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^ĉ ance to their relative 
s ^ fl°ra in the spoilage 
Vj^Uted These colonies were

and identified to genus
sQifiCatUsing the 7-test
x (l9 7g°n Procedure of Newton

'^ S e V n/-sis(Xu a foins or loins taken 
C ^ ' P a o k a g e a carcasses were
°P  ̂cuts t0 ohomical analysis. 
V ? riv£>l °r carcasses were sampled 

at the coolstore, and 
P^CU. The lrouPs °f five were 

following analyses were 
°n lean "rib-eye" 

i7 ov?H^ s i )  muscle tissue or 
/tel/ of Y-’-Hg subcutaneous fat. 

Us© lncec3 lean muscle by 
°̂latiT a ^lass electrode, ii) 

/ASq a Nitrogen (TVN) in
1977un steam distillation 

1F?A) anc3 iii) Free Fatty 
^^,^ 0 / 6 0 ^at ^  titration of a 

a9ainsfP8tr°leum ether fat
/ Seh b Na0H (SASO, 1977a)up .yUs0r.
? v2ivalV ^ aluation

i^'Packo^6 RiYadh coolstore. 
 ̂ Qcu _ ^ loins and the legs^  ' t£°2-]
lo^Serve
to ĉ,̂ ac^aged carcasses were^ 3
l°ins tvt; as controls. To 

 ̂ foh^billed „ each sampling, 
uc thawed Vacuum-packed loins 

controls were each

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 whole 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 175°C oven to an internal 
temperature of 70°C before being 
uncovered and browned for 15 
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 +
0.9°C, 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 + 2.1°C, -0.9 + 0.3°C and 2.3 +
0.2°C, respectively.
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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.

Time (days)

Figure 2. Temperature record for GC^-packed lamb carcasses imported 
from New Zealand by sea: (1) Production phase, (2) 
Transportation phase and (3) Storage phase. Carcasses were 
packaged on day 3, three days after slaughter.

For sea-freighted CX>2
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stowed, as the top

f
SJLU”CU# ao ^  : c o ^  uintegral refrigerated w
operating at an oc> 
temperature of - 1  • ® . ,>
container was landed a  ̂iK 
on day 39 and arrived \  f  
at the Riyadh Dry port

i n f V44. Point-of-entry " r(\ ’"a- - j ^

-  f .  *to a transfer coolstot • w<

was completed on day ti (^  ^r-rasses $the cartons of carcas»^ t(D 
conveyed by réfrigéra^

sorting, the c a r c a s g . ^  
received at the a\ \ . J  
coolstore on day ^  $
average maximum, $
mean temperatures rec ^  ^
the loggers during fch 
transportation phase w =, l ‘ J
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cooling floor to the ^ 5   ̂
of spoilage on day ^  t 
average maximum, mn£ 2^'j) 
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2) Microbiological 0 1'V ,
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the initial 
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prior to cutting jiP J  
packaging. The j.0j d
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development 0 1lactobacilli-dominateo Ç jf
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temperatures was 
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vacuum (Fig.3).
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represented
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(if

0 b
O— __ ___— O

1 i

%'te
lim

30

,rom slaughter (Days)

Sp°ilage
chij^ microfiora development at
1'anb i temperatures on vacuum-packed loins /
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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 C02-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 C02 is 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 
C02. Concentrations of FFA were also 
displaced by approximately 50 days 
for the C02-packaged product. 
Similar concentrations of FFA 
occurred in vacuum- and
C02-packaging, for a short period, 
after approximately 40 and 90 day's 
storage, respectively.

Figure 4. Changes in Total Volatile Nitrogen 
(circles) and Free Fatty Acids 
(squares) during chill temperature 
storage of lamb under vacuum (open 
symbols) and CO2 (solid symbols), 
arrows indicate first detection of 
spoilage.
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4) Sensory Evaluation 
Unlike the vacuum-packaged lamb, 
C0 2-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 
C02-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 
C02-packaged New Zealand chilled 
lamb was determined by sensory
criteria to be at least 39 and 92 
days, respectively. The mean 
tenperatures were, however,
different; 2.3°C for vacuum-packed 
lamb and -0.1°C for <X>2 -packed
product. In order for a valid 
comparison to be made between the 
packaging systems aberations
introduced by temperature
differences must be eliminated.
Within the chill temperature range, 
-2.0°C to 5.0°C, the storage life of 
packaged meat reduces by
approximately 10% for every 1°C that 
the average temperature exceeds the 
-1.5°C optimum (Gill et al, 1989). 
Under the the trial conditions, a 
storage life of at least 34 and 95 
days for vacuum- and CO2-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 -1.5°c, the storage 
life of the vacuum- and C02-packaged 
lamb can be predicted to be 62 and 
108 days, respectively. The long

sample
based

interval 
on the

and
last aCcV :

I#sampling rather than ftoril ^  Zii 
of incipient spoilage

«i
part1 festimates conservative, j

in the case of C D ^ P ^ f ^ j e  i 
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allowing a commercial tcu'' op1
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r̂ r\ chi l1 .

and ASaudi
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temperature control at 
and transfer points was 
serious to produce .

f

increases in the 4'
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The temperature that ^ePy t
aev e l o ^ % 4

t
rate, of spoilage —  vv
that of the refrigerado j
but that at the meat sU y
will, however, be some $ e
in the temperature 0 1 A '
delivered by a refri9er f
+0.5°C being commonly '
modern refrigerated can . 1 j S
trucks, but +2 .0°C bei^9 (G1 j-
chilled storage facilit1 ' Qj  
al, 1989). Today, with ( i t
exception of tiofl ^ i.
refrigerated transporata -
regarded as mobile & /
failure to maintain Pr 
optimum temperature res f,
the equipment but ^  f. 
operators. Nowhere, 
apparent than in the 
belief that the 
temperature gauge wea oí ̂
operating temperature a
refrigeration equipm61̂

k

/ !

records product tempera t u r e '

In this trial, overt 
delayed by approximately 
packaging under COy 0t 
vacuum. This extensi°n 
life afforded by C O A < P ? J , 
also evident in the 0 ■'
and chemical data.
previously (Gill & Peaney

AS $

3 8 0



r

v\
A
■/

i
t.
t

A
A

of atm0c;r,K
V  the ere retarded the growth 
% X llv spoilage microflora 
toXqe y those organisms of high
^ . P o t e n t i a l; 5iotw yotential such as the
sf r C6ntenhi a ' The 50_day temP°r a lV  a9e •t °f the onset of 
v iata 1S Particularly obvious in 
Xin, C,,re'1-Qting to breakdown of 
V^ing 0Wn in figure 4. The wide 
t ^ U 0n interval and inherent 

A j % S°tabip etween samples precludes 
to  ̂ extrapolation of this 
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ns, the storage life

of C02~packaged lamb will be 
approximately 50 days longer than 
that attained using
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 C0 2 -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 CO2 can be
promulgated.
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Figure 3. Spoilage microflora development at 
chill temperatures on vacuum-packed 
lamb loins (Open symbols 0 to 60 days) 
and on CC>2-packed lamb carcasses (Half 
solid symbols 0 to 60 days, solid 
symbols 50-110 days), arrows indicate 
first detection of spoilage.

Figure 4. Changes in Total Volatile Nitrogen 
(circles) and Free Fatty Acids 
(squares) during chill temperature 
storage of lamb under vacuum (open 
symbols) and CO2 (solid symbols), 
arrows indicate first detection of 
spoilage.
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