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Abstract

the province of Isfahan (Iran).

Keywor ds: Ligteria, Cheese, Milk, Iran

Background: Listeria monocytogenes is of mgor concern to the food industry in generd and the dairy industry in
particular. Little is known about incidence of this pathogenic bacterium in dairy productsin Iran.

Methods: A survey was made from 23 September 2006 to 22 June 2007 for Listeria species in ninety samples of tradi-
tional and industria cheeses, in milk and surface where the cheeses were manufactured from unpasteurized raw milk in

Results: Ligteria murrayi, L. grayi and L. ivanovii, were detected in nine traditional cheeses and one raw milk sample.
None of the different Listeria species were isolated from the industria cheeses and their environment.

Conclusion: There are amost good hygienic conditions in domestic cheese manufacturing farmhouses in Isfahan area,
but we should try to improve hygienic levels until we have none of the Listeria spp. in our samples.

Introduction

Listeria spp. (L. monocytogenes, L. innocua, L.
ivanovii, L. welshimeri, L. murrayi and L. grayi)
are psychrotrophic, grow well in mediawith pH
levels between 4.4-9.4 over atemperature range
of 0-45° C and water activity above 0.92 (1).
Among all species of Listeria, L. monocytogenes
causes human listeriosis. Mild symptoms of lis-
teriosis including diarrhea, fever, headache and
myalgia are developed (2) but in the case of in-
vasive listeriosis, severe symptomsincluding septi-
cemia, meningoencephditis, abortion and tillbirth
especially in pregnant women, neonates, adults
with underlying disease (cancer, AIDS, diabetes,
chronic hepatic disorder, transplant recipients),
the elderly (>65 yr old) and the immunocompro-
mised individuas are seen (1, 3,4). Studies have
shown that the first major amplification source of
food product contamination with L. monocytogenes

might be cross contamination which occursin the
environment of thefood processing such ascheese
making areas (5-8). This organism has been in-
volved in severd outbreaks and sporadically cases
of disease associated with the consumption of pas-
teurized milk, cheeses made from unpasteurized
milk and other dairy products.

Prevalence rate of Listeria spp. is different in
different countries. In a study in Spain, L. mono-
cytogenes and L. innocua were detected in 3.6%
and 2.7% of raw milk samples (9). In Abou-Eleinin
et al., study 35 of 450 raw goat milk samples
(7.8%) were positive for Listeria spp., in which
L. innocua was detected in 26 samples (5.8%)
and L. monocytogenes was detected in 17 sam-
ples (3.8%) (10). In Iran, little data exist on the
prevaence of L. monocytogenes in foods. In Ra-
himi et al. (2010) study, one of the 95 commer-
cia (1.1%) and 25 of the 168 traditiond (14.9%)
dairy product samples were positive for Listeria
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spp. and the difference was statistically significant
(3). Also in Jalali and abedi (2008) study 617
food samples were examined. The incidence of
Listeria spp. was 4.6% in dl food samples. L.
monocytogenes was found in 1.2% of food sam-
ples. It was found that Listeria spp. was present
in 6.7% of meat and meat product samples, 1.3%
of diary samples, 1.2% of vegetable samples, and
12% ready to eat samples (11).

The presence of Listeria monocytogenesin food
products is a very important and complex issue
for microbiological risk assessment and may result
in drastic healthy problems and economic losses
for the industry (8). The distribution of species
recovered may vary according to the type of food
and detection methodology utilized, although the
most frequent isolates are L. innocua and L. mo-
nocytogenes. Since Listeria gpp. generally occurs
in low numbers in foods both conventiona and
rapid detection methods for food samples require
one or more enrichment stepsin selective broth.
The aim of this study was determining the per-
centage of Listeria spp. in domestic and indus-
trial cheeses and raw milk in the province of Is-
fahan to evauate the qudity of sanitation in retall
and cheese manufacturing industries and manu-
facturing area.

Materials and M ethods

Samples of cheese, milk, and surfaces

Among twenty one different types of domestic
cheeses, three (each in 5 replication) were ob-
tained from special regions of Isfahan including
Alavijeh, Meymeh and Najafabad as the main
samples (Table 1) and 18 (in different replication)
samples from other regions of Isfahan and their
countryside, two different industria cheeses each
in 5 replication, three milk samples and three en-
vironment samples obtaned fromtheanimashide
and their watering places, walls and ground from
23 September, 2006 to 22 June, 2007.

| solation of Listeria
Twenty five gram of each sample was transferred
asepticaly to a stomacher bag, 225 ml of LEB
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broth (Listeria enrichment broth, Liofilchem, Italy)
(1) atemperatureof 25° C was added to the sample.
The mixture was homogenized in the stomacher
(Seaward 400, England) for 60 s until the cheese
wasthoroughly dispersed. The enrichment medium
containing cheese samplewasthen transferred to a
250 ml sterile flask and incubated at 30° C for 2 d.
The growth of Listeria was checked every 24 h by
taking aloop of sample on the Pacam agar (Liofil-
chem, Italy) as duplicate plates and incubated at
37° Cfor 48 h (5, 12). For food processing facil-
ity environment, swabs were randomly collected
from the animas hide and their watering places,
walls and ground. The swabs were subjected for
bacterid isolation following each bacterid standard
protocol (13). All the developed colonies on the
plates were tested using Gram and spore staining,
catalase, motility, MR/VP; haemolysis on blood
agar and fermentation of sugars (14).

Physicochemical tests performed on the cheese
samples

At first the appearance of the cheese samplesin-
cluding color, surface properties and texture were
checked, then Chemica properties of cheese sam-
plesincluding pH (AOAC 2002, 981.12 ), acid-
ity (AOAC 2002, 920.124), moisture (AOAC
2002, 977.11) and sat content (AOAC 2002,
975.20 ) were determined (15).

An I ndicator strain of Listeria

To compare the results of the biochemical tests
performed on the strains isolated from the cheese
and other samplesit was decided to use aknown
Listeria strain for the experiments as an indica-
tor Listeria. For this purpose L. monocytogenes
RITCC 1293, serotypeda, was obtained from the
department of Microbiology, Faculty of Medical
Sciences, Isfahan University of Medical Sciences,
Iran. The identity of the microorganism was con-
firmed using morphologica and biochemica tests
according to the Bergey’s manual (16).

Results

In this study, al traditional cheeses had flat sur-
faces some with very fine holes with depth of 1
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mm on them. However, the pasteurized samples
had only flat surfaces without any hole on them.
Color of al cheeses was white and opaque.

The result of pH, acidity, moisture, and salt con-
tent of some samples were shown in Table 1.
Another samples that are not shown in Table
had pH value of 5-6.5, moisture content of 59-
66%, acidity of 0.2-2 (lactic acid %) and sdt con-
tent of 4-6%. Domestic cheese samples obtained
from the local farmhouses were assessed for the
presence of Listeria genus using traditional tech-
niques. Among al 90 samples (cheese, milk and
surface) Listeria was isolated from 10 samples
using Palcam agar. This meansthat amost 11% of
the samples were contaminated with genus of Lis-
teria. The result of the biochemical properties of

the isolates reveaed that they were belonged to the
species of L. murrayi, L. grayi and L. ivanovii.
(Table 2 and 3).

Nine out of ten isolates were detected in the
cheeses with pH 5-5.5 and only one isolate was
detected in the cheese with pH vaue of 3.5.
After isolation of Listeria species from some
cheese samples, it was tried to isolate Listeria
species from the milk and surface area of the
cheese manufacturing locations related to the con-
taminated cheeses. Listeria was only detected in
one milk samples and none of the examined sur-
faces was contaminated with Listeria spp. In ad-
dition, none of the Listeria species were isolated
from the pasteurize cheeses.

Table 1: Chemical properties of collected cheese and milk samples

Place of sample collection Farm Type of sample Replication ~ Moisture pH Salt  Acidity
Alavijeh 1 Farmhouse cheese 5 62.10 5 6.44 0.38
2 Farmhouse cheese 3 61.20 5.30 5.90 0.33
Ngafabad 1 Farmhouse cheese 5 58.91 5.08 56 0.67
2 Farmhouse cheese 3 60.12 6.30 6.20 0.22
Meymeh 1 Farmhouse cheese 5 61.20 4.68 5.04 0.75
Kushk 1 Farmhouse cheese 3 59.27 5.7 450 0.30
2 Milk 1 6.20 0.22
Mihan - Industrial cheese 5 66.13 478 111 450
Ruzaneh - Industrial cheese 5 64.38 4.26 121 418

Table 2: Ligeria positive samples among the total replication related to each sample

Place of sample collection Type of sample Farm  Total number of samples Isolated Listeria species
Alavijeh Cheese 1 5 L. murrayi , L. grayi
Cheese 2 3 L. ivanovii
Animal body surfaces 1 3 -
Environmental surfaces 1 3 -
Négjafabad Cheese 1 5 L. murrayi
Cheese 2 3 L. murrayi
Meymeh Cheese 1 5 L. grayi
Kushk Cheese 1 3 L. ivanovii
Milk 1 2 L. grayi
Animal body surfaces 1 3 -
Environmental surfaces 1 3 -

" All the tests were done as duplicate
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Table 3: Biological properties of Listeria spp. isolated from each sample

Py
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L. monocytogenes RITCC 1293 (Control) + - + + o+ - - +
L. grayi + - + o+ o+ o+ -
L. murrayi + - + + + + -
L. ivanovii + - + + + - + -

+ Poditivereaction
- Negative reaction
All the tests were done as duplicate

"The result of each test was compared to the results presented in the Bergey' smanua (Sediger and Jones, 1984)

Table4: Sensitivity of Listeria monocytogenes serotypes 1/2 and 4a (commonly isolated from food) to inhibition by bacte-
riocin like inhibitory peptides produced by Listeria innocua and L. monocytogenes strains (Kalmokoff et al., 1999)
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Discussion

As previously mentioned, most of Listeria spp.
were isolated from samples with pH range from
5t0 5.5. The pH range 5-5.5, may allow growth
of Listeria during production, maturation, or
storage, depending on other factorsincluding the
temperature of storage, the salt content, type,
and concentration of organic acids present in the
cheese. This result corresponds to the results of
other investigators who mentioned that genus of
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Listeria is capable of growing at a pH range be-
tween 5.2- 9.6 and its optimum pH is neutral or
few alkaline (14, 17). Also in this study Listeria
was isolated from one cheese sample with pH of
3.5. Similarly, Faeiro (2003) and Gahan (1996)
isolated Listeria from the cheeses with the same
pH (18, 19). Gahan (1996) showed that tolerance
to severe acid stress (pH 3.5) could be induced
in Listeria following hour incubation in the mild
acid condition (pH 5.5) (19); this phenomenon
termed the acid tolerance response. As previ-
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ously said al the samples had not passed ripen-
ing period. In the farmhouse cheeses after add-
ing rennet enzyme to the warmed milk; it is nec-
essary to keep it warm for 1-1.5 h to form curd.

It is possible that during this period pH reaches
to 3.5.

In evaluation of moisture and salt content of the
samplesall the cheeses used in this study were soft
and semi-soft and because of the low density of
these samples, more the oxygen level is conven-
ient for growing the microaerophil Listeria. Ac-
cording to Rodulf and Scherer (2001) semi-soft
cheesesweremore capabl eof getting contaminated
to Listeria species than the hard samples (20).

It is known that Listeria grows optimally in the
low salt concentration and it can tolerate high salt
content (10%) and grows very slowly in such
conditions. All the samples in this study had the
salt concentration below 10% that is suitable for
Listeria growth; thiswas according to Pintado et
al study (2005) which Listeria wasisolated from
soft cheeses containing 3.79-5.77 salt (14).

The first reason for the low isolation rate of Lis-
teria from the cheeses could be attributed to the
presence of undesirable conditionsin cheeses for

Listeria to grow. The high concentration of salt
and thelow acidity and moi sture content of cheeses
can prevent Listeria growth while in this study
the amount of chemical factors tested were suit-
able for Listeria growth. To answer why in such
conditions Listeria could not grow, it could be
said that the presence of certain conditions dur-
ing cheese manufacturing process sel ected some
species compatible effectively againgt L. monocy-
togenes strains. Another possible hypothesis is
that the isolation procedure based on the enrich-
ment and subsequent plating could have suppressed
Listeria growth or favored the growth of other
bacteria rather than Listeria. Considering the het-
erogeneous isolation sources in terms of both
number of cheese plants and geographica loca
tions, a possible pressure based on the common
technology applied in this plants could explain
the reason for selection of few dominating Lis-
teria spp. strains among the domestic cheesesin-
stead of the species of L. monocytogenes.
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The third effective factor in the appearance of
Listeria spp. is production of inhibitors includ-
ing bacteriophages and monocins by Listeria
species that are effective on the Listeria spp.
growth rather than the producer (21).
According to the literatures, the production of
bactericidal substancesiswidespread throughout
the eubacteria (22, 23). Kalmokoff et a. (1999)
proved the existence of these inhibitory sub-
stances produced by Listeria spp. In their study
the hesat-stable, protease sensitive, peptide inhi-
bitors were produced by four isolates of Listeria
demonstrated a broad spectrum of activity against
most L. monocytogenes serotypes tested, includ-
ing those faling within the 1/2 and 4b serogroups,
the most common Listeria agents of the food-
borne outbreak (Table 4).
Bacteriocins produced by other bacteria species
like Enterococcus and Lactobacillus can also
suppress Listeria growth. It seems that inhibi-
tory effect of LAB bacteriocinson the Listeriais
because of familiarity of these two groupsin clas-
sification (24, 25).
Theforth reason is competition between Listeria
species and natura flora of the cheese and milk
on the growth or nutritional requirement. Bess et
a. (2005) showed that the natura flora of con-
taminated foods has no effect on Listeria spp. in
each enrichment steps and final changes of species
are due to the nutritional competitions (26).
As the fifth reason, factors like Lauric, Linoleic
and Linolenic fatty acids in high concentrations
have strong effect on the Listeria growth. Bo-
vinlactoferrin, peroxidase, lysosyme and antibi-
otics were aso found effective on Listeria (27).
In conclusion, the results of present study dem-
onstrated that there are amost good hygienic
conditionsin the domestic cheese manufacturing
farms in Isfahan region, but it is necessary to try
to improve hygienic levels until there is none of
the Listeria spp. in the samples.
The presence of Listeria should trigger areview
of the production process in order to improve
the control of hygiene at critica control pointsand
prevent contamination. Also a quantitative risk as-
sessment relevant to the soft cheeses studied in
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the present investigation is needed on individua
farms, which will obtain further information about
the animals, the incidence of Listeria in the raw
milk, the process of production and sale of the
cheese. Listeria spp. are ubiquitous in the farm
and industrid environments and therefore the con-
trol of L. monocytogenes during food process is
extremely difficult. Thus, it is suggested that the
hygienic conditions described in the HACCP pro-
grams should still be enforced in order to mini-
mize the count of Listeria speciesin dairy prod-
ucts during the manufacturing, handling and stor-
age processin dairy plants and retail stores.
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