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ABSTRACT

Between June and September 2010, widespread Italian consumer reports of unusual blue spoilage on fresh dairy products 
were publicized, resulting in the so-called blue mozzarella event. An inordinately high number of samples from mozzarella and 
whey cheese products of Italian and German production subsequently tested positive for Pseudomonas fluorescens. The aim of 
this study was to verify whether a selected P. fluorescens strain was responsible for this apparently unusual event. Molecular 
characterization of 181 isolated P. fluorescens strains was conducted using a newly optimized pulsed-field gel electrophoresis 
protocol. Although a high number of pulsotypes was found (132), only four pulsotypes were associated with more than one 
production plant, and only one German isolate had the same pulsotype as was detected in two Italian plants. This is the only 
evidence of possible cross-contamination among cheeses from the two countries. The overall results did not support the spread of 
contamination from German to Italian plants or the presence of one environmental strain that spread in both countries.

Product contamination with psychrotrophic microor
ganisms is particularly worrisome for the dairy industry 
because dairy products are distributed at temperatures 
permissive for the growth of these organisms (4). The 
microbes that may be categorized as psychrotrophic are 
ubiquitous in nature and can be isolated from soil, water, 
and vegetation. Across the entire cheese chain production, 
long storage times and low temperatures combine to create a 
selective advantage for psychrotolerant bacteria, especially 
members of the genus Pseudomonas, that can enter raw 
milk via biofilms in bulk milk tanks and contaminated water 
and soil (3, 20). Under certain growth conditions, numerous 
species of Pseudomonas (e.g., P. putida, P. fluorescens, P. 
syringae, and P. aeruginosa) synthesize blue (10) or yellow- 
green, fluorescent, or water-soluble (12) pigments because 
they contain genes encoding enzymes that produce 
pigmented molecules (13). Although these microbes can 
be inactivated by heat treatment (pasteurization or ultrahigh 
temperature), their heat-resistant enzymes persist during 
milk processing (2) and may be active in the stored product 
(11).

One of the predominant organisms in refrigerated milk 
is P. fluorescens, and its presence in processed milk samples 
indicates that it can colonize the dairy processing environ
ment and that it has a short generation time at refrigeration 
temperatures (4). The occurrence in raw milk of heat-stable
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enzymes produced by P. fluorescens has been described 
(15, 17).

Between June and September 2010, widespread Italian 
consumer reports of a blue pigment on fresh dairy products 
sounded an alarm throughout the dairy industry. Samples 
of mozzarella and whey cheese (both made with pasteur
ized milk) from Italian and German dairy plants were 
submitted to microbiological analyses. Traditional micro
biological techniques for bacterial identification were used 
to isolate and identify P. fluorescens. The unusual spoilage 
of fresh cheese and the high number of contaminated 
samples from Italian and German production found in 
Italian food markets quickly caught the attention of the 
news media. Mounting nationwide news coverage created 
the so-called blue mozzarella event. Because of news 
media attention, the number of samples reported by 
veterinary control officials and consumers increased 
quickly, leading to the isolation of P. fluorescens from 
both spoiled and unspoiled samples. The high number of 
cheeses contaminated by the same microorganism and 
found in markets throughout Italy within a very short 
period of time fit the classical epidemiological criteria for 
defining an epidemic (16). Possible explanations for this 
apparent epidemic could be either the unusual and massive 
spread of a P. fluorescens strain or the contamination of 
Italian products from the importation and utilization of 
German raw materials. The use of German raw materials 
was indicated at the beginning of the event through an 
epidemiological survey, which revealed the involvement of
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TABLE 1. Number o f PFGE pulsotypes obtained for each dairy 
production plant

Plant code No. of isolates No. of pulsotypes

IT1 39 21
IT2 2 2
IT3 2 2
IT4 2 2
IT5 6 5
IT6 4 4
IT7 12 10
IT8 2 2
IT9 4 1
m o 2 2
ITl 1 2 2
IT12 1 1
ITl 3 1 1
rri4 1 1
IT15 2 2
IT16 14 12
IT17 1 1
IT18 1 1
IT19 1 1
IT20 2 2
IT21 1 1
IT22 3 3
IT23 4 4
IT24 2 2
IT25 2 1
IT26 I 1
IT27 1 1
IT28 1 1
IT29 1 1
G1 38 26
G2 14 7
G? 6 6

two Germ an dairy plants in which the same problem  was 
found (6).

The aim o f this study was to assess the genetic related
ness o f the isolates obtained from these cheeses and formu
late possible explanations for the widespread contamination. 
W e optim ized a new pulsed-field gel electrophoresis 
(PFGE) protocol for the molecular characterization o f P. 
fluorescens  species. PFGE is considered the “ gold stan
dard”  technique for evaluating molecular correlations be
tween isolates from specimens collected in a defined time 
frame or from a defined geographic area to determine 
whether the isolates m ay have been derived from a com mon 
source (18). Very few molecular studies on P . fluorescens  
have been conducted. M ost studies o f this pathogen have 
focused on nosocomial infections (7, 19), and very little is 
known about food-contam inating strains.

M ATERIALS AND M ETHO DS

P. fluorescens strain collection. Between June and Septem
ber 2010, 181 P. fluorescens isolated at microbiological labora
tories in Italy were collected. P. fluorescens strains were isolated 
from dairy products according to the ISO/TS 11059:2009 (9). In 
all, 97% (176) isolates were obtained from mozzarella cheese 
samples: the remaining 3% (5 isolates) were obtained from whey

cheese (2 isolates), stracchino cheese (1 isolate), primo sale cheese 
(1 isolate), and caciocavallo cheese (1 isolate). P. fluorescens was 
isolated in both spoiled and unspoiled samples of fresh cheeses: 90 
isolates (49.8%) were from chromatically altered cheeses (82 
isolates from blue cheese and 8 isolates from pink cheese), and 91 
isolates (50.2%) were from unaltered samples. A total of 123 
isolates from the products of 29 Italian dairy processing plants 
were analyzed. The other 58 isolates from products sold in Italy 
were identified as coming from two German processing plants.

A collection of all the P. fluorescens arriving at our laboratory 
was created, stored at -20°C  in a cryobank, and analyzed together 
when the collection was complete.

PFGE protocol. All 181 collected isolates were characterized 
under the following protocol. All preliminary phases were 
conducted with the reference strain of P. fluorescens (NCTC 
10038) to optimize a suitable protocol. The bacterial colonies were 
grown overnight on Columbia blood agar (Microbiol, Cagliari, 
Italy) at 37°C. A single colony was dissolved in citrate-buffered 
saline (100 mM Tris-HCI, 1 mM EDTA [pH 8]) to obtain a 
bacterial suspension that would guarantee a balance in enzymatic 
restriction activity. The cell suspension was adjusted to 0.4 and 0.5 
optical density units at 600 nm with a GeneQuant pro UV/vis 
spectrophotometer (Biochrom Ltd., Cambridge, UK). Aliquots 
(200 pi) of 2% agarose gel (pulsed-field certified agarose, Bio-Rad 
Laboratories, Hercules, CA) in TBE buffer (44.5 mM Tris base, 
44.5 boric acid, 1 mM EDTA [pH 8]) were prepared in 1.5-ml 
microcentrifuge tubes and kept in a dry heat block at 60°C. An 
equal volume (200 pi) of cell suspension was immediately added to 
the agarose tubes, and the agarose-cell mixture was gently mixed 
by pipetting two or three times.

A volume of about 100 pi was dispensed into reusable plug 
molds (Bio-Rad Laboratories), which were kept at 4°C for 10 min. 
The agarose plugs were digested into 2 ml of lysis solution (50 mM 
Tris-HCI, 50 ntM EDTA [pH 8], 1% Sarcosyl) with 0.1 mg/ml 
proteinase K for 2 h at 55°C in a shaking water bath. The lysis 
suspension was carefully removed from the plugs by rinsing twice 
with 5 ml of sterile water and three times with 5 ml of TE buffer 
(10 mM Tris-HCI and 1 mM EDTA [pH 8]). The rinsing steps 
were performed at 55°C in a shaking water bath for 10 min each. 
After the final step, 1 ml of fresh TE buffer was added, and each 
plug was kept at 4°C until used.

Restriction endonuclease digestion was conducted on each 
plug with SpeI, a rare-cutting enzyme, according to previous 
studies (7 ,14). A digestion mix obtained with a final concentration 
of 1 x MultiCore buffer (Promega, Madison, WI) was added to 4 
units per reaction of restriction enzyme. Sterile water was used to 
reach the final volume (100 pi). The plug digestion mix was 
incubated overnight at 37°C according to the manufacturer’s 
instructions. A 1% pulsed-field certified agarose gel in TBE buffer 
was prepared by carefully pouring the gel into the casting platform, 
avoiding any bubbles. Each well was loaded with half of the 
restricted plug, and all wells were sealed with agarose. The gel was 
placed in an electrophoresis chamber and covered with 2,000 ml of 
0.5 x TBE buffer. PFGE was performed using a CHEF Mapper 
(BioRad Laboratories) at 14°C and 6 V/cm2 for 22 h. As described 
by Rainey et al. (14), the initial and final switch times were 1 and 
25 s, respectively. The gel was stained with 0.1 pl/ml GelGreen 
nucleic acid stain (Biotium, Hayward, CA) for 40 min, visualized 
under UV light, and photographed with a GelDoc XR (Bio-Rad 
Laboratories).

Evaluation of gels. The DNA band profiles were analyzed 
with BioNumerics software (version 6.1, Applied Maths, Sint-
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FIGURE 1. Phylogenetic tree o f isolates 
obtained from the IT I plant.
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Martens-Latem, Belgium) using the Dice band-based method. 
Cluster analysis was done by the unweighted pair group method 
using arithmetic averages, with an optimization of 0.5% and a band 
tolerance of 1%. Because of the high discriminatory power of the 
PFGE protocol, the similarity cutoff value was set at 80%. 
According to other research (1, 7, 18), pulsotypes with similarities 
above this cutoff are considered genetically related. To analyze the 
collected data, all PFGE pulsotypes were assigned Roman 
numerals, from I to CXXXII; the Italian dairy plants were assigned 
an “ IT” code, and the German plants were assigned a “ G” code.

RESULTS

DNA band pattern analysis with BioNumerics software 
resulted in 132 pulsotypes; 113 of which included only one 
isolate. Each of the remaining 19 pulsotypes (I, IV, V, VI, 
X, XI, XVIII, XXII, XXIV, XXVII, XXIX, XXXII, 
XXXIV, XXXVI, x x x v m , LI, LVI, LXV, and CXIX) 
included more than one isolate. Isolates belonging to the 
same pulsotype were derived from the same dairy plant,

except for pulsotypes VI, XI, XVIII, and XXIV. Two dairy 
plants (IT1 and IT 11) harbored pulsotypes VI and XI; 
pulsotype VI was also present at the IT9 plant. These three 
dairy plants were located in the same geographic area

TABLE 2. Isolates 
batch numbera

from plant IT1 grouped according to

Batch no. No. of isolates No. of pulsotypes

L0247 1 1
L0175 5 3
L0179 10 6
L0174 1 1
L0181 9 7
L0177 2 1
L024 1 1

“ Ten of the 39 isolates were not included here because their batch 
number was unknown. The band pattern of these 10 isolates was 
evenly distributed among the other pulsotypes.
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(northwestern Italy). Pulsotype XI was present also in one 
German plant (Gl). Pulsotypes XVIII and XXIV were 
present in both German plants.

The similarity cutoff resulted in 11 clades of genetically 
related pulsotypes: 4 involving products from one Italian 
plant (IT1), one from one German plant, one from two 
geographically nearby Italian plants (IT7 and IT14), and 5 
involving both the German plants.

The number of isolates from the products tested for 
each plant and the corresponding number of pulsotypes are 
reported in Table 1. Multiple pulsotypes were present in 
products from a single plant. Because of the lack of 
complete information from the dispatching laboratories, we 
were unable to determine the production plant for six 
German isolates (“ G?” in Table 1), each of which had a 
different pulsotype.

We also performed restricted data analysis on PFGE 
pulsotypes obtained from the dairy plant with the most 
isolates (IT1). The 39 isolates from samples obtained from 
the IT1 plant were grouped into 21 pulsotypes; 17 of these 
contained only one isolate and 6 contained more than one 
isolate (from 2 to 9). Setting the cutoff value at 80% 
similarity yielded four clades of genetically related strains 
(Fig. 1). The 39 isolates from the IT1 plant were then 
grouped according to the production batch number (Ta
ble 2), which revealed that multiple pulsotypes were 
recovered from single batches.

Regarding the presence of the blue color defect, PFGE 
analysis did not allow identification of the specific isolates 
responsible, i.e., isolates that produced the blue color defect 
and isolates that did not had the same pulsotype.

DISCUSSION

The results of the present study did not support either 
hypothesis advanced to explain P. fluorescens contamina
tion of the “ blue mozzarella” : the high number of 
pulsotypes (132) did not support either the hypothesis for 
cross-contamination from German to Italian plants or for the 
presence of one environmental strain that spread in both 
countries.

Only four pulsotypes (VI, XI, XVIII, and XXIV) were 
found in more than one plant. Pulsotype VI was present in 
three geographically close plants (two of which also harbored 
pulsotype XI), and pulsotypes XVIII and XXIV were present 
in the two German plants. A retrospective epidemiological 
survey (which was beyond the scope of this study) could 
potentially determine possible common contamination sourc
es at these plants, e.g., milk (from common livestock sources) 
or water supplies. Only one German isolate had a pulsotype 
(XI) in common with two Italian plants (IT1 and IT11), 
providing the only evidence for cross-contamination among 
cheeses in the two countries. Further investigation of the raw 
material exchange among these plants could provide further 
information; the import of contaminated raw material is the 
most plausible explanation for this cross-contamination. 
Introduction of contaminated raw milk into the production 
process can lead to contamination of working surfaces, the 
water used for processing, and/or the plant environment,

which can result in postpasteurization contamination of the 
final cheese product (4 ,5 ,8).

The results allow us to speculate that in dairy processing 
plants contamination from a variety of internal and external 
sources occurs as the same time. Each plant in this study 
harbored numerous P. fluorescens pulsotypes. However, of 
the 132 isolates, 113 had unique pulsotypes, i.e., these isolates 
came from different unrelated sources. In other words, the 
higher the number of samples collected from a given plant, the 
higher the number of pulsotypes isolated (Table 1).

Although the IT 1 plant contained the highest number of 
pulsotypes (because it provided highest number of samples), 
the majority of pulsotypes were genetically unrelated, which 
suggests multiple sources of contamination of the final 
products, such as bulk milk and/or processing environments 
(e.g., water supply and working surfaces). Similar evidence 
emerged from the analysis of different batches from the 
same plant (plant IT1, Table 2), in each of which multiple 
unrelated pulsotypes were recovered.

Clades of genetically related pulsotypes were found in 
plant IT1 (Fig. 1), in the German plants, and in other two 
geographically close Italian plants, probably derived from 
common progenitors persisting in the plant environment.

No genetic differences between P. fluorescens isolates 
that produced the blue color and those that did not were 
identified by PFGE analysis, probably because PFGE does 
not target the genes encoding pigment-producing enzymes. 
The results of this study indicate that the “ blue mozzarella” 
event was not caused by a single strain of P. fluorescens that 
spread massively and unusually; instead, it was caused by a 
common phenomenon probably highlighted by increased 
awareness and subsequent improvements in microbiological 
controls and analyses of fresh dairy products.
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