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ABSTRACT

The effect of two species of lactobacilli, Lactobacillus casei CRL 431 and Lactobacillus rhamnosus CRL 1224, on growth
of different Aspergillus flavus strains was determined. A. flavus strains (Ap, TR2, or CF80) were grown in LAPTg broth at
37�C for 7 days as a single culture and in association with L. casei CRL 431 or L. rhamnosus CRL 1224 at initial inoculum
ratios of 1:1, 1:10, and 1:100. In most cases, the mixed cultures had a lower fungal growth and a lower pH than the control
cultures. Mycelial dry weight was reduced to 73 and 85% using L. casei CRL 431 and L. rhamnosus CRL 1224, respectively.
The pH decrease in mixed cultures when the fungal mycelial dry weight is reduced may play an important role in inhibition.
The number of viable bacteria was variably affected by fungal growth. These results indicate that L. casei CRL 431 and L.
rhamnosus CRL 1224 may be useful as potential biocontrol agent against A. flavus.

Spoilage of food products pre- and postharvest in-
volves a wide range of fungi that differ greatly in their
ecological determinants. They damage foods causing losses
in dry matter and quality. Some species can produce toxic
metabolites (mycotoxins) of great concern to consumers
with outbreaks of disease affecting both animal and human
health (3, 21, 33).

Aspergillus is a genus described 300 years ago. It oc-
curs in a wide variety of habitats, particularly in tropical
and subtropical regions, and is very important in foods.
Most Aspergillus species are present in foods as spoilage
or biodeterioration fungi and they compete with Penicillium
and Fusarium species for dominance among the fungal flo-
ra (20, 32). In nature, these microorganisms are regularly
found as saprophytes growing on inadequately dried prod-
ucts like cereal grains and groundnuts or derived formula-
tions such as animal feedstuffs (21, 38). Aspergillus flavus
is an economically important fungus. Different reports in-
dicated that this fungus can produce mycotoxins, including
aflatoxins, aflatrem, aflavinin, aspergillic acids, cyclopia-
zonic acid, kojic acid, etc. (16–18, 38). Aspergillus grows
at 6 to 45�C with optimal growth occurring at 25 to 37�C
(20).

The most effective means of preventing contamination
of food with mycotoxins is to prevent the growth of my-
cotoxicogenic fungi (4). The development of biocompeti-
tive microorganisms to control A. flavus has been investi-
gated as an alternative approach for controlling mycotoxin
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contamination. Several studies have reported the inhibitory
effects of lactic acid bacteria (LAB) on the growth of As-
pergillus, and particularly A. parasiticus, with different
mechanisms suggested for these observations (10). Com-
petition for space, nutrients, and synthesis of antifungal
compounds by biocompetitive agents is attributed to the
effects on fungi growth.

The LAB possess nutritional and therapeutic benefits
with various Lactobacillus strains commonly used as pro-
biotic microorganisms. Furthermore, LAB have several
properties of economic importance such as lactose utiliza-
tion, proteinase activity, bacteriophage defense mecha-
nisms, and bacteriocin production (11, 26). Lactobacillus
casei CRL 431 is a very important probiotic strain. Fer-
mented milk containing this strain and Lactobacillus aci-
dophilus CRL 730 is consumed by many individuals in
South America (27). When used in combination, these two
bacteria can prevent gastrointestinal infection with Salmo-
nella enterica subspecies enterica serovar Typhimurium
(29). L. casei can reportedly inhibit the growth of different
pathogens, including Escherichia coli and Klebsiella pneu-
moniae (12); however, there is no similar work assessing
the inhibition of fungal growth. This organism can also
stimulate the immune system, which could be partly ex-
plained by the presence of lectinlike substances in the cell
wall (25) and an increase in the number of cells producing
immunoglobulin (Ig) A and IgM (1, 30). On the other hand,
previous studies related to L. rhamnosus CRL 1224 are not
known.

The aim of this work was to evaluate the effect of two
different Lactobacillus strains, L. casei CRL 431 and L.
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FIGURE 1. Effect of L. casei CRL 431 (A) and L. rhamnosus CRL
1224 (B) on mycelial dry weight from different A. flavus strains.
Vertical bars indicate the standard deviation (n � 6). Bars
marked with an asterisk (*) showed significant reduction (P �
0.05) in mycelial dry weight from the control.

rhamnosus CRL 1224, on the growth of A. flavus isolated
from different sources.

MATERIALS AND METHODS

Microorganisms and culture conditions. A. flavus strains
Ap, TR2, and CF80 were isolated from animal, poultry, and cat
foods, respectively. These strains were identified according to the
method proposed by Pitt and Hocking (32) and were maintained
under refrigeration (4�C) on potato dextrose agar (PDA) slants.

Cultures for inoculation were obtained by growing A. flavus
on PDA slants at 28�C. After 7 days, spores were harvested in
0.05% Tween 80 (vol/vol) wetting solution. Spore counts were
then determined using a haemocytometer and the suspensions
were standardized to a final concentration of ca. 3 � 106 spores
per ml.

L. casei CRL 431 (isolated from human feces) and L. rham-
nosus CRL 1224 (isolated from yogurt) were obtained from the
CERELA Culture Collection (Culture Collection of Centro de Re-
ferencia para Lactobacilos, Tucumán, Argentina). These bacteria
were maintained frozen (�20�C) in milk–yeast extract. Working
cultures were prepared by subculturing at 37�C in LAPTg broth
(34) followed by overnight incubation at the same temperature.

Inhibition assays in broth medium. Two LAB cultures
were added separately to 250-ml Erlenmeyer flasks containing 100
ml of LAPTg broth to obtain populations of 104, 105, and 106

CFU/ml. Thereafter, conidial suspensions of each A. flavus strain
were added separately to each flask at a level of ca. 104 spores
per ml to give Lactobacillus:spore ratios of 1:1, 10:1, and 100:1.
Control flasks were separately inoculated with each organism at
a level of ca. 104/ml. All flasks were incubated quiescently for 7
days at 37�C. Numbers of viable bacteria were determined (24)
using LBS agar (ROGOSA agar, Merck, Darmstadt, Germany).
The pH of the medium (Altronix model TPX-1 digital pH meter,
Buenos Aires, Argentina) and growth of fungi expressed as dry
weight of mycelium were determined at the end of each experi-
ment. Inhibition of mold growth was calculated using the equa-
tion: [1 � (fungi growth in mixed culture/fungi growth in control
culture)] � 100.

Inhibition assays on an agar medium. The antifungal ac-
tivity of L. casei CRL 431 and L. rhamnosus CRL 1224 was
determined by the well agar diffusion method (36). An aliquot of
spore suspension was mixed with PDA, LAPTg, and Czapek-Dox
agar (Merck). Four wells (10-mm diameter) were made in each
agar plate, where the LAB had been added.

The bacterial cultures (bacteria grown overnight at 37�C)
were pelleted by centrifugation at 1,200 � g for 15 min. The
supernatant was separated and the cell pellet was washed twice
with peptone water. A portion of the supernatant was heated to
70�C for 1 h before assessing the interaction between LAB and
A. flavus Ap. Treated and untreated supernatants were placed sep-
arately into the wells.

The wells were filled separately with 150 �l of the bacterial
cell suspension in peptone water or the corresponding superna-
tants. The plates were preincubated at 4�C for 24 h to stop fungal
growth and facilitate diffusion of the cell suspension and super-
natant into the agar medium and then incubated for 4 days at 28�C.

Statistical analysis. The bacterial counts were transformed
to log counts and subjected to a balanced analysis of variance test
to determine the effect of treatment on bacterial populations. Dry
weight of mycelium and the pH were analyzed by the same test.
Variable means showing statistical significance were compared us-
ing Tukey’s test (Minitab Student R12). All statements of signif-

icance are based on 0.05 level of probability (35). Values are
means of experiments conducted in duplicate and replicated three
times.

RESULTS AND DISCUSSION

The effect of L. casei CRL 431 on mycelial dry weight
for different A. flavus strains is shown in Figure 1A.
Growth of A. flavus Ap, TR2, and CF80 strains, measured
by mycelial dry weight, was reduced from 725 to 420 mg,
920 to 278 mg, and 668 to 180 mg, respectively. The larg-
est reduction in fungal growth (73%) was obtained from
mixed cultures containing L. casei and A. flavus CF80 at an
initial inoculum ratio of 100:1. Percent reduction in growth
of the Aspergillus strains ranged from 26 to 37%, 23 to
60%, and 42 to 73% for bacteria:fungi ratios of 1:1, 10:1,
and 100:1, respectively. Growth of A. flavus Ap strain was
least affected with the only significant difference from the
control seen at an initial bacteria:fungi inoculation ratio of
100:1.

The pH values in the different broth cultures decreased
from 8.1 to 4.8, 7.7 to 4.3, and 8.0 to 3.9 for Ap, TR2, and
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CF80 strains respectively, when the bacteria:fungi ratio was
increased. After incubation of control assays, the pH values
in the fungi and bacteria controls increased and decreased,
respectively, following incubation. At a 1:1 ratio, the L.
casei CRL 431 population was higher at day 7 as compared
with day 0 for A. flavus CF80. At an initial bacteria:fungi
ratio of 10:1, bacterial populations in mixed cultures with
all A. flavus strains were not statistically different (P �
0.05). However, at an initial bacteria:fungi ratio of 100:1,
bacterial populations in mixed cultures with A. flavus Ap
were significantly lower (P � 0.05) after 7 days of incu-
bation (Table 1).

The results of mixed cultures containing L. rhamnosus
CRL 1224 and A. flavus strains are shown in Figure 1B
and Table 2. During the interaction assays, fungal growth
was significantly lower (P � 0.05) in all mixed cultures as
compared with the controls. Mycelial dry weight decreased
from 725 to 223 mg, 920 to 172 mg, and 668 to 98 mg,
for mixed cultures with A. flavus Ap, TR2, and CF80 strains,
respectively. Thus, mold growth decreased by 40 to 85%,
67 to 82%, and 69 to 81% for initial bacteria:fungi inocu-
lum ratios of 1:1, 10:1, and 100:1, respectively. Greatest
fungal inhibition was seen in mixed culture containing A.
flavus CF80 with those containing A. flavus Ap being least
affected (Fig. 1B). Similar results were also obtained using
A. flavus and L. casei CRL 431.

The pH of the mixed culture was statistically different
(P � 0.05) from the fungal control and decreased in the
presence of A. flavus Ap when the initial bacterial numbers
increased. The pH reductions in mixed cultures compared
with the fungal control were from 8.10 to 4.06, 7.69 to
4.02, and 7.97 to 3.85 for A. flavus Ap, TR2, and CF80,
respectively. However, the population of L. rhamnosus
CRL 1224 was significantly greater on day 7 than on day
0 for the control and at a bacteria:fungi ratio of 1:1. Pop-
ulations were variable at a ratio of 10:1 and remained un-
changed at 100:1 (Table 2).

Fungal growth can be improved or retarded as a result
of interactions with other microorganisms present in the
environment. El-Gendy and Marth (8) reported that the ad-
dition of Lactococcus lactis (ATCC 11454) and L. casei
(ATCC 393) to Aspergillus cultures (toxigenic and nontox-
igenic strains) reduced fungal growth after 2 weeks of in-
cubation at 15�C. Furthermore, they demonstrated that the
presence of LAB inhibited the growth of several Penicil-
lium strains. Other authors have studied interactions be-
tween LAB and fungi in broth media, but they only found
encouraging results when the bacteria grew before fungal
spores inoculation (6, 8, 9, 13–15, 19, 22). In these studies,
LAPTg was not used as a culture medium with 25 to 28�C
selected as the incubation temperature; however, they were
unable to obtain similar results to our work when A. flavus
and LAB were grown simultaneously. Recently, Xu et al.
(39) studied fungi-bacteria interactions in MRS medium at
28�C over 15 days and reported that growth of Aspergillus
parasiticus NRRL 2999 was inhibited when spores were
added to a 24-h Lactobacillus plantarum ATC8014 culture
and when both organisms were added simultaneously.
These findings are similar to ours in that the growth of A.
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flavus strains was inhibited by single Lactobacillus strains
when simultaneously inoculated.

Different mechanisms have been proposed to explain
the inhibitory effects of LAB on Aspergillus growth, in-
cluding competitive inhibition, bacterial metabolites, pH, or
a combination of these factors (10). Generally, fungal
growth does not parallel mycotoxin production. Aflatoxin
production was influenced by the lactic acid concentration,
initial pH, and extent of mycelial growth (7). In our ex-
periments, pH was a very important parameter because it
was near to those of the bacterial control, when fungal
growth was inhibited in mixed cultures. Furthermore, the
lowest pH in mixed cultures corresponded to the greatest
reduction in mycelial dry weight.

The pH increase could be the result of high levels of
nitrogen in the medium and/or autolysis of fungal cells in
those cultures where the fungi were present (5). The influ-
ence of the pH is dependent on many factors such as the
substrate, incubation temperature, mold strain, and the pres-
ence of competing microflora (14).

Both L. casei CRL 431 and L. rhamnosus CRL 1224
supernatants (with or without heat treatment) and cells in
peptone water did not inhibit any strains of A. flavus in
Czapek-Dox agar, LAPTg agar, or PDA after 5 days of
incubation. In the presence of A. flavus Ap, the bacterial
supernatant changed the color of the spores from green to
yellow around the wells on Czapek-Dox agar; however, this
yellow zone decreased in size after the supernatant was
heated at 70�C for 1 h. Microscope observations showed
that the yellow zone was characterized by low spore con-
centration and pigmentation. No such changes were seen
on PDA or LAPTg agar where this mold grew faster than
on Czapek-Dox agar. Although the three A. flavus strains
sporulated poorly on LAPTg agar, A. flavus TR2 and CF80

produced sclerotia on PDA (data not shown).
The LAB produce a wide variety of antimicrobial sub-

stances, including organic acids, hydrogen peroxide, carbon
dioxide, diacetyl, and low-molecular-weight antimicrobial
compounds (28, 31). Several reports have described anti-
fungal characteristics of these bacteria, including one ac-
count by Roy et al. (36) in which Lactococcus lactis subsp.
lactis CHD-28.3 exhibited antifungical activity against A.
flavus, A. parasiticus, and Fusarium spp.

The antifungal attributes of LAB have been reviewed
by Batish et al. (2). Many variables including the culture
medium, incubation temperature, incubation period, pH,
and nutritional factors can affect the production of antifun-
gal substances. It is well known that the growth medium
for indicator organisms can influence the activity of anti-
microbial substances (37). In our study, sporulation was
only inhibited using supernatants from both bacteria, where
A. flavus Ap grew more slowly.

Reduction of fungal growth alone cannot explain the
decrease or absence of mycotoxin in mixed culture (22, 23),
but the fact that a strain reduced the mycelial dry weight
could be a good way to perform certain antitoxin assess-
ments.

This investigation demonstrated that two LAB, namely
L. rhamnosus CRL 1224 and L. casei CRL 431, may be
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useful in inhibiting the growth of A. flavus. L. rhamnosus
CRL 1224 was more inhibitory toward A. flavus than L.
casei CRL 431. The pH can also play an important role in
inhibition since the greatest reduction in fungal mycelial
dry weight occurred at low pH values. Future studies
should include the effects of these two LAB alone or to-
gether on aflatoxin production.

ACKNOWLEDGMENTS

The authors thank Dr. John F. T. Spencer for his helpful suggestions
and corrections in the manuscript and M.Sc. Elena Bru de Labanda for
statistical assistance. This work was supported by grants (D-348) from
CIUNT (Consejo de Investigaciones de la Universidad Nacional de Tu-
cumán, Argentina) and PIP 9360 CONICET (Consejo Nacional de Inves-
tigaciones Cientı́ficas y Técnicas).

REFERENCES

1. Agüero, G., S. Sánchez, S. Fernández, C. Allori, A. P. Pesce de Ruiz
Holgado, and G. Perdigón. 1996. Administration of yogurt or Lac-
tobacillus casei to malnourished mice: comparative effect on lym-
phoid cells and mucosal reconditioning of the intestine. Food Agr.
Immun. 8:229–238.

2. Batish, V. K., U. Roy, R. Lal, and S. Grover. 1997. Antifungal at-
tributes of lactic acid bacteria—a review. Crit. Rev. Biotechnol. 17:
209–225.

3. Beardall, J. M., and J. D. Miller. 1994. Diseases in human with
mycotoxins as possible causes, p. 486–539. In J. D. Miller and H.
L. Trenholm (ed.), Mycotoxins in grain. Eagan Press, St. Paul, Minn.

4. Bullerman, L. B. 1979. Significance of mycotoxins to food safety
and human health. J. Food Prot. 42:65–86.

5. Ciegler, A., R. E. Peterson, A. A. Lagoda, and H. H. Hall. 1966.
Aflatoxin production and degradation by Aspergillus flavus in 20-
liter fermentors. Appl. Microbiol. 14:826–833.

6. Coallier-Ascah, J., and E. S. Idziak. 1985. Interaction between Strep-
tococcus lactis and Aspergillus flavus on production of aflatoxin.
Appl. Environ. Microbiol. 49:161–167.

7. El Gazzar, F. E., G. Rusul, and E. H. Marth. 1987. Growth and
aflatoxins production by Aspergillus parasiticus NRRL 2999 in the
presence of lactic acid and at different initial pH values. J. Food
Prot. 50:940–944.

8. El-Gendy, S. M., and E. H. Marth. 1980. Growth of toxigenic and
nontoxigenic aspergilli and penicillia at different temperatures and
in the presence of lactic acid bacteria. Arch. Lebensmittelhyg. 31:
192–195.

9. El-Gendy, S. M., and E. H. Marth. 1981. Growth and aflatoxin pro-
duction by Aspergillus parasiticus in the presence of Lactobacillus
casei. J. Food Prot. 44:211–212.

10. El-Nezami, H. S., and J. T. Ahokas. 1998. Lactic acid bacteria: an
approach for detoxification of aflatoxins, p. 359–367. In S. Salminen
and A. von Wright (ed.), Lactic acid bacteria. Marcel Dekker, New
York.

11. Goldin, B. R. 1989. Lactic acid bacteria: implications for health. Les
laits fermentés:95–104.
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