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Dmductpac"aEEd beef is a major export commodity for Austalia. Trade

<10 S possible because of a storage life under commercial conditi
at Weeks ,

this
of
h Under laboratory conditions, storage lives of up to 15 weeks

long Sheave l_)een reported (Newton and Rigg, 1979; Egan, 1983). To achieve a
”’alerial f life only meat of low pH (<6.0) must be packaged and the packaging
0 = MUSt be of low gas permeability. When spoilage does occur it is due
or gheesevelopmen: of flavours and/or odours commonly described as sour, acid
a,, ‘97;: HThese are caused by the growth of lactic acid bacteria (Dainty et
' Egan and Shay, 1982; Egan, 1983).

eat 3 2
Eharaete:r high pH (>6.0) is packaged, spoilage is usually more rapid and
Whep pac 12ed by changes in appearance, especially greening of the weep.

type s ks are opened putrefactive odours are detected. Spoilage of this
("hjc Caused by Gram negative bacteria especially Alteromonas putrefaciens
Eﬂterobas a strong producer of hydrogen sulphide) and psychrotrophic
ww (Nicol, Shaw and Ledward, 1970; Bem, Hechelmann and
Neutgy, ;o1276; Taylor and Shaw, 1977; Patterson and Gibbs, 1977; Gill and

* 1979; Newton and Gill, 1980; Erichsen, Molin and Moller, 1981).

Al'«he

the I:Bcglvacuum—packaged pork is not exported, limited amounts are used in

&3 Week Notel and restaurant trade. Processors report a shelf life of only

°°ns£de,~s Under commercial conditions at temperatures up to 5°C, and this is

) g ed inadequate even for local use. Since there is a higher incidence

Rign oK Dl;{ meat with pork than there is with beef, the packaging of meat of
May be a major factor causing the inadequate shelf life.

LIPS
"icuu:Era“ to beef there have been very few studies of the microbiology of
bork Packageq pork. Hermansen (1980) reported that the spoilage of high pH
Loy s Putrefactive and caused by Alteromonas putrefaciens. In contrast,
B-‘;her‘mgeat Spoiled due to the development of a sweet-sour odour caused by
W and lactic acid bacteria. This worker has recently suggested
ACT Life under commercial conditions of 1-3 weeks at 2-40C for

Packaged retail cuts of pork (Hermansen, 1983).

© hay,

3“T‘Taezsexamlned the growth of the microbial flora on the lean, fat and skin

1ahor‘atopor Vacuum-packaged pork stored at both 0°C and 5°C. Using the

x*‘i‘-‘en esny taste panel, the shelf life of vacuum-packaged pork of low pH has

“mil r Mated and found to be only about half of that of beef stored under

Fela“o fonditions. The shelf life of vacuum-packaged pork is discussed in
N 0 that of beerf.
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Pro
1979; ggeﬂures have been described in detail previously (Campbell et al.,
frop loca; and Shay, 1982). Pork loins and beef striploins were obtained
Processors. Pig carcasses were 1-2 days post mortem and meat

3an,
P
In oSS were

ost, Selected on the basis of surface pH immediately after boning.

€Xperiments loins were "skin-off".

Sanpy
“erl;: for microbiological analysis were obtained by excision using a
gy 0 Qng borer of known cross-sectional area. The samples were of total
fon tastcm’ except those used in experiments in which the meat was presented
r"'Om ce Panel evaluation. In such cases, a sample of 5 cm? was excised
SQMMQS h op the three packs of each treatment being tested and the three
n of Smm the same treatment were pooled. Samples were homogenized in 90
T“‘al v; * (w/v) peptone water for one min using a Model 400 Stomacher.
?‘)Ya gaable counts were determined by plating suitable dilutions on Tryptone
Wy) glr (Oxoid cM131) supplemented with 0.5% (w/v) yeast extract and 0.2%
(Cﬂrdn Ucose (Tsyg agar). B.thermosphacta was enumerated using STAA agar
Yerg Na; 1966)., To determine the count of Gram negative bacteria samples
inon;eS ®d on peptone agar (Grau, 1983). On this medium they grow as large
8reqpy, > 2Nd the growth of lactic acid bacteria and B.thermosphacta is

;estf‘icted. For confirmation, colonies were tested for Gram reaction
3o agar ('c’;fft?_\od of Buck (1982). Lactic acid bacteria were enumerated using
"’hEY‘mo %oid). However, in the presence of large numbers of
20 o Sphacta this medium may give a false result, since some strains form
Coung 0? On it and may give a negative catalase test. Thus to confirm the
l;“-eheu lactic acid bacteria a representative number of colonies were
Stpg 0.0"‘50 TSYG agar and the patches tested for catalase activity. The
ﬂaYs, Esh&‘} were incubated at 25°C and colonies counted after two and three
l“‘?ubate;p“cate sets of both the TSYG agar and the peptone agar were

Or a suitable time at the temperature of the storage experiment.

into three portions of approximately equal size and placed in
- The packaging film used consisted of a layer of polyvinylidene
Coated on both es with ethylene-vinylacetate copolymer and had an
Sagy UBE B 30 m1/m2/2k4h/atm measured at 25°C and 75% rh

N ) ng uq"‘” r Bag, W.R. Grace & Co.). Meat was vacuum-packaged by heat
Aokg er‘ ing a Supervac chamber-type evacuator operated at maximum vacuum.
"€ not heat shrunk and were stored in the dark at . 90% rh.

1 experiment consisted of two treatments, but samples were

;‘]“u ?i::p}‘“ﬁi three-way test, since duplicate stored samples >
it- Meay s; ~:mtru',. To reduce possible variability due to dif
2. tach £ Mples presented to the taste panel, three separate
e ngv Me point ., us each time point comprised three separa
“Oom, areg At any one session, the three packs from the same muscle were
Agy, (two stored test samples and one frozen control).
e
Tien si;’f”’“ﬂx for microblological analysis the fa removed from
Mo SIX:IE and the s were sliced off and disca e meat was cut
oy Qu_);'zi’ ca. 2 em in thickness, dry roasted at 23( for 20 min and cut
:e‘-all,x'“ Of side ca. 2 cm for presentation to the taste panel. All other
B ¥y “gh;“": been r.vz'/‘. OuE ribed (Egan, rd and ay, 1980; Egan and
82),
B
hie
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"ieu5 h of the microbial flora on the lean and skin surfaces of
Packaged pork of low pH (5.5 stored at 00C is examplified by the

ia we
surfaces.

Psychrotrophic lactic
fat as well as the

lean and sk
anisms r d a maximum popul

T/em? after 4-5 weeks of storage and compr
anisms present.

B.thermosphacta reached a maximum population of only ¢ on

, it reached about 5 x 109/cm2 on the fat shown)
and ded 109/cm? on the skin (Fig. l1a). The population of gram negative
bacteria remained low on all three types of tissue (ca. 104/cm2) but
typically showed quite large fluctuations.

A trained analytical taste panel of 15 members was used to determine the
shelf life of vacuum-packaged pork stored at 0°C and the results of a typical
experiment are shown in Fig. 2a. e pork samples gradually deteriorated on
storage mainly due to the development of a changed or "off" flavour which
first became apparent after. about four weeks. This "off" flavour increased
in intensity during further storage and the flavour of the stored samples
became significan different from that of the frozen controls after 6 weeks
(P<0.01). At this time the flavour of the meat was variously described as
bitter, sour or acid. A changed or "off" aroma was also noted by the
tasters, but the flavour change was regarded as the major defect.

Beef of pH 5.5-5.8, vacuum-packaged and stored under similar conditions, was
presented to the same taste panel for evaluation. Again spoilage was
predominantly due to a change in meat flavour but with the beef it only
became significant after 11 weeks storage at 0°C (P<0.05).

The development of the microbial flora on vacuum-packaged pork of high pH was
then studied. Results demonstrating growth on the lean surface are shown in
Fig. 3. The total number of viable organisms present on pork of pH 6.1-6.7
stored for 4-5 weeks at 0°C was typically somewhat higher than found for meat
of low pH (ef. Fig. 1). Lactic acid bacteria were again the dominant
component of the flora reaching ca. 105/’c'n24 B.thermosphacta and the Gram
negatives were also present in higher numbers than on meat of low pH (Fig.
3b).

When the high pH meat was stored at 5°C, not only did the bacteria grow more
rapidly but the total count was noticeably higher than at 0°C (typically 2-5
x 103/~m?,\. There were also significant increases in the populations reached
by the Gram negatives and B.thermosphacta, which grew to 10 /em? and 106/cm?
respectively. Growth of these groups continued even in the presence of a
population of lactic acid bacteria in excess of 108/cm2 (Fig. 3a). A
considerable proportion of the gram negative isolates were capable of
producing hydrogen sulphide but detailed studies of these organisms have
not yet been done. Table 1 lists the maximum population of the various
groups of bacteria found on the lean surface of vacuum-packaged pork.

TABLE 1: Highest numbers of bacteria on the lean surface of vacuum-
packaged por“x' stored for up to 6 weeks.

T Total Lactic
Temperature viable aecid Gram-ve
pH (°c) count + bacteria B.thermosphacta bacteria
5.4-5.8 0 7.9 7.9 4,2 4.8
] 8.0 7.9 4.5 6.2
6.1-6.7 0 8.7 8.5 s 6.7
5 8.6 7.9 7.2 8.0

Packaging film oxygen permeability 20-30 ml/m2/24n/atm
measured at 25°C and 75% r.h.
€10 number per cm2. Data taken from a total of 12 experiments.

The lactic acid bacteria did not grow to as high numbers on the fat and skin
surface of nigh pH meat as they did on the lean. Typical numbers reached
were 1-2 x 10//em<. B.th osphacta reached 107/em? on the fat and skin
surfac at both temperatuw The populations of gram-negative bacteria
were again more variable but were considerably higher at 5°C than at 0°C.

In most experiments, spoilage of high pH vacuum-packaged pork was due to the
development of undesirable colour defects. Greening of the weep often

oceur and this resulted in a general discolouration which was most
noticeable on the fat surface. When green packs were opened a smell of
hydrogen sulphide was usually noted. Greening of high pH pork usually
occurred after 4-5 weeks when stored at 0°C and after on 2-3 weeks at 5°C.

Discussion

acid bacteria were the do
The

inant component of the flora of low pH pork
low numbers of gram negative bacteria present
ikely to be significant in spoilage.

mila

Simi ly e a cause of spoilage since it
reached a only on the skin. Only very low
numt of were detected (typical populations 102-103/cm?. Overall

the m iology was very milar to that reported for low pH beef stored
under similar conditions (Dainty et al., 1979; Gill and Newton, 1978; Egan,
1983). e

The t anel result

esults spoiled due to the development of a
rage. Vacuum-packaged beef also

ue to off" flavours described as sour, acid or
cheesy (Shay and Egan, 1982; Egan, 1983). This "off" flavour development is
beli be caused > acid bacteria. However the taste panel
pork of only about half that for beef
There m be several factors contributing
count of psychrotrophs on pork is commonly higher than
(unpublished data) and in addition, the growth rate of the bacteria

fect after about

ievelopment

indicate a shelf

1 under similar cond

The initial
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appears to be slightly faste
explain the differe
Studies of the endogenous
muscle during storage may

Our microbiologic
provides a much more

perm
meat of low pH. Thus the

beef (Taylor and Shaw, 197
M8ller, 1981).
vacuum-packaged
excess of 10//em<

likely to be significant in spoilage (
organism the amount of growth was mo dependent upon me.
temperature (Table 1). Since its' population als nereas:
packaging film permeability (data not shown)
growth on vacuum-packaged pork are the sam
al., 1979).

The population of Gram negative psychrotrophs on va
increased when either meat pH or storage temperat

temperature effect was partic
occurring on high pH pork at 5°C
the major cause of the putrefact
spoilage of vacuum packaged high pH

pork, particularly at 5°C.

For export from Australia an assured s 09¢
is required. The relationship between the estimate ed
using the taste panel and consumer shelf life is diff to quan »
although we know that our panel is more discriminating than the average local
consumer. However it seems unlikely that even low pH pork could be exported

without encountering problems.

Additional procedures may be useful in extending the shelf life of
vacuum-packaged pork. Storage in atmospheres of carbon dioxide shows
considerable promise (Enfors, Molin and Ternstrdm, 1979; Blickstad and
Molin, 1983) and sanitizing carcasses or cuts with solutions of organic acid
may be of use (Cacciarelli et al., 1983; van Netten and Mossel, 1980). A
number of potential pathogens have been reported as being able to grow on
vacuum-packaged beef and pork of high pH. These include Yersinia
enterocolitica, Aeromonas hydrophila and Erysipelothrix-like bacteria (Gill
and Newton, 1979; Erichsen, Molin and M&ller, 1981; Myers et al., 1982).
We have also detected these organisms on vacuum-packaged pork. They may
present a problem particularly on high pH meat stored at 5°C and further
studies to clarify their significance are required.

This work was supported by the Australian Pig Industry Research Committee.
References

Bem, Z., Hechelmann, H. & Leistner, L. 1976. Fleischwirtschaft 56, 985-987.
Blickstad, E. & Molin, G. 1983. J. Food Prot. 46, 756-763.

Buck, J.D. 1982. Appl. Environ. Microbiol. 44, 992-993.

Cacciarelli, M.A., Stringer, W.C., Anderson, M.E. & Naumann, H.D. 1983.
J. Food Prot. u46, 231-234,

Campbell, R. Egan, A.F., Grau, F.H. & Shay, B.J. 1979. J. Appl.
Bacteriol. 47, 505-509.

Dainty, R.H., Shaw, B.G., Harding, C.D. & Michanie, S. 1979. In Cold
Tolerant Microbes in Spoilage and the Environment, ed. Russell, A.D. &
Fuller, R. pp. 83-100. London, Academic Press.

Egan, A.F. 1983. Antonie van Leeuwenhoek 49, 327-336.

Egan, A.F., Ford, A.L. & Shay, B.J. 1980. J. Food S 46, 1745-1748.

Egan, A.F. and Grau, F.H. 1981. In Psychrotrophic Microorganisms in Spoilage
and Pathogenicity, ed. Roberts, T.A., Hobbs, G., Christian, J.H.B. &
Skovgaard, N. pp. 211-221, London: Academic Press.

Egan, A.F. & Shay, B.J. 1982. J. Food Sci. 47, 1119-1122 & 1126.

Enfors, S.-0., Molin, G. & Ternstr8m, A. 1979. J. Appl. Bacteriol.

47, 197-208.

Erichsen, I., Molin, G. & M&8ller, B.-M. 1981. Proceedings of 27th
European Meeting of Meat Research Workers, Wien pp. 683-687.

Gardner, G.A. 1966. J.Appl. Bacteriol. 29, 455-460.

Gill, C.0. & Newton, K.G. 1978. Meat Sci. 2, 207-216.

Gill, C.0. & Newton, K.G. 1979. Appl. Environ. Microbiol. 37, 362-364.

Grau, F.H. 1983. J. Food Sci. 48, 326-328 & 336.

Hermansen, P. 1980. Proceedings_or 26th European Meeting of Meat Research
Workers, Colorado Springs pp. 300-303. :

Hermansen, P. 1983. Proceedings of 36th Annual Reciprocal Meat Conference,
Fargo.

Myers, B.R., Marshall, R.T., Edmondson, J.E. & Stringer, W
J. Food Prot. 45, 33-37.

van Netten, P. & Mossel, D.A.A. 1980. Arch. Lebensmittel Hyg. 31, 190-1,

Newton, K.G. &% Gill, C.0. 1980-1. Meat Sei. 5, 223-232.

Newton, K.G. % Rigg, W.J. 1979. J. Appl. Bacteriol. 47, 433-441.

Nicol, D.J., Shaw, M.K. & Ledward, D.A. 1970. Appl. Microbiol. 19, 937-9.

Patterson, J.T. & Gibbs, P.A. 1977. J. Appl. Bacteriol. U 25-38.

Taylor, A.A. & Shaw, B.G. 1977. J. Food T hnol. 12, 515-521.

216

§
9 T
w
D a
ZE 15
c 0 '
o ¥
i ‘ ? «
: g ag
gy 12 W %o
o o W B
[rany f 2
A 1 {o it
w o
s gi*
- o0~ g
= DR
Ciar)
—> 1 iy 50
¢ o
o K:i
1 4 & ‘5.4
2 8e5
e B ~ & Tt
(o] o o w 558
~ a ~— m He £
\ ‘ | P
L L L " L s g | G
3 ™ o~ - O = ™ ~ - [=)
w I8
.~ <
« —
@ i a5 =
T 7 X
& 2 3 5 y
o b o o - O
¥ 7 e g2 ) =z
€z
ik o . 3
] ERE 53
S ws 2
™ i i = o 9
ek - I 3385 2
i S8%m o \ g;;
' came o g8
1k X 2 o
' 52
o ~ &
4 AU
© g
v %
2 &
1 S wi®
z a8
G
o Yo,
] : H
2 f’fz
585
4 2 g
&
e j
- © 3 = “ o~ o
wd s /mnoa 901
9
() '5*C 7
8
7 \
6 |
5
o - Total counts
4 & - Lactics (----)
@ - Brochothrix
.3 ®-Gram (-)
>
©
c -
5
0
-
i
2
(o]
o |
)
o
-
2 " i
10 20 30 40

TIME (days)

e
FIG. 3: Growth of the bacterial flora on the lean su"‘f:c
of hjgh pH (8.1-6.7) vacuum-packaged pork stor
at 0°C and 5°C.




