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ABSTRACT

The primary emphasis of this study was concerndth an
investigation on some of the causes that coulcebpansible for the
acidification problem during Buffalo Mozzarella @se-making
recently observed in Southern Italy.

Bacteriophage infection is still one of the me#asons leading to
fermentation delay and complete fermentation failand it was

therefore the principle aim of this research.

156 strains of Lactic Acid Bacteria (LAB)4ctobacillus spp,
Lactococcus spp, Streptococcus salivarius  thermophilus
Pediococcusspp and Leuconostocspp) have been isolated and
characterized to genus level and 44% of the cotohigve been
identified to species level’hey have been randomly isolated from
twelve wild whey starters used for the productiontiwe local
buffalo Mozzarella cheese manufactured in Salermawipce in

order to check their sensitivity to phage infecsion

The first interesting founding derives from the roBxopic

examination of LAB: a large number of lactobadi6i0%) revealed
the characteristic presence of inclusion bodies tngir cytoplasms.
Schaeffer-Fulton reagent, Nile Blue and Neisserinsig

demonstrated that the granules were belonging tgpposphates
aggregation. Because of the potential role of pbly intracellular
pH control, the presence of this polymer in stabacteria may be

an environmental adaptation to the typical highdi@gi storage



conditions of natural starters. This result waseneébheen described

before.

Two bacteriophagesApr-1 and Apr-2 have been isolated from
one sample of buffalo whey starter and their ppleciphenotypic
and genotypic features have been investigated.r Thest was
identified ad_actobacillus brevis.

The lytic-cycle of the bacteriophages has beemahstrated by
the over lysis of the host after three hours otibation in PLGYG
broth.

The genomes, approximately 31.4 kb and 31 ki, larere double-
stranded linear DNA molecules withpactype systemSDS-PAGE
showed a protein structure of respectively 1.152aKéhd524,7
KDa.

After examination at electronic microscopeApr-1 and Apr-2
showed a very similar morphology: many round angtgnvirus
particles associated in clusters with isometric hegagonal heads
of about 45 nm in diameter and a short non-coriteatztils of about
29 nm of length. They belonged to Podoviridae fgraiid they have
been ascribed to morphotype C1.

This is the first report of the isolation of wient Iytic
Lactobacillus brevisphages isolated from buffalo whey starter

cultures.

In order to prevent phage infection and propagatve tested the
resistance of the two bacteriophages to pasteime&3° C for 30

min) and high-pressure treatments up to 800 MPag@ensitivity



for both heat and pressure treatments was test€l@\YG broth
and raw natural media (buffalo milk and whey).

The results showed a very high sensitivity &pr-1 and Apr-2
to high temperatures and pressures and very ititegewas the
highest bacteriophage activity impairment when dampf whey
starters were screened after infection. That faumndn particular

was completely unexpected.
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1. HISTORY , LEGISLATION AND CHEESE
MANUFACTURING

The buffalo was introduced in Italy in the setecentury and was
a common animal among the families in the coundiysind widely
used as a draught animal in ploughing for watenyaies: its
strength and the size of its hooves, which do mit ®0 deeply into

puddles, were highly appreciated.

Buffalo Mozzarella cheese is not a recent proddee first
references about cheese products made from burfiittadated from
the beginning of the twelfth century and it wasduoed in small
guantities. From the second half of the eighteectntury
Mozzarella became widespread throughout the sduifaly and its
production increased more and more.

Nowadays “Mozzarella di Bufala Campana” is atidin particular
unripened “pasta filata” cheese obtained from raole buffalo
milk and traditionally manufactured to guarante¢ht® consumer its
unique organoleptic characteristics. Its product®protected by a
special Trade Organization that monitors the mastufang process
and marketing of the cheese in compliance withptteeluction rules
for the DOC (Certified Origin Brand) and DOP (Pwit=
Denomination of Origin) quality brands.

All the phases of the manufacturing are regdlatey the
Presidential Decree 10/5/1993 (G.U. n. 219, 1788)9and it
defines the geographical area of production (Casertl Salerno and

part of Benevento, Naples, Frosinone, Latina, RoRwggia and



Isernia), milk characteristics, shape, weight andinggpal
organoleptic qualities of the mozzarella itselfhguction phases and
all the labelling legislation.

Always according to the Presidential Decree, tieeese is
produced by using natural wild starter cultureg therive from the
whey of a previous successful batch of productiod & is left
fermenting for 24 hours at room temperature (18°-@Rprior to be
used. Rennet and natural starter cultures are addéx® raw milk.
The milk coagulation occurs in 20 min and afterwb40 min the
curd is cut in small pieces and left under its whetil the stretching
phase. This phase is generally carried on 4 hdtesthe addition of
the rennet and by adding hot water (ca. 100° C)P.@©M.
10/5/1993; G.U. n. 219, 17/9/1993). The micro flafamilk and
whey is the main responsible for the acid productibat is
necessary for a successful milk coagulation. Lafsticl Bacteria are
also very important in the development of the pacwrganoleptic
characteristics thanks to complex biochemical #ts/

The DOP mark was conferred with the CE Regufatio
n.1107/1996 (G.U. n. L 148 del 21/06/1996 pag.100@010).



2. MILK AND CHEESE CHARACTERISTICS

Buffalo milk is sweet and white/opaque becautealmsence of
carotenoids, pH is 6,6-6,8 and fat content is 6v@%o prevalence of
oleic acid (unsaturated acid) and palmitic acidtuisded acid).
Nitrogen content is between 3,8-4%. Non proteimogen (NPN)
values are between 0,20-0,30%. Lactose varies bat@® and 5%.

The main difference between cow and buffalo nslkepresented
by fat and protein content. The values are resgaytof 3,3% and
2,7% in cow milk and 7,5% and 4,4% in buffalo milk.

Fat and protein are two fundamental elementhéeese making in
fact the cheese yield to produce Mozzarella usingskan milk is
9,5% against the 2,5% using buffalo milk (Zicarklli 2004).

Another important factor is that a Friesian panduce an average
of 25/30 L of milk daily or more against the 9 Labuffalo.

Also the microbiological composition is diffeteuffalo milk is
characterized by an higher concentratiorLattobacillusspp. than

cow milk.

“Mozzarella di Bufala Campana” is a fresh, gisintextured
cheese with porcelain/white color, an extremelynthind and
delicate taste. When cut it releases a white waflerg with the
aroma of milk enzymes. It is highly nutritional la@se rich in
calcium, high in protein, lactic flora substancestamin and
mineral/salt content. Baffalo mozzarella cheesals® rich of live
lactic ferments and therefore highly digestive.

100 gr of product contain: proteins 19%, fat 2Mtamin A mg
0,15, vitamin B mg 0,003, vitamin B1 mg 0,3, camiung 510,



phosphorus mg 380, sodium mg 0,4, iron mg 0,7 ftmtal calories
for 100 gr of 270 Kcal. The minimum fat content uggqd by
D.P.C.M. 10/5/1993 is 52% and maximum moistureveadid is 62%.

It is sold in a variety of shapes, small bitedled “bocconcini”,
bigger spheres of several size and weight andsplaite weight can
vary between 10 gr and 800 gr. (D.P.C.M. 10/5/1993). n. 219,
17/9/1993). It might be enjoyed soon after the potidn and it has
to be kept at room temperature and always in itgebr

The best indication of freshness is granted lhy tollowing
characteristics: elastic consistency, tight, smoaiid humid surface,
neither too dry nor too wet. No yellowish marksspots have to be
present and, when pressed with a finger, the texslrould be
neither soft nor rubbery. Once sliced, mozzarebs ko show a
grainy surface and appear to be composed of mamydalike an
onion, especially near the surface. Pearls of milkey should seep
out when cut and mozzarella’s bites should melmouth while
enjoyed. When sold each package has to show thealyp.O.P.
mark in green and red with the shape of the buffead (D.M.
7/4/1998).
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3. LAB AND STARTER CULTURES

LAB are a group of Gram-positive micro-organisonsited by
common morphological, metabolic and physiologidaracteristics.
They are non-sporing, non-respiring, cocci or rosiagle or in
chains of several length, oxidase-negative, caat@gative, indole-
negative. They produce lactic acids as the majdrpgenduct during
the fermentation of carbohydrates (Begtyal, 1985; Seppet al,
1998).

Up to 1992 Lactococcus Leuconostoc Lactobacillus and
Pediococcuswere considered the most important core of tloeigr
(Billie et al, 1992). The description of new genera suggesisthie
LAB comprise also the generanterococcusand Streptococcus
(Coppola S., Parente et al, 1988; Coppola S., Villani Fet al,
1990; Parente E., Villani Et al, 1989; Seppet al, 1998; Cogaret
al., 1996).

The classification of LAB into different genasalargely based on
morphology, mode of glucose fermentation, growthddterent
temperatures and in different media, configuratadnlactic acid
produced, sugars from which they produce acidsgasd ability to
growth at different salt concentration.

Some physiological functions of LAB are of gréaportance in
dairy-production manufacturing and maturation, ugeficing the
final organoleptic qualities of these products;nfentation of sugars
that leads to a pH decrease that is importanthfercoagulation of
milk and the reduction or prevention of adventitiomicro flora,

protein hydrolysis that causes the texture andjgtigy the taste of

12



the product, synthesis of flavour compounds, sysishef texturing
agents, which may influence the consistency of preduct,
production of inhibitory compounds (P.F., 1982; FdXF.,
McSweeney P.L.H., 1998).

LAB grow very well in de Man Rogosa Sharpe (MRgar or
broth, these media are not selective and contarerakelements
useful for the metabolism of lactic bacteria, tlsap be used also for
maintenance. Another medium used for the isolaticsome LAB is
the Rogosa agar, a selective media that allowsgtbeith of the
generaLeuconostoc,Lactobacillus and Pediococcusbut not of
LactococcusaandSreptococcuéBillie et al, 1992; Harrigan; Roberts
et al.,, 1995). Mesophilic and thermophilic acid bacteran cbe
enumerated in Skim Milk (Oxoid) (Coppola S., Paeeht et al,
1988). Mesophilic and termophilic lactobacilli cae counted and
isolated in Acetate Agar (Coppola S., Parenteet.al, 1988).
Mesophilic and termophilic Streptococci grow in ¥easlucose
Lempco Agar (Coppola S., ParenteeEal, 1988); they can also be
very well isolated in Neutral Red Chalk LactoseaAd-itmus Milk
and B-Elliker agar (Harrigan W.F., McCance M.E.6&¥

Since media for lactobacilli and streptococ@ aot particularly
selective other tests and microscopic examinatiGoppola S.,
Parente Eet al, 1988) are generally required. Enterococci can be
isolated in Enterococci Presumptive broth (Difc@oppola S.,
Parente E.et al, 1988) or on Yeast-Glucose-Lemco Agar and
Barnes Agar (Coppola S., ParenteeEal, 1988).Leuconostocan
be isolated on high-sucrose Mayeux Agar or on YE&hstose-

Citrate Agar (Coppola S., Parentedt.al, 1988). The temperatures

13



of incubation vary according to the type of baetg2°, 30°, 37°,
45° C). The incubation period is of about 483 h amd

microaerophilic condition.

4. MILK COAGULATION PHASE AND PRINCIPA L
CAUSES IMPLICATED IN FERMENTATION FAILURE

Milk coagulation is the most important phaset tbecurs during
cheese manufacture. It is a two-stage process.plingry phase
involves the specific enzymatic modification of tHecasein
micelles that are attacked by the proteases ofethieet, specifically
in the region of the bond PheMet;os to yield two peptides: the
glycomacropeptide (caseinomacropeptide) is hydtaphiand
soluble, and will diffuse away from the micelle aftk-casein
splitting, the para-k-casein is instead stronglydrephobic and
remains on the micelle (Fox P.F., 1982). The pregjve hydrolysis
of k-casein during the primary stage leads to titeraion of the
properties of the casein micelles so that they imecaapable of
aggregation. This aggregative phase that occypseisence of Ca2+
characterizes the second stage of the coagulatmresgs that is the
non-enzymatic phase (Fox P.F., 1982). K-casein his only
compound that is hydrolized by rennet. It tookplan the surface
of the casein molecules and it is hydrophobe.

When the 85% of the total k-casein has been diiyed, the
micelles begin to aggregate progressively into langéwork (Fox
P.F., McSweeney P.L.H., 1998). The principal prwse in rennet
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Is chymosin; about 10% of the milk-clotting actyof calf rennet
Is instead due to pepsin. The optimum of pH foirthaetivities is
about 4 and for this reason fundamental is the dmopH that is
caused by LAB growth and acid production (Fox PMicSweeney
P.L.H., 1998).

For the reasons previously discussed, slow aadelopment
during cheese making is an important cause of gaality cheese.
Between all the causes of slow acid production,nfest common
are presence in milk of natural inhibitors and LAMection by
bacteriophages (phages) (Fox P.F., Guinee€k.&., 2000).

Lactoperoxidase systems one of the natural inhibitors of the

milk that plays an important role linked to its iamicrobial power.

Peroxidase catalyses reactions in which hydrogeroxmpke is

reduced while other compounds are suitable electomors and are
subsequently oxidised. In milk the thiocyanate ({@NC) is the
electron donor in the enzymatic reaction leadingamdi-microbial

effects.

Compounds that have antibacterial effects asdymed during the
oxidation such as sulphurydicyanide (S(@Nand oxyacids of
thiocyanate, i.e. OSCN and,8CN. OSCN and ¢&CN cause
oxidation of vital SH-groups showing inhibition the growth of
Gram-positive bacteria such as lactococci and heactidli.

Lysozime is another natural inhibitor in milk, it cleaveket
glycosidic bond between N-acetylmuramic acid and N-
acetyglucosamine of the bacterial peptidoglicansiclv constitute
the major part of the bacterial cell wall. Gram4pws bacteria are

generally more susceptible because they have alesiropll-wall
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with a high percentage (90%) of peptidoglicans.dzyses are heat
stable.

Lactoferrin is an iron chelating protein that could be present
milk. Its antibacterial mechanism is linked toaegpability to chelate
iron, preventing bacteria’'s growth. It is possiliteat lactoferrin
plays an important role in the defence of mammdand during
lactation.

Immunoglobulins are transferred from the mother to the offspring

firstly via placenta, in utero, and then after pinzia milk. There are
five major classes of Ig as IgA, IgG, IgM, IgD algk. IgG can be
divided into two subclasses: IgG1 and IgG2. Thayseasusceptible
starter bacteria to aggregate with consequent ikmchl acid
production and precipitation. The starters stilhtimue to grow but
localized acid production is very strong and thayibit themselves.
Ig are inactivated by pasteurization (Fox P.F.,n@ai T.P.et al,
2000).

Antibiotic residues occur in milk because of their use to control

mastitis in the breeding. The concentration of tbleemical
substances, especially penicillin and its deriedjvdecreases with
each milking. Milk from animals treated with antbcs should be
withheld for the whole length of time prescribed the specific
antibiotic preparation. The most part of antibistikills starter
cultures important for cheese manufacture (Fox, [SEinee T.Pet
al., 2000).

Today, one of the most important cause of sloi production in

cheese plants is thbacteriophage (phage)infection. This can

significantly upset manufacturing processes ancexineme cases,
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results in complete failure of acid production. §smare viruses that
can multiply only within a bacterial cell. They aubiquitous in
nature and can be seen only with electron micresdéjox P.F.,
Guinee T.Pet al, 2000).

They are differentiated on the basis of morpgploserology,
DNA characterization and way of infection (lytiowient and
lysogenic/temperate bacteriophages). All the vesuaee generally
built on the same principles, nucleic acid calledré” surrounded
by a protein coat called “capsid”. The nucleic acsda long
filamentous molecule and may be DNA, in single aulole chain, or
RNA.

Phages exhibit a greater diversity of form tlodimer groups. Six
basic morphological types have been described lglBy in 1967
and they are still valid. The first type (Group Bas a head with
hexagonal outline which may or may not be elongadetail with a
contractile sheath is attached to it. This is Uguaid and may have
various appendages, such as fibres or terminaitates. The core is
made up of 2-DNA chains. The second group (GrouplB) has a
six-sided head and a tail. The talil is relativdgxible, may or may
not have terminal appendages and it is longer tthamead diameter
and has also no contractile apparatus. The canade up of 2-DNA
chains. The third type (Group C) also has a tall asix-sided head,
the tail is shorter than the head diameter or makahmension and
may also have appendages attached to it and ibnscantractile.
The core is made up of 2-DNA chains. The fourthugr¢Group D)
has no tail. It is still six-sided in outline. Eaapex of the hexagon

has a knob or large capsomer on it. The core isemadof a single-
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DNA chain. In the next group (Group E) large capsmrare absent
and the viron present a simple regular hexagondheuThe core is
made up of a single-RNA chain. The final group (@d-) is quite
unlike the others, the viron being in the form ofoag flexible
filament with no additional structures of any kiaitached to it. The
core is made up of a single-DNA chain. The kindhatleic acids
found in the members of each group has proved tohbesame

regardless of the genus of host bacterium (Bradl@g7).
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Figure 1. Basic morphological types of
bactericphages Bradley [1367)

Phages are very specifically related to theisthoAmong the
phages of LAB we have to differentiate betweenidagtreptococcal
phages, phages of thermophilic streptococci, laditins phages,
leuconostoc phages (Jarvis, 1989).

According to Bradley (1967), phages attackingBLAelong to
Groups A, B and C. The majority of lactococcal ptmdpelong to

Group B and it has been reported that lactocosmahetric phages
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have heads ranging from 45-65 nm and tails ranffimg 100-250
nm. Prolate phages are generally smaller with l®aels ranging
from 55-65 x 40-48 nm and tails ranging from 80-1f. Phages
may possess complex tail appendages, collars dred structural
components that require special staining technitues identified.

Streptococcus thermophilukctobacilli and leuconstocs phages
have also been studied. Lactobacilli and leucossere hosts to
both Group A and B phages and phages S8ireptococcus
thermophilushave been reported to have isometric head morgiolo
and to belong to Bradley's Group B.

Among the Families of bacteriophages that haaenlup to now
identified, LAB phage Families belong tdyoviridae A1,
Podoviridae C1, C2 and C3 anBliphoviridae B1, B2 and B3.

Bacteriophage can have two different replicatoyeles: in the
“lytic cycle” the first step involves adsorption tiie phage onto
special attachment sites, called phage receptarshe cell surface
of the host. Phage adsorbs to the cell througtaitsOnce a phage
has attached to the receptors, it injects its DN#® ithe host cell.
Immediately phage DNA and phage proteins are prediuather
than host cell DNA and proteins. The phage DNAaskaged in the
phage head and when the syntesis is completedcedhelyses,
releasing new phage active particles, which stetpgrocess again.
Cell lysis is caused by a lytic enzyme called ‘hgsiFox P.F.,
Guinee T.Pet al, 2000) and coded by the phage genome.

The “lysogenic cycle” is the second way of npligation. The
first step is characterized by adsorption and DMjedtion that
occurs as in the lytic cycle. Than, instead ofcighage replication,
the phage DNA is integrated into the genome oftiheteria by the

19



integrase enzyme. As the bacterial genome mulsipliee genome of
the phage multiplies simultaneously without lysthg bacterial cell.
The bacteriophage integrated into the bacteriabgenis called
“prophage”. Bacteria containing prophages are ddi{sogens and
are resistant to infections of bacteriophages dnatgenetically the
same as the prophage (Fox P.F., Guineeék.Rl., 2000). It is usual
to call bacteriophages with the first type of irtfee cycle “virulent”

and those with the second type “temperate”. Howevany phages
are capable of both replicative cycles, dependingh® bacterial
strains they infect; that is why the two terms Iyeapply to phage-
host systems rather than to the bacteriophage @Bradley, 1967).
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The two bacteriophage lifecycles: the Iytic lifecycle #émellysogenic lifecycle

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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5. THESIS OBJECTIVES

1) Isolation and characterization of LAB from buéfavhey starter

cultures

2) lsolation and characterization of bacteriophagdscting the
isolated LAB

3) Evaluation of phages’ sensitivity to heat andhhipressure

treatments
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CHAPTER I

Isolation of Lactic Acid Bacteria
from natural whey starters utilized
in the manufacture of
“Mozzarella di bufala”

ABSTRACT

Since phage infection was suspected as the rmause of
acidification problem in the manufacture of the evabuffalo
mozzarella cheese in some dairy farms in Souttaty 056 strains
of LAB were detected in order to evaluate their tbaophage
sensitivity.

They have been isolated from twelve samplesvafd® whey
starters by using selective and non-selective medtid their
characterization has been carried out by using hieiogcal and
genetic tools.
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INTRODUCTION

Buffalo mozzarella cheese is a fresh and stringyuted cheese
with porcelain-white colour, with an extremely thind and delicate
taste. It is enjoyed soon after the production &egt at room
temperature in brine for few hours, depending om dlze of the

product.

The milk is curdled by using natural startertards that derive
from the whey of a previous successful batch ofdpotion and
stored at room temperature for 24 hours beforegoaesed.

A seasonal fermentation delay that leaded to omptete
fermentation failure of the coagulation phase oé tmilk was
observed in few factories in the South of Italy.

We focused the attention of this research orptesumptive phage
infection of LAB, still being a major problem in ehfield of

industrial fermentations.

Because of the high specificity between phage &g host, we
isolated and characterized a large number of LABnfsamples of
whey starters in order to detect the phages inglican the slowing

down process of the acid development.
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MATHERIAL AND METHODS

Characteristics of samples Twelve samples of water buffalo

whey starters were collected from a pool of daagtdries of the
South of Italy, transported to the Department ofotéchnical
Sciences and Food Inspection, Faculty of Veterinsigdicine,
Naples, ltaly, to be frozen at -20°C and then fpan®d to the North
of Ireland for analysis (Microbiology laboratoriesf Food
Technology Education Branch, College of AgriculiuFeod and
Rural Enterprise, Loughry Campus, Cookstown, Co oifgr
Northern Ireland, BT80-9AQ, U.K.).

They were divided into two groups: group A iraga four whey
starters that showed acidification problems andugr8 the eight
samples not showing any anomalies during cheesenmakhey
were frozen and refrigerated during the transpsingisolid carbon
dioxide.

Samples of group B were treated with an equalimel of sterile
buffalo milk (110°C, 10 minutes) or with 10% v/veste calcium
carbonate prior freezing in order to reduce theeegh effects on
starter cultures given from high acidity combinedthwfrozen

storage.

Isolation and identification of LAB The twelve whey starters
were thawed at 37°C and serial, decimal dilutioesenmade using
maximum recovery diluent (Straket al, 1957).

Dilutions were plated onto MRS agar (De Metnal., 1960) and

incubated at 30° C for 72 h in microaerophilic dibions.
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Colonies were randomly selected using Harrison (likriganet
al.,, 1998), their colour, shape and size (diametegtl® were
determined and then each isolate was taken byesterd disposable
wire-loop and incubated in MRS broth (De Mah al., 1960) at
30°C for 24-72 h, MRS plates were streaked withtbltures to
isolate pure colonies. 144 colonies have been tel&67 from
group A and 77 from group B).

For this research we updated the scheme debigdillie et al
(1992) for their identification to genus level (@&ld). Each strain
was tested according to the analysis suggestedhéystheme.
Moreover size and shape of vegetative cells wesemied under
optic microscope and catalase and oxidase testeaerned out.

An high percentage of colonies (44 %) was dasbito the
species level using APl 50 CHL computer-assistezhtification
scheme (API Laboratory Products Ltd., Basinstokegl&d). Two
isolates were subjected to commercial 16S rRNA gsggence
analysis performed using Applied Biosystems MicigpSenicrobial
analysis software and database (MIDI Labs, 125 pand/e, DE
19713, N.Y., U.S.A).

In order to isolaté&treptococcuspp. for testing them as host for

the study of phage infection in wheys of group Alyowhey
samples of group B were streaked onto Neutral RealkCLactose
Agar and B-Elliker agar and incubated at 30° C @& h. The
isolates were grown in Litmus Milk (Harrigaat al, 1998) at 30° C
for 24-72 h.
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Strains were classified tgpecies level using the APl 50 CHL
computer-assisted identification scheme (API LatmoyaProducts

Ltd., Basinstoke, England).

The most common spoiling bacteria and pathogéres were
evaluated according to table 2.
The pH of the samples was tested by using eleictr pH-

controller.
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updated by Aprea G. for this research
(updated part in red)

Table 1: Scheme of Billieet al (1992) for identification of LAB to genus level

Test

Lacto-

Leuco-

Lacto-

Pedio

Entero- Strepto_
coccus nostoc bacillus coccu coccus COCCUS
s
Cell morf. cocci Cocci/ Rods/ Cocci Cocci/ Cocci
cocco- cocco- pairs/ chain pairs/
bacilli bacilli tetrad chains
Gram + + + + + +
Catalase - - - - - -
Sugar Homo Hetero Homo/ Homo Homo
fermantatio Hetero
n
Ferm. Glu + + + + +
Ferm.Gal. + + +- + -
Ferm. Lact. + + + + +
Ferm. Rhm. - +- -
Ferm. Man. +- +- + +
Ferm. Raf. - +- +- +-
Ferm. Mit. - +- +- -
Gas from - + + - -
glucose
Gas from - + +- -
fructose
Gas from - + - + - -
trehalose
Growth +- +- +- + + -
pH 4.4
Growth - - - - + -
pH 9.6
Growth + + +- +- + -
T10°C
Growth +- - + + +
T40°C
Growth - - +- +- + +
T 45°C
Growth - +- +- +- + -
6.5 % NaCl
Growth - - - - - -
18 % NacCl
Lactate L D DL, D, L DL L L
isomer
Growth on - + + +
Rogosa
Agar
Growth on + + +- -
M 17
NH3 from + - - +- + +
arginine
Dextran - + + - -
production
from
sucrose
Reduction + - - -
of Litmus
Metab. of +- + - -
citrate
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Table 2: Media and techniques used in isolating vegetative cells

Germ Medium Days and Technique
T° of
incubation
TVC MPCA 30 C/3 dd Pour plate
Psycotrofic | MPCA 7 C/10 dd Spread plate
count (0.1 ml)
Enterob. VRBGA 37 C/24 h Double pour
plate
Coliforms Coli ID 37 C/ 2dd Double pour
plate
Sth. aureus | Baid Parker + | 37 C/2 dd Spread plate
Rabbit Plasma (0.1 ml)
Fibrogen (RPF)
LAB MRS agar 30 C/3 dd Pour plate;
Gogosa agar incubation in
microaerofilic
conditions
Yeast/ YGCA 25C/5dd Pour plate
moulds
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RESULTS

The totality of the isolates (144) resulted Grawositive and
oxidase and catalase negative and they were chearatt to genus
level.

An overview of the genus composition of the wvoups of whey
starters is given in table 3. A lower concentratodrLactococci in
the group A was noticed.

Among the colonies characterized to species!| @86 were
Lactococcus lactis cremori20% Lactococcus lactis lactisl7.1%
Lactobacillus paracasei 8.6% Lactobacillus curvatus 8.6%
Lactobacillus delbrukii bulgaricys.7%Lactobacillus fermentum.

The commercial 16S rRNA gene sequence analjiBI(Labs,
U.S.A.) performed on two isolates gave the follogvinesults:
Lactobacillus paracasendLactobacillus brevis

Classification of the colonies on the basis hairt colour, shape
and size (diameter length) are showed in Anneallet5 and table
6.

Details of shape and size of vegetative cellsAB are described

in Annex |, table 7 and table 8.

Twelve Streptococcus salivarius thermophilustrains were
isolated in Neutral Red Chalk Lactose Agar, Litrmsk and B-
Elliker agar and identified by APl 50 CHL computessisted
identification scheme (API Laboratory Products |tBasinstoke,

England).
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The results of the microbiological analyses phdare showed in
table 4.1 and 4.2.

Table 3: Presumptive identification of LAB present in natural wheytsts

Lacto- Lacto- Pedio Entero- Genus not
Group Leuconostoc : Streptococcus| . o
coccus bacillus | coccus| coccus identified
A 2.4% ND 78.6% ND ND ND 19%
B 54.7% ND 39% ND ND ND 6.3%

Table 4.1: Evaluation of microflora and pH of whey starters of Group A

Group A Sample 1 Sample 2 Sample 3 Sample 4
(ufc)* (ufc) (ufc) (ufc)
Total Viable Count 8.4x fo 1.6 x 16 22x10 5.1x 168
MRS count 2.35x 10 1.4 x 10 1.25x 16 1.1x16
ROG count 29x 10 1.1x16 <1.0x10 1.3x16
Enterobatteri <1.0x10 <1.0x10 <1.0x10 <1.0x10
Coliformi <1.0x106 <1.0x16 <1.0x10 <1.0x16
E.coli <1.0x16 <1.0x16 <1.0x10 <1.0x16
S.aureus <1.0xf0 <1.0x16 <1.0x16 <1.0x16
Psycotrophic count 2.8x10 <1.0x16 <1.0x16 <1.0x16
pH 6.53 4.98 4.16 4.55

* Whey obtained from the curdle during the manufacturing
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Table 4.2: Evaluation of microflora and pH of whey starters of Group B

Group Sample 5 Sample 6 | Sample7 | Sample8 | Sample9 | Sample 10 | Samp. 11| Samp. 12
B (ufc) (ufc) (ufc) (ufc) (ufc) ** (ufc) ** (ufc) (ufc)
*%x% *%k%

Total 3.0x16 2.1x10 1.0 x 106 1.7 x 16 6.2 x 10 1.6 x 10 8.9x10 | 2.0x1d
Viable
Count
MRS count | 2.8 x 16 7.7x18 2.0x16 35x168 3.3x168 47x18 57x16 | 75x16
Enterob. <1.0x1® |[3.0x18 <1.0x18 | <1.0x16 <1.0x 18 <1.0x 16 1.0x 10 | <1.0x16
Coliformi <1.0x 16 1.0x16 <1.0x18 | <1.0x16 <1.0x 16 <1.0x 18 <1.0x16 | <1.0x16
E.coli <1.0x18 1.0x 16 <1.0x16 | <1.0x 168 <1.0x1§ <1.0x16 <1.0x16 | <1.0x18
S.aureus <1.0x10 | <1.0x16 <1.0x16 | <1.0x10 <1.0x 16 <1.0x 16 <1.0x16 | <1.0x18
Psycotrop. | <1.0x16 | <1.0x 10 <1.0x10 | <1.0x16 | <1.0x16 | <1.0x10 | <1.0x1G | <1.0x16
count
Yeast/ 1.8x 10 3.5x16 1.9x 16 3.0x16 9.8 x 16 2.4x1d 6.8x16 | 5.2x1§
moulds

pH 4.14 5.21 4.05 4.17 5.24 5.09 5.42 5.53

*%*

*k*k

Whey starters treated with sterile buffalo milk (50%)

Whey starters treated with calcium carbonate (10%)
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CONCLUSIONS AND CONSIDERATIONS

This report focused on the LAB isolation astfgtep in evaluating
the phage infection of the starter cultures in #loffmozzarella
cheese.

Some problems occurred during the research:tlyfirsio
particularly selective media are available for mamgups of LAB

so that other tests and microscopic examinatiore warried out.

Moreover whey samples were frozen and this vash&r critical
point since many LAB were killed by the treatmerar this reason
more samples were analysed in a second momenthentinte they
were treated with 50% of sterile buffalo milk an@4 of calcium
carbonate to reduce the negative effect of the amatibn of low

temperature and low pH on LAB.

A significant difference was noticed between tibial MRS count
of samples of group A and the ones of group B. péeentage of
Lactobacilli isolated from the samples of Group #\ extremely
higher then Lactococci. In group B the discrimioatbetween the
two groups is quite low but Lactococci prevail agaithe number of

lactobacilli.

Contrary to what observed before from Copmatlal. (1988, 1989,
1990), Lactobacillus fermentunfgroup A) andLactobacillus para
paracasei (group B) were the most frequently isolated among
Lactobacilli. According to the same Authotsactococcuswas the

most common LAB in the group B buactococcus lactis cremoris



was isolated the most, followed soon after Uactococcus lactis
lactis. Still according to Coppolaet al. (1988, 1989, 1990)

thermophilic LAB were identified more frequentlyatin mesophilic

ones.

ANNEX |

Table 5: Group A: colony description of shape, colour and size

SAMPLE COLONY SHAPE, COLOUR, SIZE
SB SB 1 oval, brown, 1mm
SB SB 2 round, white, 0.5mm
SB SB 3 round, white, 1mm
SB SB 4 oval, brown, 1.5mm
SB SB 5 round, white, 0.5mm
SB SB 6 round, white, 0.5mm
SB SB7 oval, white, 1Imm
SB SB 8 irregular, white, 0.5mm
SB SB 9 round, white, Imm
SB SB10 oval, white, Imm
SB SB 11 round, white, 0.5mm
SB SB 12 round, white, 0.5mm
SB SB 13 round, white, 5mm
SB SB14 round, white, 3mm
C C1 round, white, Imm
C Cc2 oval, brown, 1mm
C C3 round, white, 2mm
C C4 round, white, Imm
C C5 oval, brown, 1Imm
C C6 round, brown, 1Imm
C C7 oval, white, 0.5mm
C C8 round, white, 1Imm
C C9 oval, white, 0.5mm
C C10 oval, brown, 1mm
C Cl1 round, white, 1.5mm
C C12 oval, brown, 1.5mm
C C13 round, white, 2mm
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C C14 round, white, 0.5mm
C Ci15 round, white, 1.5mm
C C16 round, white, Imm
C C17 round, white, 0.5mm
C C18 oval, brown, 1mm
C C19 oval, brown, 1mm
W W1 Round, white, 1.5 mm
W W 2 Round, white, 1.5 mm
W W3 Round, brown, 1 mm
w W 4 Round, white, 0.5 mm
w W5 Round, white, 1 mm
w W 6 Round, white, 1.5 mm
W W7 Round, white, 1 mm
w W 8 Oval, brown, 1 mm
w W9 Round, brown, 0.5 mm
w W 10 Round, white, 2 mm
W W11 Round, white, 1 mm
W W 12 Round, white, 1 mm
G G1 Round, white, 1.5 mm
G G2 round, white, Imm
G G3 round, white, 1mm
G G4 round, white, 1Imm
G G5 round, brown, 2mm
G G6 round, white, Imm
G G7 Irregular, white, 2.5mm
G G8 Oval, white, 1 mm
G G9 Round, white, Imm
G G10 irregular, white, 1.5mm
G G11 Irregular, white, 3mm
G G12 Oval, white, Imm
G G13 oval, white, Imm

G G114 round, white, 1mm
G G15 round, white, 0.1mm
G G16 round, white, 0.1mm
G G17 Round, white, Imm
G G18 oval, white, Imm

G G19 irregular, white, 2mm
G G20 Round, white, Imm
G G21 round, white, Imm
G G22 round, white, 0.1mm




Table 6: Group B: colony description of shape, colour and size

SAMPLE COLONY SHAPE, COLOUR, SIZE
S S1 irregular, white/brown, 3mm
S S2 round, brown, 2mm
S S3 Oval, brown, Imm
S S4 round, white, Imm
S S5 irregular, white, 1.5mm
S S6 round, brown, 1mm
S S7 Oval, brown, Imm
S S8 round, brown, 3mm
S S9 irregular, brown, 1Imm
S S10 irregular, white, 3.5mm
A Al round, brown, 1.5mm
A A2 round, white, 1.5mm
A A3 round, white, 2mm
A A4 round, brown, 1.5mm
A A5 Oval, brown, Imm
A A6 oval, brown, 1mm
A A7 round, white, 2mm
A A8 Oval, brown, Imm
A A9 oval, brown, 1Imm
3S 3S1 round, white, 0.5mm
3S 352 round, brown, Imm
3S 3S3 oval, brown, 1mm
3S 3S4 oval, brown, 1mm
3S 3S5 oval, brown, 1mm
3S 3S6 irregular, brown, 1mm
3S 3S7 round, white, 0.5mm
3S 3S8 round, brown, 1.5mm
4B 4B 1 oval, brown, 1mm
4B 4B 2 round, white, 3mm
4B 4B 3 round, white, 0.5mm
4B 4B 4 round, brown, 1mm
4B 4B 5 round, brown, 1.5mm
4B 4B 6 oval, brown, 1mm
4B 4B 7 Round, brown, 1 mm
4B 4B 8 Round, white, 1 mm
4B 4B 9 oval, brown, 1 mm
4B 4B 10 Round, white, 1.5 mm
5BL 5BL 1 round, brown, 1.5mm
5BL 5BL 2 Irregular, brown, 1.5mm
5BL 5BL 3 round, brown, Imm
5BL 5BL 4 oval, brown, 1.5mm
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5BL 5BL 5 round, brown, 1.5mm
5BL 5BL 6 round, brown, 0.5mm
5BL 5BL 7 Round, white, Imm
6L 6L 1 oval, brown, 1Imm
6L 6L 2 round, brown, 1.5 cm
6L 6L 3 round, brown, 1Imm
6L 6L 4 round, brown, 1.5mm
6L 6L 5 round, brown, Imm
6L 6L 6 round, white, 0.5mm
6L 6L 7 round, brown, 3mm
8vCC 8vCC1 round, white, 2mm
8vCC 8VCC 2 oval, brown, Imm
8vCC 8VCC 3 oval, brown, 1.5mm
8VCC 8VCC 4 oval, brown, 1Imm
8vCC 8VCC 5 round, white, 0.3mm
8VCC 8VCC 6 round, white, 3mm
8VCC 8vVCC 7 round, brown, 1mm
8VCC 8VCC 8 irregular, white, 1.5mm
9BCC 9BCC 1 oval, brown, 1mm
9BCC 9BCC 2 oval, brown, Imm
9BCC 9BCC 3 round, white, 2mm
9BCC 9BCC 4 oval, brown, Imm
9BCC 9BCC 5 irregular, white, 1.5mm
9BCC 9BCC 6 round, white, Imm
9BCC 9BCC 7 oval, brown, Imm
9BCC 9BCC 8 round, brown, 1mm
9BCC 9BCC 9 Irregular, white, 2mm
9BCC 9BCC10 oval, brown, 1Imm

37



Table 7: Group A: isolate description of size and shape

COLONY GRAM SIZE SHAPE
(micron)
SB1 + 5 Rods/chains
(intracellular inclusion?)
SB 2 + 4 Rods
SB3 + 3 Rods
SB4 ? 35 Rods/chains
SB5 ? 2 Rods/chains
(intracellular inclusion)
SB 6 + 25 Rods
(intracellular inclusion)
SB7 + 4 Rods
SB8 ? 2 Rods
(intracellular inclusion)
SB9 ? 2 Rods (single)
(intracellular inclusion)
SB10 + 2 Rods in chains
(intracellular inclusion)
SB 11 + 25 Rods
SB 12 + 25 Rods/chains
SB 13 - - -
SB 14 + 3 Rods
(intracellular inclusion)
C1 + 3 Rods
(intracellular inclusion)
c2 + 2 Rods
(intracellular inclusion?)
C3 + 1.2 Coccus/chains
c4 ? 2 Rods
(intracellular inclusion)
C5 ? 3 Rods
(intracellular inclusion)
C6 + 25 Rods/chains
(intracellular inclusion?)
c7 + 3.5 Rods
(intracellular inclusion)
C8 ? 3 Rods
C9 + 3 Rods
(intracellular inclusion)
C10 + 4 Rods
C11 - - -
C12 + 2 Rods
(intracellular inclusion)
C13 ? Rods
(intracellular inclusion)
C14 ? 25 Rods
(intracellular inclusion)
C15 ? 2 Rods
(intracellular inclusion)
C16 ? 25 Rods
(intracellular inclusion)
C17 + Tetrads
C18 - - -
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C19 + 2 Rods
W1 + 2 Rods in chains
W 2 + 2 Rods in chains
W3 ? 2 Rods
(intracellular inclusion)
W 4 ? 3 Rods
(intracellular inclusion)
W5 + 2 Rods
(intracellular inclusion?)
W 6 ? 2.5/4 Rods
(intracellular inclusion)
W7 ? 3 Rods
(intracellular inclusion)
W 8 ? 2 Rods
W9 - - -
W 10 ? 15 Rods/chains
(intracellular inclusion)
W11 ? 3 Rods
(intracellular inclusion)
W 12 ? 2 Rods
(single)
(intracellular inclusion?)
G1 + 2 Rods in chains
G2 + 1 Coccus
G3 + 1 Coccus/chains
G4 + 1 Coccus/chains
G5 + 1 Coccus or small rods
G6 + 1 Coccus/chains
G7 + 1 Coccus/chains
G8 + 1 Coccus
G9 - - -
G10 - - -
G1l1 - - -
G12 + 2 Rods
G13 ? Coccus or small rods
G14 + 1 Coccus/chains
G15 + 2-3 Rods
G16 + 1 Coccus/chains
G17 + 1 Coccus/chains
G18 + 1 Tetrads
G19 + 1 Coccus/chains
G20 + 1 Coccus/chains
G21 ? 1 Coccus/chains
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Table 8: Group B: isolate description of size and shape

COLONY GRAM SIZE SHAPE
(micron)
S1 + 1 Rods/chains
S2 + 2 Rods/chains (intracellular
inclusion?)
S3 + 1 Rods/chains
S4 + 1 coccus
S5 + 1 Rods/chains
S6 + 2 Rods/chains
S7 ? 3 Rods/chains
(intracellular inclusion)
S8 ? 3 Rods/chains
(intracellular inclusion)
S9 ? 3 Rods/chains
(intracellular inclusion?)
S10 + 1 Coccus
Al ? 2 Rods
A2 ? 1 Coccus/chains
A3 + 1 Coccus/chains
A4 + 1 Coccus/chains
A5 + 1 Coccus/chains
A6 + 1 Coccus/chains
A7 + 1 Coccus/chains
A8 ? 1 Coccus/chains
A9 + 1 Coccus/chains
3S1 + 1 Coccus/chains
3S2 + 1 coccus
3S3 + 1 coccus
3S4 + 1 coccus
3S5 ? 1 coccus
3S 6 + 1 Coccus/chains
3S7 + 1 Coccus
3s8 ? 2 Rods
4B 1 + 3 Rods
(intracellular inclusion?)
4B 2 +/? 2 Rods
(intracellular inclusion)
4B 3 + 3.5 Rods
4B 4
4B 5 + 2 Rods
Filamentous colony
(intracellular inclusion)
4B 6 + 2 Rods
(intracellular inclusion)
4B 7 + 2 Rods
(intracellular inclusion)
4B 8 20+ 25 Rods
4B 9 + Tetrads
4B 10 ? 3 Rods
5BL 1 ? 25 Rods
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(intracellular inclusion)

5BL 2 + 1 Coccus/chains
5BL 3 + 1 Coccus/chains
5BL 4 ? 1 Coccus/chains
5BL 5 ? 1 Coccus/chains
5BL 6 + 2 Rods
5BL 7 + 2 Rods
(intracellular inclusion)
6L 1 + 1 coccus
6L 2 + 1 Coccus/chains
6L 3 ? 3 Easts
6L 4 Rods + Coccus
6L5 + 1 Coccus/chains
6L 6 + 3 Rods
6L 7
8vCC1 + 2 Rods
8VCC 2 + 1 Coccus/chains
8vCC 3 + 2 Rods
8vVCC 4 ? 3 Rods
8VCC5 ? 3 Rods
(intracellular inclusion?)
8VCC 6 ? Tetrads
8vCC 7 ? 4 Rods
(intracellular inclusion)
8vCC 8 ? 4 Rods
9BCC 1 + 4 Rods
9BCC 2 ? 1 Coccus/chains
9BCC 3 + 1 Coccus/chains
9BCC 4 + 1 Coccus/chains
9BCC 5 + 1 Coccus/chains
9BCC 6 ? 1 Coccus
9BCC 7 + 1 Coccus/chains
9BCC 8 ? 1 Coccus/chains
9BCC 9 + 1 Coccus/chains
9BCC10 + 1 Coccus/chains
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CHAPTER I

Isolation of polyphosphate-accumulating
Lactic Acid Bacteria

from natural whey starters

This Chapter has been publishedMilchwissenschaft(2005)
Vol. 60, N.3, pag. 256-258
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The isolation of LAB as described in Chaptewdis the key factor
in the phage infection study of this research.

In the same time the microscopic examinatiowegjetative cells
as reported in the previous chapter showed theepces of
intracellular inclusions in the most part of theladed LAB.

Since inclusion bodies in LAB have never beescdbed before,
we also focused our attention on their characténisaand details

and results are showed in this Chapter.

ABSTRACT

Natural water-buffalo whey starters are used inntla@ufacture
of Mozzarella cheese in Southern Italy. Microscagt@amination of
twelve commercial whey starters revealed high comagons of
lactic acid bacteria, in particular lactobacillpntaining inclusion

bodies.

Differential staining techniques revealed thme inclusion bodies
contained high concentrations of polyphosphatey@ol Because of
the potential role of polyP in intracellular pH ¢, the presence
of this polymer in starter bacteria may be an emmental
adaptation to the typical high acidity storage d¢bons of natural

starters.
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INTRODUCTION

Natural whey starters, despite their unpredictgg@gormance,
are still used extensively in the manufacture ofzkéoella cheese
using milk obtained from water buffaloeBubalus arnee)in
Southern Italy.

Water-buffalo whey starters are derived from theewlof a
previously successful batch of cheese and are génetored at
ambient temperature for 24 h prior to use. Retfyilittle research
has been undertaken on these natural starterfidéyate known to
contain leuconstocs, lactobacilli, lactococci andeq@iently
streptococci (Coppola S., Parenteetal, 1988).

During a study to characterise the bacteriophagsithaty of
strains isolated from whey starters we observegelarumbers of
LAB containing inclusion bodies. Inclusion bodi® often found

in bacteria grown under certain conditions and mayomposed of

the biopolymers poly-hydroxybutrate, polyphosphate, sulphur,

lipid or polysaccharide. Large inclusion bodies malso be
mistaken for endospores. Using specific staininghhegues it is

possible to distinguish and identify the inclushmdies present.

In this communication we provide information thaggest that
many lactobacilli, and perhaps lactococci, presenwater-buffalo
whey starters contain inclusion bodies of polyplhase and

speculate on the environmental significance offinding.
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MATERIALS AND METHODS

Source and treatment of whey startertste details of this section

have been described in Chapter Il

Isolation and characterisation of LABthe details of this section

have been described in Chapter Il

Staining methods The presence of endospores was examined by

the Schaeffer-Fulton procedure, using hot malaaipigzn staining
with safranin counter stainDoetsch et al 1981). Poly-b-
hydroxybutrate (PHB) was assessed under fluoresdayndlile Blue
staining (Ostleet al 1982 ).

Polyphosphate (polyP) was investigated using bo#hisdér
staining (Gurr, 1965) and ¢8-Diamidino-2-phenylindole
dihydrochloride (DAPI), fluorescence (Streichetral, 1990). DAPI
stains DNA blue. Due to the similar propertiespofyP, a yellow
fluorescence of DAPI-polyP was detected by using PDAat
50ug/ml.  Fluorescent cells were visualised usingeaca DMR
microscope (Leica Microsystems Ltd., Heerbrugg,t&svland) with
a Leica DC 300F digital camera and Leica IM1000gendanager

software.
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RESULTS AND DISCUSSION

Microscopic examination of the Group A and GroustBrters
revealed that a large number of the lactobacila. (60%) had
inclusion bodies. This finding was unexpected. m&oof the
lactococci also appeared to contain inclusion 8t because of
their small size, we could not confirm this unequally. The
presence of inclusion bodies was not dependent@mtly in water-
buffalo milk, they were apparent in cultures progagd in MRS
broth. This property appeared to be stable sinckision bodies

were apparent after several subcultures in MRS.

Preliminary experiments using Schaeffer-Fulton esag
confirmed that the inclusion bodies were not endosf Staining
with Nile Blue also gave a negative result, indimgtthat the

inclusion bodies did not contain PHB.

Using Neisser staining, inclusions appeared purfaek-
characteristic of polyP. Inclusions had a polarat@mn and were
often numerous in ZW-9 and 9BCC-4, a lactococduasthe case of
isolates W-4, 4B-10 and 5BL-6 single inclusion asgli almost
completely occupying the cell volume, were alsoiobs, again this
is also consistent with polyP. Typical results grneen in figure 1.
These inclusions were subsequently confirmed agPpbly their
unique yellow fluorescence under DAPI staining.

The occurrence of intracellular polyP in theseated may be
significant. PolyP is known to be involved in phbafe, ATP

regulation and in adaptation to stress conditiongnvironmental
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microorganisms (Kornbergt al., 1999). The reason for such high
polyP accumulation in these isolates, especially,WH-10 and
5BL-6 is unknown and will require further study. u® to the
multifunctional nature, and complexity of polyP meblism in
microorganisms it is often difficult to attributee accumulation of

polyP to one specific role or function.

At a low environmental pH, polyP accumulation magdtion in
several ways including intracellular pH regulatiorgnergy
conservation and/or regulation of key stress safvigenes
(Kornberget al.,1999).

PolyP may assist in regulation of pH in a low pHieamment,
countering a drop in cytoplasmic pH. During sysikef negatively
charged polyP by polyphosphate kinaséjdtis may be trapped as a
counterion in polyP, balancing the negative chavfeolyP, and

preventing the drop or decrease in pH that woulimtise occur

due to influx of H ions. A role of polyP has been postulated for the

maintenance of intracellular pH 8accaromyces cerevisiédBental
et al, 1991),Dunaliella salina(Castroet al, 1995) andBurkholderia
cepaciaAM19 (Mullan A., McGrath J.Wet al 2002).

The detrimental effects of storing starter cultuesler low pH
and at elevated temperatures on their subsequewntigand acid-
producing potential are well documented (Lawreeical, 1976).
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CONCLUSIONS AND CONSIDERATIONS

Since natural whey starters are subject to variaitgage

temperatures under high acid conditions for extdnperiods and

generally function satisfactorily, it would appetrat they have

some resistance to the detrimental effects of fagidity.

It Is

possible that the polyP metabolism of these stwan@y contribute,

at least in part, to this resistance. Obvioustyhier study is required

to confirm this hypothesis.

Table 1: Reaction of typical isolates to stains

Stain
Isolate S?:Tj?t%faer' Nile Blue Neisser DAPI
(Spore) (PHB) (PolyP-) (PolyP-)

Lactobacillus
(unclassified) - - + +
ZW-9
\|7\e/ac4tobacnlus fermentum i i et 44
Iigctlc())bacnlus paracasei* i i St et
Iégclz_t%bacnlus fermentum i i et it
Lactococcus lactis
biovariantcremoris - - + +

9BCC-4

Notes

* Genus and species identity confirmed by commercial 16S rBé&% sequence analysis

- no reaction

-+ positive reaction, +++ high concentration detected
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Fig 1: Detection and confirmation of
polyphosphate inclusions in lactobacilli
from whey starters. Purple/black inclusions
of polyphosphate observed under

Neisser stain Al.actobacillus paracasetB-10,

B, Lactobacillus fermentunbBL6. Yellow

fluorescence of polyphosphate under DAPI
staining CLactobacillus paracasetB-10,
D, Lactobacillus fermenturbBL6.
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Fig. 2

Fig. 2: Mix culture of LAB

withinclusion bodies

Fig. 3. Lactobacillus fermentum

with inclusion body

Fig. 4 Lactobacillus para paracasei

with inclusion bodies
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CHAPTER IV

Isolation and characterization of
Two lytic bacteriophages Apr-land Apr-2
of Lactobacillus brevidrom natural cultures utilized
as starters in the manufacture of

buffalo Mozzarella cheese
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ABSTRACT

Twelve samples of wheys used as source of rlailc starter
cultures for the manufacturing of the water buffaltozzarella
cheese and implicated in fermentation delay and poete
fermentation failure during the coagulation phaé¢he milk were
screened for bacteriophage infection. Two phageBveacon
Lactobacillus breviswere isolated from one sample and their
phenotypic and genotypic features were investigaidukir life-
cycles have been evaluated at 30 and 37° C.

The lytic-cycle of the bacteriophages has beemahstrated by
the over lysis of the host after three hours otibation in PLGYG
broth.

Sodium dodecyl sulfate polyacrylamide gel elgatioresis (SDS-
PAGE) showed one major structural protein of appnaxely 32.5
kDa and several minor proteins. The genomes, appaigly 31.4
kb and 31 kb long, were double-stranded linear DiN#ecules with
a pactype system. Phages spreading into the wild whéiues
used as starter during the production of the chasseesponsible of
the unsuccessful curdling of the milk and adversafiect the
acidification phase. This is the first report oé lsolation of virulent
lytic Lactobacillus breviphages isolated from buffalo whey starter

cultures.



INTRODUCTION

Buffalo mozzarella cheese is a particular kiriditalian “niche
product”, an unripened “pasta filata” cheese preduwith raw and
whole buffalo milk. It is traditionally manufactudein order to
ensure its unique organoleptic characteristics. giined the
recognition of the D.O.P. mark ( Protected Denomnomaof Origin)
in 1996 and all the phases of the production agala¢ed by precise
rules according to the D.P.C.M. 10/5/1993 (G.W210, 17/9/1993).

The coagulation of milk is the most importantaph that occurs
during the manufacture of cheese. In the Buffalzzacella cheese
the acid development during cheese making is giahtenatural
starter cultures that derive from the whey of avimes successful
batch of curdle, stored at ambient temperature2foh prior to be

used.

Slow acid production has an important negatiffece on the
cheese making. Between all the causes of slow@oduction, the
most common are: natural inhibitors in milk, argis and
infection by bacteriophages (Fox P.F., Guinee &tRl 2000).

It is well known that bacteriophage infection isitgucommon
among LAB and it is a serious problem when it afethe

coagulation phase of the cheese manufacturing.
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MATHERIAL AND METHODS

Source and treatment of whey startethe details of this section

have been described in Chapter II.

Isolation and characterisation of LABthe details of this section
have been described in Chapter Il.

All the 156 colonies of LAB isolated as reported Gimapter Il
have been screened for phage sensitivity by udwegtechniques
described in the following paragraph.

Growth curve of the strain 8VCC-1 was carried loy testing its
growth at 30°C in MRS broth in 24 h and periodigaiieasuring the
O.D. 600 by Thermo Spectronic.

Spot assay and plaque assayhe two groups of whey samples
were tested to evaluate bacteriophages presespet (@ssay). They
were thawed at 37°C, micro filtered (0.45 micronjl atored at 4°C
prior to be tested. M17 soft agar (2.5 ml) consdyaheated at the
temperature of 46°C by heating blocks was inocdlatgh each one
of the 144 colonies and with Ca@.185 M. The media was poured
onto M17 agar plates (Terzagtt al, 1975). The plates were tested
with a drop of each whey and incubated aerobicl§0° and 37° C
for 24 hours.

Streptococcus salivarius thermophilsisains (12) were screened
by using B-Elliker media.
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The proof of bacterial sensitivity to phage aifen is showed by
an irregular zone of clearing on the plate wheeewimey has been
spotted as consequence of phage activity agaesttain.

“Plaque assdywas carried out in order to evaluate the original
phage titre by plaque counting. A “plaque” is allis circular area
of clearing in the confluent bacterial growth calibg cellular death
as consequence of virus replication inside a sigedfrain of
bacteria called “host” and it can be or not surdmthby a zone of
secondary lysis.

Dilutions of the whey from Group A that showedrtfect and lyse
one strain among the 156 isolates were prepardd MRD. M17
soft agar (2.5 ml) constantly heated at the tempeod 46°C by
heating block was inoculated with the host (st&CC-1 isolated
from a whey sample of group B), Ca0L185 M and with one ml of
each dilution of the whey. The media was then pbuweto M17
agar plates (Terzagkt al,1975) and incubated at 30° and 37°C for

24-48 h. Plagues were finally counted.

To screen the host specificity of the isalaphages, we tested
them with a pool of fifteen lactobacilli of the UQ private
collection. Seven were strains lodictobacillus brevisand the others
werelLactobacillusspp. We chose also three strainsattobacillus
plantarium since a cross activity betwedractobacillus brevis
Lactobacillus plantarunand their bacteriophages was described by
Lu et al. (2003).

Phage propagation We used PLGY@rothin order to increase

the phage titre of the whey that showed to inhht starter cultures’



growth. An aliquot of 10 ml of PLGYG broth was indated with
the sensitive starter culture (strain 8VCC-1 grawi17 broth for
14-18 h), whey sample and Ca@.1 M. The broth was then
incubated at 30° and 37° C for 6 hours. The meds wicro-
filtered (0.45 micron) and the titre was tested gdgque assay

following the procedure described before.

Analysis of phage genomeMore phage genetic features were

investigated in the Microbiology Laboratories ofetltniversity
College Cork in the Republic of Ireland.

Six plaques were randomly chosen and the six Igsatere
consequently tested by digestion of their DNA exticans with ten
restriction enzymes: EcoRV, EcoRI, Alul, Hinfl, Hihl, Pst I,
Sau3Al, BamHI, Sal | and Kpn. DNA samples digesteth each
one of the restriction enzymes were, and not, stdgeto a 10 min
heating treatment at 65° C in order to evidence pghesence of
cohesive ends and consequently differentiate betvweetype or
costype phages (Forsemanal, 1991).

DNA fragments were separated by agarose (1% vge)
electrophoresis in Tris-acetate-EDTA buffer anduslgzed by
ultraviolet light after staining with ethidium brode.

DNA standard fragments of DNA molecular weigharker X
(Roche) were used to calculate the size of thenfeads. Genome
length was estimated by the sum of molecular wsightfragments
generated by digestion.
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Concentration and purification of phages Two of the lysates
that showed different genetic profiles have bednjestied to high
scale purification.

High titre phage suspensions were obtained byguBPLGYG
broth up to 1.5 L of phage lysate. Final phagedithad values of
10° pfu/ml for both lysates.

NaCl was added to a final concentration of 0.5 aAd
centrifugation was used to remove cellular debris.

PEG 8000 was added to the lysates followed hbyribegations,
TBT pellets reconstitutions and chloroform purifioa.

Ultracentrifugation tubes were progressivellell up with lysate
suspention, 3M CsClI, 5M CsCl and TBT over the topat-sealed
and followed by ultracentrifugation at 340§@or about 150 min.

Upper and lower phage bands were successivélgatad through
the plastic tube by syringe and the phage lysam® wonsequently
purified over night at 4°C in dialysis cellulosdés.

Analysis of phage structural proteins Each one of the two
purificated phage dilutions were subjected to S2&E (Laemmli,
1970). The bands were stained with Coomassiednillblue R250,
followed by destaining with 10% glacial acetic acad 10%
iIsopropanol. Prestained molecular weight marker wasd to

calculate the size of the phages proteins.

Electronic microscopy Bacteriophage morphology was analyzed
by transmission electron microscopy (Université Québec-INRS
Institut Armand-Frappier, Québec, CANADA).



RESULTS

Phage isolation and plaque formatiorfhe growth of one culture
among 156 isolates was clearly inhibited when i vested with one
of the whey samples from Group A.

The host (8VCC-1) was isolated from one whey samplgroup
B and identified asLactobacillus brevisby 16S rRNA gene
sequence analysis performed by using Applied Biesys
MicroSeq microbial analysis software and database (MIDId,ab
125 Sandy Drive, DE 19713, N.Y., U.S.A)).

In Fig. 5 we show the growth curve of the hasictobacillus
brevis8VCC-1.

Plaque formation was observed when the platee wmeubated at
30° and 37°C. The plaques were very small and wittlzones of
secondary lysis (Fig. 6).

The results concerning the values of bacteriophtige in the

infected whey from group A are expressed in table 1

Because of the low titre of bacteriophage rladedrom the
microbiological methods, we propagated the virusm@PLGYG
broth.

The results are showed in table 2. This teclenidetermined the
increasing value that is generally expected witts¢hmedia. The
activity of the two phages characterized by overslyf the hosts in
only three hours of incubation during the propamativas indicative

of a lytic-cycle of replication.
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Spot and plague assays by using the strains of(QJ.@rivate

collection as hosts for testing phage specificieyevall negative.

Characterization of phage genom@&he digestions of the DNA
extracted from six lysates with the ten restrictemzymes did not
give results when the enzymes Sau3Al, BamHI, Sald Kpn were
tested.

On the basis of the results of the genomic pagteelated to the
other seven restriction enzymes used (EcoRV, EcARIl, Hinfl,
Hindlll, Pst | and BamHI) we grouped the six lysatato two
groups, each one including three lysates. Thedgsalated with the
same group had no genomic differences. The mosifis@tive
difference between the two groups was showed byband of 2700
bp obtained by digestion with enzyme EcoRV and Wes revealed
only in 3 lysates among the six tested.

From these results we can affirm that the wheptained a
mixture of two different phages that had verydittlifferences when
their restrictions enzymes profiles were compared.

The two phages have been namégpr-1and Apr-2.

The genome size of Apr-1 and Apr-2 were estimated by the
sum of molecular weights of fragments generatediggstion. The
genome lengths were approximately and respectofeBi.4 kb and
31 kb. The most important difference betweefspr-1 and Apr-2
was shown by EcoRV digestion and one band more desescted
(2700 bp) for Apr-1.
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The DNA of Apr-1 and Apr-2 did not show any heat-inducible

fragment-dissociation with any of the other seveestdd

endonucleases: this is indicative f@ctype phage genomes.

1 2 3 4 5 6 78 9 10 11 12 13 14 15

Fig. 1 Agarose gel electrophoresis ofApr-2 DNA digested with differer
restriction enzymes. Lanes 1 and 16: Marker X; lanes 2 and 3: Ean®¥coR\
65°C treatment; lanes 4 and 5: EcoRI| and EcoRI 65°C treattaers 6 and
Alul and Alul 65°C treatment; lanes 8 and 9: Hinfl and Hinfl 65f€atment
lanes 10 and 11: Hindlll and Hindlll 65°C treatment; lanes 12 and iKafd
Pstl 65°C treatment; lanes 13 and 15: Sau3A and Sau3A 65°@édrdat

16
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3054 bp
2036 bp
1636 bp

1018 bp

517 bp

Fig. 2 Lane 1: Marker X; lanes
and 3: Apr-2 DNA tested witt
EcoRVY and EcoRV 65
treatment; lanes 4 and 5: Apr-1
DNA tested with EcoRV an
EcoRV 65°C treatment

Protein composition of Apr-1 and Apr-2 The SDS-PAGE
profiles of Apr-1 and Apr-2 contained one major protein with
molecular weight of 32.5 kDa (Fig. 3).

Apr-1viral particle had 23 other minor proteins of 1585, 103,
78.8, 66.2, 57.2, 54.7, 50, 45, 43.7, 42.5, 3%,330.5, 30, 28, 27.5,
25, 22.8, 13.5, 11.5, 10.5, 6.5 kDa for a totalenolar weight of
1152 KDa.

Apr-2 protein profile contained other 14 proteins of 163.7,
52, 50, 43.7, 38, 30.5, 28, 24, 22.8, 13, 12, 1005kDa for a total
molecular weight of 524.7 KDa.
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Fig. 3  Structural protein:
Lane 1: Molecular weigt
protein marker; lane 2: Apr-
1; lane 3: Apr-2
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Morphology After examination at electronic microscopeApr-1
and Apr-2showed a very similar morphology (Fig. 4).

Many round and empty virus particles were foundclusters
associated with large proteinous aggregation.

They revealed and isometric and hexagonal héatbaut 45 nm
in diameter and a short noncontractile tail of @dfunm of length
A complex base plate on the tail was clearly visibl

The phages were ascribed imoorphotype C1 according to
Ackermann and Du Bow (Ackermanat al 1986) or to the
Podoviridae family according to the International Committee on

Taxonomy of Viruses (Matthews, 1982).

b)Particular from a)

Fig. 4 Electron micrograph dfactobacillus breviphageApr-1
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CONCLUSIONS AND CONSIDERATIONS

Mozzarella made from raw and whole water boffailk is one of
the most appreciated and highly valued Italianllcbaese.

We analysed some of the causes that could lead dlow acid
production as recently noticed in Southern ltaly.

Bacteriophage infection is still one of the mmajcauses of
acidification defaults and it was investigatedhis tstudy.

The results were exhaustive and we observeddheity of two
lytic bacteriophages against a particular straitactic acid bacteria:
Lactobacillus brevis No studies have been carried out before on
bacteriophages from water buffalo milk and verylditis known
about lyticLactobacillusspp. phages. This is the first report of the
isolation of lytic Lactobacillus brevisphages from buffalo “wild”
starter cultures and we provide in this study tinst information
about their identification and characterization.

Interesting is the relatively small size of tpaques and the
absence of surrounding zones of secondary lyssptttern can be
indicative of some phage typical characteristicat theed to be

confirmed.

Another interesting aspect of this founding att the host
Lactobacillus brevis (8VCC-1) was isolated from osemple of
whey collected from the same dairy farm from whég-1 and
Apr-2 phages have been detected. We need to underlinevithia

Apr-1and Apr-2 derive from one sample of whey pointed out as
responsible of acidification failure during buffaléozzarella cheese

making, the hostLactobacillus brevis was isolated from one
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sample of whey coming from the same dairy farmrmitshowing
any anomaly during the cheese production by the the whey was

collected.

On the basis of our results we can conclude that phage
infection is the main cause of the coagulation [@mwobthat some
factories are recently reporting during the proaurcof the buffalo
Mozzarella cheese.

Currently more research is being carried out épr-1and Apr-
2 and their sensitivity to different environmentatess factors in
order to prevent their activity and to minimize thesk of
fermentation delay and complete fermentation failtirat they can

cause during the cheese manufacturing.

Table 1: Bacteriophage titre (Apr-1 + Apr-2) in the
infected whey of group A

T Host
8VCC-1

(ufp)
30° 3*10°
37° 6 * 10"
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Table 2: Bacteriophage titre after four progressive propagations using BLitsoth.

The host id.actobacillus brevisthe only strain that showed phage-sensitivity (8VCC-1)

T 2°P 3P 4° P
(ufp) (ufp) (ufp)

37° 1.4* 10 2.4*10 4.3*10

30° 6*10 10° 10°

Fig. 5. Host's (8VCC-1) growth curve

O.D.

1,137

0,937

0,737

0,537

0,337

0,137

-0,063

Lb.brevis ' growth curve

6 8
Time/h

10 15

18

24
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Fig. 6. Plaque assayost 8VCC-1 tested with the whey
from group A infected by bacteriophages
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CHAPTER V

Inactivation of lytic bacteriophages
Apr-1and Apr-2 of Lactobacillus brevis
isolated from natural whey of buffalo milk

by pasteurization and high pressures

68



ABSTRACT

Phages Apr-1 and Apr-2 isolated from wild whey starter
cultures are implicated in fermentation delay andmglete
fermentation failure during the production of théfhlo Mozzarella
cheese.

In order to prevent this problem, we tested rémstance of the
two bacteriophages to pasteurization (63° C fom80) and high-
pressure treatments up to 800 MPa. Phage sengifivitboth heat
and pressure treatments was tested in PLGYG brath,buffalo
milk and raw buffalo whey, the latter gave an obyecidea about
phage behaviour in a natural environment.

The results of this research showed a very lEghsitivity of

Apr-land Apr-2to both high temperatures and pressures.

Very interesting was the highest phage thernmal pressure-
sensitivity  when the bacteriophages were testedamples of
whey.
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INTRODUCTION

In a previous study focusing on some of the eaubat were
implicated in the slowing down process of acid depment during
the production of the Italian “Mozzarella di Bufglawo phages

Apr-1 and Apr-2 have been isolated and characterized as
reported in Chapter IV.

They are two lytic phages infecting a strain Lafctobacillus
brevis The images at the electronic micrograph showedanetric
and hexagonal head of about 45 nm in diameter asigdog non—
contractile tail of about 29 nm of length. A complease plate on
the tail was clearly visible. They are ascribedmorphotype C1
(Ackermannet al, 1986) and to th€odoviridae family (Matthews,
1982).

Several authors have experimented the heatiiadon of dairy
phages (Yakivlewet al, 1941; Nicholset al, 1945; Daouset al,
1965; Zottolaet al 1966; Kokaet al 1967; Kokaet al, 1970;
Quiberoni A., Suarez V.Bet al, 1999; Quiberoni A., Guglielmotti
D.M. et al 2002) and few communications have been published
about high-pressure inducing inactivation of pha¢@sox et al,
1992; Moroniet al, 2002; Chenet al, 2004; Mulleret al, 2005;
Avsarogluet al, 2006; Smiddyet al,2006;) but the most part of the
researches were carried out using media differem hatural whey
and milk.

The cheese-makers producing Buffalo Mozzardikese prefer to

use raw milk in order to preserve all the typiclavburs of this
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cheese. In fact the negative effects of the highperature on milk
properties have been extensively studied in thé (REnnenberget
al, 1986; Luceyet al 1993; Walstraet al, 1999).

In contrast high pressure has very little dffeec milk qualities
(Knorr et al, 1993; Lopezt al, 1996; Pattersont al, 1998; Borset
al, 1999; Rademachet al 1999; Needet al 2000) and that is the
reason why we also focused on these treatmentwder to find a
solution to the phage infection still respectinktlaé cheese qualities

that the consumer expects to enjoy when buyingaitaduct.

In this Chapter we analysedApr-1 and Apr-2 sensitivity to
pasteurization and to a large range of high pressur order to
suggest some technigues to minimize the phagetiofem buffalo
milk and whey. In this study we also used natutdfabo milk and
whey samples in order to have objective data apbage and LAB
resistance and activity when pasteurization andh lpigessures are
applied to natural media.

Moreover this is the first report about sengyivto high
temperature and pressures of IWectobacillussppphages isolated

from milk buffalos.
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MATERIALS AND METHODS

Phages, host and media Apr-1 and Apr-2 were propagated in
PLGYG broth. 10 ml of PLGYG broth was inoculatedm®.1 ml
of overnight host (M17 broth), 0.5 ml of 0.1 M Ca@hd 0.1 ml of
each bacteriophage previously propagated in PLGYGthbor
eventually stored in M17 broth. The suspension iwaabated for
maximum 6 hours at 30° C. Generally overlysis aonthmetely
clearance of the media was occurring after only d&iré of
incubation. The lysates were micro filtered usingb0micron filters
in order to remove cells and cell debris.

The titre was tested after each propagationiam@s constantly
10° pfu/ml. These fresh phage dilutions were usechtmiilate raw
buffalo milk and raw buffalo whey prior testing fpasteurization
and high-pressure treatments.

Pure lysates were stored at 4° or stocked &ta@0 -80° C.

The hostlLactobacillus breviswas isolated in MRS agar, GRAM
stained and tested according to the scheme detigdsglllie and
Espie (1992) and updated for this study as reparteGhapter II.
Moreover the host was identified by 16S rRNA gemrguence
analysis performed using Applied Biosystems MicipSenicrobial
analysis software and database (MIDI Labs, 125 pand/e, DE
19713, N.Y.). The host was commonly grown in MR8thrat 30°
or 37° C. Overnight cultures for spot assay andjydaassay were
grown in M17 broth at 30° C for 14-16 hours. Puodonies were
stocked at -20° and -80° C in MRS or M17 broths.
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The raw buffalo milk and the raw whey used éaroculated with

Apr-1and Apr-2before thermal and pressure tests were collected
from a pool of dairy factories of the South of ytaransported to the
Department of Zootechnical Sciences and Food Iiigped-aculty
of Veterinary Medicine, Naples, Italy, to be froz&n-20°C and then
transported frozen and refrigerated using solitt@ardioxide to the
Microbiology Department of University College Coro. Cork,
Cork, Republic of Ireland. These whey samples vagferent from
the ones of the groups A and B mentioned in Chdpter

In order to be inoculated with the phage8pr-1 and Apr-2,
frozen samples of milk and whey were thawed at@#t water bath

and kept in ice until phage inoculation.

Thermal treatment Three different samples were tested for each
phage: the phage lysate in PLGYG broth as frompilopagation,
raw buffalo milk and whey infected with phage. Tivas carried out
for both Apr-1and Apr-2 and the starting titre of bacteriophages
chosen for all the samples before the treatmentMgfu/ml. The
phage titre in the whey from where the phages Westy isolated
was 16 pfu/ml; we decided to use an higher starting-ticehave a
better idea of the hypothetical phage sensitivity.

For each phage the three suspensions (lysatearmd whey after
infection) were filled into eppendorfs with an imm@lume of 1.5 ml
so that no head space was left. All the sampleg Weated at the
temperature of 63°C for 30 min by using heatingchkloThis
treatment is the equivalent of the pasteurizatiawtess (@ 71.7° C
for @ 15 sec) applied to milk during the productioh buffalo

Mozzarella even if this cheese is mostly produaednfraw milk.
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The temperature was constantly checked by thernsmeie test
was carried out in duplicate. It took less than inh rfor each
suspension inside the tubes to reach the 63° Cordogly after 1
min control tubes were taken out of the heatingloland the titre
No was checked. Those were reference titres thaesepted the
starting point for the isothermal inactivation (0%

After the treatment all the samples were plaoeide in order to
stop the effect of the high temperature.

Some eppendorfs were filled just with raw budfatilk and whey
in order to compare their Total Viable Count (TVi@)e and LAB
titre before and after pasteurization.

High-pressure treatment High pressure treatments were applied
to both Apr-1 and Apr-2 in three different suspending media,
PLGYG broth (lysate), raw buffalo milk and whey.el'itial titre
of bacteriophages chosen for all the samples bdfwretreatment
was 16 pfu/ml. For each phage, 2 ml of each of the three
suspensions (lysate, milk and whey after infectieye dispensed
into sterile stomacher bags and heat sealed. Thags were
subsequently double and triple packaged to preVests. The
samples were placed in a Stansted Fluid Power &04900 High
Pressure Food Processor (Stansted Fluid Power Bidnsted,
Essex, UK) and treated at pressures in the ranGeMi@a - 800
MPa, with holding times of 10 min.

All HP treatments were performed at 20 adiabatic heating on
compression resulted in an increase in the temyeradf the

processing fluid (by up to 1& at 800 MPa). On depressurisation
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samples were immediately assayed for phage tits#sg uplague
assay.

Some stomacher bags were separately filled naithbuffalo milk
and whey in order to compare TVC and LAB count befand after

high pressure treatments.

Determination of phage titre Bacteriophages Apr-1and Apr-
2 titres tested after pasteurization and high presseatments (200,
400, 600 and 800 MPa) were determined accordintpe¢odouble-
layer method (Terzagleit al, 1975).

Determination of TVC and LAB The coagulation of milk is the
most important phase that occurs during the matwiaof cheese.
In Buffalo mozzarella cheese the acid developmeming cheese
making is granted by natural starter cultures thaive from the
whey of a previous successful batch of curdle,estoat ambient
temperature for 24 h prior to use.

It is for this reason that we also tested soamapdes of buffalo
milk and whey not infected from bacteriophageSpr-1and Apr-

2 in order to estimate the impairment that the ttaramd pressure-

treatments could bring to the useful starter caku

After pasteurization and pressure-treatmentls amd whey were
diluted in Ringer and each dilution was pour-platisthg PCA and
MRS agar (De Mart al, 1960). The plates were incubated at 30° C
for 3 days before counting, MRS plates were incedbain

microaerophilic conditions.
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RESULTS

Phages inactivation by pasteurizatiorFig. 1 shows the effects of
the inactivation of Apr-1 and Apr-2 after the pasteurization
treatment (63°C/30 min).

Apr-1 titre after the treatment was reduced by 2, 3 Arldg
cycles when it was tested respectively in PLGYGlnroatural raw
buffalo whey and natural raw buffalo milk.

Apr-2 titre was reduced respectively by 5, 4 and 2 lpges
when tested with the same media.

Phage Apr-Zesulted more heat-sensitive thaApr-1.

In particular Phage Apr-1showed higher heat-sensitivity in
infected whey than in the lysate in the same treatneconditions.

These result was interesting and not expected.

Pasteurization: phage Apr-1

7,
6,
5 |
Phage titre 41 m lysate
log (pfu/ml) 3 & whey
2] o milk
1
0,
min at 63°C
a)
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Pasteurization: phage Apr-2

7-
6
51
Phage titre 41 B lysate
log (pfu/ml) 3 | & whey
21 0 milk
14
0
0
min at 63°C
b)

Fig 1. Pasteurization treatment effects (63° C/30 min) é&pr-1(a) and Apr-2(b)

TVC and LAB resistance to pasteurizationThe results in Fig. 3
show the reduction of TVC and LAB when pasteuraatireatment
was carried out on whey and milk.

Reduction of 2 and 1 log cycles occurred respelgtfor TVC and
LAB in the whey while reduction of 2 log cycles oced for both
TVC and LAB when milk was tested.
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Pasteurization: whey

6,
5,
4,
log (cfu/ml) 3 mTVC
2 o LAB
1,
0,
0 30
min at 63°C
a)
Pasteurization: milk
log (cfu/ml) Ve
m
o LAB
min at 63°C

b)
Fig. 2: Pasteurization treatment effects (63°C/30 min) on TVC and InARuffalo
whey (a) and buffalo milk (b)
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Phages inactivation by high pressuresThe results of the high
pressure treatments orApr-1 and Apr-2 are shown in Fig. 3. The
pressures used were 200, 400 and 600 MPa. A peest800 MPa
was used only to treat milk infected with phagacsipreliminary
studies demonstrated a stronger phage-protectionilkncompared
to culture broth or whey.

The pressure sensitivities of botlApr-1 and Apr-2 were very
similar. A difference can be observed between g§séateated at 200
MPa: Apr-2was one log cycle less pressure-stable thapr-1.

As for the pasteurization treatment, the twogasaappear more
pressure-sensitive when tested in whey, especdtllyhe lower
pressure values of 200 MPa when a reduction ofg3cieles was
observed. This is again a very important and isterg
characteristic that was not expected and whosefisigmce will be

better explained in the conclusions.

High pressure: phage Apr-1

7,
6,
5,

phage titre 4-

log(pfu/ml) 3 m lysate
21 B whey
L 0 milk
O,

0 200 400 600 800

Pressure (MPa)
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High Pressure: phage Apr-2

7,
6,
5,
Phage titre 4/ m lysate
log(pfu/ml) 3 B whey
2] o milk
1,
0,
0 200 400 600 800
Pressure (MPa)
b)

Fig. 3. High pressure treatment effects (200, 400, 600, 800 MPa) on
Apr-1(a) and Apr-2(b)

TVC and LAB resistance to high pressur@he resistance that
TVC and LAB of whey and milk offered against HiglmeBsure-
treatments of 200, 400 and 600 MPa are shown itFAgain 800
MPa pressure was applied when the milk was tesiedes
preliminary studies demonstrated a baroprotectiffecie of milk
constituents on vegetative bacteria (Elaine P.l8& @l in press).

No reduction in the TVC of whey was observedloiging
treatment at 200 MPa. A reduction of 2 log howewas observed
for LAB.

In milk, 1 log reduction of TVC and LAB was shoviollowing
treatment at 200 MPa. A correlation of about ong teduction
every 200 MPa pressure was observed for milk-TV@expectedly

a 2 log survival was observed in milk up to pressusf 800 MPa.
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This pressure is known to kill most vegetative baat(Huppertet
al, 2006) suggesting that spore-forming contaminang/ have

been present in the raw milk tested.

High pressure: whey

log (cfu/ml)

mTVvC
O LAB
0 200 400 600
Pressure (MPa)
a)
High pressure: milk
6,
5,
4,
log (cfu/ml) 3
9 (chu/ml) ; mTVC
LAB
1] o
0,
0 200 400 600 800
Pressure (MPa)
b)

Fig. 4. Effects of high pressures (200, 400, 600, 800 MPa) on TVC ABd.
buffalo whey (a) and buffalo milk (b)
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CONCLUSIONS AND CONSIDERATIONS

The principle aim of this research was to ingedé the effects
that pasteurization and high pressure treatmems bia the activity
of Apr-1 and Apr-2in order to prevent their negative effects

during the manufacturing of buffalo Mozzarella chee

The results showed phages inactivation by p&dgtion when
infecting whey and milk and comparing the resulfs phage-
sensitivity in PLGYG broth, whey and milk, we derstnated that
for Apr-1the highest reduction grade was noticed when wheesy
pasteurized, with a titre dropping from®1® 1C pfu/ml, 4 log
cycles of reduction were shown by pasteurizing wimégcted with

Apr-2.

Also the results of high pressure treatmentevgatisfactory. The
highest titre-reduction at the high pressure of 20Pa for both

Apr-1 and Apr-2 was noticed when whey was tested and with
values of 3 log cycles of reduction whiléApr-1 and Apr-2 were
only slightly inactivated when 200 MPa were appliedysates and
infected milk.

One more log cycle of reduction was noticed wH&0 MPa
treatment was applied to lysates. These resultveme interesting
since 18 was the initial infective titre of the phages ire thatural
whey from where they have been firstly isolated.

The titres of both the bacteriophages was retifreen 16 to 10
pfu/ml when 400 MPa high pressure was applied ® ittiected

milk.
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The total phage inactivation was noticed for tine phages when
600 MPa was tested on infected whey and milk 0@ Pa on

milk.

Since acid development during cheese makingrandional local
flavours are granted from natural starter cultiin@$ derive from the
whey of a previous successful batch of curdle, 18e tested TVC
and LAB titre in natural media to evaluate the grad impairment
that the same treatments of pasteurization and pighsure could

eventually have on the survival of the useful stacultures.

Comparing the results of pasteurization and pgéssures with
phages and starter culture sensitivities we canclade that a
preventive scheme to avoid the fermentation defathe complete
fermentation failure by Apr-1 and Apr-2 noticed during the
buffalo mozzarella cheese-making could include:

a) Pasteurization of the whey used as starféureusoon after its
separation from the curdle or the day after prieing used to
inoculate the fresh milk or

b) High pressure treatment of 200 Mpa applietheowhey soon
after being obtained from the curdle or after bestgged 24 hours at
room temperature or

c) High pressure of 400 MPa treatment appligthé¢omilk used for
the cheese production or

d) Combining a) (or b) and c)

We would recommend solution b) since high presgione of the
best treatment to be applied in order to keep flavaharacteristics
unaltered and 200MPa could determine a total phagetivation
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associated with a slight reduction of LAB titre.\detheless the cost
of high pressure machine and eventually of spedéchnical
operators should be taken in account and it coaldrerous for the
small dairy farms where buffalo Mozzarella cheesenowadays
mostly produced.

Moreover all these suggestions come from theexgntal results
of this study and their final effect must be comigd in the reality of
the cheese-factory scenatrio.

The results concerning TVC and LAB count after treatments a)
b) and c) suggested as solution for the phage tinfechould not
negatively affect the starter culture activity gnihe reduction of
their titre was very low, up to a maximum of twoglaycles.
Moreover the starting titres of TVC and LAB for whand milk in
this report are underestimate, since the samples kept frozen for
few months before being tested; freezing has ativegaffect on
bacteria.

However if a relevant impairment of the stadeiture activity
would be noticed during the cheese making, theseeplures could
also be associated with a starter culture condsriran the whey.
More studies must be carried out on some of thenigoes that can
be used at this purpose such as a) continue aagdtibn, b) reverse
osmosis (R.0.), c) dialysis d) starter culture pggtion on pH
control. These procedures are based on simpleipaiscand are
easy to be applied to large scale factory cheas#uption.
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CHAPTER VI

GENERAL DISCUSSION

In this research we analysed the principal caussponsible of
fermentation problems during cheese making of thkah “Buffalo
Mozzarella”.

Particular emphasis was given to phage infediane this is still
one of the main reasons leading to acidificatioilufes during

cheese production.

Since phage infection is host specifically rethtwe started our
investigation from isolating LAB from samples of s and testing
the lactic bacteria from wheys that did not show anidification
problems (group B) with the ones that had showtures during
cheese making (group A) in order to evaluate LABg#tsensitivity
and consequently isolate the active phages. 156 pA colonies
were isolated and characterized to genus leveldd8d to species
level.

We noticed a difference in titre between thaltdiRS count of
samples of group A and the ones of group B anc#reentage of
Lactobacilli isolated from the samples of Group Assextremely
higher then Lactococci. In group B Lactococci predh against
Lactobacilli but the discrimination between the tgi@ups was not

very important.
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MoreoverLactobacillus fermentunfgroup A) andLactobacillus
para paracaseigroup B) were the most frequently isolated among
Lactobacilli. Lactococcusvas the most common LAB in the group
B and the species most commonly detected lvearsococcus lactis

cremorisfollowed bylLactococcus lactis lactis.

Spot assays revealed phage-sensitivity of oneinst of
Lactobacillus brevisto two lytic bacteriophages that we named

Apr-1and Apr-2

The two phages were isolated from one sample/iady starter
pointed out as responsible of acidification failudaring buffalo
Mozzarella cheese making and the hasictobacillus breviswas
isolated from one sample of whey deriving from shene dairy farm
from where the phages were detected but from a vgheyple not
showing any anomaly during the cheese productiothbytime the
whey was collected.

These two phages showed a very little differanddeir genomic
patterns and that suggests they could be the refulDNA
modifications of the same virus.

Plaques from Apr-1and Apr-2were relatively small in size and
the absence of surrounding zones of secondary lysidd be
indicative of some bacteriophage typical charasties that need to
be confirmed.

On the basis of our results we can affirm that phage infection
can be considered as the main cause of the comgu@abblem that
some factories are recently reporting in Southéaty Iduring the

production of the buffalo Mozzarella cheese.
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We also investigated the effects that pastetiwizaand high
pressure treatments have on the activity &fpr-1 and Apr-2 in
order to suggest a solution when the problem arises

The results showed phages inactivation by pagtion when
infecting whey and milk and comparing the resulfs phage-
sensitivity of the lysate, whey and milk, we dentoasied that for

Apr-1 the highest reduction grade was noticed when whay
pasteurized, with a titre dropping from®1® 1CG pfu/ml, 4 log
cycles of reduction were shown by pasteurizing wimégcted with

Apr-2.

High pressure treatments up to 800 MPa wereiappb phage
lysates, infected whey and milk. We noticed thehbgj titre-
reduction (3 log cycles) at the high pressure d B{Pa for both

Apr-land Apr-2when infected whey was tested.

These results are interesting sincévi@s the initial infective titre
of the phages in the natural whey from where theyehbeen firstly
isolated.

The titres of both the bacteriophages was retifreen 16 to 10
pfu/ml when 400 MPa high pressure was applied w itffiected

milk.

We also tested TVC and LAB titre in natural nzetli evaluate the
grade of impairment that the same treatments depegation and
high pressure could eventually have on the survofalhe useful
starter cultures from which acid development duchgese making

and traditional local flavours derive.
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Comparing the results of pasteurization and lpgissures with
phages and starter culture sensitivities we sugdesime solutions
when an Apr-1 and Apr-2 infection of LAB is noticed during
buffalo mozzarella cheese-making:

a) Pasteurization of the whey used as starféureusoon after
its separation from the curdle or the day afteophbeing used to
inoculate the fresh milk or

b) High pressure treatment of 200 Mpa appliedh® whey
soon after being obtained from the curdle or afieing stored 24
hours at room temperature or

c) High pressure of 400 MPa treatment applietth¢omilk used
for the cheese production or

d) Combining a) (or b) and c)

We would recommend solution b) since high pressis a
treatment that does not alter flavour charactessti whey and milk
and 200MPa could determine a total phage inactimaéissociated
with a slight reduction of LAB titre.

From a practical and economical side the coshigh pressure
machine and eventually of specific technical ssaffuld be taken in
account and it could be a financial problem forsh®all dairy farms
where buffalo Mozzarella cheese is still mostlyduroed.

From this point of view whey pasteurization abulbe
recommended as an inexpensive solution. Moreoverthase
observations derive from experimental results doail tfinal effect
must be confirmed in the cheese-factory scenario.

The results concerning TVC and LAB count aftére t
treatments a) b) and c) suggested as solutiorhéoplage infection

should not negatively affect the starter culturéivdag since the

88



reduction of their titre was very low, up to a nmaxim of two log

cycles. Moreover the starting titres of TVC and LA whey and
milk in this report are underestimate, since thmmas were kept
frozen for few months before being tested and frephas a
negative effect on bacteria. More studies are atlgrdeing carried
out by evaluating TVC and LAB titres in fresh buéfssamples of
whey and milk and some preliminary results confadmghis

hypothesis, being TVC and LAB titres in fresh saespiuch higher
than the ones derived from the frozen samplesdeastehis research.

However if a relevant impairment of the startetture activity
would be noticed during the cheese making, thequloes a) b) and
c) could also be associated with a starter cultoreentration in the
whey.

More studies must be carried out on some oftélsbniques that
can be used at this purpose such as a) continuefegation, b)
reverse osmosis (R.0.), ¢) dialysis d) starterucalpropagation on
pH control.

These procedures are based on simple prin@palsre easy to be

applied to large scale factory cheese production.

An easy solution that can be also suggestedttaatdis currently
being applied by the dairy farms when an anomalyhéactivity of
the whey starter they use is noticed is represenyechanging the
whey with another from farms whose milk is not ctés.

The guide-lines proposed in this study compjetaspect the
D.P.C.M. 10/5/1993 that regulates the buffalo Meoeglia cheese
production and could help in the future if the pesb of
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fermentation failure by aApr-1 and Apr-2 phage infection should

arise also during the D.O.P. buffalo Mozzarellassgemaking.

For future work we can suggest more investigatib Apr-1 and

Apr-2 genomes and the partial or total DNA sequencings T
analysis in particular could give confirmation abthe lytic-cycle
pattern of the phages since too little is actuipwn about lytic
Lactobacillus phagesand could also confirm the hypothetical
mutation that presumptively leaded to the geneiadure differences
between Apr-land Apr-2described in this study
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