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Abstract

Culture filtrates of Lactobacillus lactis
and Lactobacillus bulgaricus were observed
to contain material inhibitory against
Staphylococcus aureus. The concentration
of inhibitor increased on storage of the
lactobacilli at 5 C, and the maximum was
attained after five days. A ecarbohydrate
source was necessary for the formation of
this inhibitory activity by resting cell
suspensions. The inhibitory factor was
identified as hydrogen peroxide. Storage
of lactobaeilli in dextrose at neutral pH
and at 5 C resulted in maximum aeecumn-
lation of hydrogen peroxide.

Inhibitory activity associated with cultures
of lactobacilli has been shown previously by
several workers (1, 3, 6, 8, 9, 14, 15, 17). In
addition to lactic acid, a heat labile com-
pound(s) has been commonly implicated as
an inhibitory produet (10, 16). Wheater et al.
(18) observed inhibition of Staphylococcus
aureus by a strain of Lactobacillus lactis. They
proposed that inhibition of S. aureus resulted
from the formation of hydrogen peroxide by
the L. lactis. However, they were unable to
show the presence of hydrogen peroxide in the
lactobacillus growth medium and indicated that
viable laetobacilli were necessary for the in-
hibition of the staphylococeus. During our
studies we also observed that inhibition of
S. aureus by certain strains of L. lactis and
L. bulgaricus was caused by the formation of
H.0, by lactobacilli. However, we were able
to show the aceumulation of H,O, in the laeto-
bacillus growth medium.

This observation prompted further work to
obtain information on the factors influencing
the hydrogen peroxide formation by the lacto-
bacilli and to clarify the influenee of this com-
pound on the growth of 8. aureus.

Materials and Methods

Organisms. Single strains of lactobacilli
were isolated from yogurt starter cultures ob-
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tained from commercial supply houses by
plating on lactic agar (2). All isolates were
transferred in sterile litmus milk and subeul-
tures were made with 19, inoeulum; incubation
was at 35 C for approximately 16 hr. For in-
oculation of lactic broth or trypticase soy
broth, cultures were transferred in the same
medium for at least three transfers before
use.

Strains LA 10-65 and DN-1 were identified as
L. lactis and strains NYL1 and SYL1 as L.
bulgaricus, according to the scheme described
by Sharpe et al. (11).

Staphylococeus aureus MF31, an enterotoxi-
genic strain, was transferred daily in trypti-
case soy broth using 1% inoeulum and incuba-
tion at 35 C for 15 hr.

Between transfers all cultures were stored in
the refrigerator.

Cup plate assay. An agar diffusion method
was used to determine inhibition of §. aureus
by lactobacilli. Fifty milliliters of sterile 3%
agar and 50 ml of reconstituted nonfat dry
milk (209 total solids) were tempered to
45 C, and mixed. To this mixture 10 ml
of 209, calcium carbonate solution was added.
Again the contents were mixed and 10 ml
aliquots were removed to duplicate plates to
be used as controls. The remainder of the
agar-milk mixture was inoculated with 1% of
the lactobacillus test strain. Volumes of 10 ml
were placed in duplicate plates. The open end
of a sterile tube (inside diameter 22 mm) was
pressed on the solidified milk agar. This was
first done on the control plates and then re-
peated on plates containing the lactobacillus.
A sterile spatula was used to lift out and dis-
card the agar from the circle. Then to a tube
containing 10 ml of trypticase soy agar (tem-
pered to 45 C), 0.1 ml of 0.49% triphenyltetra-
zolium chloride and 0.1 ml of actively growing
8. aureus culture were added. After mixing, a
portion of the inoculated agar was used to fill
the eup inside the solidified milk agar. The
plates were then incubated at 35 C for 24 hr and
were observed for inhibition of the staphylocoe-
cus inside the cup. The width of the clear band
was measured and recorded.

The foregoing method allowed certain ad-
vantages in detecting inhibitory strains of the
lactobacillus: 1) the inhibitory effeet of
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acid produced by the growing culture was
eliminated by the carbonate; 2) the lacto-
bacillus could be preincubated to allow ac-
cumulation of inhibitor before adding the
staphylococcus.

To check the effect of pre-inecubation of
lactobacillus on the inhibitory zone size, different
plates were ineubated at 35 C for 2 hr, 4 hr
and 6 hr. The cups were then prepared and
filled with trypticase soy agar inoculated with
the staphylococens. The plates were incubated
for 24 hr after which width of the band of
inhibition was recorded.

Measurement of activity of spent medium.
Several bottles containing 100 ml of sterilized
trypticase soy broth were inoculated using 1%
of L. lactis LA 10-65 and incubated at 35 C.
The cultures were removed at intervals, tem-
pered and stored at 5 C. For assay 22.5 ml
from each bottle was adjusted to pH 7.0 and
the final volume of each was made to 25 ml
Each sample was sterilized by Seitz filtration.
The cell free eulture filtrates (1 ml, 2.5 ml and
5 ml) were dispensed in sterile tubes. The
volume of each tube was adjusted to 5 m! with
sterile water. For control, 5 ml of water was
used. Double strength trypticase soy broth was
inoculated with 0.05% of §. aureus. After
mixing, 5 ml of this inoculated broth was trans-
ferred to each tube. The tubes were inverted
three times and incubated at 35 C for about
six hours (Control = approx. 309 transmit-
tance). The per eent light transmission of each
tube was determined at 600 mp.

Preparation of cell suspensions. The lacto-
bacillus culture was grown in trypticase soy
broth at 32 C until the medium reached pH
55. The culture was cooled and centrifuged
at 5000 g for 20 min. The supernatant was
discarded and the cells were washed twice with
0.05 M sodium phosphate buffer (pH 7.0).
Cells were resuspended in phosphate buffer and
distributed equally in sterile solutions of 0.259%,
dextrose, 0.39, phytone, 1.79, trypticase and
0.05 M phosphate buffer (pH 7.0). The cell
suspensions were stored at 5 C. Cell free
filtrates of the above suspensions were then
tested for the presence of inhibitory material
after various periods of storage aceording to
the method deseribed for spent medium.

Measurement of hydrogen peroxide. Hydro-
gen peroxide accumulated in the cell suspen-
sions was measured by the method of Oram
and Reiter (7).

Results

In the preliminary survey various strains
of lactobacilli isolated from yogurt starter eul-
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tures were tested by the cup plate assay (Fig. 1)
for the inhibition of §. aureus. The data (Table
1) indicated preincubation of the lactobacillus
up to six hours increased inhibition of the sta-
phylococeus. Strain LA 10-65 was the most
potent inhibitor producer and was used in
further studies.

Similar results were obtained when milk
agar base was replaced by lactie agar or trypti-
case soy broth agar in the above experiment
for the cup plate assay. This feature permitted
the use of trypticase soy broth for determina-
tion of the inhibitory factor produced by strain
LA 10-65. The lactobacillus was then grown in
trypticase soy broth for various periods of
time and the spent broth was tested for in-
hibition of S. aureus. The results (Table 2)
indicated that incubation of the lactobacillus
culture for 12 hr produced the maximum in-
hibition. However, when the experiment was
repeated using spent broth of a fresh 12 hr
culture, very little inhibition was observed.
At this point it was realized that in the earlier
experiment the cultures were removed from
the incubator at different intervals and were
stored at 5 C until all samples were tested.
Subsequently it was observed that storage of
the lactobacillus culture for five days at 5 C
resulted in maximum inhibitory activity (Table
3).

Further -experiments indicated that suspen-
sion of lactobacillus cells in fresh trypticase
soy broth or in one of its components pro-
duced a similar effect on storage at 5 C (Table
4), The results also indicated that possibly
the presence of a carbohydrate source was neces-
sary for formation of this inhibitor, as no
activity was observed when ecells were sus-
pended in phosphate buffer or in 1% acid
hydrolyzed casein.

The inhibitory compound that accummulated
in the culture and in the cell suspensions was

TaBLE 1. Inhibitory activity of lactobacilli against
Staphylococcus aureus.

Preincu- Lactobacillus strains
bation
of lacto- LA
baeillus* 10-65 DN-1 NYL1 SYILa
(width of inhibifed band in mm)®
(Hr)
0 0.7 0.5 0.0 0.0
2 2.5 1.7 1.0 0.5
4 4.0 2.7 3.5 3.0
6 4.7 3.2 4.2 4.0

* Incubation at 35 C.
b Tnhibition of staphylococeus after 24 hr at
35 C.

J. DAIRY SCIENCE VOL. 51, No. 10



1570

TABLE 2, Inhibitory activity of spent medium of
culture LA 10-65.

Growth of
staphylococeus® in:
Spent medium %

Age of pH of

LA 10-65* LA 10-65 10 25 50
(Hr) (% transmittance)

0 7.0 35 35 35

6 6.0 37 58 70

12 5.5 42 71 98

24 5.0 35 37 50

48 5.0 35 38 44

* Culture LA 10-65 grown in trypticase soy broth
at 35 C.
* Staphylococcus inecubated for 6 hr at 35 C.

identified as H,0,. Catalase, when incorporated
in the assay medium, relieved inhibition by
the cell-free filtrates (Table 5). Under the con-
ditions of the assay, this strain of §. aureus
was observed to be sensitive to the presence of
6 wg/ml of H.O0, (Table 6). However, other
results presented in Table 6 indicated that this
concentration was only bacteriostatic. The bhac-
tericidal coneentration for this strain was ob-
served to be 20 ug/ml when tested under static
conditions and 22 ug/ml when tested under
shake conditions. The bactericidal concentra-
tion for three other strains of staphylocoeci
tested was 25-35 ug/ml.

The data presented in Table 7 indicate the
amount of H.O, accumulated by LA 10-65
cells on storage at 5 C in dextrose + phosphate
buffer adjusted to different pH. At all pH
values most of the H.O. was formed within
24 hr. However, the final concentration of
H.0: on storage for 15 days was highest at pH
7.0. With the decrease or inerease in pH from
neutrality, the concentration of H.0. also de-
creased markedly. These results indicate that
even in an acid medium the lactobacilli were
able to form H.0, Furthermore, the H.O,
formation was dependent on temperature of
storage of cell suspensions. At higher tempera-
tures, the concentration was much lower than
at 5 C (Table 8).

TABLE 3. Effeet of storage of LA 10-65.at 5 C
on inhibitory activity of spent medium.

Growth of staphylococcus in:

Storfage Spent medium %
o
LA 10-65 0 25 50
(Day) (% transmittance)
0 30 39 46
1 30 40 52
3 30 49 68
5 30 60 87
7 30 60 85
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TABLE 4. Effect of storage of LA 10-65 cells at
5 C in trypticase soy broth and its different
components on inhibition of Staphylococcus

aureus.

Growth of staphylocoeeus in:
Cell free filtrates® of

Stor- cell suspension from
age
of Con- Dex- Phy- Trypti-
cells® trol TSB trose tone case
(Day) (% transmittance)
1 29 52 52 43 46
3 29 65 60 48 56
7 39 68 84 94 49
14 30 73 90 100 41

* Initial viable population 30 X 107/ml.
b 959, cell free filtrate added.

Discussion

Certain lactobacilli have been shown to pro-
duce inhibitory products against other orga-
nisms normally considered as objectionable in
foods. Hydrogen peroxide formation seems
to be one way in which these bacteria repress
the growth of organisms such as S. aureus.
Our studies did not indicate the presence of
any inhibitor other than lactic acid and H.O..
The results of others (6, 9) would suggest
that different species of lactobacilli may also
produce other types of inhibitors against vari-
ous undesirable mieroorganisms. In our study
it was shown that even at refrigeration and
low pH temperature, lactobacilli isolated from
yogurt produced H:0:. To what extent H:0.
plays its role during storage of fermented
foods such as cheese is not yet clearly under-
stood. From these studies it would appear to be
an important factor in repressing the growth of
certain undesirable bacteria if present in the
food.

Tt has been reported that some strains of
lactic acid bacteria can oxidize certain sub-
stances with a high rate of oxygen consump-
tion (4, 12). However, the pathways of elee-
tron transport in the course of thesé oxidations
are not yet clearly understood. Strittmatter
(12) ohserved that heme-linked enzymes were

TABLE 5. Effect of catalase on antistaphylococeus
activity of LA 10-65 filtrate.

Filtrate
LA 10-65 Control Catalase®
(%) (% transmittance)
0 30 22
10 39 23
20 53 22
30 72 22
40 90 22

4.Catalase—3,000 units.



HYDROGEN PEROXIDE FORMATION

1571

Fic. 1. Left plate containing milk-agar base with the inner cup filled with trypticase soy agar
seeded with 8. aureus (econtrol). Right plate seeded with lactobacillus on the outside of the cup and
the inner eup seeded with S. aureuns. The band of inhibition is elearly visible.

not involved in the high capacities of various
lactobacilli for electron transport from a va-
riety of oxidizable substrates to oxygen; how-
ever, specific flavin components were present
In high concentration in each of these orga-
nisms. Accumulation of H,0, is characteristic
of flavo-protein respiration and hasg been ob-
served during some oxidative activities by cer-
tain strains (5, 12, 13, 19). A similar system
might be responsible for accumulation of H.O,
by the lactobacilli used in this study. Prelimi-

TABLE 6. Effect of hydrogen peroxide on the
growth of Staphylococcus aureus.

Growth of staphyloeoccus®

Coneen-

nary investigations have shown that the cell-
free extracts of L. lactis LA 10-65 contain an
oxidase enzyme system which also inhibits the
growth of 8. aureus. Further studies to charac-
terize this system are in progress.
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