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< t T ka8ed beef is  a maJor exPort commodity fo r  Austa lia . Trade in th is 
ca. lQ ls  Possible because o f  a storage l i f e  under commercial conditions o f 
at ooq ¡¡eeks- Under laboratory conditions, storage l iv e s  o f up to  15 weeks 
lon8 sh ?Ve been r e P°rted  (Newton and Rigg, 1979: Egan, 1983). To achieve a 
materia  ̂ l l f e  only meat o f  low pH ^ 6 .0 ) mu3t be Packa6ed and the packaging 
to the d mUSt be o f low gas Perm eability. When spoilage does occur i t  is  due 
0p choo-^Velopment ° f  flavours and/or odours commonly described as sour, acid 

These are caused by the growth o f la c t ic  acid bacteria  (Dainty et. . .v - o c  a i e  e a u a e u  uy
Egan and Shay, 1982;

cha"ao L°f hl8h PH (>6-0) 13

Egan, 1983).

'äcteri
Packs

packaged, spoilage is  usually more rapid and 
zed by changes in appearance, e sp ec ia lly  greening o f the weep, 
are opened pu tre factive  odours are detected. Spoilage o f  th is

negative bacteria  esp ec ia lly  Alteromonas putrefaclens
“jPe i »  ~  ö «wciieu I
(which * aused by Gram
^Tobanh3 Strong Pro(-----  -  , ------
teil^j^--xarlaceae (N ic o l, Shaw and Ledward, 1970; 
Newton 976; Taylor and Shaw, 1977; Patterson a

®t a strong producer o f hydrogen sulphide) and psychrotrophic
Hechelmann and

. and Gibbs, 1977; G i l l  and
1979*. Newton and G i l l ,  1980; Erichsen, Molin and M öller, 1981).

Vacuum-packaged pork is  not exported, lim ited  amounts are used inr'e ’ “ '-u u m -p a c i
H Î Ï Ï S î Î « !  and restaurant trade. Processors report a sh e lf l i f e  o f only
Cor*3ide u?der commercial conditions at temperatures up to  5°C, and th is  is  
°f highred Inadequate even fo r  lo ca l use. Since there is  a higher incidence 
Nigh oh P  ̂ meat with pork than there is  with beef, the packaging o f meat o f

In
may be a major fa c to r  causing the inadequate sh e lf l i f e

to beef there have been very few studies o f the m icrobiology o f 
Pork w a s ka8ed P°rk * Hermansen (1980) reported that the spoilage o f high pH 
low pH Pu trefactive and caused by Alteromonas pu trefaclens. In contrast, 
|^her_ at spoiled due to  the development o f  a sweet-sour odour caused by 
a and la c t ic  acid bacteria . This worker has recen tly  suggested
Va°UUm under commercial conditions o f 1-3 weeks at 2-4°C for

Packaged r e ta i l  cuts o f pork (Hermansen, 1983). 
have

SUr>races xamined the growth o f the m icrobial f lo ra  on the lean, fa t  and skin 
âhorato o f vacuum-packaged pork stored at both 0°C and 5°C. Using the 

be®n fi3. ry taste panel, the sh e lf l i f e  o f vacuum-packaged pork o f  low pH has 
aI®ilar lmated and found to  be only about h a lf o f that o f beef stored under 

The sh e lf l i f e  o f vacuum-packaged pork is  discussed in 
to that o f beef.

9?9; g Cedures have been described in d e ta il previously (Campbell e t  a l ., 
fp0m and Shay, 1982). Pork lo in s  and beef s tr ip lo in s  were obtained

al Processors. P ig carcasses were 1-2 days post mortem and meat

resu lts  shown in F ig . 1. Psychrotrophic la c t ic  acid bacteria were the 
dominant component on the fa t  as w ell as the lean and skin surfaces. On the 
lean surface, these organisms reached a maximum population ty p ic a lly  in the 
range o f 2-5 x lO^/cm2 a fte r  4-5 weeks o f storage and comprised more than 99* 
o f the organisms present.

Whilst B.thermosphacta reached a maximum population o f only ca. 10Vcm2 on 
the lean (F ig . 1b), i t  reached about 5 x 10-Vcm2 on the fa t  (data not shown) 
and exceeded 10^/cm2 on the skin (F ig . la ) .  The population o f  gram negative 
bacteria remained low on a l l  three types o f tissue (ca . loVcm2) but 
ty p ic a lly  showed quite large flu ctuations.

A trained an a ly tica l taste  panel o f  15 members was used to  determine the 
sh e lf l i f e  o f vacuum-packaged pork stored at 0°C and the resu lts  o f a typ ica l 
experiment are shown in F ig . 2a. The pork samples gradually deteriorated  on 
storage mainly due to the development o f a changed or " o f f ” flavour which 
f i r s t  became apparent a fte r  about four weeks. This " o f f "  flavou r increased 
in in ten s ity  during fu rther storage and the flavour o f the stored samples 
became s ig n if ic a n t ly  d iffe ren t  from that o f the frozen controls a fte r  6 weeks 
(P<0.01). At th is  time the flavour o f the meat was variously described as 
b it t e r ,  sour or ac id . A changed or " o f f "  aroma wa3 al30 noted by the 
ta s te rs , but the flavour change was regarded as the major d e fec t.

Beef o f pH 5.5-5.8, vacuum-packaged and stored under s im ila r conditions, was 
presented to  the same taste panel fo r  evaluation. Again spoilage was 
predominantly due to  a change in meat flavour but with the beef i t  only 
became s ign ifica n t a fte r  11 weeks storage at 0°C (P<0.05).

The development o f the m icrobial f lo r a  on vacuum-packaged pork o f  high pH was 
then studied. Results demonstrating growth on the lean surface are shown in 
F ig . 3. The to ta l number o f v iab le  organisms present on pork o f pH 6.1-6.7 
stored fo r  4-5 weeks at 0°C was ty p ic a lly  somewhat higher than found fo r  meat 
o f low pH ( c f .  F ig . 1 ). Lactic  acid bacteria  were again the dominant 
component o f the flo r a  reaching ca. 10®/cm2. B.thermosphacta and the Gram 
negatives were a lso  present in higher numbers than on meat o f low pH (F ig . 
3b).

When the high pH meat was stored a t 5°C, not only did the bacteria grow more 
rap id ly  but the to ta l count was noticeably higher than at 0°C (ty p ic a lly  2-5 
x 10^/cm2) .  There were a lso  s ign ific a n t increases in the populations reached 
by the Gram negatives and B.thermosphacta, which grew to  10°/cm2 and 10°/cm2 
resp ec tiv e ly . Growth o f these groups continued even in the presence o f  a 
population o f  la c t ic  acid bacteria  in excess o f 10®/cra2 (F ig . 3a). A 
considerable proportion o f the gram negative iso la tes  were capable o f 
producing hydrogen sulphide but deta iled  studies o f these organisms have 
not yet been done. Table 1 l i s t s  the maximum population o f the various 
groups o f bacteria  found on the lean surface o f vacuum-packaged pork.

PIe3
Were selected  on the basis o f surface pH immediately a fte r  boning. 
exPeriments lo in s  were " s k in -o ff" .

for

5tepUe ° P raicrobi° l° 8 ic a l  analysis were obtained by excision  using a 
a"ea in °°2k Pofer o f known cross-sectional area. The samples were o f to ta l 

”1n except those used in experiments in which the meat was presented 
-on, Qa"'* Panel evaluation . In such cases, a sample o f 5 cm2 was excised 
5aniPles f  the three packs o f  each treatment being tested and the three
r* 0f 0 i * 0m the same treatment were pooled. Samples were homogenized in 90 
^°tai * * (w/v) peptone water fo r  one min using a Model 400 Stomacher. 
y°Va Agaab^e counts  were determined by p la tin g  su itab le  d ilu tions  on Tryptone 
W/V) „ , r  (Oxoid CM131) supplemented with 0.5* (w/v) yeast extract and 0 .2%  
âpdnerUC0Se (TSYG aga r). B.thermosphacta was enumerated using STAA agar 

Wepe pj_ ’ ’ 966). To determine the count o f Gram negative bacteria samples 
c°I°n ie3 ed 0n Peptone agar (Grau, 1983). On th is  medium they grow as large 
8r®atiy  and the growth o f la c t ic  acid bacteria and B.thermosphacta is

t . restp ic ted . For confirm ation, colon ies were tested fo r  Gram reaction 
H agape fmetbod o f Buck (1982). Lactic acid bacteria were enumerated using 
^thgr (Oxoid). However, in the presence o f large numbers o f 
°oioi^~5£hacta th is  medium may g ive  a fa ls e  re su lt , since some stra ins form 
°°unt o f 0n I t  and may g ive  a negative catalase te s t .  Thus to  confirm the 
patched la c t ic  acid bacteria  a represen tative number o f colon ies were 
^tp j ° nto  TSYG agar and the patches tested fo r  catalase a c t iv i t y .  The 
jfya. i Sbes were incubated a t 25°C and colon ies counted a fte r  two and three 
incUbateHP lica te  sets o f both the TSYG agar and the peptone agar were

for a su itab le  time at the temperature o f the storage experiment, 

w
Dla3 tic Te Cut in to three portions o f approximately equal s iz e  and placed in 
cNl0pid ags* The packaging f i l q  used consisted o f a layer o f  polyvinylidene 

L COated on both sides with ethy lene-v iny laceta te copolymer and had an 
k 8augeepmeabllit y o f 20-30 ml/m2/24h/atm measured at 25°C and 751 rh 

!^al i ng Barpie r  Bag, W.R. Grace & C o .). Meat was vacuum-packaged by heat 
ackg h U3Ihg a Supervac chambei—type evacuator operated at maximum vacuum.

Pe not heat shrunk and were stored in the dark at ca. 90* rh.
EaCh tas ~
id ea ted 6 Panel experiment consisted o f two treatments, but samples were 
p a f r in a three-way te s t ,  since duplicate stored samples were compared 

a rneatZen con tro l. To reduce possib le v a r ia b i l i ty  due to d iffe ren ces  in 
I each t,Samp1-es presented to  the taste panel, three separate lo ins were used 

on ions lme p° I n t* Thus each tlme P°in t comprised three separate tasting 
0D|pape  ' At any one session, the three packs from the same muscle were 

(two stored tes t samples and one frozen c o n tro l).
After a
*ch 3a mp>1 trig Tor m icrob io log ica l analysis the fa t  layer was removed from 

/•to a ] ,Ple and the ends were s lic ed  o f f  and discarded. The meat was cut 
qNto -  ca. 2 cm in thickness, dry roasted at 230°C fo r  20 min and cut 
•tan !!S 3Ide ££• 2 cro ('on Presentation to  the taste  panel. A ll other 
N*y, ;ggave Peen previously described (Egan, Ford and Shay, 1980; Egan and

®wth o f the m icrobial f lo ra  on the lean and skin surfaces o f 
"Packaged pork o f  low pH (5 .5 -5 .8 ) stored at 0°C i3 exam plified by the

TABLE 1 : 
packaged

Highest numbers 
pork* stored fo r

o f bacteria on the 
up to  6 weeks.

lean surface o f  vacuuir1-

PH
Temperature

(°C )

Total
v iab le
count*

Lactic
acid

bacteria B.thermosphacta
Gram-ve
bacteria

5.4-5.8 0 7.9 7.9 4.2 4.8
5 8.0 7.9 4.5 6.2

6.1-6.7 0 8.7 8.5 7.5 6.7
5 8.6 7.9 7.2 8.0

* Packaging film  oxygen perm eability 20-30 ml/m2/24h/atm 
measured at 25°C and 75* r .h .

+ Logic number per cm2. Data taken from a to ta l o f 12 experiments.

The la c t ic  acid bacteria did not grow to  as high numbers on the fa t  and skin 
surface o f high pH meat as they did on the lean. Typical numbers reached 
were 1-2 x 10'/cm2 . B.thermosphacta reached ca. 10'/cm2 on the fa t  and skin 
surfaces at both temperatures. The populations o f gram-negative bacteria 
were again more variab le  but were considerably higher at 5°C than at 0°C.

In most experiments, spoilage o f high pH vacuum-packaged pork was due to the 
development o f undesirable colour d e fec ts . Greening o f the weep often 
occurred, and th is  resulted in a general d iscolouration  which was most 
noticeab le on the fa t  surface. When green packs were opened a smell o f 
hydrogen sulphide was usually noted. Greening o f high pH pork usually 
occurred a fte r  4-5 weeks when stored at 0°C and a fte r  on 2-3 weeks at 5°C.

Discussion

Lactic  acid bacteria were the dominant component o f the f lo ra  o f low pH pork 
stored at 0°C. The low numbers o f gram negative bacteria  present 
suggests that these organisms are un likely to be s ign ifica n t in spo ilage. 
S im ila rly  B.thermosphacta is  un likely  to be a cause o f spoilage since i t  
reached a population in excess o f 10P/cm2 only on the sk in . Only very low 
numbers o f yeasts were detected (typ ica l populations 102-103/cm2. Overall 
the m icrobiology was very s im ila r to that reported fo r  low pH beef stored 
under s im ila r conditions (Dainty et a l . ,  1979; G il l  and Newton, 1978; Egan,
1983).

The taste  panel resu lts  show that pork spoiled due to the development o f a 
flavour defect a fte r  about s ix  weeks storage. Vacuum-packaged beef a lso 
spo ils  due to the development o f " o f f "  flavours described as sour, acid or 
cheesy (Shay and Egan, 1982; Egan, 1983). This " o f f "  flavour development is  
believed to be caused by the la c t ic  acid bacteria . However the taste panel 
resu lts  ind icate a sh e lf l i f e  fo r  pork o f only about h a lf that fo r  beef 
stored under s im ila r conditions. There may be several fa cto rs  contributing 
to  th is . The in i t ia l  count o f psychrotrophs on pork is  commonly higher than 
on beef (unpublished data) and in add ition , the growth rate o f  the bacteria
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appears to  be s l ig h t ly  fa s te r  on the pork. However i t  is  d i f f i c u l t  to 
explain the d ifferen ce  in sh e lf l i f e  so le ly  on a m icrob io logica l basis. 
Studies o f the endogenous chemical and biochemical changes which occur in the 
muscle during storage may be needed to help understand th is  resu lt.

Our m icrob io logica l resu lts  show that vacuum-packaged pork o f high pH 
provides a much more permissive environment fo r  bacteria l growth than does 
meat o f low pH. Thus the s ituation  with pork is  sim ilar to  that reported for 
beef (Taylor and Shaw, 1977; G i l l  and Newton, 1979; Erichsen, Molin and 
M öller, 1981). B.thermosphacta grew to  much higher populations on 
vacuum-packaged high pH pork than i t  did when the pH was low. Populations in 
excess o f 10'/cm2 were present in some experiments and th is  population is  
l ik e ly  to  be s ign ifica n t in spoilage (Egan and Grau, 1981). For th is  
organism the amount o f growth was more dependent upon meat pH than on 
temperature (Table 1 ). Since i t s '  population also increases with increasing 
packaging film  perm eability (data not shown), the factors  con tro llin g  i t s '  
growth on vacuum-packaged pork are the same as those fo r  beef (Campbell et 
a l . ,  1979). —

The population o f Gram negative psychrotrophs on vacuum-packaged pork 
increased when e ith er meat pH or storage temperature Increased. The 
temperature e f fe c t  was p a rticu la r ly  s ign ifica n t with populations o f 1o8/cm2 
occurring on high pH pork at 5°C (Table 1 ). These organisms are l ik e ly  to  be 
the major cause o f the pu trefactive odours and colour changes which cause the 
spoilage o f vacuum packaged high pH pork, pa rticu la r ly  at 5°C.

For export from Australia  an assured s h e l f - l i f e  o f at least 6-8 weeks at 0°C 
is  required. The re la tionsh ip  between the estimate o f sh e lf l i f e  obtained 
using the taste panel and consumer sh e lf l i f e  is  d i f f i c u l t  to  quantitate, 
although we know that our panel is  more discrim inating than the average loca l 
consumer. However i t  seems un likely  that even low pH pork could be exported 
without encountering problems.

Additional procedures may be useful in extending the sh e lf l i f e  o f 
vacuum-packaged pork. Storage in atmospheres o f carbon d ioxide shows 
considerable promise (Enfors, Molin and Ternström, 1979; Blickstad and 
Molin, 1983) and sa n it iz in g  carcasses or cuts with solutions o f organic acid 
may be o f use (C a cc ia re lli e t  a l . ,  1983; van Netten and Mossel, 1980). A 
number o f poten tia l pathogens have been reported as being able to  grow on 
vacuum-packaged beef and pork o f  high pH. These include Yersin ia 
en te ro c o llt ic a , Aeromonas hydrophila and E ryslpelo th rix- l lk e  bacteria (G il l  
and Newton, 1979; Erichsen, Molin and M öller, 1981; Myers et a l ., 1982).
We have also  detected these organisms on vacuum-packaged pork. They may 
present a problem p a rticu la r ly  on high pH meat stored at 5°C and further 
studies to  c la r i fy  th e ir  s ign ifican ce  are required.

This work was supported by the Australian Pig Industry Research Committee. 
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FIG. 3: Growth o f the b a cte ria l f lo ra  on the 
o f high pH ( 6 .1 -6 .7 ) vacuum-packaged 
at 0°C and 5°C.
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