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Inhibition of the Anaerobic Growth of Brochothrix
thermosphacta by Lactic Acid

FREDERICK H. GRAU

Commonwealth Scientific and Industrial Research Organisation Division ofFood Research, Meat Research
Laboratory, Cannon Hill, Queensland 4170, Australia

Brochothrix thermnosphacta can grow aerobically in the presence of 210 mM
L-lactate and anaerobically in its absence at pH values down to at least 5.5.
Anaerobic growth is, however, inhibited by L-lactate, the concentration of undis-
sociated lactic acid being the governing factor. Postrigor meat usually contains
sufficient lactic acid to select against the anaerobic growth of B. thermosphacta.
At least some Lactobacillaceae strains are more resistant to lactic acid and so

their growth is favored on vacuum-packaged meat.

Whereas Brochothrix thermosphacta (for-
merly Microbacterium thermosphactum) is fre-
quently isolated from meat and meat products,
there have been conflicting reports on the
growth of this organism on vacuum-packaged
beef (11-16). Campbell et al. (4) found that,
although B. thermosphacta grew aerobically on
beef muscle when the pH was as low as 5.4, it
failed to grow anaerobically on beef below pH
5.8. Growth on vacuum-packaged beef muscle
was controlled by a combination of the pH of
the meat and permeability of the packaging film
to oxygen. However, B. thermosphacta can grow
both aerobically and anaerobically in APT broth
(Difco Laboratories, Detroit, Mich.) when the
pH is lowered to 5.5 by the addition of hydro-
chloric acid (unpublished data). This suggests
that beef muscle contains an inhibitor of anaer-
obic growth, the concentration, or effectiveness,
of which is dependent on the pH of the muscle.
This paper reports that the lactate naturally

present in meat acts as a pH-dependent inhibitor
of anaerobic growth of B. thermosphacta.

MATERIALS AND METHODS
Bacterial strains. The strains of B. thermos-

phacta used were the type culture (ATCC 11509) and
three strains (110, 243, and 264) isolated from vacuum-
packaged beef and sliced cured meats. The two strains
of lactic acid bacteria used (Lactobacillus plantarum
strain L13 and Leuconostoc mesenteroides strain L7)
were also isolated from vacuum-packaged beef.

Media. Filter-sterilized, deproteinized, aqueous
meat extracts were prepared from postrigor beef sem-
itendinosus muscle by the method of Gill (6), but
without using phosphate buffer. The pH was adjusted
with NaOH or HCI. A modified APT broth was made
by aseptically mixing separately autoclaved solutions
of yeast extract + tryptone + Tween 80, potassium
phosphate buffer, sodium citrate buffer, glucose, and
MgSO4 + MnCI2 + FeSO4 in 0.1 N HCI. Distilled

water, 1 M NaCl, or 1 M sodium L-lactate was also
added to give the required concentrations of sodium
chloride or lactate. The final composition of 1 liter of
the growth medium was: yeast extract, 7.5 g; tryptone,
12.5 g; Tween 80,0.2 g; glucose, 2 g; MgSO4. 7H20, 1.64
g; MnCl2.4H20, 0.22 g; FeSO4.7H20, 0.073 g; potas-
sium phosphate buffer, 28.7 mM; sodium citrate buffer,
17 mM. The pH of this growth medium was varied by
using phosphate and citrate buffers of different pH
values while keeping the citrate and phosphate molar-
ities constant. The sodium L-lactate solution was pre-
pared from L-(+)-lactic acid (grade L-III, Sigma
Chemical Co., St. Louis, Mo.) by adjusting the pH of
the solution to about pH 5.7 with NaOH. The concen-
tration of L-lactate was checked against a standard of
lithium L-lactate (Sigma), using a rapid lactate reagent
kit (Calbiochem, La Jolla, Calif.). The L-lactate con-
centration in the basal modified APT medium was less
than 1 mM.

Inocula. B. thermosphacta inocula were grown aer-
obically in 10 ml of APT broth in a 125-mi side-arm
flask incubated in a Gyrotory water bath shaker (New
Brunswick Scientific Co., New Brunswick, N.J.) at 25
or 5°C. When growth in aqueous extracts of meat was
to be measured, the inoculum was grown aerobically
in aqueous extracts of meat at pH 5.9. The lactic acid
bacteria were grown unshaken at 25 or 5°C in 10 ml of
APT broth in a 25-ml MacCartney bottle. When
growth reached a turbidity of 50 to 100 Klett units
(Klett-Summerson colorimeter, no. 66 filter), the cul-
ture was diluted in 0.1% peptone water to give an
inoculum of 200 to 1,500 colony-forming units (CFU)/
ml in the growth media.

Incubation of growth media. Immediately after
inoculation, aliquots of the growth media were re-
moved so that the initial pH and initial count of CFU
per milliliter could be determined. The growth media
were then incubated, either aerobically in shaken
flasks or anaerobically in Thunberg tubes, for up to 7
days at 25°C or up to 28 days at 5°C. The number of
CFU per milliliter and the pH were again determined
either when turbidity was first observed or, if no
turbidity was observed, at the end of the incubation
period.
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Anaerobic conditions. Anaerobic conditions in
Thunberg tubes were achieved by evacuation to 3 kPa
and flushing four times with high-purity nitrogen. The
nitrogen was scrubbed through a chromous chloride
solution (17).
CFU. The number of CFU were determined by

spreading 0.1-ml aliquots of suitable dilutions, made
in 0.1% peptone water, on the surface of tryptone soya
agar (Oxoid, Ltd., London, England) supplemented
with 0.5% yeast extract and 0.2% glucose and on Gard-
ner's agar (5) for B. thermosphacta. Similarly, aliquots
were surface plated on APT agar (Difco) and on MRS
agar (Oxoid) for the lactic acid bacteria. Plates were
incubated at 250C and counted after 2 and 3 days.
pH measurement. The pH of the growth medium

was measured with a Radiometer TTT 1C pH meter
(Radiometer A/S, Copenhagen, Denmark) fitted with
a GK 2302C Radiometer combination electrode. The
pH of beef muscles was determined on a macerate
made by blending 10-g samples of muscle in 90 ml of
distilled water.
Undissociated lactic acid. The concentration of

undissociated lactic acid was calculated from the con-
centration of L-lactate added to the medium, from the
pH of the medium after inoculation, and by using the
value 3.86 for the log dissociation constant of L-lactic
acid.

RESULTS
Aqueous extracts of meat. Aqueous ex-

tracts of beef muscle (pH 5.5 to 5.6) whose pH
was adjusted to pH 5.5 or 5.9 supported the
growth of B. thermosphacta 11509 aerobically
at 250C (Table 1). However, under a nitrogen
atmosphere, the organism grew at pH 5.9 but
failed to grow at pH 5.5. When inoculated ex-
tracts were incubated at 50C, similar results
were obtained. After 21 days of incubation at
50C, B. thermosphacta 11509 had not grown at
pH 5.5 anaerobically, but had grown aerobically
at this pH and anaerobically at pH 5.9.
Modified APT broth. It was suspected that

lactic acid could be the pH-dependent inhibitor
present in meat, and therefore the effect of L-
lactic acid on the anaerobic growth of B. ther-
mosphacta was examined in modified APT me-
dium. In the modified APT broth at pH 5.6,
strain 11509 grew rapidly at 250C aerobically in
the presence or absence of 100 mM sodium

TABLE 1. Growth of B. thermosphacta 11509 in
aqueous meat extracts at 250C

Time Log1o CFU/ml
Growth(h) pH 5.5 pH 5.9

Aerobic 0 2.2 2.3
16 5.4 5.9
24 7.6 8.1

Anaerobic 0 2.4 2.4
24 1.6 4.5
40 0.7 6.8

chloride or 100mM sodium L-lactate (generation
time, 1.0 to 1.2 h). Under anaerobic conditions,
and at pH 5.6, an inoculum of log 2.4 CFU/ml
grew, in 48 h, to log 6.7 CFU/ml in the absence
of added NaCl and to log 5.7 CFU/ml in the
presence of 100 mM NaCl. However, no growth
occurred in the presence of 100 mM sodium L-
lactate during 7 days of incubation; the number
of CFU actually decreased after 24 h of incuba-
tion.
The effect of a range of pH values from 5.5 to

6.3 and a range of added lactate concentrations
from 0 to 210 mM on the anaerobic growth of
strain 11509 was next examined. Control exper-
iments always confirmed the ability of the in-
oculum to grow aerobically at the pH and lactate
concentrations used and to grow anaerobi-
cally in the presence or absence of 210mM NaCl
at the pH being tested. Whereas the organism
was able to grow aerobically in the presence of
210 mM lactate and anaerobically in the pres-
ence or absence of 210 mM NaCl down to at
least pH 5.5, lactate concentration together with
pH determined whether growth could occur an-
aerobically (Fig. 1). At pH 5.9 and above, strain
11509 grew anaerobically at all concentrations of
lactate tested. As the pH was reduced below 5.9,
less lactate was required to prevent growth oc-
curring during an incubation period of 7 days.
The data of Newbold and Scopes (10) for beef

sternomandibularis muscle and of Bendall (1)
for four beef muscles (triceps brachii, longissi-
mus dorsi, gluteo-biceps, and sternomandibu-
laris) were used to calculate the concentrations
of L-lactate in beef muscles of different pH val-
ues. A water content of 0.75 ml/g (wet weight)
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FIG. 1. Effect of lactate and pH on anaerobic
growth ofB. thermosphacta ATCC 11509 in modified
APT broth and the relationship ofpH and lactate
concentration in beefmuscle. Symbols: Growth within
7 days at 25°C (0); no growth (0); pH and lactate
concentration in beef muscle: ( ) from Newbold
and Scopes (10), (---) from Bendall (1).
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of muscle (8) was used in this calculation. The
relationship between muscle pH and lactate ton-
centration is also shown in Fig. 1 to enable a
comparison to be made with those pH values
and lactate concentrations which prevented
growth in modified APT broth.
The rate of growth of strain 11509 at 250C in

modified APT under anaerobic conditions was
also dependent on both pH ard lactate concen-
tration. An approximate growth rate for such
anaerobic cultures was calculated from the log
increase in CFU per milliliter at the time when
faint turbidity was first detected, or, ifno turbid-
ity occurred in 7 days, the log increase in 7 days.
In Fig. 2, the growth rate in the presence of
various concentrations of lactate is expressed as
a percentage of that in the absence of lactate at
the same pH and is plotted against the calcu-
lated concentration of undissociated lactic acid.
Half-inhibition of the growth of strain 11509 was
achieved at about 0.63 mM undissociated lactic
acid. Concentrations between about 1.34 and
1.82 mM undissociated acid could give either
slow growth or slow death. Within this range,
media of low pH values were associated with
death and media of higher pH values were as-
sociated with slow growth.
Anaerobic growth of the other three strains of

B. thermosphacta at 250C was also prevented
by some lactate concentrations at pH values of
<6 (Table 2). Again, the three strains grew an-
aerobically atpH 5.5 in the presence and absence
of 210 mM NaCl and grew aerobically at pH 5.5
in the presence of 210 mM lactate.
When incubated anaerobically at 50C for up

to 28 days, strains 11509 and 110 were slightly
more sensitive to lactate than they were at 250C.
They both grew at pH 5.9 with 140 mM lactate
but failed to grow with 175 mM lactate. Both
strains grew at 5°C anaerobically with and with-
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FIG. 2. Inhibition of the anaerobic growth of B.
thermosphacta ATCC 11509 in modified APT broth
by undissociated lactic acid at 25°C. Symbols: (0)
growth; (0) death.

TABLE 2. L -Lactate inhibition of anaerobic growth
of B. therrnosphacta at 25°C in modified APT broth

Growth' inhibited by:

pH Na L-lactate (mM) NaCl
(210

0 140 175 210 mM)

6.05 1,2,3 1,2,3 1,2,3 1,2 1,2,3
5.95 1,2,3 1,2,3 1 1 1,2,3
5.85 1,2,3 1 0 0 1,2,3
5.75 1,2,3 0 0 0 1,2,3
5.50 1,2,3 NDb ND ND 1, 2,3
a 1, 2, 3 = Growth of B. thernosphacta strains 110,

243, and 264, respectively; 0 = none of the three strains
grew during 7 days of incubation.

' ND, Not done.

out NaCl and aerobically with 210 mM lactate
at pH 5.55.
Both strains of lactic acid bacteria (L7 and

L13) grew anaerobically at pH 5.5 in the pres-
ence of 210 mM NaCl or lactate at either 25 or
50C.

DISCUSSION
Lactic acid has been shown to be more effec-

tive in inhibiting the growth of B. thermos-
phacta under anaerobic conditions than under
aerobic conditions. That low redox potentials
increase the inhibition of growth of salmonellae
and shigellae by undissociated short-chain fatty
acids has been known for some time (2, 7, 9). On
the other hand, Bohnhoff et al. (3) found that
100 mM lactate counteracted the inhibitory
properties of these acids at pH 6.0 and above.
The content of lactate in beef muscle is di-

rectly related to its pH (Fig. 1; 1, 10). Further, in
muscles of low pH values, not only is more
lactate present but more of it will be in the
undissociated form. The results here indicate
that undissociated lactic acid is the effective
inhibitor. In muscles of about pH 5.7 and lower
there is sufficient undissociated lactic acid to
completely inhibit anaerobic growth of B. ther-
mosphacta at both 25 and 5°C. In muscles of
higher pH, although the concentration of lactic
acid will not be sufficient to prevent anaerobic
growth, it can be sufficient to reduce the rate of
growth.
The finding (4) that B. thermosphacta did not

grow on meat of below pH 5.8 under anaerobic
conditions but did under aerobic conditions is
thus explained. Furthermore, the two strains of
Lactobacillaceae able to grow anaerobically on
low-pH fresh meat were also able to grow anaer-
obically at pH 5.5 in the presence of 210 mM
lactate, i.e., at a concentration of lactate higher
than that found in fresh meat.

Undissociated lactic acid is therefore another
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selective factor controlling the microflora able
to develop on vacuum-packed meat.
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