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ABSTRACT

Microbiological safety of green table olives from different cultivars, prepared by both the Spanish-style and biological
methods and fermented with starter cultures of lactic acid bacteria (Lactobacillus plantarum, Lactobacillus casei, and Lacto-
bacillus pentosus), was investigated. The fermentation process was monitored by measuring pH values, titratable acidities, and
growth of lactic acid bacteria over time. During fermentation, lactic acid bacteria and yeasts were major microbial populations.
Microbiological safety was evaluated by analysis for Listeria monocytogenes with the use of an enrichment method during
storage (from 55 days to 18 months). Results demonstrated that L. monocytogenes can survive and grow in green table olives.
L. monocytogenes was found in one of the commercial (thermally treated) samples analyzed and in all samples older than 2
months, irrespective of olive cultivar, lactic acid bacteria starter used, pH and titratable acidity of brine samples, or treatment
applied.

The olive is the major fermented vegetable in western
countries (12). The world production of green fermented
olives is 1,180,000 metric tons (t) a year (5), with 290,000
t produced in the EU, mainly in the Mediterranean area.
Traditionally, the production of green table olives is a spon-
taneous lactic acid fermentation based on an empirical pro-
cess that relies on microorganisms present in the raw ma-
terial and processing environment (13). Fermented green
olives have an extended shelf life (between 1 and 2 years)
and are consumed without cooking. Consuming food prod-
ucts without cooking makes the contamination from path-
ogens a public health concern, even for fermented products,
in which many pathogens are able to survive (6, 33). Re-
cently, the survival of Escherichia coli O157:H7 on green
table olives was shown (39), but to our knowledge, no
study has been reported on the natural occurrence of Lis-
teria monocytogenes in olives.

The microorganism is firmly established as an impor-
tant foodborne pathogen, with outbreaks and sporadic cases
of listeriosis linked to a wide variety of contaminated foods
of both animal and vegetable origin (4, 34). L. monocyto-
genes infections have been associated with fruits and veg-
etables such as celery and tomatoes (20) and cabbage, cu-
cumbers, potatoes, and radishes (17). The microorganism
can tolerate high acidity (1, 2, 10, 35) and survives longer
under adverse environmental conditions than many other
non–spore-forming bacteria of food safety concern. It can
grow in foods with relatively low moisture content, with
high salt concentration (up to 10% NaCl) and at refrigera-
tion temperatures, unlike most foodborne pathogens (43).
The usual sources of L. monocytogenes contamination are
irrigation or wash waters, fertilizers of animal waste, in-
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fected operators, and operation of facilities with poor san-
itation (43). A recent draft published by the U.S. Food and
Drug Administration, U.S. Department of Agriculture
(USDA), assessed the public health risk from L. monocy-
togenes. The study indicated that vegetables (lettuce, to-
matoes, endive, carrots, cabbage, asparagus, broccoli, and
cauliflower) were able to support L. monocytogenes growth
(9). Thus, a degree of risk from green table olives could be
present, even if no documented outbreaks of listeriosis have
yet been directly attributed to their consumption.

The goal of this study was to evaluate the safety level
of green olives fermented with lactic acid bacteria (LAB)
by investigating L. monocytogenes occurrence at different
storage times (up to 18 months).

MATERIALS AND METHODS

Samples. Samples of green table olives were experimentally
prepared by the Spanish-style process with cv. Nocellara dell’Etna
olives and by the biological method for cv. Cassanese and cv.
Nocellara del Belice olives. All samples were obtained tradition-
ally, without heat treatment.

For the Spanish-style process, fresh olives were treated with
about a 2% (wt/vol) NaOH solution for 16 h, washed twice with
tap water, and rinsed with water added to lactic acid. Next, the
olives were brined in an 8% (wt/vol) NaCl solution and inoculated
with Lactobacillus plantarum DSM 20174 and Lactobacillus cas-
ei wild strain (T19), the last strain previously isolated from nat-
urally fermented green olives (27). The strains were added to brine
olives to obtain a final concentration of about 107 CFU/ml of
brine. Finally, the treated olives were divided into equal portions
containing 10 olives (corresponding at about 70 g) dipped into
300 ml of brine in traditional 500-ml glass containers. The olives
were kept at room temperature, and a single sample was taken for
physicochemical and microbiological analyses.

For the biological method, fresh olives were calibrated,
washed in potable tap water, and brined in 5-liter glass containers
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with 5% (wt/vol) NaCl sterilized solution that in 2 months was
gradually upgraded to 7%. The olive/brine ratio was 1.0 to 1.5:1.
After 3 days brining at room temperature, cv. Cassanese olives
were inoculated with L. plantarum CIP 104442; a trial of cv. No-
cellara del Belice olives was inoculated with L. plantarum DSM
20205; another trial with L. plantarum CIP 104442 and a third
trial with a mix of L. plantarum DSM 20205 and Lactobacillus
pentosus DSM 20314 (0.5% 1 0.5%, wt/vol) was conducted. The
LAB strains were inoculated to obtain a final concentration of 108

CFU/ml of brine. The samples were kept at room temperature,
and pH was periodically measured and corrected by adding lactic
acid solution to a final value of about 4.0.

In addition, 10 samples of thermally treated green table ol-
ives in cans, made by different producers, were purchased at su-
permarket and analyzed.

Physicochemical analyses of raw olives and olive brines
during fermentation. Physicochemical characteristics of fermen-
tation were monitored. Titratable acidity and pH of fermented
brines of each trial were determined as described previously (11).
Chloride concentration was determined by titration with AgNO3

and the Mohr method and total acidity by titration with NaOH.
Reducing sugars were determined by the Fehling method.

Phenolic compounds were determined spectrophotometrical-
ly (on a Perkin Elmer l2 spectrophotometer, Perkin Elmer, Welles-
ley, Mass.) with the use of Folin-Ciocalteu’s reagent (Carlo Erba
Reagents, Milan, Italy), and absorption of solution was measured
at 725 nm. The results were expressed as milligrams per liter of
gallic acid.

Polyphenols were extracted from olives following the method
reported by Amiot and others (3, 38) and analyzed by high-per-
formance liquid chromatography. The chromatographic system
comprised a Waters 625 LC system, UV Waters 486 detector, and
Nova-Pak C18 reversed-phase column (4 mm, 3.9 by 300 mm;
Waters, Millford, Mass.). The eluates were detected at 280 nm,
the mobile phase was 2% acetic acid in water and methanol, and
the flow rate was 0.6 ml/min.

Microbiological analyses. The fermentation was monitored
by enumeration of different microbial populations onto the fol-
lowing selective media: De Man Rogosa and Sharpe (CM359,
Oxoid, Basingstoke, UK) with cycloheximide (Sigma, St. Louis,
Mo.) at a final concentration of 0.05% and incubated at 328C for
4 days in anaerobic conditions (LAB count); plate count agar
(CM325, Oxoid) incubated at 328C for 48 h (mesophilic viable
count); and Sabouraud dextrose agar (CM41, Oxoid), with added
chloramphenicol incubated at 258C for 48 h (mold and yeast
count). The analyses were done in triplicate, and the plates were
subjected to microbiological enumeration (CFU per milliliter).

Isolation of Listeria spp. A total of 69 samples (34 biolog-
ical, 25 Spanish style, and 10 thermally treated) were analyzed
for Listeria spp. presence at different times during storage. Re-
search was done from the 56th storage day until the 18th month
of storage. The samples were analyzed according to the USDA
method (25). Brine (25 ml) was added with 225 ml of Listeria
enrichment broth base (CM863, Oxoid) previously sterilized with
added supplement (SR141E, Oxoid). The sample was blended in
a Stomacher (BagMixer, Interscience, Saint Nom La Breteche,
France) for 2 min, and the bag was closed and incubated at 308C.
After 4, 24, and 48 h and 7 days, 0.1-ml aliquots (or 10 ml for
more highly contaminated samples) were selected from primary
enrichment cultures and used for plate enumeration in Listeria
selective agar base (CM856, Oxoid) with previously added sup-
plement (SR140E, Oxoid) and incubated at 378C for 24 h. Black

colonies on selective agar base plates were considered presump-
tive Listeria colonies.

Identification of Listeria spp. From the selective agar base,
150 colonies were recovered and streaked on tryptic soy agar me-
dium (CM129, Oxoid) containing 0.6% yeast extract (L21, Oxoid)
and 1.7% bacteriological agar. The plates were incubated at 378C
for 24 h. Presumptive Listeria isolates were confirmed and iden-
tified at the genus level on the basis of Gram stain catalase re-
action, as described previously (36, 37). Among the 150 strains
studied, 115 showed typical nonpigmented colonies (1 to 2 mm
diameter) with a characteristic caramel or sour buttery smell that
were gram positive, short, rod shaped, and catalase positive. In
order to identify the isolates, the presumptive Listeria were tested
for sugar fermentation (15), tumbling motility (18), hemolytic re-
action (37), and growth at different salt concentrations (up to a
final concentration of 20%). The sugar utilization test was carried
in purple broth base (peptone, 10 g/liter; NaCl, 5 g/liter; phenol
red, 4 mg/liter) at pH 7.6. Sugars (D-glucose, D-mannitol, L-rham-
nose, D-xylose) were filter sterilized and added to the broth to
give a final concentration of 1% (wt/vol). Tubes were incubated
at 378C for 48 h, and gas formation and acidification were re-
corded. The tumbling motility was detected microscopically on
microbial suspensions of strains 24 h old after growth in brain
heart infusion broth (CM225, Oxoid) with 0.5% bacteriological
agar. Motility at 258C and the loss of motility at 378C was con-
sidered a distinctive response (19). In order to distinguish between
L. monocytogenes, Listeria seeligeri, and Listeria ivanovii and
Listeria innocua, Listeria welshimeri, and Listeria grayi, all cul-
tures were grown on tryptic soy agar layered with about 5 ml of
blood agar base (CM55, Oxoid) plus 5% sheep blood (SR0051,
Oxoid). The plates were incubated at 378C for 24 h, and the he-
molytic reaction was identified. The presumptive Listeria isolates
also were tested for the ability to grow in nutrient agar (1810,
Biolife) supplemented with different NaCl concentrations (8, 10,
12, 15, 28, and 20%). The plates were incubated at 378C for 48
h. The isolates showing b-hemolytic reaction, motility at 37 but
not 258C, and production of acid from glucose was identified by
the API Listeria identification kit (BioMérieux, Marcy-l’Etoile,
France) according to the manufacturer’s instructions.

Enumeration of L. monocytogenes by the most probable
number method. The enumeration of L. monocytogenes was car-
ried out by the procedure cited in Italian legislation (14). The
most-probable-number (MPN) three-tube test procedure was fol-
lowed. Brine was diluted in Ringer solution, and the dilution was
transferred to enrichment broth with supplement (SR 141E, Ox-
oid). Tubes were incubated for 48 h at 378C. After 24 h, 10 ml of
suspension from each tube was transferred into a plate of selective
agar base incubated at 378C for 24 h.

The MPN count was determined with the MPN values
showed in Table 1 (9). Tubes were considered positive for growth
on the selective medium if colonies showed appropriate gram and
catalase reactions, b-hemolytic reaction, and motility at 25 but not
378C.

RESULTS AND DISCUSSION

Fermentation process assessment. Table 2 shows the
physicochemical characteristics of raw olives and pH, ti-
tratable acidity, and percent NaCl values determined in
brine samples during the fermentation.

The LAB counts showed a constant trend, reaching the
highest value on the 60th day of fermentation for cv. No-
cellara dell’Etna and cv. Cassanese (Figs. 1 and 2) and on
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TABLE 1. The MPN counts and 95% confidence intervals (CIs) for three tubes, each with 0.10, 0.01, and 0.001 g inocula (appendix table
11 (9))

No. of positive tubes

0.10 0.01 0.001
MPN

(cells/g)

CI

Low High

No. of positive tubes

0.10 0.01 0.001
MPN

(cells/g)

CI

Low High

0
0
0
0
0

0
0
1
1
2

0
1
0
1
0

,3.0
3.0
3.0
6.1
6.2

—
0.15
0.15
1.2
1.2

9.5
9.6

11
18
18

2
2
2
2
2

2
2
2
3
3

0
1
2
0
1

21
28
35
29
36

4.5
8.7
8.7
8.7
8.7

42
94
94
94
94

0
1
1
1
1

3
0
0
0
1

0
0
1
2
0

9.4
3.6
7.2

11
7.4

3.6
0.17
1.3
3.6
1.3

38
18
18
38
20

3
3
3
3
3

0
0
0
1
1

0
1
2
0
1

23
38
64
43
75

4.6
8.7

17
9

17

94
110
180
180
200

1
1
1
1
2

1
2
2
3
0

1
0
1
0
0

11
11
15
16
9.2

3.6
3.6
4.5
4.5
1.4

38
42
42
42
38

3
3
3
3
3

1
1
2
2
2

2
3
0
1
2

120
160
93

150
210

37
40
18
37
40

420
420
420
420
430

2
2
2
2
2

0
0
1
1
1

1
2
0
1
2

14
20
15
20
27

3.6
4.5
3.7
4.5
8.7

42
42
42
42
94

3
3
3
3
3

2
3
3
3
3

3
0
1
2
3

290
240
460

1,100
.1,100

90
42
90

180
420

1,000
1,000
2,000
4,100

—

TABLE 2. Physicochemical characteristics of raw olives and brine samples

Olive cultivar

Physicochemical characteristics
of raw olives

Reducing
sugars

(%)

Titratable acidity
(g of lactic
acid/100 g

of fruit flesh)

Polyphenol
content (ppm
gallic acid)

Physicochemical characteristics of brine during
fermentation at time that L. monocytogenes was found

Brining
period Starter pH

Titratable acidity
(g of lactic
acid/100 ml

of brine)
NaCl
(%)

Spanish style

Nocellara dell’Etna 3.29 0.920 7,266 55 days

63 days
70 days
2.5 mo
3 mo

L. plantarum DSM 20174
1 L. casei T9

4.18

4.21
4.23
4.28
4.44

0.282

0.326
0.333
0.334
0.357

6.2

7.5
7.2
7.0
7.0

Biological method

Cassanese 2.96 0.606 6,187 5 mo L. plantarum CIP 104442
No starter

3.76
3.97

0.450
0.423

6.88
6.74

Nocellara del Belice 3.00 0.374 6,183 17 mo

18 mo

L. plantarum DSM 2020
L. plantarum 1 L. pentosus
L. plantarum CIP 104442
No starter

3.95
4.34
5.75
4.07

0.342
0.207
0.126
0.297

6.88
6.87
6.85
7.00

the 45th day for cv. Nocellara del Belice (Fig. 3). These
results are evidence of the success of the fermentation pro-
cesses. The lower LAB value, together with higher meso-
philic viable count and yeast values in cv. Nocellara
dell’Etna olives, could be a result of the brine composition,
high pH, alkali treatment, higher salt concentration, and
higher polyphenol content of this cultivar (Table 2), restric-
tive for LAB growth (26, 29–31). The mesophilic viable
count values in olives fermented by the biological method

were generally lower (Figs. 2 and 3) for all periods, prob-
ably because of adjustments in pH by adding lactic acid
(Table 2). The high number of yeast and LAB during fer-
mentation is in agreement with results reported in the lit-
erature (24, 32, 39).

Occurrence of L. monocytogenes in green table ol-
ives. The genus Listeria comprises six species: L. mono-
cytogenes, L. innocua, L. ivanovii, L. welshimeri, L. seeli-
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FIGURE 1. Enumeration of microbial groups during fermentation
in green table olives (cv. Nocellara dell’Etna) obtained by Span-
ish-style method. The values are reported as mean value for the
three replicate experiments. (LAB, lactic acid bacteria; MCV, me-
sophilic viable count).

FIGURE 2. Enumeration of microbial groups during fermentation
in green table olives (cv. Cassanese) obtained by biological meth-
od. The values are reported as mean value for the three replicate
experiments. (LAB, lactic acid bacteria; MCV, mesophilic viable
count).

TABLE 3. Occurrence of Listeria monocytogenes in green table olives

No. of samples analyzed Olive cultivar
Storage

time Starter

No. of presumptive Listeria strains

Isolated Identified
Identified as L.
monocytogenes

Spanish style

5

5

5

5

5

Nocellara dell’Etna

Nocellara dell’Etna

Nocellara dell’Etna

Nocellara dell’Etna

Nocellara dell’Etna

55 days

63 days

70 days

2.5 mo

3 mo

L. plantarum DSM 20174
1 L. casei T9

L. plantarum DSM 20174
1 L. casei T9

L. plantarum DSM 20174
1 L. casei T9

L. plantarum DSM 20174
1 L. casei T9

L. plantarum DSM 20174
1 L. casei T9

4

10

27

18

19

2

1

7

6

4

None

None

3

5

2

Biological method

6
2
8
5
6
7

Cassanese
Cassanese
Nocellara del Belice
Nocellara del Belice
Nocellara del Belice
Nocellara del Belice

5 mo
5 mo

17 mo
18 mo
18 mo
18 mo

L. plantarum CIP 104442
No starter
L. plantarum DSM 20205
L. plantarum 1 L. pentosus
L. plantarum CIP 104442
No starter

6
2
8
5
6
7

2
2
2
3
2
1

2
2
2
3
2
1

Commercial samples

10 — — — 12a 4 4

a All from the same sample.

geri, and L. grayi (28). Only L. monocytogenes is consid-
ered pathogenic to humans, although the presence of any
Listeria species in food can be an indicator of poor hygiene.
Results of the isolation and identification of presumptive
Listeria at different storage times from different kinds of
green table olives are reported in Table 3. L. monocytogenes
was isolated from samples belonging to the three cultivars
and fermented with different LAB starters. L. monocyto-
genes was isolated from all samples older than 2 months
and from 1 of 10 thermally treated samples.

All presumptive Listeria strains isolated from table ol-
ives at 5, 17, and 18 months of storage were identified as
L. monocytogenes. From cv. Cassanese and cv. Nocellara

del Belice samples, 34 presumptive Listeria were isolated,
and 12 of them, chosen randomly, were identified as L.
monocytogenes. Among the 14 presumptive colonies iso-
lated from cv. Nocellara dell’Etna samples at 55 and 63
days of storage, 3 were chosen randomly and subjected to
further tests. Two isolates did not correspond to any Listeria
species, whereas one was identified as L. innocua. Among
the seven presumptive Listeria isolates from cv. Nocellara
dell’Etna at 70 days of storage, three strains were identified
as L. monocytogenes; one was identified as L. innocua, and
the remaining were not Listeria species.
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FIGURE 3. Enumeration of microbial groups during fermentation
in green table olives (cv. Nocellara del Belice) obtained by bio-
logical method. The values are reported as mean value for the
three replicate experiments. (LAB, lactic acid bacteria; MCV, me-
sophilic viable count).

TABLE 4. Enumeration by the MPN method of Listeria mono-
cytogenes in green olive brine after 7 months of storage

Sample analyzed MPN/ml

95% confidence limit

Low High

Nocellara dell’Etna
Nocellara dell’Etna
Nocellara dell’Etna
Commercial sample

.1,000
150
93

,3

420
37
18
—

—
420
420

9.5

The highest number of L. monocytogenes strains was
isolated from 2.5-month-old cv. Nocellara dell’Etna. From
this sample, 18 presumptive colonies were obtained and 6
were studied; 5 were L. monocytogenes and 1 was not iden-
tified. From the same olive samples after 3 months, among
the 19 presumptive Listeria, 2 were identified as L. mono-
cytogenes and 2 isolates were not identified. Among the 10
commercial thermally treated samples, only one showed
typical presumptive Listeria colonies in selective agar plate.
Twelve presumptive colonies were purified and four were
selected and identified as L. monocytogenes.

Enumeration of L. monocytogenes. Results, obtained
from cv. Nocellara dell’Etna at 7 months of storage through
the MPN method, averaged 93 cells per ml up to .1,000
cells per ml (Table 4). The thermally treated sample had
MPN , 3 cells per ml.

Even though L. monocytogenes is a microorganism of
public health concern, the minimum infective dose has not
been established reliably. Published information on the
number of L. monocytogenes in foods during outbreaks in-
dicates that levels between 103/g and 104 per gram or mil-
liliter are responsible for illness (7, 23). Recently, the In-
ternational Commission on Microbiological Specifications
for Food (ICMSF) has proposed a preventive scheme for
managing microbial risk in foods, introducing the concept
of the Food Safety Objective (44) that, regarding L. mon-
ocytogenes in ready-to-eat food, has been proposed by Sza-
bo et al. (40) as all measures able to control the pathogen
number lower than 100 CFU per gram or milliliter of prod-
uct at consuming time.

Traditionally, researchers, regulators, and quality as-
surance specialists have been interested in determining the
presence or absence of Listeria and L. monocytogenes in
food products (8, 16, 42). However in recent years in many
countries, zero tolerance already has been replaced by the
natural occurrence tolerance; for this reason, the quantita-
tive recovery and enumeration of L. monocytogenes has

become of more and more interest. The MPN procedure is
suggested by the U.S. Food and Drug Administration (41),
and it traditionally has been used for determining this bac-
terium in food highly contaminated with other organisms,
especially when a low number of Listeria are present (MPN
# 10 cells per g) (8). However, there is no specific MPN
technique available. The Italian legislation (14) suggests the
MPN technique for food products intended to be consumed
after cooking (except milk and dairy products).

In this study, we assayed the occurrence of L. mono-
cytogenes in green table olives, demonstrating that the
product can support Listeria survival, despite its low pH,
low aw, and high salt concentration, and that sufficient heat
treatment must be applied to achieve a reduction in the L.
monocytogenes count. Unfortunately, there is no interna-
tional agreement on acceptable levels of L. monocytogenes
in foods, and for risk assessment, several authors have
pointed out that an increase of 2 log units constitutes a risk,
even if, under normal conditions, the concentration in the
raw food is very low. According to ICMSF (22), for people
who do not have increased susceptibility, the presence of
fewer than 100 CFU/g of L. monocytogenes does not con-
stitute a risk. This criterion (,100 CFU/g) is considered
more scientifically supportable and practical than zero tol-
erance (21).

The observations made in this work recommend the
application of an appropriate heat treatment in order to
guarantee the safety of such a popular food product. Fur-
thermore, industry and regulatory agencies should identify
process control and process verification systems to prevent
recontamination of green table olives.
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