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rACTORS WHICH GOVERN the bacteriology of prepacked 
fresh meats include humidity, temperature, carbon dioxide 
and oxygen levels (Ingram, 1962).

In an earlier paper (Gardner, Carson & Patton, 1967) 
we found that the types of bacteria which grew on packaged 
and unpackaged pork did not differ. There were five groups: 
Ps^udornonas-Achronoba :•! _-r. Kurthia. Enterobacter-Hafnia. 
Hicrobacterium thermosrhac* u;.. and lactobacilli. All groups 
were isolated from pork stored at 16°, but only Pseudomonas- 
Achromobacter. M. thermosphscturn and lactobacilli were found 
when the storage temperature was 2°. The main difference 
between packaged and unpackaged pork stored at 16° was an 
increase in the proportion of M. thermosphacturn and at 2° 
an increase of both >i. the rmosthactum and lactobacilli.

To evaluate the role each type of bacterium plays in 
prepacked pork, the experiments presented in this paper were 
carried out. urowth of pure strains of bacteria., representative 
of each of the five groups listed above, on sterile pork was 
examined in both open and gas-tight (sealed) systems. The 
relative amounts of C09 produced by the pork and the bacteria 
were measured, and data is presented on the effect of C0_ on 
bacterial growth.

METHODS AND MATERIALS
Preparation of sterile muscle samples. The method adopted 
was based on that described by Sharp (1963). Samples of the 
j-'engissimus dor si from the loin of chilled pig carcases 24 

or 72 h post mortem were exposed using sterile instruments. 
Sections of muscle (3"-4" long) were flamed for _c. 2 min with 
a Bunsen burner. The whole block was then painted with a 
saturated alcoholic solution of Crystal Videt and Brilliant 
Green and allowed to air dry for 30-60 min.

Using sterile instruments, the exterior was partially 
removed to expose a portion of the main bulk of the muscl,-. 
Samples (1 - 2 g) were excised and transferred to Dobott bottles
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containing 2 g cf sand, which were previously sterilised and 
weighed, Only a small section of the muscle was exposed at 
any one time, thus keeping to a minimum the period that the 
interior was subject to external contamination.
OjiLZ-. ' UiF.- Five organa ms were used in these experiments: 
r-_eudom_;nan Gp.I (Shevan, Hobbs & Hodgkiss, i960); 
•14^gjl^cterium_.grhe3?mo£phactU:n (Me Lean & Sulr.bacher, 1953);

-gppf.il. (Breed Murray & Smith, 1957); Irterobacter 
'p. (Edvards & Ewing, 1962; Carpenter, Lapage & Steel, 1966). 
arc. a ^ram-positive, catalase—negative rod which produced 
H202 and was classified as a Lactobacillus sp.

All were isolated from prepacked pork which had been 
stored at 16° for 4 days.

Inoculation of sterile muscled samples. Serial dilutions of 
basal broth (Gardner, i960) cultures, of most organisms, incubated 
for 2-5 days at 22", were prepared in 0.1$ peptone -water. The

bacillus sp. was cultured in APT broth (Evans d Niven,
19^1). The number of organisms in the broth was determined by 
phase contrast microscopy. From this an inoculum level of 
approximately 10^-10' organisms was calculated. It was found 
•'■fiat only 10-50$ of the calculated inoculum was recovered.

Each bottle of muscle was inoculated with 1 (0.02 ml) or 
2 (0.04 ml) drops of a suitable dilution, using Astell dropping 
Pipettes. In one experiment a series of 17 ruch bottles were 
prepared for each organism. One was analysed for the initial 
-cad and the remainder divided into 4 groups. Each group of 4 

co „ties was further divided. The rubber stoppers of two were 
sealed with an adhesive, and th stoppers of the remaining two 
Vrc: •"•7'laeed with cott. i woo 1 plugs (open). One group cf

used at -ach sampling tira0. The sampling
r. Table 1.

Table 1 - Sampling
: orage

Sampling time (days)
16r C ■ 2 4 4

10___U

- 5-



-3- (B4)

Duplicate uninoculated controls were included at each 
sampling time.

The series inoculated with the 5 organisms euid the 
uninoculated controls were prepared from one longissimus dorsi 
and is referred to as one experiment. Four such experiments 
were carried out at each storage temperature, 16° and 2°.
Gas analysis_

A sample of 100 ̂<ul was taken using a gas tight syringe 
through the rubber stopper of the closed bottles. Analysis 
lor OO^, 0^ Gn<̂  was carried out as previously described 
(Gardner, Carson & Fatton, 1967).
EnujEer at ion of bacter ia

After sampling for gas analysis, 10 ml of a sterile 0.1‘i 
(W/V) peptone water solution was added to each bottle. The 
bo boles were then shaken vigorously using a Griffin Flask 
Shaker (Griffin & George Ltd.) for 3 min. The sand in the 
bottle was used to limit variations in recovery of bacteria 
from the meat. After shaking, serial dilutions in the s 
diluent were prepared and 3 drops (0.02 ml each) of each dilution 
were inoculated on to basal medium (Gardner, 1966), using the 
technique of Davis & Bell (1959). The plates were left for 
'-2 hr on the bench, to allow the 'drops' to dry into the medium 
before being inverted an incubated at 22°. All organisms were 
enumerated using a low power microscope after 24 hr, except the 
Af~c1obaci 11 us sp., which were counted after 48 h.

Each organism had a different colony structure, which could 
c easily recognised under the low power mici'oscope. However,
-¡-1 plates were examined after 1 week at room temperature for 

Purity.

RESULTS
• ~ ~ g r owth of bacteria on porcine muscle in open containers

results of the growth of Pseudomonas sp., H. thermos- 
.r'luictum and Lactobacillus sp. On porcine muscle at 16° and 2° 
atfe summarized in Table 2, and for Enterobnctvr sp. and K. sopfii
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in Fig. 1.

There was little difference within the growth curves of
each of the five organisms during storage at 16°. In these
experiments all the muscles were 72 h post mortem. At the end
ox the 4 days storage period there were on average equal numbers
of Pseudomonas and Entercbaoter sp. (_c. 40 x 10°/g) • However,
there were only 5.6 x 10" K. zopfii, 1 . 8 x 10;; M. thermosphactum

a ----anc. «3 x 10 .uactobacx.- ms sp. at this time. These figures
relate to counts of pure cultures of the organisms on muscle.
Assuming that there is no antagonistic effect between these
strains and one accepts that the results of pure culture studies
would be in the same order as those of mixed culture studies,
the relative importance of each strain confirms our earlier
findings (Gardner et al., 1967). The most important bacteria
in pork stored aerobically at 16° were Fseudomonas sp., Kurthia
sp. and Sntorobacter sp. M. thermosphactum and lactobacilli
were isolated in some cases, but in only relatively low
proportions.

The variation within the growth curves of Pseudomonas, 
ii--- thermosphactum and Lactobacillus sp. during storage at 2° 
was small (Table 2). The growth curves of X. zopfii and 
Enterobacter sp. are shown in Fig. 1 . The growth of X. zopfii 
was much better in Experiments VI and VIII than in Experiments 
V and VII. The former muscles were J2 h post mortem and the 
latter 24 h post mortem at the time of inoculation. From the 
shape of the curves it would appear that the effect of the 24 h 
.gost mortem muscle was to increase the lag phase of growth of 
Inis organism by 7 days. Also the growth of FntorobaeUr sp. 
was noticeably better on one of the muscles (Experiment Vi), 
which was "2 h post mortem when inoculated. This evidence 
suggests that the growth of these bacteria on pork is influenced 
fcy the age of the meat post mortem.

If one again accepts that the results of pure culture 
studies at 2° would be in the same order as those of mixed 
'hitare, Pseudomonas sp. would be the dominant type on pork
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stored at 2°. £k.. thermosphactum and lactobacilli would represent
” Sma11 Pr°P0rti0n of the "ora, and 5 iterobact,r sp. and X. 20rfii 
would be present only in very low numbers. This also confirms 
our earlier observations (Gardner et al. 1967).

Changes in CO^ and 0  ̂in sealed containers!

The changes in the 1 evels of C02 and 0?_ in the headspace 
of the containers stored at 16° and 2° are given in Table 3. 
xn this table the results are only valuable in giving an 
approximate picture of gas changes. These changes are 
quantitatively affected by a number of factors, including weight 
of meat, bacterial load, and temperature of storage. Th.se will 
be considered in later sections. In all cases the CO + 0
luvel was 22 + i.e. a decrease in 02 was accompanied by a 
concurrent increase in CO,,. At both temperatures the marked 
increase in CO., production in the inoculated containers over 
the uninoculated controls began when the bacterial counts were 

10 organisms/g. In the cases of Ent.rcbacter Sp.,
and Lactobacillus sp. at 2° , counts on the meat 

never reached this level.

The gas changes were brought about by the muscle alone 
ln the uninoculated containers and by the muscle and bacteria 
in two inoculated containers. The relative amounts of C0o
Produced by each at any one time can be calculated from the 
following formulae:

„ arbor, dioxidv ^f nusclv orig-jr. = CO^M
= — uninoculated container x 10 

Wt. of muscle (g)
^1 C02/ml headspace/g muscle.
_urbon •■Ij.oxid».- ,of boot* rial origin = CO B

= £9? in. inoculated container (ci) x 10
Wt. of muscle (g) “

>1 0^/ml headspace from the bacteria in 1 g muscle
C0_b = t :o2bA—— _____ __ <~

No. of bacteria (x10°) per g muscle 
"  j * lj- headspace/10  ̂ organisms.
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Carbon dioxide of muscle origin (CO„M
The CO^M values of the porcine muscles used in all 

experiments are shown in Table 4.
The increase in CO up to 1. day at 16° and 3 days at

o
2 is due to its physical release from the freshly cut muscle 
(Urbin & Wilson, 1 9 6 1). There appeared to be no difference
between the two temperatures. Gardner et al. (1967) reported 
that the majority of this physical release occurred during the 
first 5 h from preparation and that there was no difference in 
the rate of evolution between 16° and 6°.

During subsequent storage of the sterile muscle at 16° 
there was a gradual increase in C09 accompanied by a similar 
fall in 02> This is brought about by meat enzyme activity.
Andrews, Guthreck, McBride & Schweigert (1 952) and Grant (1953) 
showed the succinic dehydrogenase system to be the most stable 
°f the post mortem respiratory enzyme systems involving 
molecular oxygen. Urbin & Wilson (1 9 6 1) demonstrated that 
this enzyme in bovine tissue was more active at higher pH 
values. Also, as the temperature fell to 10°, activity at pH 
values of 8.0, 7*4 and 6.4 was approximately the same. Extra­
polation of their results would indicate that the enzyme would 
not bo active at 2°. In our e-xperim«r.ts there appeared to be 
no meat enzyme activity at this temperature.
Carbon dioxide of bacterial origin (CO^b)

During the storage period at 16° all organisms exceeded 
8a level of 10 /g muscle, while only Pseudomonas sp. and 

!!• thermosphactum attained this level at 2°. The CO^b values 
for these organisms was unaffected by temperature, as seen 
*rom the results in Table 5*

Table 5 - M  an C0„b' values for Ps ud^mer.as sp. and M. thermos 
•Bhantum as influenced by growth temperature.

Fs-udoroon-.s sp. 1.1
M. thermosphactum 5*7

1.1 1.6
6.6
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The overall mean CO^b values of these and other organisms 
is given in Pig. 2.

A comparison of the eO^b values for each organism is given 
in Table 6. The CO^b values for each bacterium were highly 
significantly different from any of the others except K. zopfii 
and H- tru-rmc-sphactum, which were not significantly different.

The Gram-negative organisms produced much lower amounts 
of C02 than the Gram-positive organisms. Of the Gram-positive 
strains the catalase—negative Lactobacalius sp. produced more 
CÔ , than the catalase-positive organisms.

These figures show the relative contributions of each 
bacterium to the CO^ of bacterial origin in prepacked pork.
Much of the variation in CO^b values for each organism may be 
attributed to the inherent inaccuracies of estimating bacterial 
numbers, moreover, as all of these values are calculated from 
counts in the late logarithmic to stationary phase of growth, 
respiratory enzymes of 'dead* cells may also contribute to the COp 
increase, but those cells could not be recovered in the viable 
count. There was a tendency for the COpb values of the Gram- 
positive organisms to increase, as the age of the culture 
increased. This can be seen from the data in Table 7.
Table 7 - Effect of age of culture on C09b value of bacteria 
growing on porcine muscle at 1 6°.

Age of culture (days)
2 3 4

Pseudomonas so. 1.26 1.14 1.06
Enterobacter st>. 1.67 2 .9 6 2 . 5 0
M. thermosohactum 4.71 5.75 6.60
K. zorfii 4.98 4.90 8.35
Lactobacillus so. 9.8 1 2 . 1

Two other factors which may cause an increase in CO^b 
(a) the COp of the headspace may cause an increase in the 

acterial 'respiration1, and (b) the pH of the meats may rise 
Ue to bacterial activity, thus increasing the rate of meat

- 8 -



- 8 - (B4)

respiratory enzymes (Urbin & Wilson, 1961).
effect of 00  ̂ on the rrowth of bacteria or. ooroino uus ■ 1

The effect of COp on the growth of the bacteria on porcine 
muscle at 16 is shown in Fig. 3« The Gram-negative organisms 
were inhibited more than the Gram-positive organisms by this 
gas. The growth of K. zoofii was unaffected, and H. thermosphacturn 
was stimulated by low concentrations of C0o, but higher levels 
inhibited both organisms. Carbon dioxide levels up to 16$ 
had only a slight retarding effect on the growth of the 
Lactobacillus sp.

The effect of COp on the growth of these bacteria at 2° is 
given in Fig. 4- Only the Pseudomonas sp. and H. thermosphacturn 
grew to levels exceeding 10 /g, and hence the other organisms 
were affected only by the CC>2 of muscle origin (3if). At this 
level the growth of M. thermosphactum and Lactobacillus sp. was 
stimulated. At higher COp levels there appeared to be little 
ei feet on the growth of H. thermosnhactura. The Sr.terobacter sp. 
was also stimulated by low levels of COp (_c. 2$), but a slightly 
higher concentration (¿. yp) markedly inhibited growth. The 
growth of K. zopfii and Pseudomonas sp. was noticeably retarded 
by c. 3 COp. Higher levels in the case of Pseudomonas sp. 
had no increased effect.

There have been many studies on the inhibitory effect 
°f COp on bacterial growth (Valley & Rettger, 1927; Coyne, 1933; 
Haines, 1933; Scott, 1938). All were concerned with growth in 
initially high levels of this gas, i.e. the lag and logarithmic 
Phase of the bacterial growth curves. However, in the present 
w°rk we have been dealing with low levels of C0? (Jp) at these 
stages and have also examined the effects of higher CC^ levels 
°n the late logarithmic and stationary phases of the bacterial 
growth curve.

Coyne (1932) found that all species of Achromobactc-r,
-¿-knobactor. Micrococcus . Pseudomonas. aorobacU-r. Bacillus 
anh Prot..-us isolated from fish were able to grow as well in N., 
(containing < 0.3f Op) as in air. As the oxygen level never

-9-



fell below 1$ in our experiments, it would appear that the 0_ 
is not a limiting factor on growth.

In a previous publication (Gardner et al. . 1967) the 
effect of CC>2 on the composition of the fiera of prepacked pork 
stored at 16° was to increase the proportion of M. thermosphacturn 
with a corresponding decrease in Fseudomonas-Achromobacter sp. 
Moreover, at a storage temperature of 2° both the proportions

thermo sphac tun and lactobacilli increased, and Fseudomonas- 
Achromobacter group decreased with increasing C0? level. Kurthia 
sp. were not isolated from pork stored at 2° and Enterobacter- 
Hafnia sp. were only occasionally found.

Ogilvy and Ayres (1951) demonstrated that C0„ was a more 
effective bacterial inhibitor, the lower the temperature. At a 
level of _c. 3c/o we have shown that Pseudomonas sp. was inhibited 
more at 2 than 16 . However, at the same CO,. level growth of 
A • tnormosphacturn and lactobacilli was stimulated to a greater 
extent than at the lower temperature. It would appear that CO^ 
has a specific effect on each type of bacterium and that it is 
more effective in stimulating or inhibiting growth, the lower 
the growth temperature.



SUMMARY
The growth of Pseudomonas sp. , Enterobacter sp. , 

nurthin zopfii, Miorcbactorinm the-rmosphactur. and 
Lactobaoilius sp. in pare culture on porcine muscle at 
16 and 2 was examined in both 'open' and 'gas-tight' 
systems. The CO^ in the headspace of the 'gas-tight' 
containers was produced by the muscle and by the bacteria. 
The Gram-negative bacteria produced much lower amounts of 
C02 than the Gram-positive organisms. Data on the effects 
of C02 on the growth of each bacterium at 16° and 2° is 
presented.

ZUSAMMENFASSUNG
Es wurde die Vermehrung von Pseudomonas sp., * S

rjbccT-r sp., hurtnia zcr?f ii . Kicrobacterium 
juiermosphactum und Lactopaciilus sp. als Reinkultur auf 
Schweineflosch bei 16° und 2° in 'offenen' und 'gasdichten' 
Systemen untersucht. Das C02 im Kopfraum der 'gasdichten' 
Behälter wurde durch das Fleisch und die Keime gebildet.
Die gram-negativen Bakterien erzeugten viel geringere 
Mengen CO2 als die gram-positiven Keime. Angaben über die 
Beeinflussung des Wachstums jedes Keimes durch C0o bei 16° 
und 2° werden erteilt.

RESUME
La multiplication des Pstudor.cnas sp. , Snterobacter

SB** Knrthla zopfii. M_: _-ro r a • * rlur thermosraactu;:, et 
¿LQ.tobr.cl 1 îus sp. en culture pure sur le porc à 16° et 2° 
^tait examinée dans des systèmes 'ouverts' et 'étanches 
au gaz'. Le C02 dans le vide laissé dans lt haut des boîtes 
étanches au gaz' était produit par le muscle et les bactérie 

Lus bactéries gram-négatives produisaient des quantités 
eaucoup plus petites de C02 que les germes gram-positifs.
Gs données sur les effets du CO., sur la multiplication 
chaque bactérie à 16° et 2° sont présentées.
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Table 6 - Significant differences between mean COpb values of each organism. (54)



Storage tine (days) Storage time (days)



p j  g  2  M e a n  C O . - ,  b  v . - i  l u o  3  a  n  c l  s t a n d a r d  d o  v i o  t  i  o n s  o f  b a o t a r i a .  s r o v / i n g  o n  P o r o i n a  m i x c c l o  i n

oo

r 1  COg/nil heads paco / IO' organisms



3 The effect of CC>2 on the 
ÎL. theraosphactum (• ) , K. zonfii

growth of PscudoT-onns 50 (0 ), Enterobacter sp ( o),
(+) and Lactobacillus sp (a) on porcine muscle at

•Effect on 
growth* (?S)

4

Effect on 
growth* ($

îab!
Each e counts in the sealed containers as a percentage 

P°int represents the average of U determinations.
of the open containers.



PlS* ^ The effect of C 0 2 OR the srowth of Psondoacnas sp (a ), Enterobacter so (o),
( • ) ,  K«_ z o p fii (+) and Lactobacillus sp (o) on porcine smscle at 2°

Effect on 
growth*(%)

Effect on 
growth* (fa)

ach point represents the average of 4 determinations.


