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Using

Lactic Acid Bacteria
to Improve the Safety
of Minimally Processed

Fruits and Vegetables

actic acid bacteria (LAB) have for

centuries been responsible for the
fermentative preservation of many foods,
including fruits and vegetables. Currently, there
is interest in possible use of LAB as biocontrol
agents to ensure safety of minimally processed,
refrigerated (MPR) foods which are not
acidified. Such applications of LAB have been
widely studied in meat and dairy products, but
only recently have been considered for use in

MPR fruit and vegetable products.

Preservation of minimally processed fruit and
vegetable products presents unique challenges to
food microbiologists. Microbial populations on
(and in) fresh vegetables can range from as low as
10? cfu/g to as high as 10° (Lund, 1992; Nguyen-
the and Carlin, 1994). Predominant microflora on
fresh fruits and vegetables typically are Gram-
negative rods, including Pseudomonas spp., Enter-
obacter spp., and others; the LAB responsible for
fermentation of brined vegetables usually make
up 1% or less of the total aerobic plate count
(Lund, 1992; Nguyen-the and Carlin, 1994).

Technological developments to prolong the
shelf life of minimally processed vegetable prod-
ucts include various washing treatments to reduce
the numbers of microorganisms (Adams et al.,
1989), as well as modified-atmosphere packaging
during storage and refrigeration (Zagory and Ka-
dar, 1988; Hotchkiss and Blanko, 1992). Washing
procedures, including adding chlorine, chlorine
dioxide, or other compounds to the wash water,
generally have not been very successful at reduc-
ing the indigenous microflora (Adams et al., 1989;
Brackett, 1992; Nguyen-the and Carlin, 1994).

The ineffectiveness of washing or sanitizers to
remove bacteria from produce is likely due to mi-
croorganisms located in protected regions near
the surface of the plant material. Bacteria can be
harbored within stomata or under trichosomes or

other surface features of plant material (Fig. 1).
The hydrophobic nature of many plant surfaces
may protect bacteria on these surfaces from con-
tact with aqueous sanitizing solutions. Bacteria
may also be within the flesh as a result of tissue
damage, or reside within otherwise healthy tissue
(Meneley and Stanghellini, 1974).

Altering the normal microbial ecology of these
products through cutting, processing, modified-
atmosphere packaging, and refrigerated storage
may have the unintended effect of allowing the
growth of pathogenic bacteria (Gould, 1992;
Hotchkiss and Banco, 1992; Sofos, 1993). Cutting
of produce may exacerbate problems due to bac-
terial pathogens, and cross-contamination of the
produce may occur in the released cell sap.

food Safety Considerations

Pathogenic microorganisms may be present
on fresh fruits and vegetables and in related MPR
products (Nguyen-the and Carlin, 1994; Scho—
field, 1992; Madden, 1992). Vegetable products
have been implicated in at least two outbreaks of
listeriosis (Ho et al., 1986; Schlech et al., 1983),
along with other refrigerated foods (Farber and
Peterkin, 1991), and the U.S. Dept. of Agriculture
has declared a zero tolerance for Listeria monocy-
togenes in foods (USDA, 1989). A variety of other
pathogens (Nguyen-the and Carlin, 1994) may be
found on fruit and vegetable products, including
Salmonella and Shigella spp., enteropathogenic
strains of Escherichia coli, Aeromonas hydrophil—
ia, Yersinia enterocolitica, Staphylococcus aureus,
and others. Whether these pathogens grow and
cause disease depends on the type of product,
conditions of storage (time, temperature, atmo-
sphere, etc.), and competing microflora.

The extended shelf life of some MPR vegetable
products may result in an undesirable “safety in-
dex,” a concept developed by Hintlian and Hotch-
kiss (1988) to define the microbial risks associated
with modified-atmosphere-packaged foods. This
index is defined as the ratio of spoilage bacteria to
pathogenic bacteria in foods, measured as their
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relative cell concentrations.

The technology involved in produc-
ing MPR fruit and vegetable products
may affect the safety index, and the mi-
crobial ecology of these products has not
been thoroughly explored. Modified-
atmosphere packaging, with elevated lev-
els of CO, and reduced levels of O,, has
been found to be an effective means of
increasing product shelf life from a sen-
sory quality perspective (Zagory and Ka-
dar, 1988). Hao and Brackett (1993)
found that the primary effect of modi-
fied-atmosphere packaging was to de-
crease the metabolic activity of the vege-
table material itself. The growth rates of
the bacteria present in these products
were relatively unaffected.

There are conflicting reports relating
the influence of modified-atmosphere
packaging on growth and survival of
pathogens and spoilage microorganisms
(Nguyen-the and Carlin, 1994). Compet-
ing populations may respond differently
to environmental factors, such as chang-
ing gas concentrations due to the respi-
ration of plant material within packag-
ing. Bennik et al. (1995) demonstrated in
a model system that growth rates for L.
monocytogenes, A. hydrophilia, and Bacil-
Ius cereus may be reduced by modified-
atmosphere conditions, but final cell
density was not affected. One major con-
cern is that Clostridium botulinum spores
have been isolated from a variety of veg-
etables and this organism may, under ap-
propriate conditions of temperature, pH,
and atmosphere, grow and produce tox-
in in MPR vegetable products if the
packaging permits the O, concentration
to drop below 1% (Nguyen-the and Car-
lin, 1994).

Fermented vegetables, however, his-

torically have been considered
safe, because of the low pH eventual-
ly attained in these products and the in-
ability of pathogens, such as C. botuli-
num, to grow under acidic conditions.

LAB species can produce a variety of me-

tabolites (Table 1), including lactic and
acetic acids which lower pH, that are in-

hibitory to competing bacteria, including

psychrotrophic pathogens (DeVuyst and
Vandamme, 1994; Vandenberg, 1993).
The inhibition by organic acids has been
attributed to the protonated form of
these acids, which are uncharged and
may therefore cross biological mem-
branes. The resulting inhibition of
growth may be due to acidification of
the cytoplasm and/or accumulation of
anions inside the cell (Russel, 1992).
LAB in general are much more resis-
tant to low pH than are other bacteria.
Because of these attributes, and the com-
mon use of LAB in food fermentations,
it is not surprising that LAB have been
proposed for use as biocontrol agents in
nonfermented foods, including MPR
fruit and vegetable products (Gombas,
1989; Holzapfel et al., 1995; Stiles, 1996).
In the event of prolonged storage or
temperature abuse of MPR foods, the
biocontrol culture (LAB) should grow,
and prevent the growth of pathogenic
microorganisms by competitive inhibi-
tion. As suggested by Holzapfel et al.
(1995), the use of protective cultures
should only be considered as a supple-
ment to good manufacturing practices,
not as a substitute for the proper han-
dling and packaging of MPR products.
The use of biocontrol cultures may
therefore be considered to enhance exist-
ing hurdle technology to prevent the
growth of pathogens in MPR foods.

Fig. 1—Scanning electron micrographs of the surface of pickling cucumber fruit: (A)
fresh fruit showing numerous trichomes and stomata, (B) fermented fruit showing
lactic acid bacteria adhering to epidermal cells, and (C) fermented fruit showing lactic
acid bacteria at the entrance of a stomate. The electron micrographs (Smith and
Fleming, unpublished) were taken from a study by Smith et al. (1 979).
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Fig. 2—Lactic
acid bacteria are
being considered for use :
with nonacidified, refrigerated
pickles and other minimally

processed fruits and vegetables

The hurdle concept (Leistner and
Gorris, 1995) advocates use of multiple
preservative factors to prevent growth of
pathogens. In MPR fruit and vegetable
products, the main factors (hurdles) af-
fecting growth of the indigenous bacterial
populations are sanitation, modified-at-
mosphere packaging, refrigeration, and
the competitive interactions of the bacte-
ria themselves. There may be significant
variation in these factors, allowing oppor-
tunity for growth of pathogens, and indi-
cating the need for additional hurdles.

History of Biocontrol

The ecology of vegetable fermenta-
tions primarily is directed by the pro-
duction of inhibitory metabolites. This
process, known as amensalism or inter-
ference-type competition, may also be
used in biocontrol applications. The ob-
jective in using biocontrol cultures is not
to ferment foods, but to control the mi-
crobial ecology should spoilage occur.
Spoilage would then be the result of the
growth of the biocontrol culture, which
is nonpathogenic.

The earliest references to competitive
inhibition of pathogenic bacteria by
competing microbial cultures relate to
clinical applications that date back to the
end of the 19th century and the begin-
ning of the science of microbiology (Flo-
rey, 1946). One of the first reports of the
use of LAB as biocontrol agents in foods
was the work of Saleh and Ordal (1955),
who demonstrated the antagonistic ef-
fects of a Lactococcus lactis (formerly
Streptococcus lactis) inoculum on the
growth of, and formation of toxin by, C.
botulinum in a frozen chicken a la king
product. A more recent example is the
Wisconsin process for ensuring the safety
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of bacon (Tanaka et al., 1985). Protective
LAB cultures in bacon were found to be
more effective than 120 ppm of sodium
nitrite, the maximum amount of nitrite
allowed on cured meats. The use of bio-
control LAB has been investigated for a
variety of applications with refrigerated
meat products (Holzapfel et al., 1995).

In addition to being used as compet-
itive biocontrol cultures, LAB have also
been added to nonfermented foods to
extend shelf life. Gilliland and Speck
(1975) and Raccach et al. (1979) both
used large numbers of LAB (10° or
more) inoculated on meats to extend
shelf life and prevent the growth of
pathogens. They reported little or no
acid development since the cultures do
not undergo significant growth. The de-
layed onset of spoilage during extended
storage or with temperature abuse was
attributed to production of inhibitory
mtetabolites, such as hydrogen peroxide
and bacteriocins. Examples of this meth-
od in the literature are limited, however,
possibly because adding large numbers
of bacteria to meats may have an unac-
ceptable sensory impact.

Biocontrol of Vegetables

Romick (1994) used a Lactobacillus
plantarum strain as a protective culture
to prevent the growth of L. monocytoge-
nes in brined, nonacidified, refrigerated
pickle products. In these products, the
cucumbers maintain a fresh appearance
and texture and must be refrigerated to
inhibit fermentation and spoilage. In in-
oculated pack experiments, a genetically
marked L. monocytogenes strain grew in
the brined cucumbers at both 5°C (in-
creasing 1-2 log units in 20 days) and
higher abuse temperatures (10°C and
above). Growth of L. monocytogenes was
limited, however, by the growth of natu-
rally present LAB or an added L. plan-
tarum culture. The limitation of growth
correlated directly with the concentra-
tion of protonated lactic acid in the
brine, with a limiting concentration of 4
mM (Romick, 1994).

Carlin et al. (1996) described the in-
fluence of the naturally occurring micro-
flora of endive leaves on growth of L.
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monocytogenes. The L. monocytogenes
culture was inoculated onto the surface
of leaves that were washed with hydro-
gen peroxide or untreated leaves. The
peroxide treatment reduced the indige-
nous microflora by 1-2 log cycles and al-
lowed growth of the added culture. A
mixed population of microorganisms,
isolated from bacteria naturally present
on the endive leaves, was shown to com-
petitively inhibit the growth of L. mono-
cytogenes.

Vescovo et al. (1996) isolated a series
of psychrotrophic LAB strains from fresh
vegetable salad ingredients. These LAB
strains were screened to identify cultures
producing bacteriocins, or forming an
inhibition zone in agar diffusion tests,
against a variety of Gram-negative and
Gram-positive pathogens. The selected
strains were then used in challenge stud-
ies in salad products with A. hydrophilia,
L. monocytogenes, Salmonella typhimuri-

Inhibitory metabolites of lactic acid bacteria®

Organic acids
Lactic acid
Acetic acid

Hydrogen peroxide

um, and S. aureus. While all of the path-
ogens were able to grow in the salad
products (with an initial inoculum
around 10° cfu/g) at 6 days, none were
detected at 6 days when co-inoculated
with the LAB cultures.

We used genetically marked Leu-
conostoc mesenteroides, L. plantarum, L.
lactis (nisin-producing), and L. monocy-
togenes in (unpublished) mixed-culture
experiments in cucumber juice and non-
acidified, brined cucumber products.
The bacterial strains were marked with
plasmid-borne chloramphenicol or
erythromycin resistance markers to allow
their selective enumeration on MMRS
(for LAB, Daeschel and Fleming, 1984)
or MOX agar (for Listeria, Atlas, 1993)
containing the appropriate antibiotic. In
cucumber juice experiments, L. lactis
predominated over L. monocytogenes,
even if the initial inoculum level of the L.
lactis culture was 2 log cycles lower than
that for L. monocytogenes.

These results were similar to those of
Buchanan and Klawitter (1992), who
showed similar suppression of L. mono-
cytogenes growth by a bacteriocin-pro-
ducing Carnobacterium pisicola strain,
when the initial inoculum of C. pisicola
culture was 2 logs lower than that of the

TaEE

Putrefactive and Gram-negative bacteria, some fungi
Putrefactive bacteria, clostridia, some yeasts and fungi
Pathogens and spoilage organisms, especially in

protein-rich foods

Enzymes
Lactoperoxidase system Pathogens and spoilage bacteria (milk and dairy products)
with hydrogen peroxide
Lysozyme Undesired Gram-positive bacteria
(by recombinant DNA)
Low-molecular-weight metabolites
Reuterin Wide spectrum of bacteria, yeasts, and molds
Diacetyt Gram-negative bacteria
Fatty acids Different bacteria
Bacteriocins
Nisin Some LAB and Gram-positive bacteria, notably
endospore-formers
QOther Gram-positive bacteria, inhibitory spectrum according

to producer strain and bacteriocin type

*Adapted from Holzapfel et al., (1995)
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L. monocytogenes culture. In our (unpub-
lished) challenge studies with L. monocy-
togenes in competition with L. lactis, L.
mesenteroides, or L. plantarum (added
separately) in nonacidified, refrigerated
brined cucumber products, growth of
the added L. monocytogenes culture was
primarily inhibited by naturally present
microflora rather than the added LAB
strains from our culture collection.

The L. monocytogenes culture did not
grow, but the added biocontrol cultures
did not predominate over the indigenous
LAB population, even though the bio-
control LAB culture had 100 times the
initial cell concentration of the indige-
nous LAB.

Selecting LAB for Biocontrol

An advantage of using biocontrol
cultures is that the hurdles (including
production of organic acids and bacteri-
ocins) that inhibit growth of pathogens
in a food product increase as conditions
(e.g., storage time and temperature) be-
come more favorable to growth of bacte-
ria. Biocontrol cultures will likely be
product specific, as growth of bacteria in
plant materials may be affected by the
availability of nutrients and naturally
present inhibitors.

The competitiveness of biocontrol
cultures may be enhanced by bacteriocin
production. The competitive advantage
of using bacteriocin-producing LAB has
been demonstrated in cabbage and olive
fermentations (Breidt et al., 1995; Ruiz-
Barba et al., 1994).

To be successful, the growth rates of
a biocontrol culture presumably should
be faster than that of the target patho-
gens, though the rates of production of
inhibitory metabolites, and relative sen-
sitivities of the pathogens and biocontrol
cultures to these metabolites, will also af-
fect the outcome of the competitive
growth of these organisms. While rapid
growth may be desirable from a safety
standpoint, a liability may result regard-
ing product quality. Reducing the initial
population on MPR products may pro-
long the product shelf life and may be
required to ensure the predominance of
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a biocontrol culture. However, in the ab-
sence of biocontrol, reducing the com-
petitive microflora may have the unin-
tended effect of permitting growth of
pathogenic bacteria.

A related point is that laboratory
strains of LAB may not be ideally suited
for competition with epiphytic LAB
present on fruit and vegetable products.
LAB isolates from the product in which
the biocontrol culture will be used, such
as the bacteriocin-producing isolates of
Vescovo et al. (1996), may be best suited
for growth in that product. Because there
can be significant variation in the natu-
ral microflora on vegetables (Nguyen-
the and Carlin, 1994), the epiphytic bac-
teria may be unreliable in controlling the
growth of pathogens during refrigerated
storage.

Biocontrol strategies for MPR fruit
and vegetable products may include: (1)
isolate potential biocontrol LAB from
the refrigerated product; (2) reduce the

" total microflora in the vegetable product

by one or more procedures, including
heat, washing using chemical sanitizers,
irradiation, or others; (3) add a bacterio-
cin-producing biocontrol culture, to
achieve an appropriate initial cfu/mL, as
determined experimentally; and (4) store
the product under refrigeration. The
product shelf life would then be dictated
by growth of the biocontrol culture, and
under temperature abuse conditions, the
biocontrol culture will grow rapidly and
prevent growth of pathogens.

Successful application of biocontrol
cultures will require balancing quality
(shelf life) and safety considerations.
Measuring and understanding the fac-
tors affecting the competitive growth of
bacteria will be required to make ratio-
nal choices in selecting biocontrol cul-
tures for food products.

Fig. 4—Products for salad bars—in
addition to fresh-cut, prepackaged salads
sold at retail—may be suitable applications
for biocontrol cultures
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