l£s °n the Vi° U r o f E. m o n o c y to g e n e s , as 
4,  ̂ *hdicate miCroflo ra o f  vacuum  packaged  
S ^ P h i i a  ai ^ r° wth o f Y. enteroco litica and 

136 re^atively  advantaged  in 

»» ^ „ ^ * « ^ > 9 8 2 ) .  In contrast, 
Cq ° r p ack aP htree cold-tolerant pathogens 

2 Pac*cag iÎ 8 e ^ m e a t  is  u n k n o w n . A s 
^ ls c o m in g  in to  in c re a s in g

com m ercial use (G ill, 1988), and the very  long 
storage life attainable w ith that packaging might 
a llow  a s ig n if ic a n t h e a lth  h aza rd  from  co ld - 
to le ra n t p a th o g en s  to  d ev e lo p , th e  g ro w th  o f 
cold-tolerant pathogens on m eat packaged under 
C 0 2 was examined.

M ATERIALS AND M ETHODS 
H igh-pH  (>6 .0) b e e f  s trip lo in s  w ere ob ta ined  
from a local m eat plant. Fat tissue was trimmed 
from  the m eat, then  it w as d iv ided  into steaks 
100 x 100 x 50 mm w eighing betw een  100 and 
150 g each.

Each steak was either uninoculated or inoculated 
on one surface w ith 0.1 ml of a stationary phase 
c u l tu r e  o f  o n e  o f  th e  t e s t  o r g a n is m s ,  Y . 
e n te ro c o litic a  (iso lated  from  vacuum  packaged 
la m b ) , A .  h y d r o p h i l a  (A T C C  7 9 6 6 )  o r  L .  
m o no cyto ge ne s  (ATCC 19111), diluted to a cell 
c o n ce n tra tio n  o f  ap p ro x im a te ly  105 cells /m l. 
Each steak was packaged in  an evacuated pouch, 
com posed o f polyvinylidene chloride lam inate of 
low  gas p e rm eab ility  (C ry o v ac , W .R . G race , 
P orirua, N ew  Zealand) for sam ples held under 
v a c u u m , o r  o f  p o ly e th y le n e  o f  h ig h  g a s  
p e rm e a b il i ty  (4 0 0 0  cc 0 2/m 2/2 4  h /a tm ) fo r  
sam p les  h e ld  u n d e r  C 0 2. W ith in  30 m in  o f  
e v a c u a tio n , th e se  la t te r  p a c k s  w ere  fu r th e r  
packaged, in  groups o f eight, in gas-im permeable 
a lu m in iu m  fo il la m in a te  p o u ch es  (C ap tech , 
P rin tpac-U E B , A uckland, N ew  Zealand) filled, 
after evacuation, with 2 1 o f C 0 2.

Sam ples w ere stored at -2, 0, 2, 5, or 10°C, with 
temperatures maintained w ithin ±0.2°C o f the set 
tem peratu re . A ir tem p era tu res  w ere recorded  
throughout the experiment.

D u p lic a te  sa m p le s  fro m  each  sam p le  se rie s  
(inoculum /no inoculum  - storage tem perature - 
packaging type) w ere exam ined at zero tim e and 
at su b seq u en t tim es  th a t w ere ch o sen  to  take 
acco u n t o f  d iffe re n c e s  in g ro w th  ra te s  at the 
d i f f e r e n t  s t o r a g e  t e m p e r a t u r e s .  W h e n  
packagings w ere opened, the odour o f the m eat 
was assessed. S trong, pers is ten t pu trid  odours 
were presumed to indicate gross spoilage.
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A fte r  p a c k  o p e n in g , e a c h  m e a t sam p le  w as 
v ig o r o u s ly  m a s s a g e d  w ith  5 0  m l o f  0 .1 %  
p ep to n e  w a te r. T h e  r in se  f lu id  w as s e r ia lly  
d iluted and 0.1 m l portions o f suitable dilutions 
w ere spread on dup licate  p la tes o f  P late  C ount 
A g a r ,  P C A  (D if c o )  f o r  a l l  m e a t  s a m p le s ;  
Cefsulodin-Irgasan-N ovobiocin Agar, CIN -Agar 
(Difco, Y ersin ia  m edia) w hen the m eat had been 
in o c u la te d  w ith  Y. e n te r o c o l i t ic a ' ,  S ta rc h -  
A m p ic ill in  A g a r , S A -A g ar (P a lu m b o  e t  a l .,
1985) when the m eat had been inoculated with A. 
h ydroph ila ; o r L iC l-Phenylethanol-M oxalactam  
A gar, L PM -A gar (Lee & M cC lain, 1986) when 
th e  m e a t  h a d  b e e n  i n o c u l a t e d  w i th  L .  
m o n o c y to g e n e s . A ll p la tes w ere in cu b ated  at 
25°C for 48 h.

T he co m p o sitio n  o f  the n a tu ra l spo ilage  flo ra  
was assessed  from  PC A  pla tes bearing  at least 
1 00  c o lo n ie s  th a t  h a d  b e e n  d e r iv e d  fro m  
un inocu lated  m eat sam ples. P inhead o r sm all, 
w h ite , g lo s sy  c o lo n ie s  w ere  a ssu m ed  to  be 
la c to b a c il l i ,  and  la rg e  o p aq u e  o r  p ig m en ted  
colonies were assum ed to be enterobacteria (Gill 
and P en n ey , 1988). N um bers o f  the  spo ilage  
flora w ere determ ined from  PC A  plates derived 
from  the sam e m eat sam ples bu t bearing  20 to 
100 colonies.

Pathogen num bers were determ ined from  counts 
on  se lec tiv e  ag a r p la te s . A t each  co u n t, tw o 
representative, presum ptive colonies were picked 
from each plate and the identities o f the isolates 
con firm ed  by fu rth e r tests. C o lon ies on  CIN - 
A g ar th a t w ere  sm all to  m ed ium  and sm oo th  
w ith a dark red centre surrounded by transparent 
borders w ere p resum ed  to  be Y. en te ro c o litic a  
(Schiem ann, 1982). C olonies on SA -A gar that 
show ed  as am y lase -p o sitiv e  a fte r p la tes  w ere 
flooded with L ugol’s iodine were presumed to be 
A. h ydroph ilia  (Palum bo e t a l., 1985). Colonies 
o n  L P M -A g a r  th a t  a p p e a re d  b lu e  w ith  an  
irregular, lacy surface pattern when viewed using 
H enry ’s oblique ligh t system  (transillum ination 
a t  a 4 5 ° C  a n g le )  w e re  a s s u m e d  to  b e  L .  
m onocytogenes (Lee and M cClain, 1986).

RESULTS
Spoilage development ^

S poilage flo ra  num bers w ere g e n e r a l ly ^  
for inoculated and uninoculated sam ple fl1

allyb e e n  p a c k a g e d  an d  s to re d  id en tic  
spoilage floras o f all vacuum -packag^ 
were com posed o f lactobacilli and ente10 J  
in  roughly equal proportions. Vacuufl1' " ^ #  
sam ples w ere invariably spoiled when A1 J  
n u m b ers  w ere  a tta in e d , w ith  the toi |C 
in c re a s in g  by 5 lo g  cy c le s  to  excee J  
b a c te r ia /s a m p le . T h e  sp o ila g e  f l° r 
C 0 2-packaged sam ples w ere greatly a $  
by lactobacilli, enterobacteria forming 
1% o f  the flo ra  w hen m axim um  nuna J  
attained. Spoilage o f C 0 2-packageds3iCl ^  
not occur until m axim um  bac te ria lnUfll 
persisted for significant periods. T h est0 
o f  C 0 2-packaged sam ples was twice ̂  
tha t o f  vacuum -packaged sam ples at 
storage tem peratures, and three times 
the low er tem peratures (Table 1). J
Table 1. T he e ffec t o f  s to rag e  temp

th e  s to r a g e  l i f e  o f  vaC^jjig^ 
C 0 2-p a c k a g e d  sam p les  0 
beef.

Tem perature
(°C)

Storage

Vacuum
pack

-2 63

0 49

2 35

5 17

10 5

Pathogen growth in vacuum packs
In  vacuum  pack s, T. e n te ro c o lid °a^ w  
and 10°C only after significant lags 
significant lags at interm ediate temP^ ^ ,  
all tem p era tu res, g ro w th  rates we v

ighe „ a- 
3C io

those  o f  the sp o ilag e  flo ra. at
n u m b e r  w ere  a t ta in e d  a t 1 0 °C 1 u ^  10 d
b e c a u s e ,  in  c o n t r a s t  to  g r 0 'vt/ii^ i 
tem peratures, grow th o f Y. enteroco ^  
was no t obviously inhibited as the r
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?Pproachprt
lPcreas . m ax im u m  n u m b e rs . H o w e v e r, 
^ atest S m  n u m ^ e r s > o f  5 lo g  c y c le s , w ere  

abSe at lnterm ediate tem peratures because o f 
nce of significant iags (Table 2).

^5°ca
&ew jn v ^ ' 0Wer tem peratu res, A. h y d r o p h ila  
*ag at -2°pCUUm Pac^ s after significant lags, the 
•° ^ o se  !>C'n® very prolonged, at rates sim ilar 
*^bite(j ° f  sp o ila g e  f lo ra . G ro w th  w as 
aPprQach at 30 early stage o f the spoilage flo ra’s 
^  early °  max*mum num bers. The lag period, 
lriCreases T u i t i o n  o f  growth, generally lim ited 
'''bile tfie° h y d ro p h ila  to about 4 log cycles, 

n P^ ed la S at "2°C aH °w ed only  
th '°Phila ‘fe ra tio n - H o w ev er, a t 1 0 °C ,A .

of tbe ®'ew without lag at a rate greater than 
cMes (Tab]^0^ 3®6 ^ o ra  t0 in c rease  by 5 log

■ ho*tiff cy to
s 6r signifi ^ enes § rew  in  vacuum  packs only

ia°̂ age fiorâ  at rates ̂ess t̂ian ̂ at 
m^'bited • all tem peratures, grow th was

S l^ e sP ° i ia g e  f lo ra  a p p ro a c h e d
ctlCreaseSo^ Umb)ers. T h e se  fa c to rs  lim ite d  
i. c*es at mon° c y  to  genes to less than 3 log
djs lban 2  j0 and h ig h e r tem p era tu res, and to

1101 grou, ^ Ĉ c ês at 0°C. L. m onocytogen es  8r° W at_2°C(Tab
ta1-' 'iable 2

The
^  effect o f  s to rag e  tem p era tu re  on 

Maximum increase in numbers o f Y. 

e r° c o l i t i c a  (Y e r ) , A . h y d r o p h ila  

v a L - m o n o c y to g en es  (L is) on 

UUm'Packaged, high-pH beef.

R a t u r e Log increase

Yer A er Lis

2.6 1.2 -

4.7 3.9 1.6
5.2 4.3 2.8
5.3 3.5 2.8
3.9 5.5 2.9

X 8eh
^ ^ ^ P a c k ^ b  u nder  C 0 2 
O *  loWer°tp^.0 f lhe test organism 

5 ahd l 0op Peratu^s . Y. enter
L after substantial lag

s im i la r  to  th o s e  o f  th e  s p o ila g e  f lo ra .  A .  
h ydro p h ila  and L. m o n ocytogen es  grew  only at 
10°C after an insignificant and a relatively short 
lag  respectively . A . h y d ro p h ila  grew  at a rate 
s im ila r  to  th a t o f  th e  sp o ila g e  f lo ra , b u t the  
grow th rate o f  L. m onocytogen es  was som ew hat 
slow er than that o f the spoilage flora. G rowth of 
all th ree  species w as in h ib ited  as the  spo ilage 
f lo ra  a p p ro a c h e d  m a x im u m  n u m b e rs , w ith  
inhibition o f A. h ydroph ila  preceeding inhibition 
o f  the  o th e r species. A t 10°C, num b ers  o f A . 
h y d r o p h i la  in c re a s e d  b y  4 lo g  c y c le s ,  and  
n u m b e r s  o f  Y . e n t e r o c o l i t i c a  a n d  L  . 
m onocytogenes by 3 log cycles (Table 3).

Table 3. T h e  e ffec t o f  s to rage  tem p era tu re  on 
the m axim um  increase in numbers of Y. 
e n te r o c o l i t i c a  (Y e r ) ,  A.  h y d r o p h ila  
(Aer)  and L. m o n o c y to g en es  (Lis)  on 
C 0 2-packaged, high-pH  beef.

Tem perature
(°C)

Log increase

Yer A er  Lis

2 - -

5 2.2 -

10 3.1 4.1 3.5

- no growth

CONCLUSIONS
It is o b v io u sly  d es irab le  th a t a p ack ag in g  fo r 
extending the storage life o f m eat should restrict 
the  p ossib ilities  for co ld -to le ran t pathogens to 
g ro w  to  h ig h  n u m b e rs  b e fo re  th e  p ro d u c t is 
spoiled. The restriction o f grow th should not be 
dependent on a low m uscle tissue pH  as, except 
w ith some beef products, such a condition cannot 
be assured for all m eat that is packaged.

W ithout specific data relevant to the infection of 
humans by each o f the cold-tolerant pathogens, it 
is n o t possib le  to define  the num bers o f these  
bac teria  tha t w ould be to lerab le  on raw  m eats. 
H ow ever, it  can  reaso n ab ly  be sug g ested  that 
storage conditions m ay be hazardous if  num bers 
o f  a p o ten tia l p a th o g en  can  in c re a se  by 5 log 
cycles before spoilage becom es evident. By that 
c ru d e  c r ite rio n , s to rag e  o f  v acu u m -p ack ag ed  
m eat at tem peratures m uch above 0°C would be 
considered hazardous because o f possible growth
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o f  Y .  e n t e r o c o lit ic a  o r  A .  h y d r o p h ila  to  h ig h  
numbers. In contrast, storage o f C 0 2-p ac k a g e d  
m e a t a t 5 °C  o r  b e lo w  w o u ld  b e  c o n s id e re d  
s a f e  w i th  r e s p e c t  to  g r o w th  o f  th e  c o ld -  
to le ra n t p a th o g en s , and  ev en  s to rag e  at 10°C 
m ig h t b e  c o n s id e re d  a d e q u a te  fo r  c o n tro l o f  
co ld -to le ra n t p a th o g en  p ro life ra tio n .

M e a t  m u s t  b e  h e l d  a t  o r  b e lo w  0 ° C  f o r  
p ro lo n g e d  c h il le r  s to ra g e  (G ill e t a l . , 1988). 
T h e  s to rag e  o f  C 0 2-packaged, chilled m eat for 
very long periods is therefore highly unlikely to 
lead  to  th e  d ev e lo p m en t o f  any h ea lth  hazard  
f r o m  t h e  c o l d - t o l e r a n t  p a t h o g e n s  Y . 
e n t e r o c o l i t i c a , A .  h y d r o p h i l a  o r  L  . 
m onocytogenes  because these species apparently 
cannot grow at low  chiller temperatures. Even at 
h igher storage tem peratures, grow th o f the cold- 
to le ran t pathogens w ill be b e tte r con tro lled  in 
C 0 2-p ack ag ed  m ea t th an  in  s im ila r  vacuum - 
p a c k a g e d  p ro d u c t, so r isk s  a s so c ia te d  w ith  
tem perature abuse w ill be sm aller for product in 
the form er packaging.
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