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SUMMARY
Transport and storage trials were
conducted to determine the

commercial storage life of vacuum-
and coz—packaged lamb imported from

New Zealand. With both packaging
systems, storage life was terminated
by the onset of putrid spoilage.

Air-freighted vacuum-packed lamb had
a storage 1life of 39 days while
sea-freighted COjp-packed lamb had a

storage life of 92 days at mean
trial temperatures of 2.3°C and
-0.19C, respectively.

INTRODUCTION

Elevated concentrations of carbon

dioxide inhibit the growth of a wide
range of micro-organisms (Enfors &
Molin, 1980). In anaerobic systems
the inhibitory effects of CO, on
both the lactobacilli and
enterobacteria components of anoxic
meat microfloras increase with
increasing CO, concentration (Gill &
Penney, 1988) . Research results
(Gill & Penney 1986) and commercial
claims (Warburton, 1988) suggest
that the storage 1life of chilled
meat can be significantly increased
over that achieved by vacuum
packaging through the use of a 100%
C0, packaging atmosphere.

Vacuum-packaged lamb imported into
Saudi Arabia 1is traded commercially
on the basis that it has a chilled

storage life of between 4 and 5
weeks. However, storage 1lives for
chilled lamb, under optimum
conditions, of 8 and 16 weeks are

said to be commercially attainable
with vacuum- and CO,-packaging,
respectively (Gill, 1988).
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placed into Tuflex bags (Trigon,
Hamilton, Nz) and cooked to an
internal temperature of at least
70°C by immersion in boiling water
for 80 minutes. Aroma, texture,
flavour and overall acceptability

were assessed on a 7-point hedonic
scale by a 60-80 member "in-house"
panel. To assess Wwhole carcasses at
each sampling, one thawed control
and a leg from each of two chilled
carcasses were lightly salted,
wrapped in cooking foil and roasted
in a 1759C oven to an internal
temperature of 709C before being
uncovered and browned for 1L
minutes. The roast meat was assessed
by a 9-member experienced panel to
identify spoilage conditions on a
3-point scale were: 1= no spoilage
evident, 2= incipient spoilage and
3= overt spoilage. A small "take
home" panel of 13 families provided
an indication of consumer
acceptability of the chilled and
frozen product.

RESULTS

1) Cold Chain

The cold chain for the importation
of vacuum-packed lamb loins by air
freight consisted of three phases:

in-plant production, transportation
and storage on arrival (Fig.l).
Transportation included road
transfer to the exporting airport,
transient storage, preparation and
passage as air cargo,
"point-of-entry" inspection and
finally road transfer to the
destination coolstore. During the

five day transportation phase, the
average maximum, minimum and mean
temperatures recorded by four
temperature loggers were 5.8 @+
2.5%c, - 0.9 + 0.3°C and 1.8 +
0.99C, respectively. Over the whole
trial (from packaging to the
detection of spoilage, 44 days after
packaging) the average  maximum,
minimum and mean temperatures were
14.9 + 2.19c, -0.9 + 0.3°C and 2.3 #
0.20C, respectively. .
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Figure 1. Temperature record for vacuum-packed lamb loins imported
from New Zealand by air: (1) Production phase, (2)
Transportation phase and (3) Storage phase. Loins were
packaged on day 0, one day after slaughter.
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Figure 2. Tenperature record for (0p-packed lamb carcasses imported
from New Zealand by sea: (1) Production phase, (2)
'rransg)rtation phase and (3) Storage phase. Carcasses were
packaged on day 3, three days after slaughter.
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3) Chemical Analysis

The Longissimus dorsi muscles had a
high ultimate pH. Their pH values
remained essentially unchanged
during storage, with trial means of
6.1 + 0.2 and 6.4 + 0.2 for vacuum-
and CO,-packaging, respectively.
Total Volatile Nitrogen increased at

a similar rate in both packaging
systems up to the onset of overt
spoilage, albeit the curve for lamb
packaged under COp 1is displaced by
approximately 50 days compared to
the curve for vacuum-packed lamb
(Fig.4). The FFA content of
subcutaneous fat however, increased

more rapidly under vacuum than under
COy. Concentrations of FFA were also
displaced by approximately 50 days

for the COy-packaged product.
Similar concentrations of FFA
occurred in vacuum- and
COp-packaging, for a short period,

after approximately 40 and 90 day's
storage, respectively.
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4) Sensory Evaluation

Unlike the vacuum-packaged lamb,
cnz—packaged product had virtually
no confinement odour before the

onset of overt spoilage. The visual
appearance of both products remained

acceptable throughout the trials.
The taste-panels found the sensory
attributes of vacuum- and

C0p-packaged meat to be acceptable
only up to the 39th and 92nd days
after slaughter, respectively. The
subsequent sampling; on days 45 and
106, respectively, found that overt
putrid spoilage had rendered the
meat olfactorily unacceptable.

While the onset of overt spoilage
was unequivocal there were
appreciable differences of opinion
concerning the acceptability of the
chilled and frozen products by both

the "in-house" and "take-home"
panels.

DISCUSSION

Under the trial conditions the

storage life of imported vacuum- and

COp-packaged New Zealand chilled
lamb was determined by sensory
criteria to be at least 39 and 92
days, respectively. The mean
temperatures were, however,
different; 2.3°C for vacuum-packed
lamb. ‘and ~0.1°C  for COy-packed
product. In order for a wvalid

comparison to be made between the

packaging systems aberations
introduced by temperature
differences  must be eliminated.

Within the chill temperature range,
-2.00C to 5.00C, the storage life of
packaged meat reduces by
approximately 10% for every 1°C that
the average temperature exceeds the
-1.59C optimum (Gill et al, 1989).
Under the the trial "conditions, a
storage life of at least 34 and 95
days for vacuum- and COp-packaging,
respectively, would be predicted
from those claimed under optimum
conditions (Gill, 1988). Conversely,
based on trial results, if the meat
had been held at -1.59C, the storage
life of the vacuum- and COp-packaged
lamb can be predicted to be 62 and
108 days, respectively. The long
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will
longer

be
than
using

of COy-packaged lamb
approximately 50 days
that attained
vacuum-packaging. Storage life in
both packaging systems will be
terminated by the onset of putrid

spoilage, resulting principally from
the growth of psychrotrophic
enterobacteria.

The actual storage lives of vacuum-

and (Op-packaged lamb attained are
determined principally by the
average temperature maintained
during production, transportation
and storage. The results obtained in
individual trials are, therefore,
unique. For regulatory purposes,
further trials must be conducted to
establish statistically reliable
bases from which realistic storage
lives for chilled lamb packaged
under vacuum and COy can be
promulgated.
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Temperature record for vacuum-packed lamb loins imported
from New zealand by air: (1) Production phase, (2)
Transportation phase and (3) Storage phase. Loins were

Packaged on day 0, one day after slaughter.

Temperature record for COp-packed lamb carcasses imported
from New gzealand by sea: (1) Production phase, (2)
TranSportation phase and (3) Storage phase. Carcasses were
Packaged on day 3, three days after slaughter.
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Figure 3.

Figure 4.

Spoilage microflora development at
chill temperatures on vacuum-packed
lamb loins (Open symbols 0 to 60 days)
and on (0p-packed lamb carcasses (Half
solid symbols 0 to 60 days, solid
symools 50-110 days), arrows indicate
first detection of spoilage.

Changes 1in Total Volatile Nitrogen
(circles) and Free Fatty Acids
(squares) during <chill temperature
storage of lamb under vacuum (open
symbols) and (COp (solid symbols),
arrows indicate first detection of

spoilage.
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