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Abstract

The aim of this work was to check the efficacy ovime lactoferrin hydrolyzed by pepsibFH) to
prevent blue discoloration of Mozzarella cheesayied the growth of the related spoilabacteria.
Among 64 Pseudomonas fluorescerstrains, isolated from 105 Mozzarella samples,y ot@n
developed blue discoloration in cold-stored Mozltareheese slices. When Mozzarella cheese samples
from dairy were treated with LFH and inoculatedhnat selecte®. fluorescenstrain, no pigmentation
and changes in casein profiles were found up tday$ of cold storage. In addition, starting frony da
5, the count oP. fluorescenspoiling strain was steadily ca. one log cycle IoWen that of LFH-free
samples. ESI-Orbitrap-based mass spectrometry sewmlyallowed to reveal the pigment
leucoindigoidine only in the blue LFH-free cheesenples indicating that this compound could be
considered a chemical marker of this alteratiom.tRe first time, an innovative mild approach, lshse
on the antimicrobial activity of milk protein hydysates, for counteracting blue Mozzarella evemnt an

controlling psychrotrophic pigmenting pseudomoné&sisere reported.

Keywords: cheese spoilage; blue Mozzarella; indigoidine;-B8itrap-MS; antimicrobial peptides;

cheese shelf life.

1. Introduction
Italian traditional Mozzarella is a fresh table faaflata cheese with a high moisture (HM) cont@&tt-
60%), usually dipped into a governing liquid (Ghjainly made up of tap water, brine and whey that
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preserve the soft-springy texture and high amoohéxpressible serum throughout 10-12 days of cold
storage.

A combination of longer storage times and refrigeratemperatures causes an advantage particularly
to psychrotrophic pseudomonads that can becomaatiménant non lactic bacteria population in milk
and in fresh cheeses such as Mozzarella (Cantahi, @003; De Jonghe et al., 2011; Franciosi.et al
2011; Matrtin et al., 2011; Morales et al., 2005).

Recently, the occurrence of very high loads of laatic acid bacteria populations, mainly composed
of Pseudomona#\cinetobacteandRhanellastrains, was found to be responsible for casedndiysis
and exfoliation of the outer surface of MozzaréBaruzzi et al., 2012). In addition, several casfes
anomalous discoloration were reported in HM Mozltargheese and referred to the contamination by
Pseudomonas putidaeddish discoloration; Soncini et al. 199B¥eudomonas fluoresceb®var 1V
andPseudomonas libanendisluish discoloration; Cantoni et al., 200Bseudomonas gessardi
(yellow-purple spots; Cantoni et al., 2006) &dluorescenggreenish and fluorescent discoloration;
Franzetti and Scarpellini, 2007) thanks to the pobidn of different pigments (pyoverdin, pyocianin,
pyorubin and pyomelanin; Palleroni, 2005).

In June 2010, the Rapid Alert System for Food aeeldHRASFF) reported many cases referred to as
“blue Mozzarella cheese”. At first, it was develdp high moisture (HM) Mozzarella cheese
manufactured in Germany, and latter in other Eumopmsuntries. These cheeses, properly kept in cold
storage conditions, became blue after openingdlckg German authorities demonstrated that tap
water, containing®seudomonaspp., was the source of cheese contamination (RAZFLO).

Many approaches have been undertaken to controhitrebiota responsible for HM Mozzarella
cheese spoilage such as the use of lysozyme anBINBA (Sinigaglia et al., 2008), essential oil
(Gammariello et al., 2008) or the use of silverogarticles in bio-based nanocomposite coatings

(Gammariello et al., 2011). The replacement ofGlhewith a natural polysaccharide-based gel allowed
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to stabilize Mozzarella microflora and cheese textip to 15 days (Laurienzo et al., 2006). Recently
Quintieri et al. (2012) provided a direct eviderné¢¢he ability of bovine lactoferrin hydrolyzed by
pepsin (LFH), containing the antimicrobial peptidetoferricin B (LfcinB), to delay the growth of
pseudomonads and coliforms contaminating commefi¥aMozzarella cheese samples under cold
storage condition. Furthermore, antimicrobial dttief LfcinB was registered on plasma coating
functionalized surfaces useful to obtain an agti@ekaging for controlling the growth of
pseudomonads causing cheese spoilage (Quintigli 013a).

Recently, Nogarol et al. (2013) isolated 132 pwyises ofP. fluorescengérom dairy products, without
giving information about their ability to developeese pigmentation.

In order to fill this gap, in the present work, sedected, amonthe aforementioneR. fluorescens
pulsotypes, those developing Mozzarella cheesedito®loration and checked the efficacy of LFH,
added in the GL, in controlling the growth of thepeiler bacteria and preventing their off-color

spoilage.

2. Materialsand M ethods

2.1. Bacterial strains, growth media and culturendtions

Sixty-four strains oP. fluorescensvere isolated from 105 samples of HM Mozzarelleede by the
Istituto Zooprofilattico Sperimentale del Piemoritgguria e Valle d’Aosta (IZS, Turin, Italy); the
molecular characterization of 1®1 fluorescenstrains, including the 64 strains analysed in wuosk,
was previously reported by Nogarol et al. (2013).

All strains, if not otherwise mentioned, were gromuernight at 30 °C (150 rpm) in Plate Count Broth
(PCB Difca™, Becton Dickinson, Milan, Italy). Fresh culturesne transferred in 206L of Nutrient

Broth (BioLife Italiana, Milan, Italy) containing@®% glycerol and stored at -80 °C.
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All experimental activities, described in the follimg paragraphs, have been summarized by a

graphical scheme shown in the Fig. 1.

2.2. Screening of pigment production

An overnight culture of each selectedfluorescenstrain was spotted (2 pL) in triplicate onto Petri
dishes of King A and King B agar media (Sigma AdtriMilan, Italy) and incubated at 25 °C for
allowing the development of pyocyanin (blue colshiand pyoverdin (green colonies), respectively
(King et al., 1954), whereas the yellow-green fesmence of the same colonies was daily observed
under UV light using a Wood'’s lamp € 300-400 nm). In addition, the strains were sggbtin potato
dextrose agar (PDA; Oxoid S.p.A., Rodano, Milaalytt Palleroni, 1984), in order to detect the
eventual appearance of black colonies after 4 daysubation at 15 °C (Martin et al. 2011, Pallgro
2005). Colonies without any pigmentation were atgpstered (Fig 1). The pigmentation patterns
displayed by each strain on the three differentimegre registered and compared with the NTSYSpc
software (release 2.0; Applied Biostatistics li&etauket, New York, USA) by using the band-based

Dice similarity coefficient (SD), according to tf@lowing formula reported by Nei and Li (1979):

2Nk
SD = ey

where ny, is the number of the same color colony sharedvoydifferent strains angy +n, is the
sum of types of colors registered. The clusterihglidingerprints (dendrogram) was performed
applying the unweighted pair group method by usiwgrage (UPGMA) linkages (Sneath and Sokal,
1973) with the NTSY Spc software (Applied Biostagstinc.).

All strains developing black colonies on PDA andeaist one strain representative of each
pigmentation group, obtained by cluster analysesenassayed for color development on HM

Mozzarella cheese-disks (Fig 1). Briefly, disks £ mm; cut with a cork borer) of fresh Mozzarella
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cheeses, purchased from a local dairy farm andusextiby microbial acidification, were obtained
under sterile condition and transferred to 12-\kdtes. Mozzarella cheese-disks were covered with
the fresh bacterial cell suspension (3 ml) of estchin diluted with sterile saline solution at fival
concentration of 3 log cfu/ml. Cheese controls weereered by the same volume of uninoculated

sterile saline solution. All samples were preparediplicate and incubated at 4 °C for 5 days.

2.3. Antimicrobial effect of lactoferrin hydrolysain vitro

Bovine lactoferrin (BLF; NZMP lactoferrin 7100, Renra, Boulogne-Billancourt, France) was
hydrolyzed by pepsin (LFH), as previously repoii@dintieri et al., 2012).

LFH was testedh vitro in 96 well microplates only against tRefluorescenstrains developing black
colonies and blue discoloration on Mozzarella chalsks (Fig 1). A fresh culture (16 h) of each
selectedP. fluorescenstrain was inoculated (final concentration of céo@cfu/ml) in 0.2 ml of PCB,
containing 10, 25, 50 or 100 mg/ml of LFH. Cultuvesre incubated at 30 °C for 48 h, reading their
optical density (OD) at 6@ with the Microplate Reader Versamax (Molecular ides; New York,
USA) every 12 h and up to 48 h. At the end of timibation time, in order to calculate the minimal
lethal concentration (MLC) of LFH, 1% of the 48 heanld treatedPseudomonasultures, without any

apparent microbial growth, was inoculated in LFEeffPCB medium and incubated at 30 °C for 48 h.

2.4. Effect of LFH on blue discoloration of Mozakreheese disks

At first, the efficacy of the MLC of LFH was evakbea on Mozzarella cheese disks, prepared as
reported above and covered with 3 ml of a filter#sted (0.22um-pore size, Millipore, SpA, Milan,
Italy) LFH solution or 0.95% NacCl solution, conteig 3 log cfu/ml of each strain developing black

colonies on PDA (Fig 1). Cheese-disks controls withsame volume of uninoculated sterile saline
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solution were included in the assay. All samplesewsepared in triplicate and incubated at 4 °Csfor

days.

2.5. Validation of LFH effect on the commerciallisdlaped Mozzarella cheese

Finally, commercial chemically acidified ball-sha@pklM Mozzarella cheeses were used to confirm
LFH efficacy, chosen at its MLC, against cheesee laiscoloration caused by a selected pigmenting
strain. Briefly, ball-shaped samples (13-15 g pece), freshly manufactured by a local dairy farm,
was dipped in 150 ml of ice-cold GL composed ofitdap water (trial A), water amended with of
LFH (trial B), water inoculated with the selectedas (trial C), or water inoculated with the same
strain and amended with LFH (trial D). Cheese pdiok#riplicate) were incubated at 4 °C for 14 days
Atdays 0, 1, 3, 5, 7, 10 and 14, microbiologiaadl @hemical analyses were performed on GL, whereas
drained cheese samples were analyzed for microbrgent and CIELab changes and then they were

aerobically kept at 4 °C for 12 h (Fig. 1).

2.5.1. Color determination

In order to analyze the color appearance on MoHaarkeese samples throughout their storage period,
colorimetric CIE Commission Internationale de I'Eclairageoordinates L* (lightness), a* (redness)
and b*(yellowness) were recovered on 3 random pahtheese using the ChromaMeter CR-400
(Konica Minolta, Osaka, Japan) equipped with a Di6finant (6504 K), following the

manufacturer’s instructions. The visible color difncesAE) of the treated Mozzarella samples were

calculated as the appearance of the untreatedotchgese samples, applying the following equation:

AE = \/(ALD)Z +(0a”)" + (ab%) .
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Hue (h°) and chroma (C*) of cheese samples, coorefipg to the basic tint and the saturation of
color, respectively, were calculated as follodvé.:tan'l(%*); C'= (aﬂ)z +(bD)2 (CIE, 2004).

Furthermore, color determination was also carrigdio order to evidence eventual differences in CIE
Lab values between chemically and microbially dmdi ball-shaped Mozzarella cheese samples

inoculated withP. fluorescen84095 and stored for 5 days, as reported above.

2.5.2. Microbiological analyses

Atdays 0, 1, 3, 5, 7, 10 and 14, aliquots of the(&ml for each replicate) were collected and estioat
-20 °C for further studies. One hundred microlithesm the GL of each trial (A, B, C and D) were
plated on PCA in order to ascertain total mesoplakrobic counts and dhseudomonasagar base
(PSA; containing?seudomona€FC selective supplement; BioLife Italia) to enwate Pseudomonas
spp.. Plates were aerobically incubated at 30 f@4oh. The same aliquots were also plated on potat
dextrose agar (PDA, Oxoid S.p.A.; supplemented wittioheximide 100 mg/ml to inhibit yeast and
mould growth) to detect the selectedfluorescenstrains developing black colonies on this mediam a
15 °C after 4 days (Martin et al., 2011).

The same microbiological analyses were performedonzarella cheese samples (withdrawn from
GL and aerobically incubated at 4 °C for 12 h)emftomogenizing one part of cheese with nine parts

of sterile sodium citrate solution (20 g/l).

2.5.3. Molecular analyses
Black colonies (ca. 60), isolated from PDA Petslais with the highest decimal dilutions of GL and

cheese samples, respectively, were analyzed hytiietep RAPD-PCR protocol, as previously
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reported by Baruzzi et al. (2012). Fingerprintga€h isolate were compared with those of the salect
strain inoculated in Mozzarella cheese samples.

The taxonomic identification of the typed isolataseach time sampling, was confirmed by amplifying
and sequencing the 16S rRNA gene with EUP F (50AGAGTTTGATCATGGCTC-30) and EUP R
(50-AGGAGGTGATCCAGCCGCA-30) primers (Wiesburg et 4991) and comparing rDNA
sequences with those present in the Basic BLASTcBdaltschul et al., 1997) and against nucleotide
collection (nr/nt). Besides, typed isolates wemthier identified by amplifying and sequencing the

rpoB gene (1247 bp), as described by Ait Tayeb €2aD5).

2.5.4. Evaluation of LfcinB concentration in goviemliquid
The residual concentration of antimicrobial Lfcir@esent in LFH peptide mixture added to the GL of
trials B and D was monitored at different days @ficstorage as previously reported by Quintiealet

(2012).

2.5.5. Evaluation of Mozzarella cheese spoilage
The concentration of small peptides and aminosdeipressed as glycine content) from GL and the
casein Urea-PAGE pattern of the outer part of Moalaacheese were evaluated in accordance with

Baruzzi et al. (2012). The experiments were carigdn triplicate.

2.5.6. Extraction and analysis of blue pigment

The extraction of blue pigment from HM Mozzarelleeese samples (trials A, B, C and D) was
performed as reported by Kuhn et al. (1965) forlttath culture oPseudomonas indigoferavith
some modifications. Briefly, 1.3 g of each HM Momzéa sample was homogenized in 4 ml of MQ

water (Millipore Company, Bedford, Mass., USA) sbakn a 10 ml stainless steel jar with a grinding



204  ball (@ 10 mm) for 5 min at 15 hertz by using a Bfiill MM 301 (Retsch Technology GmbH,

205 Ddusseldorf, Germany). Then, Mozzarella cheese esti@ere processed for UV/visible light

206  absorbance measurements using the spectrophotdditepec 3100pro (Amersham Pharmacia

207 Biotech Italia). In particular, the pH of all saraplwas lowered to 4.6 with 6 M HCI (50 pL) in order
208 to precipitate caseins. After centrifugation (1@ 00y for 30 min), supernatants (1 ml) were collected
209 and their absorbance values were registered abh®8Z he same supernatants were adjusted to pH 9.0
210  with 50 pL of 10 M NaOH in order to cause the retashift of absorbance maximum to 425 nm.

211 Moreover, Mozzarella cheese extracts were subjegote@-High Resolution-MS analysis for pigment
212 characterization. Three milliliters for each sampkre loaded on 3-kDa ultrafiltration tubes (Amicon
213 Y3 filters, Millipore SpA, Milan, Italy). Filtratesvere then analysed by a HPLC and High Resolution
214  Mass Spectrometry system consisting in a (U)HPLCete™ Pump (Thermo Fischer Scientific, San
215  Jose, USA) coupled through the ESI interface t&xarctive™ Orbitrap-based Mass Spectrometer
216  (Thermo Fisher Scientific). Chromatographic sepanatvas accomplished on adKinetex column

217 (100 x 2.1 mm x 2.6 um, 100 A; Phenomenex, Torra@ee USA) applying the following elution

218 gradient: from 10% to 50% of A (A=acetonitrile+1%e#ic acid; B=water +1% acetic acid) in 20 min,
219  from 50% to 70% in the following 10 min, then upA@% for other 10 min and isocratic for 5 min

220 before reconditioning for 15 min. MS analyses waegormed in positive polarity and the system was
221  operated at the resolution as high as 50,000 arfulliscan mode. MS instrumental settings: scan
222 range 100-1000 m/z; Microscan, 1 Hz; AGC, balaricedL®; injection time, 100 ms; sheath gas, 15;
223 auxiliary gas, 5; capillary temperature, 250 °(qitary voltage, 32.50 V; tube lens voltage, 130 V;
224  skimmer voltage, 30 V; heater, 30 °C.

225

226  2.6. Statistical analyses

10
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A randomized complete block design was used toydtugl effect of treatments, storage time and their
interaction and block (triplicate trials) on micrabcounts, CIELab coordinates an& coefficients.
Statistical analysis was carried out using the S§t8&stical package release 8.0 (SPSS Inc., Hong
Kong, China). Raw data of color difference werenmalized using an arcsine-root transformation
before the analysis. The results from all varialese standardized transforming them to a z-value
distribution with the mean value zero and standiedation of 1. Then, data were analyzed using the
General Linear Models Statistical Procedure to khiee individual effects of the factors studieani
and treatment) as well as the interaction betwkemt

Multiple comparisons among individual means wereenay the Fisher's least significant difference
(LSD) post hoc test after rejecting the homogengittheir variances using the Levene’s test witlwan

level of P < 0.05.

3. Results and Discussion

3.1 Characterization of P. fluorescens strains for pggrproduction

Even though severd. fluorescensstrains have already been isolated from HM Modleameheese
affected by blue discoloration (Nogarol et al., 20Xhe correlation betwedn fluorescenstrains and
off-color of Mozzarella has not been found yet. $him the present work, 6. fluorescenstrains
coming from the 181 pulsotypes analyzed by Nogatchl. (2013) were further screened for their
ability to produce pigmented colonies on threeadéht media.

All the assayed strains were clustered in sevenpgravith Dice similarity coefficients ranging frobn

to 0.80 (Fig. 2). In particular, ten strains dey@hg black colonies on PDA and fluorescence on both

King’'s media, grouped in the clusters I, Il and Mhe strains displaying green and/or fluorescent

11
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colonies were clustered in the groups IV, V andarid 14 strains that did not show any pigmentation

grouped in the cluster VIl (Fig. 2).

Interestingly, all the ten strains displaying blaadonies on PDA developed blue discoloration on
Mozzarella cheese-disks, as previously reporte@dytoni et al. (2003) for othé. fluorescendiovar

IV strains that produced a blue, non diffusiblenpgnt on HM Mozzarella cheese and by Martin et al.
(2011) for a fresh Latin-style cheese. Under thpeexental conditions of the present work, no
discoloration was observed on cheese-disks inamilaith strains developing fluorescence on King A
and/or King B media (Fig. 1S; supplementary daf#)is result could depend on the specific

physiological needs of the assaygdluorescenstrains.

3.2. Antimicrobial effect of lactoferrin hydrolysain vitro

Eight out of the terP. fluorescenstrains, developing black colonies on PDA, wetdhited in PCB
amended with 10 mg/ml of LFH; however, the remainiwo strains 84095 and 15620 did not grow
when inoculated in PCB with 50 mg/ml of LFH thatsaestablished being the MLC. These results are
in accordance with the data previously obtainedDey Olmo et al. (2008) who registered a high
inhibitory activity of amidated lactoferrin and LFabainstP. fluorescendATCC 948. Recently, we
reported on the antimicrobial effect of LFH agaipsychrotrophid®seudomonaspp. strains, including

P. fluorescensisolated from HM Mozzarella cheese samples (Qaringt al., 2012).

3.3. Effect of lactoferrin hydrolysate on cheesesldiscoloration of Mozzarella cheese disks

The addition of LFH (50 mg/ml) to the GL of Mozzlascheese disks inoculated with each blue
pigmenting strain did not develop any discoloratiomughout cold storage (data not shown). In Fig.
2S the efficacy of LFH treatment on the 84095 straishown; this strain was selected for the
subsequent experiments.

12
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3.4. Validation of LFH effect on the ball-shapedZdarella cheese

The efficacy of treatment was also verified on careial Mozzarella cheeses dipped in GL amended
with LFH and packed in sealed plastic under cabdagfe. To this purpose ball-shaped samples,
obtained with chemically acidified curd were pre¢erbecause of their low microbial load. In spite o
the blue indigo color, retrieved on inoculated roi@ally acidified Mozzarella cheese, this type of
cheese turned from greenish reddish to bluish resa(féig. 3). This difference in pigmentation of the
two kinds of inoculated Mozzarella was also repbtig Cantoni and Bersani (2010). The inoculated
cheese sample treated with LFH (trial D) did navglany pigmentation up to 14 days of cold storage
(Fig. 3S); moreover, no significant differencesator (P = 0.350) were found between the LFH-

treated and the uninoculated samples over time {fig

3.4.1. Microbiological analyses

Microbiological analyses of GL from ball-shaped Marella cheeses revealed that, at day 5, only
mesophilic bacteria and pseudomonads counts, fnermbculated LFH-free GL samples (trial C)
were ca. 2 log cycle significantlfP& 1.10 x 10) higher than those registered in LFH-treated|(Bijg
and both uninoculated samples (trials A or B; Bideft side). In the following days, these badtkri
populations were no longer inhibited by LFH treatisgFigure 5, right side). These results are in
accordance with those previously reported by Qeiinét al., (2012) and Quintieri et al. (2013b)
demonstrating that LFH significantly delayed thewth of the autochthonous pseudomonads and
coliforms throughout cold storage of commercial iWdzzarella cheese samples.

Black colony counts from inoculated GL samplesa(t€ and D) did not change in the first three days
of cold storage (4.30 log cfu/ml, on averaBes 0.825 ), whereas, starting from day 5, the black

colony loads from inoculated LFH-free GL samplesensteadily ca. one log cfu/ml high& € 1 x

13
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103 than those of LFH-treated samples (trial C andeBpectively; Fig. 5, left side). As expected, no
black colonies were found in the uninoculated $ridland B.

Blue full discoloration of Mozzarella cheese waseated on samples that were drained and
aerobically stored at 4 °C, following the procedigported by the European Rapid Alert System for
Food and Feed (RASFF, 2010). No differences irl taédle bacteria and presumptive pseudomonads
counts were found on PCA and PSA media, respegt{¥d). 5, right side). In contrast to this, the
black colony load, likely attributable to the indetted strainP. fluorescen84095, enumerated on
three-day LFH-treated cheese samples (trial D),sigrgficantly @ = 1 x 10™) lower than that found

in the samples of trial C (2.8 log cfu/g, on avexdgg. 5, right side As reported above for
uninoculated GL samples., no black colonies wewnadioon the related cheese samples (trial A and B,
Fig. 5, right side). However, differently from thaas observed in the samples from GLfluorescens
84095 load dramatically increased in both un-tetated treated inoculated cheese samples starting
from day 5, but the cell counts in the former (t@a were significantly 0.9 log cycles higher thhe

latter @ = 1.84 x 10; Fig. 5, right sidg. This discrepancy in growth kinetics of the stri#095

could be associated with the well-known favoraldehic conditions. Moreover, the partial increase i
P. fluorescen84095 counts, found in cheese samples drained @bramended with LFH after day 5
of cold storage, was also correlated to the con@hreduction (ca. 80%) in the antimicrobial pdeti
LfcinB content quantified by HPLC analysis (Fig, &% also previously reported by Quintieri et al.
(2012) under similar conditions. In spite of thisplin the LFH content, any blue discoloration was
registered on these drained Mozzarella cheese sampl

For the first time, these results showed that, utige experimental conditions used, the treatmént o
HM Mozzarella cheese with LFH efficiently countaeat the chromatic spoilage of cheese throughout
storage time, even though it hampered the inodlilsti@in growth only in the first five days. Likes@i,

Xu et al. (2010), assaying the inhibitory effectsL&H against ond’seudomonas aeruginosérain,
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showed that the treatment did not afford pyocygmoduction and partially controlled the bacterial
growth depending on the concentration of the hydatle applied. On the other hand, the intracellular
indigoidine production was also previously report€tarr et al., 1967) in th@omen species
Pseudomonas lemonnigriow re-namedP. fluorescendiovar IV group that was supposed responsible
for blue discoloration of HM Mozzarella cheese (foan and Bersani, 2010) and a Latin-style fresh

cheese (Martin et al., 2011) closer to that reggstén the present work.

3.4.2. Molecular analyses

Sixty black colonies, isolated on PDA medium ancked from Mozzarella cheese samples (GL and
cheese), revealed the same RAPD-PCR fingerpriRt 8ftiorescen84095 (data not shown). Sequence
and genetic analyses of one typed isolate confirthedlonged taP. fluorescensuggesting that the

assayed Mozzarella cheese samples were not comtiahiny autochthonoumsue-pigmenting strains.

3.4.3. Evaluation of Mozzarella cheese spoilage

GL of LFH-free Mozzarella cheese samples inoculatgd P. fluorescen84095 showed a free amino
acid (FAA) content much higher than that foundha telated uninoculated cheeses after 14 days of
cold storage (836.7 ug Gly/ml and 36.27 pg Glybnlaverage, respectively). These results were
consistent with the disappearance from the outergbahe inoculated cheese samples of hwthnd
[-casein bands observed on Urea-PAGE starting frayrbdbf cold storage. On the contrary, no casein
hydrolysis occurred in LFH treated Mozzarella cleessmples inoculated with the strain 84095 (Fig.
7). In addition, the high level of FAA concentratiof the related GL was similar to that found ia th
uninoculated and treated cheese samples (453 § Blyiml) and was represented for more than 90%
by peptides contained in LFH. These results weeeaordance with those previously found for other

pseudomonads spoiling Mozzarella cheese (Baruati,2012) whose growth and proteolytic activity
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were inhibited by the same LFH treatment (Quinttral., 2012; Quintieri et al., 2013b). Thus, the
double spoilage pattern (proteolysis and discalonqtcaused b¥P. fluorescen84095 could be

efficiently inhibited by the LFH treatment providjra more extended shelf-life of Mozzarella cheese.

3.4.4. Extraction and analysis of indigoidine

HPLC-MS analyses were performed on all 7 days-stdded samples from GL of Mozzarella cheese
samples in order to identify the blue pigment indigne. The analyses revealed the occurrence of the
colorless and reduced form of indigoidine, alsownas leucoindigoidine (m/z = 251.0781), only in
the LFH-free inoculated GL samples (Figure 8, padednd 2; Figure 9, panel 1 and 2). By applying
the XCalibur software for analyte identificatiorad®d on the accurate mass of the detected ions, the
elemental mass composition, corresponding:#1GO4N,4, was retrieved. In contrast, the MS
spectrum of LFH-treated samples, inoculated Witfluorescen84095 (trial D), recalled at the same
retention time, did not evidence a significant pdeplaying the same accurate mass (Figure 8, panel
3-4). According to the polarity of this compoundaliag two hydroxyl groups it is reasonable to expec
this form in the blue-colored-aqueous extract aredy whereas no trace of indigoidine was found in
the same extract probably due to the low solubdftyhis molecule in aqueous solution, as previpusl
reported (Cude et al., 2012; Reverchon et al., 2002

As the ESI-Orbitrap-MS did not provide any evident@eaks attributable to the oxidized (blue)
indigoidine in the cheese samples; a further intoeof the presence of this pigment was obtained b
the spectrophotometric analysis of 7-days coldestétM Mozzarella acidified cheese extracts. Only
extracts from the cheese samples inoculated vifftuorescen84095 (trial C) showed an absorbance
peak at 582 nm (blue) after addition of concentr&€l (Table 1), whereas NaOH addition caused the

pigment decomposition as demonstrated by shifeakmbsorbance to 425 nm (Table 1).
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4. Conclusions

Herein, for the first time, we reported that alt@hthonoud?. fluorescenstrains displaying black
colonies on PDA medium developed blue discoloratiniMozzarella cheese samples.

A novel approach was used to prevent this pigmeman HM Mozzarella cheese; the addition to the
GL of Mozzarella of a small amount of the peptigetited bovine lactoferrin (LFH), an approved food-
grade protein containing the antimicrobial peptifiegnB, led to counteract cheese blue discoloration
Moreover, a decrease in the load of the seldetdlliorescenpigment producer strain in the first four
days of cold storage was observed; very likelys #ntimicrobial effect allowed the prevention afdl
discoloration of the LFH-treated cheeses, as alsfircned by the absence in the LFH-treated samples
of the pigment leucoindigoidine, the reduced calss|form of indigoidine, detected, on the contrary,
the LFH-free Mozzarella samples. This compoundlyased by ESI-Orbitrap-based mass spectrometry,
and directly associated to the blue Mozzarella shewent, could be considered a chemical marker of
the related spoilage microorganisms in cheeseh&ustudies are needed to elucidate the different
pigmentation observed on the inoculated Mozzagtkeses obtained by chemical or microbial
acidified curds.

The strategy applied in this work could be extenttiedughout Mozzarella production to improve

quality and shelf life of this fresh cheese withob&nging its production process.
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Tables

Table 1 Absorbance values registrated at 583 and 425 nacilified and

alkalinized extracts from Mozzarella cheese, respely.

Cheese samples* Acidified extracts Alkalinized extracts
A 0.033 + 0.005 0.070 £ 0.008
B 0.038 + 0.004 0.030 £ 0.006
C 0.960 + 0.012 0.520 £ 0.025
D 0.102 + 0.023 0.013 +0.001

*A, uninoculated HM Mozzarella cheese in LFH-freevgrning liquid (GL); B, uninoculated HM
Mozzarella cheese in GL amended with 50 mg/ml dfiLE, HM Mozzarella cheese inoculated with
Pseudomonas fluorescer84095 in LFH-free GL; D, Mozzarella cheese inoteda with P.

fluorescens34095 in GL amended with 50 mg/ml of LFH. Valuepresent means + SD (N = 3).
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Figure captions

Fig. 1. Graphical scheme of the experimental plan carrigdrothe present work.

Fig. 2. Clustering ofPseudomonaiuorescensstrains on the basis of different pigmented casni
developed on King A, King B and potato dextrosera@dusters: I, black; Il and l1ll, black and

green; 1V, green and fluorescent; V, fluorescernf;gveen; VII, no pigmented colonies.

Fig. 3. Mozzarella cheese, produced by chemical or miatobcidification, inoculated with
Pseudomonas fluoresceB8095 and incubated at 4 °C for 5 days (A). Retatiolor differences
between both kinds of cheese; the bars represemvrages of CIBE distance metric + standard

deviations.

Fig. 4. CIE distance metridAE values representing the average color differenddsglozzarella
cheese samples stored in governing liquid (GL) “& fbr 14 days between each experimental
cheese sample (B, C, and D) and the control (Axh@éese samples inoculated witkeudomonas
fluorescens84095; D, cheese samples inoculated Witliluorescen84095 and treated with LFH,;
B, cheese samples treated with 50 mg/ml of pepsgiested bovine lactoferrin (LFH); A,
uninoculated and LFH free-cheese samples. Diff@gm@ammong\E values higher than 2.5 (Fisher’'s
LSD; at 95% confidence interval) separate signifiladifferent means. The CIE Lab coordinates

L*, a*, b*of sample A varied from 92.49 + 88.87,38 £ -1.48, 12.36 + 15.96.

Fig. 5. Effect of treatment of pepsin-digested bovined#erin (LFH) and storage time on bacterial
populations of ball-shaped Mozzarella samples iatedbat 4 °C for 14 days. PCA, total mesophilic
bacteria; PSA, presumptive pseudomonads ; PDAupmesve Pseudomonas fluoresceB84095
(growing as black colonies) from governing liqui@L) sampled from HM Mozzarella cheese
packs incubated at 4 °C for 14 daysft( side) and from Mozzarella cheese collected (three
replicates) at each time assay and aerobically &egt °C for 12 hright side). A, uninoculated

samples without LFHB, uninoculated samples amended with LK jnoculated samples without
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LFH; D, inoculated with LFH. The values represent meaitis 8D (error bars). No black colonies

were found on PDA from A and B trials.

Fig. 6. Reduction in lactoferricin B (LFcinB) concentration Mozzarella cheese packs, stored at 4
°C for 14 days and containing governing liquid (&ypplemented with 50 mg/ml of pepsin-
digested bovine lactoferrin (LFH). Trial B: unindated samples; trial D: samples inoculated with

Pseudomonas fluoresce®4095. The values represent means with SD (eai®) b

Fig. 7. Urea-PAGE pattern of caseins from the outer pakarzarella cheese stored at 4 °C for 14
days. A: uninoculated samples; B, samples inoadlatgh Pseudomonas fluorescer@t095
without bovine lactoferrin hydrolyzed by pepsin @ C, samples inoculated wi. fluorescens

84095 and treated with 50 mg/ml of LF&tk, 5 -casein (Sigma-Aldrich) were used as standards.

Fig. 8. Overlay of full HR-MS chromatograms and extracied chromatograms filtered on the
accurate mass of leucoindigoidine from the goveythiquid (GL) samples. In the upper panels are
reported (1) the full mass chromatogram and (2)ekieacted ion chromatogram filtered on the
accurate mass of leucoindigoidine (m/z = 251.0@813 kDa GL filtrate of the samples inoculated
with Pseudomonas fluoresce8@4095 (trial C). In the lower panels are shownftiilescan MS (3)
and extracted ion (4) chromatograms referred taatiadysis of the inoculated and pepsin-digested

bovine lactoferrin (LFH) treated samples (trial D).

Fig. 9. Comparison of two HR-mass spectra extracted intittne window 1.80-1.95 min by
applying a mass accuracy of 5 ppm, correspondisigeraively to the inoculated (1) and inoculated

and LFH-treated (2) Mozzarella cheese samples.
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540 SUPPLEMETARY DATA

541

542  Fig. 1S. Mozzarella cheese-disks inoculated wiRkeudomona#iuorescensstrains. Within each
543 lane from top to downil, uninoculated cheese samples (three replicags)4765, 85884 and

544  93361;3, 84080, 139019 and 84094,;88482/3, 15620 and 84095.

545  Fig. 2S. Effect of pepsin-digested bovine lactoferrin (LFbl) lactoferricin B (LfcinB) on blue
546  discoloration of Mozzarella cheese-disks inoculatgth Pseudomonas fluoresce®l095 and
547 incubated at 4 °C for 5 day$, untreated chees@, cheese amended with LFH (50 mg/n8);
548 cheese amended with LfcinB (10 mg/ml). Uninoculatedl untreated cheese samples (control)

549  samples are on the right side (closed box). Allegixpents were carried out in triplicate.

550 Fig. 3S. Effect of treatment of pepsin-digested bovined&atin (LFH) and storage time on blue
551 discoloration of ball-shaped Mozzarella cheese $ssnmcubated at 4 °C for 14 dayA,
552  uninoculated Mozzarella cheesB; uninoculated Mozzarella cheese in governing dq(GL)
553 amended with 50 mg/ml of pepsin-digested bovindofecrin (LFH); C, Mozzarella cheese
554  inoculated withPseudomonas. fluoresce®4095 and stored in LFH-free GD; Mozzarella cheese

555 inoculated withP. fluorescen84095 and stored in GL amended with 50 mg/ml dfiLF

556
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Screening for pigmentation production on different
agar media by Pseudomonas fluorescens strains from
Mozzarella cheese samples

¥

Assay of blue discoloration by P. fluorescens strains
on Mozzarella disks

¥

Minimal lethal
concentration
(MLC)
evaluation

Antimicrobial in vitro assay of Lactoferrin
hydrolysate (LFH) against blue pigmenting strains

¥

Effect of LFH against all blue pigmenting strains on
Mozzarella disks

¥

LFH validation on ball-shaped Mozzarella cheese
under commercial conditions
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Cheese analyses Governing liquid analyses

Microbiological analyses
Molecular analyses: RAPD-PCR
Proteolysis: free amino acid

Color determination
Microbiological analyses

Molecular analyses: RAPD-PCR content
Proteolysis :Urea-PAGE Lactoferricin B quantification:
Identification of blue pigment: IEX -HPLC

LC-MS. Identification of blue pigment:

LC-MS.
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Highlights

e Tenout of 64 Pseudomonas fluorescens strains devel oped cheese blue discoloration.
» Lactoferrin hydrolysate counteracted Mozzarella blue discoloration.

e LFH treatment delayed Pseudomonas fluorescens growth in Mozzarella cheese.

» Leucoindigoidine was detected by mass spectrometry only in pigmented Mozzarella.

» Leucoindigoidine pigment was not retrieved in LFH-treated Mozzarella cheese
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