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The detecting and estimating equipment is shown diagram- -
atically in Fig. 2, The 1 ml, of mixed gases is injected
through a synthetic rubber diaphragm (D) into the stream of
argon, controlled by a flowmeter (F), supplying the particular
column being used. For oxygen and nitrogen a molecular sieve
(M) materinl (a modified Zeolite, 5A, 40 = 60 mesh fraction) is
used supported in a copper tube. A parallel silica gel column
(8) separates carbon dioxide. We employ argon rather than helium
as a carrier gas and diluent to reduce any tendency to lose gas
through the film materials during mixing, Detection of the small
quantities of other gases in the argon stream in this equipment

utilises the katharometer technique (K).

In this method use is made of the change in thermal
conductivity of the carrier gas caused by the emergent trace
gases, A detector thermistor in the carrier gas strcam has a
small current passing through it producing heat which is
dissipated by the carrier gas. In the thermal equilibrium state,
the resistance of this thermistor is balanced against a reference
thermister in the parallel gas stream, and the bridge circuit (B)s
The trace gases separated on the column affect the thermal
character of the detector thermistor and throw the bridge circuit

out of balance,

This out-of-balance current is amplified (A) and fed to a
pen recorder (R) and provides a permanent record of the quantity
of emergent trace gas. Calibration of the recorder is made
using an air sample for the molecular sieve column separation of
nitrogen and oxygen. For the calibration of the silica gel
column separation of carbon dioxide we use pure carbon dioxide
diluted with argon. The sensitivity of the apparatus requires
operation at a constant temperature and we employ a room at

68°F (ZOOC), since the apparatus is not thermostatically controlled.

For the purpose of these experiments the peak of the tracing
in relation to the base line has been taken as a measure of the
volume of the trace gases separated on the columns., While this
is not strictly precise (the area under the trace is more correct)

it allows a rapid estimation for comparative work,

Results
e ———————

See Figs, 3 and 4, and Table 2,
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COMPARTISON OF THE RESULTS OF THE TWO ANALYTICAL METHODS ?\

The essential difference between the methods described lies
in the manner of sampling. In the earlier method the gas in the
packs was withdrawn by the application of high vacuum and this could
have caused an artefact. Some carbon dioxide could have been extracted
from the meat, leading to an over estimate of this component of the
pouch gascs, The rccent technique using argon dilution at atmospheric
Pressure followed by gentle manipulation and withdrawal of the sample,

overcame this problem to some extent.

That carbon dioxide had been extracted from the meat in the
Series 1 cxperiments is indicated by comparison of the Day O figures
of gas volume and percentage composition, for bacon packed in MSADT/poly,

of the two Series as follows:

Volume of Gas in Pouch % Composition

; N

- ) 0 N
Series 1 (b) 3,8 71.5 3.7 24,8
Serics 2 2.07 20.3 14.5 65,2

It can be argucd that the excess gas volume (1.73 ml) is due to
carbon dioxide extractcd in the Series 1 method, Recalculating the
Percentage composition of the Series 2 figures to include this cxtra
carbon dioxide, the composition would be as follows: - 56.6% CO,,

1.9% 02, 35.5% 32, which is more of the order of the figures quoted in
Series 1, It should be noted that the amount of carbon dioxide extracted,
in Soyios. 1, varies considerably from sample to sample as ean be seon from
comparison of the Day O figures for storage type (a) and storage type (b),

(SOC Table l).
Discussion

In Series 1 the diffcrence in oxygen level in the pouches
stored at different temperaturcs is presumably related to the state
of dynamic equilibrium in thesec pouches. Oxygen is eontinuously
Permeating the film and its seals and is balanced by the uptake of
Oxygen by the meat. The temperature risc effect on oxygen uptake
by meat is fairly marked and presumably exceeds the effect of the

temperature rise on the permeability of the film to oxygen.

In Series 2 from the graphs it will be sccn that initially

with both ham and bacon the percentages of oxygen in thc packs are
high, 12-20%, but that in the case of the polythenc packs the oxygen

percentage at the start is noarcr 30%.
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Carbon dioxide at the start of the storage period was high for o

bacon 9—2&% but lower in the casc of ham, about 5%. The bacon

carbon dioxide level is much higher than ean be explained on

solubility data. The proportions of the threec gases in equilibrium

with a 5% solution of sodium chloride at 0°C (comparable with the

salt in solution in the bacon lean) are 61,1% Ny, 35.8% 02,3,1% €O,

Similar results are obtained when equilibrium concentrations are

calculated for biological fluids or for lard.,

This infers that in the bacon carbon dioxide is looscly absorbed

and may be liberatcd even with the argon dilution technique,

In Series 2, as storage progresscd, two main factors began to

play their parts:
(i) The permeability of the films to the throe gascs

(ii) The growth of micro-flora and the production of carbon

dioxide by them,
The ordor of permcability of the films to oxygen is as follows:
(i) Polythene the highest
(ii) MSADT/poly
(1ii) MXDT/poly
(iv) Aluminium foil laminatc, the lowest

The highly permeable polythene fibm apparently showecd an increase
in oxygen content during the first day followed by a gradual decrease,
Presumably as the uptake of oxygen by micro-organisms and the meat
itself began to take cffcct. The carbon dioxide content showed an

inverse pattern,

It is interesting to note that the carbon dioxide permecabilities
of the four films are in the samc order as the oxygen permecabilities
but there is a sharp demarcation betwcen MSADT/poly and MXDT/poly.
This could account for the diffcrences in carbon dioxide found in
bacons packed in these two films in the early and final stages of

Storage,

From Table 2, the quantitics of gases in the various packs
during storage, it will be noted that there is apparently a decrease
in total volume botween Days O and 1 in the casc of bacon in tho less

Permeable films, The degrease in oxygen volume cannot account for

this differonce alone, and it is difficult to explain how the nitrogen

Could have decrcased.







TABLE 1

R ——

Volumc and Composition of Gascs in Bacon Pouches

Analyscd by a Volumctric

Absorption Mcthod (Series 1)

Bacon stored at (a) 32-34°F (0-1°¢)
(b) 65-70°F (18-21°¢)

Storage Storage | % Composition
Typo Days Total Volume (ml) Oxygen Nitrogen - Carbon
Dioxide
a 0 Ok 9.3 41.5 49.2
a 6.6 7.5 58.2 34,3
& 7 b5 (ave 2) 7.3 51,5 31.2
a 1k 2.8 (av. 2) 10.0 54e 5 3545
b 0 3.8 (av. 2) 2 2,8 73.5
b 4.3 (av. 2) 5e¢ 2 37.6 57.2
b 1k L1 (av. 2) 2.8 31.3 65.9
I4BIE 2

Average Total Volume (mls )7of Gascs in Packs,

Diffcront Films Storod nt 68 F (20C). (Scrles 2)
Day Polythene MSADT/poly MXDT/poly Al/pol - laminate

Bacon Ham Bacon Ham Bacon am Bacon { Ham

0 2,61 | 2,52 2071 1.78 1.95 | 1.28 1,61 |1.75

1 2,10 - 0,86 - 1,07 - 0.86 -

2 - 3,02 - 1.42 - 1.26 - 1,08

L 2,50 | 2,271 1.30 | 0.92] 1.35 | 10 i b8 o PY
8 - L67] 1.8} 2,581 2221 1,77 | 1.4 | l.7%
16 . - 0,52 | =~ 2,95 | - 2. 50 S

————— : 4
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Figs 3 % Composition of Gases in Packs of
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®

ibles de charcuteries ont et

Les gaz contenu dans les paquets
eXami nas ~a o) . . 4 3 j B
‘almines par la methode classique de l'absorption volumetrique et celle
de : . b
la chromatographie des gaz/ solide.

Des tranches de jambon et de Bacon emballees sous vide dans

at e , 1l s .
Uatre genres differents de pochettes ont ete stockesa une temperature

de 2qg° : . 5
0°C pendant 8 jours pour le jambon et 16 jours pour le Bacon.

.
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L'evidence presentee indique que 1 on emballe entre deux
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1lles contresoudées de chlorure-iden de Polyvinyle copolymére/cellulos

l«G’_ 4 o & - ” o
8eneree/polyethylene et d'autre part entre deux feuilles d'aluminium

Couve o . . N 2 %
Vert de polyethyleéne, avait aprés quatre jours une atmosphere gazeuse

Composde

d'une quantitee negligeable d'oxygene, de 51-55% de bioxyde de

Cary = & < ~
%0ne et de 44~48% de nitrogéne.
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