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Gas atmospheres
& ERICHSEN, G. MOLIN AND H. RUGERUS —0 ST
Swed Analysis of COp and 0p concentrations in the packages after storage for
Ish Meat Research Institute, P.0. Box 504, S-244 00 Kivlinge, Sweden 20 days at 49C showed that the C0p concentration in the vacuum packages
had increased to 80% both in hot and cold-boned samples. The oxygen concent-
In ration was 1-7% in the vacuum packages but only 0.1-0.6% in the gas packaging

% systems (Table 1).

:;tzle is known about the types and numbers of microorganisms present on pork F e e
to OMpared to red meat, but shelf-life of pork has been found to be inferior
DOten:t- of red meat. Pork is probably also more easily contaminated with
1, tial pathogenic bacteria than red meat. Hot-boning of meat is a new
SDac:]que which has many potential advantages ing]ucﬁng redugir]g cqoh’ng
Cent, and refrigerating energy, increasing cut yield and facilitating

Talized processing.

On
s;':e Other hand potential microbiological advantages (shelf-life) and
hot- Vantages (hygiene), particularly in connection with the packaging of
boned meat are relatively unknown.

€velop 5 packaging system which offers optimal microbiological safety and

To d
DRt
Ptina) shelf-1ife to hot-boned pork is therefore of great importance.

T .

o:ep:’m of the present investigation has been to find out whether hot-boning - . P R T o i

fe"e":k involves increased hygienic risks and to examine the effect of dif-

h°t~b 9as packaging systems on the microbiological shelf-life of packaged Table 1. The microflora of gas packaged hot-boned and cold-boned pork loin
oned pork . roasts after 20 days of storage at 49C.

Mdte . Gas composition of the packages at the time of opening is also given.

~Sials and Methods

&)ne] This is in agreement vn‘;h results obtained by Erichsen & Molin (1981) on

‘ tempeess top loin roasts of pork, hot-boned 4 hrs after slaughter (meat packaged beef and by Blickstad et al. (1981) on packaged pork.

aftg Fature 209C) and boneless top loin roasts of pork, cold-boned 24 hrs s -
T slaughter (meat temperature 5.59C) were packaged as follows: In the gas packages originally containing 90% C0 and 10% Ny the COp

T C concentration had decreased to 50-60% during storage while the oxygen con-
Onventional vacuum packaging. centration was 0.2-0.4% (Table 1). The reason for the reduction of the €0z
6 concentration in these packages could be explained by the low headspace in
s Packaging in a mixture of 90% C0p and 10% Np and with a headspace the packages (2 d1) and by absorption of CO, into the meat. No difference
°f.0.2 litres. was found in the COp concentration of hot-toned pork compared to cold-

3 G boned pork in spite of assumed hignher biochemical activities of hot-boned
g Packaging in 100% COp and with a headspace of 3 litres. meat which could possibly affect the gas atmosphere. Cuthbertson (1977) found

The that the higher respiration_rate of hot-boned beef did not result in any

rapig‘i’ckagfng material was Saran-laquered Mylothen. A1l the packages were noticable higher concentration of C0p in gas packages.

tp, : Y chilled at -19C and an air velocity of 0.5 m/s, single-layered on -

tuip for 5 hrs followed by storage at 49C. After 9 and 20 days of storage In packages containing 100% COp the CO concentration had hardly changed

oy Samples from each packaging system were subjected to the following during the storage period (Table 1).

emu"at_ions: Gas analysis, microbiological analysis, drip loss and sensory
ation (colour and odour).

s ” . N
‘E"E],les_@EO?_aﬂd_Oz After 20 days of storage all samples irrespective of gas packaging system
Refor were fully acceptable as far as colour and general appearance are concerned.
Wag w? the plastic bags were opened for microbiological sampling 0.5 ml gas This also applies to the samples subsequently stored in air for 3 days. How-

Tthdrawn and analysed for COp and 0y using a gas chromatograph ever, on cold-boned samples, vacuum packaged or packaged in the gas mixture,
(Vg : s G
rian . E 3 the microbial load was so high after 3 days in air that these samples
Vag, 920) fitted with Porapac Q and a molecular sieve 5A column. The 4 : W
| gaszo Package were first filled with 100 ml helium to create sufficient p:obab]y}wou'{d ﬁvg}opa()lb_]ecmonab]e off-odours within 1-2 days of further
US volume to facilitate sampling of the content. storage in air (Table 3).
Mevas . 2
o ®iological anatysis Irip toss
am, : . : .
Dacples‘ for microbiological analysis were taken from pork roasts before No Slffer;ance‘was fourf\d :]n thekdrl.p loss between hot-boned and cold-boned
40 %9ng and from all packaging systems after 9 and 20 days of storage at pork samples 1in any of the packaging systems.
At
t . i
Dermgs ®nd of each storage period all pork roasts were repackaged in oxygen Initial bacterial load
4934 e fj 0 i im
9aip Sﬂmplezjmm?z:’oggg;:gizg;ﬁ.days at 4% after which time they were Great differences existed in the initial bacterial numbers on samples from
Tha o) hot-boned and cold-boned pork. Total aerobic count was almost 2 log units
(15-Mcrobiol o ’ . il ) Tower on hot-boned pork (Table 1). Also the composition of the microflora
tl?]a). The sf,’,ﬂ;fgl ZZTE];:gjm‘?ﬂédc‘;;p?g:ﬂta:i;g;g]qurfg Eggg;:ogci1 differed markedly. On hot-boned pork mesophilic micrococci dominated the
ntiace“e- Lactic acid bacteria, Clostridia, Staph 1occcc&sms—and microflora while meat spoilers like Enterobacteriaceae occurred only in small
er"‘Cocci, N = » LAY DCOCCUS aureus numbers. On cold-boned pork, gram negative meatspoilers were more abundant

A L (Tab]s_z 2). Number§ as well as types of microorganisms originally present on
Dorktne Packaged meat samples and an additional 10 samples of fresh hot-toned me?t_jslroz_great mpor?.;nce for] gh;]she]fdvfe of packaged meat during
Aep%°°55ts were also examined for the presence of: Yersinia enterocolitica, retrigeration storage {Ingram, 1962).
Monag hydrophila, Campylobacter jejuni and Erysopelothrix rhusiopathiae,
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‘iti"ﬂ and identification - e o e e
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ig::' t?‘“‘tdble plates from total aerobic count agar (Tryptone-glucose-extract e R e Rt he e

(Vio'e GE) and from plates used for identification of Enterobacteriaceae f

iden ]_t_t-red-bﬂe-dextrose~agar, VRBD), 20 colonies/plate were picked for . -

‘ﬂmp)e Cation from samples of fresh meat before packaging and from stored trent - - 3 2
'n each packaging system. ; 2 s < 5 =

0 : . 2 2 3 L 2
sente:cte”d strains isolated from TGE were identified of which 80 repre- : o . ; ¥, 4 y
he initial bacteria flora from hot-boned and cold-boned pork.
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00 bacteria strains were isolated and identified. From samples " 1 - - - 5
een stored in air for 3 days a total of 160 strains were isolated xe vik 13 - % - -
Plates. No isolations were made from VRBD plates. Erysipelotheix-like - - 5 7 - =

Si . »
Tsl.agglmnnx-’like organisms were tested further for HpS formation on
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ta) of drip 1 i £ ok in ksoe tolied and Table 2. The microflora of hot-Loned and cold-boned pork Toin roasts packaged
o) P loss i.e. free meat juice in the packages was weighed an H 3 g 3
Ated a¢ percentage of the sample weight. in different gas atmospheres after 20 days of storage at 40C.

Percent of the total microflora.
S
Shso,
A sy Evaluation
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Oup
S, angd o "l o 5 + ges f
Ora e of u‘:ﬁ“go,:efﬁstﬁf,tg?rd};f‘%lym?:m breaking the packages and after After 20 days of refrigeration storage a certain difference was observed in
P . microbial numbers between samples in different gas packaging systems and
between hot and cold-toned pork (Table 1). The microbial load was consis-
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tently lower on hot-toned pork all through the storage period and in all
packaging systems. The quality promoting effect of the different gas
packaging systems seems to increase in the following order: vacuum

< 90% €Oy + 10% Hp < 100% COp. This effect was reflected not only in

lower total aerobic count in samples packaged in 100% COp but also in the
composition of the microflora after storage for 20 days att 49C (Table 2).

In vacuum packaged samples the number of lactic acid bacteria constituted 45%
of the total flora while the gram negative meat spoilage bacteria constituted
50%. In samples packaged in the 90/10 gas mixture the microflora consisted
mainly of lactic acid bacteria while most of the gram negative types had been
suppressed (Table 2). Finally, in pure COp atmospnere, the microflora was
completely dominated by lactic acid bacteria.

It could be argued that the differences in the microbial numbers between the
90/10 gas packaging alternative and the pure COp alternative was caused by
differences in the headspace, i.e. total amount of COp, rather than dif-
ferences in COy concentration. This argument may be valid to the extent

that microbial numbers do not reflect the difference between 90% and 100
0, but between 6O0% and 100% COp (Table 1). Because of the smaller gas
volume in the 90/10 alternative the composition of the gas phase changes when
C0p is absorbed in the water phase of the meat and part of the CO0p
molecules are transformed into HCO3. As a consequence the difference in
microbial numbers would have been somewnhat smaller if comparison had been
made using a greater gas volume in the 90/10 gas alternative.

With reference to a recent work by Molin (1983) it seems more appropriate to
assume that a smaller but significant difference in microbial numbers also
exists between 90% and 100% COp under otherwise comparatle conditions.

The fact that the C0p concentration found in the vacuum packages was higher
(ca 80%) than in the 90/10 gas alternative (60%) may seem contradictory to
the observation above that vacuum packaging is inferior from a bacterio-
logical point of view - several explanations are possible. (1) The different
method used when analysing the gas in the vacuum packages gave results which
are difficult to compare. (2) The amount of CUp as such is of importance
for an extended shelf-life. (3) The oxygen concentration was considerably
higher in the vacuum packages. (4) In the 90/10 gas alternative the COp
concentration was high rignt from the start of the storage period while in
vacuum packages it was successively built up. The last explanation may seem
the most likely one.

The composition of the microflora after storage for 20 days was unaffected by
the boning procedure. A favourable governing effect on the microflora could
be noticed on hot-boned pork stored in pure C0p. Lactic acid bacteria
dominated the microflora completely in these gackages even though the total
aerobic count was still low (3.2 log units/cme).

The only difference found between hot-boned and cold-boned pork was the lower
initial number of microorganisms on hot-toned pork, and that part of this
difference was maintained all through the storage period. After 20 days of
storage the difference in number of organisms was somewhat smaller in vacuum
packages and greater in gas packaged alternatives (Table 1). To gain a better
advantage of the favourable initial microbial condition of hot-boned pork,
therefore, gas packaging in high concentrations of COp should be used.

Based on total aerobic count obtained after storage for 20 days not-toned
pork tolerated a further 3 days storage period in air at 40C, irrespective
of previous packaging system. With cold-boned pork this was only achieved in
samples previously stored in pure CO» atmosphere. Composition of the micro-
flora was not affected in a crucial way by subsequent storage of the pork
samples in air (Table 3).

Tatle 3. The microflora of hot-boned and cold-boned pork loin roasts after 20
days of storage at 4°C followed by 3 days storage in air at 4°C.

Safety
Pathogenic bacteria 1ike Yersinia enterocolitica, Campylobacter jejuni,

Aeromonas hydrophila, clostridia, enterococcT, Stagh{lococcus aureus and
Erysipelothrix rhusiopathiae were not found in any of the samples of pork.

Erysipelothrix-like organisms were, nowever, identified among isolates picked
from the total aerobic count plates from hot-toned pork (Table 2 & 4). The
biochemical pattern of these organisms corresponded partly with that of
Erysipelotirix rhusiopathiae, but the organisms obviously grew on refrige-
rated meat and on TGE-agar which would imply that these organisms are not
Erysipelothrix rhusiopathiae, i.e. pathogenic organisms. The erysipelothrix-
Tike organisms found should instead be regarded as belonging to a type of
spoilage "lactic acid bacteria". Microorganisms like Enterobacteriaceae are
commonly present on fresh meat. In this study the number of Enterobacteria-
ceae was particularly great in vacuum packaged pork after storage for 20 days
at 4°C (Table 1). Enterobacteriaceae are present in soil and water and many
strains grow well under refrigeration temperatures.
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Table 4. The composition of the microflora of hot-boned and cold-toned 1
roasts packaged in different gas atmospheres and stored for 20
at 49C followed by storage for 3 days in air at 49C. Percent of
the total microflora after storage in air.

ed

In this study a relatiely large number of Enterobacteriaceae were iso]ﬂtfrom

from TGE-plates and from VRBD-plates both From vacuum packaged pork and
pork packaged in the 90/10 gas mixture (Table 5). However, no hygienic
hazardous types or higher concentrations of potential pathogenic micro=
organisms were found.

Table 5. Enterobacteriaceae jsolated from VRBD. 200 strains were identified'

Conclusion
The conclusions of the present study can be summarized as follows:

” : : jsks
1. Hot-boning of pork does not imply any special microbiological health risk

2. At the time of packaging, hot-toned pork had a lower microbial 1oad that
cold-boned pork. This implies both an increased shelf-life and a better
biological protection against pathogenic bacteria due to development o
lactic acid bacteria.

3. From a microbiological point of view the best packaging system for hot~
boned as well as cold-boned pork is gas packaging in pure COp atmosphere:

: - 4ions

4. To gain full advantage of the good hygienic and microbiological coﬂd""!on
ol_:tamed in the hot-boning process, hot-boned pork should be packagEd i
high concentrations of C0p (preferably 100%).
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