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The present work was undertaken to evaluate the influence of the wooden dairy plant equipment on the mi-

crobiological characteristics of curd to be transformed into Caciocavallo Palermitano cheese. Traditional raw

milk productions were performed concomitantly with standard cheese making trials carried out in stainless

steel vat inoculated with a commercial starter. Milk from two different farms (A and B) was separately pro-

cessed. The wooden vat was found to be a reservoir of lactic acid bacteria (LAB), while unwanted (spoilage

and/or pathogenic) microorganisms were not hosted or were present at very low levels. All microbial groups

were numerically different in bulk milks, showing higher levels for the farm B. LAB, especially thermophilic

cocci, dominated the whole cheese making process of all productions. Undesired microorganisms decreased

in number or disappeared during transformation, particularly after curd stretching. LAB were isolated from

the wooden vat surface and from all dairy samples, subjected to phenotypic and genetic characterization

and identification. Streptococcus thermophilus was the species found at the highest concentration in all sam-

ples analyzed and it also dominated the microbial community of the wooden vat. Fourteen other LAB species

belonging to six genera (Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Streptococcus and Weissella)

were also detected. All S. thermophilus isolates were genetically differentiated and a consortium of four

strains persisted during the whole traditional production process. As confirmed by pH and the total acidity

after the acidification step, indigenous S. thermophilus strains acted as a mixed starter culture.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

In the last few years, the increasing trend of consumers towards

“natural” food products has resulted in a re-discovery and apprecia-

tion of traditional cheeses with a strong typicality. The autochthonous

microflora (starter and non starter) is claimed to play a major role in

the determination of the specific cheese characteristics (Piraino et al.,

2005). For this reason several cheeses, particularly those enjoying a

protected denomination of origin (PDO) status, including “pasta

filata” cheeses, have been investigated extensively for the diversity

of their LAB microflora and the main species have been technologically

characterized at the strain level (Morea et al., 2007; Piraino et al., 2008).

Stretched (“pasta filata”) cheeses owe their designation to the

characteristic technology of production consisting of two distinct

steps, the first leading to a plastic curd and the second to the scalding

of the acidified curd to be molded into the final shape. Following

these steps, the cheese is left to ripen (Salvadori del Prato, 1998). Cacio-

cavallo is one of themost well known “pasta filata” cheeses; it is mainly

manufactured in southern regions of Italy, but also in Balkanian

Countries, where it is known as Kachkaval (Petrova, 1975).

Caciocavallo Palermitano cheese is manufactured within the Paler-

mo province (Sicily, Italy) exclusively from raw cow's milk. This cheese

represents one of the niche Sicilian food products that best links its his-

tory to the production area. In fact, this cheese is manufactured tradi-

tionally in small size farms of inland Sicily where cows of indigenous

breeds, especially Cinisara, are fed mainly on poor natural pasture. The

production protocols of caciocavallo differ from the common technolo-

gy applied for “pasta filata” cheeses, since the majority of caciocavallo

varieties are processed without addition of starter culture or natural

whey starter culture (NWSC). Caciocavallo Palermitano cheese making

is carried out employing traditional wooden dairy equipment which is

thought to contribute strongly to the typicality of the final product

which is parallelepiped-shaped with a weight of approximately 10 kg

(Bonanno et al., 2004; Tornambè et al., 2009).

Several raw milk cheese types are produced without starter addi-

tion; in this case, the activity of indigenous lactic acid bacteria (LAB),

present as contaminants of milk (Franciosi et al., 2009), is important

to ensure the consistent lactic acid production within the first hours

after curdling, in order to inhibit unwanted (spoilage and/or patho-

genic) bacteria (Holzapfel et al., 1995).

The wooden vats used to produce Ragusano PDO, another Sicilian

caciocavallo cheese, represent safe systems, since they have been

found to host high levels of LAB, mainly Streptococcus thermophilus

(Licitra et al., 2007), while pathogens such as Salmonella species,

International Journal of Food Microbiology 155 (2012) 73–81

⁎ Corresponding author. Tel.: +39 091 23896043; fax: +39 091 6515531.

E-mail address: luca.settanni@unipa.it (L. Settanni).

0168-1605/$ – see front matter © 2012 Elsevier B.V. All rights reserved.

doi:10.1016/j.ijfoodmicro.2012.01.022

Contents lists available at SciVerse ScienceDirect

International Journal of Food Microbiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j foodmicro



Listeria monocytogenes and Escherichia coli O157:H7 are generally

absent (Lortal et al., 2009). S. thermophilus is a common species of

NWSC (Settanni and Moschetti, 2010). Thus, it is employed to produce

cheeses that undergo cooking and/or stretching of curd. The work

performed on Ragusano cheese showed the dominance of this species

over other microbial groups, but the authors (Lortal et al., 2009) did

not investigate S. thermophilus biofilms at the strain level.

Traditional productions are generally characterized by a high mi-

crobial and genetic diversity of the culture isolates (Topisirovic et

al., 2006; Psoni et al., 2007; Nieto-Arribas et al., 2009; Alegría et al.,

2009). Hence, the dominance of technologically relevant strains is

crucial to minimize microbial variability during the ripening process.

This study is part of a project aimed to evaluate the influence of

traditional equipment on the quality of Caciocavallo Palermitano

cheese. The present work examined the effects of the wooden vat

on the microbiological characteristics of curd during production,

before the ripening process took place. In particular, the objectives

pursued in this paper were to study the composition of LAB during

cheese manufacture and to evaluate the persistence and/or domi-

nance of LAB from wooden tools.

2. Materials and methods

2.1. Cheese production and sample collection

Raw cow's milk to be processed into cheese was collected from two

farms (A and B) located within the Palermo province (Sicily, Italy) and

delivered to a local dairy factory (Godrano, Palermo province). The

bulk milks from the two farms were processed separately. Each bulk

milk was delivered once a day; it comprised the milk from the evening

milking, kept refrigerated under slow stirring, plus the milk from

the morning milking. The bulk milk of each traditional Caciocavallo

Palermitano cheese production (Fig. 1) was transferred into a wooden

vat, called “tina”, where it generally remains few minutes before rennet

addition. The wooden vat was never used to produce cheese with the

addition of starters. The two traditional productions (TA and TB), each

performed in triplicate in three consecutive weeks, were closely fol-

lowed to collect milk, curd and whey samples (Table 1) for analysis.

The internal surfaces of the wooden vat (side surface, base surface and

interface base/lateral surface), the same for all traditional productions,

were also sampled; sterile cotton swabs were streaked onto 100 cm2

areas, just before cheese production took place. The presence of LAB

on the internal surfaces of the stainless steel vat was also checked.

Two standard Caciocavallo Palermitano cheese productions (SA

and SB) were carried out in a stainless steel vat inoculated with a

commercial freeze-dried starter preparation (LYOBAC-D T, Alce Inter-

national s.r.l., Quistello, Italy). As above, they were performed in trip-

licate in the same days of traditional cheese productions (Table 1).

2.2. Microbiological analysis

Decimal dilutions of milk (10 mL), whey (10 mL) and surface (cot-

ton swabs streaked onto100 cm2 were suspended in 10 mL Ringer's

solution) samples were prepared in Ringer's solution. The first dilution

of curd samples (10 g) was performed in sodium citrate (2% w/v) solu-

tion by homogenization using a classic blender, while further serial

dilutions were continued in Ringer's solution. Microbial suspensions

were plated and incubated as follows: total mesophilic count (TMC)

on plate count agar (PCA) with 1 g L−1 added skimmed milk (SkM),

incubated aerobically at 30 °C for 72 h; total psychrotrophic counts

evening milk

morning milk mixing

resting in wooden vat (10 min)

addition of rennet

milk curdling (40-50 min)

curd extraction and  slicing

curd breaking 

cooking of slices in wooden vat

under  hot whey (80°C for 4 h) 

pressing on cane plan 

overnight  acidification

by hanging over a wooden stick

second slicing, stretching in hot whey and kneading

final moulding to parallelepiped shape

salting in satured brine (1d/kg) 

Caciocavallo Palermitano 

heating at 37°C

whey thermo-acid coagulation

Ricotta cheeseRicotta hot 

whey (80°C)

Fig. 1. Flow diagram of traditional Caciocavallo Palermitano cheese production.
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(TPC) on PCA-SkM, incubated aerobically at 7 °C for 7 d; coliforms on

violet red bile agar (VRBA), incubated aerobically at 37 °C for 24 h;

enterococci on kanamycin aesculin azide (KAA) agar, incubated aerobi-

cally at 37 °C for 24 h; pseudomonads on Pseudomonas agar base (PAB)

supplemented with 10 mgmL−1 cetrimide fucidin, incubated aerobi-

cally at 20 °C for 48 h; coagulase positive staphylococci (CPS) on Baird

Parker (BP) with added RPF supplement, incubated aerobically at

37 °C for 48 h; mesophilic rod LAB on de Man-Rogosa-Sharpe (MRS)

agar, acidified at pH 5.4 with lactic acid (5 mol L−1), incubated anaero-

bically at 30 °C for 48 h; mesophilic cocci LAB on M17 agar, incubated

anaerobically at 30 °C for 48 h; thermophilic cocci LAB onM17 agar, in-

cubated anaerobically at 44 °C for 4 d; yeasts on dichloran rose bengal

chloramphenicol (DRBC) agar, incubated aerobically at 25 °C for 48 h.

Thermophilic rod LAB were counted, after anaerobic incubation at

44 °C for 4 d, on whey-based agar medium (WBAM) prepared as fol-

lows: non-acidified cow's milk whey, collected after curd separation

during a previous Caciocavallo Palermitano cheese production, was

sterilized (15 min at 121 °C), centrifuged (10.000 g for 15 min) for clar-

ification and re-sterilized; the whey was then mixed (ratio 10:3) into a

sterilized solution containing peptone (1%w/v), yeast extract (0.4%w/v)

and agar (5% w/v). Before autoclaving, both solutions were adjusted

for pH at 5.4 with lactic acid (5mol L−1). Clostridial content was

estimated by the most probable number (MPN) technique using a 3×3

scheme: undiluted samples and decimal dilutions were pasteurized at

85 °C for 15 min and inoculated into reinforced clostridial medium

(RCM) supplemented with 1.4% (v/v) Na-lactate (Merck, Darmstadt,

Germany); after that, test tubes were sealed with paraffin:vaseline

(1:6) and incubated at 37 °C for 7 d. All media were purchased from

Oxoid (Basingstoke, UK).

Lamb rennet paste (strength 1:10,000), used for both traditional

and standard cheese productions (0.4 g L−1), as well as the dried

starter culture, used only for standard cheese making (0.08 g L−1),

were analyzed for LAB content using the above four media incubated

in the conditions previously reported.

Table 1

Microbial loada of samples collected through Caciocavallo Palermitano cheese productions.

Samples Mediab

PCA-SkM 7 °C PCA-SkM 30 °C VRBA KAA PAB BP MRS M17 30 °C WBAM M17 44 °C DRBC RCMc

Production TA

Bulk milk 3.5±0.4 4.0±0.6 1.7±0.6 2.4±0.7 3.1±0.8 2.5±0.4 3.5±0.4 3.6±0.3 3.0±0.2 3.5±0.3 2.3±0.4 0

Bulk milk after resting 3.3±0.5 5.0±0.6 1.8±0.4 2.7±0.6 2.9±0.1 2.2±0.6 5.0±0.6 5.4±0.7 3.3±0.5 5.3±0.6 2.8±0.6 0

Curd 4.8±0.3 5.9±0.8 2.4±0.2 3.5±0.2 3.8±0.7 3.3±0.3 5.9±1.0 6.3±0.4 4.8±0.7 6.5±0.7 3.5±0.9 0

Whey 2.1±0.6 3.9±0.8 0.9±0.1 1.3±0.2 1.8±0.3 0 4.1±0.1 4.6±0.9 3.0±0.5 4.6±0.5 0.8±0.1 n.d.

Cooked curd 3.7±0.2 5.5±0.6 2.4±0.5 3.4±0.5 3.0±0.6 0 5.7±0.5 6.1±0.3 4.3±0.4 6.3±0.7 3.1±0.5 0

Acidified curd 3.1±0.5 7.2±0.3 2.7±0.4 3.7±0.6 2.8±0.9 0 6.3±0.9 7.4±0.6 7.8±0.1 8.7±0.1 3.8±0.9 0

Stretched curd 3.3±0.5 7.5±0.9 2.8±0.3 4.0±0.4 2.5±0.2 0 6.5±0.6 7.3±0.6 7.8±0.3 8.4±0.1 3.2±0.6 0

Whey after stretching n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 5.4±0.5 5.7±0.4 n.d. n.d.

Production TB

Bulk milk 5.6±0.6 6.1±0.2 5.0±0.5 4.8±0.4 4.7±0.2 2.5±0.3 5.4±0.2 5.6±0.3 4.9±0.2 5.6±0.2 4.3±0.2 0

Bulk milk after resting 5.3±0.6 5.9±0.1 4.7±0.9 4.5±0.7 4.3±0.3 1.7±0.3 5.6±0.2 5.4±0.2 4.8±0.6 5.7±0.3 4.5±0.6 0

Curd 5.0±0.5 7.1±0.2 5.6±0.6 5.7±0.2 5.5±0.3 2.8±0.6 6.8±0.7 7.2±0.3 6.3±0.3 7.5±0.1 5.2±0.2 0

Whey 3.2±0.2 4.9±0.8 3.5±0.2 3.1±0.3 3.0±0.5 0 4.8±0.1 5.6±0.9 4.4±0.3 5.4±0.4 2.3±0.1 n.d.

Cooked curd 4.6±0.8 6.9±0.6 5.2±0.3 5.4±0.4 4.2±0.5 0 6.5±0.4 7.0±0.6 6.7±0.8 7.3±0.6 4.2±0.4 0

Acidified curd 4.5±0.5 8.1±0.3 4.5±0.2 5.3±0.9 3.5±0.6 0 7.3±0.9 7.9±1.0 8.1±0.1 8.8±0.1 4.7±0.6 0

Stretched curd 3.9±0.3 8.0±0.6 4.4±0.5 5.6±0.6 3.1±0.2 0 6.9±0.4 7.5±0.6 7.9±0.1 8.4±0.1 4.1±0.2 0

Whey after stretching n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 6.0±0.4 6.3±0.2 n.d. n.d.

Production SA

Bulk milk 3.5±0.4 4.0±0.6 1.7±0.6 2.4±0.7 3.1±0.8 2.5±0.4 3.5±0.4 3.6±0.3 3.0±0.2 3.5±0.3 2.3±0.4 0

Bulk milk+starter 4.1±0.6 6.5±0.5 1.5±0.3 2.3±0.4 3.3±0.5 2.3±0.5 6.1±0.7 6.6±0.7 6.3±0.4 6.7±0.7 2.4±0.5 0

Curd 4.9±0.7 7.6±0.4 2.7±0.4 3.7±0.4 4.5±0.7 3.4±0.4 6.4±0.6 7.6±0.5 8.3±0.6 8.8±0.5 3.6±0.5 0

Whey 2.2±0.4 4.9±0.4 1.2±0.2 1.1±0.3 2.3±0.2 0 4.8±0.3 5.1±0.6 5.3±0.5 5.9±0.5 1.7±0.2 n.d.

Cooked curd 4.1±0.5 8.1±0.6 2.9±0.6 3.7±0.4 3.3±0.5 0 6.6±0.3 7.1±0.4 7.7±0.4 8.8±0.3 3.0±0.8 0

Acidified curd 3.9±0.3 8.3±0.4 3.0±0.5 4.0±0.5 3.2±0.3 0 7.8±0.4 8.8±0.4 8.6±0.6 9.3±0.6 3.9±0.4 0

Stretched curd 3.4±0.5 7.4±0.5 3.0±0.5 4.4±0.5 3.3±0.4 0 7.4±0.2 8.4±0.4 8.2±0.2 8.9±0.4 3.5±0.6 0

Whey after stretching n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 5.5±0.5 6.2±0.6 n.d. n.d.

Production SB

Bulk milk 5.6±0.6 6.1±0.2 5.0±0.5 4.8±0.4 4.7±0.2 2.5±0.3 5.4±0.2 5.6±0.3 4.9±0.2 5.6±0.2 4.3±0.2 0

Bulk milk+starter 5.3±0.4 6.4±0.5 4.7±0.6 4.5±0.3 5.1±0.5 2.3±0.4 6.1±0.4 6.9±0.2 6.7±0.2 7.3±0.4 4.1±0.3 0

Curd 6.1±0.3 7.2±0.6 5.7±0.4 5.0±0.4 5.5±0.7 2.7±0.4 6.7±0.3 8.3±0.4 8.2±0.5 8.3±0.3 5.4±0.3 0

Whey 3.9±0.4 4.2±0.3 2.0±0.2 1.8±0.3 4.0±0.2 0 4.3±0.5 5.4±0.4 4.6±0.3 6.2±0.5 2.0±0.2 n.d.

Cooked curd 4.9±0.3 7.9±0.6 5.1±0.3 4.8±0.5 4.1±0.4 0 6.5±0.7 7.8±0.6 8.0±0.4 8.1±0.3 3.9±0.3 0

Acidified curd 4.4±0.1 8.0±0.4 4.7±0.5 4.8±0.4 3.9±0.6 0 7.5±0.7 8.5±0.5 8.4±0.5 9.4±0.5 4.1±0.5 0

Stretched curd 4.1±0.6 7.9±0.5 4.2±0.3 5.1±0.5 3.6±0.5 0 6.9±0.4 7.4±0.3 7.8±0.2 8.7±0.4 3.4±0.3 0

Whey after stretching n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 5.4±0.5 5.9±0.4 n.d. n.d.

Statistical significanced

Farm (F) *** *** *** *** *** * *** *** *** *** ***

Production (P) *** *** NS * *** NS *** *** *** *** NS

Sample (S) *** *** *** *** *** *** *** *** *** *** ***

F*P*S ** *** *** * NS NS ** *** *** *** **

n.d., not determined.

Results indicate mean values±S.D. of six plate counts (carried out in duplicate for three independent productions).
a Log cfu mL−1 for milk and whey samples, Log cfu g−1 for curds.
b Abbreviations: PCA-SkM 7 °C, plate count agar added with skimmed milk incubated at 7 °C for total psychrotrophic counts; PCA-SkM 30 °C, plate count agar added with

skimmed milk incubated at 30 °C for total mesophilic counts; VRBA, violet red bile agar for coliforms; KAA, kanamycin aesculin azide agar for enterococci; PAB, Pseudomonas

agar base for pseudomonads; BP, Baird Parker for CPS; MRS, de Man-Rogosa-Sharpe agar for mesophilic rod LAB; M17 30 °C, medium 17 agar incubated at 30 °C for mesophilic coc-

cus LAB; M17 44 °C, medium 17 agar incubated at 44 °C for thermophilic coccus LAB; WBAM, whey-based agar medium for thermophilic rod LAB; DRBC, dichloran rose bengal

chloramphenicol agar for yeast; RCM, reinforced clostridial medium for clostridia.
c As estimated by MPN.
d P value: ***, Pb0.001; **, Pb0.01; *, Pb0.05; NS, not significant.
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In order to ascertain the safety of the wooden vat with regards to

the presence of two pathogens, Salmonella spp. and L. monocytogenes

were also investigated. The two pathogens were searched by adapt-

ing the methodology described by Mucchetti et al. (2008), applying

the pre-enrichment procedure on the cotton swabs streaked onto

the surface of the vat.

2.3. Isolation of LAB and phenotypic grouping

After growth, at least 4 colonies for each different morphology ob-

served were picked up from count plates of presumptive LAB and

transferred to the corresponding broth media. Cultures from WBAM

were inoculated into MRS broth medium. The isolates were purified by

successive sub-culturing. The purity of the cultures and cell morphology

were checked microscopically. Gram-positive (Gregersen, 1978) and

catalase negative [determined by transferring fresh colonies from a

Petri dish to a glass slide and adding 5% (w/v) H2O2] isolates were

stored in glycerol at−80 °C until further experimentations.

In order to perform a first clustering of LAB, rod and coccal-shaped

cultureswere tested separately. Rod LABwere grouped according to the

morphological cell aspect, growth at 15 and 45 °C and CO2 production

from glucose. Coccus isolates were grouped also on the basis of their

growth at pH 9.2 and in the presence of 6.5% (w/v) NaCl (Corsetti et

al., 2001).

2.4. DNA extraction, genotypic differentiation and identification of LAB

Cell lysis for DNA extraction was performed by the Instagene Matrix

kit (Bio-Rad, Hercules, CA) as described by the manufacturer. Crude cell

extracts were used as a template for PCR reactions.

Strain differentiation was performed by random amplification of

polymorphic DNA-PCR (RAPD-PCR) analysis in a 25-μL reaction mix

using single primers M13 (Stenlid et al., 1994), AB111, and AB106

(van den Braak et al., 2000). Amplifications were performed by

means of T1 Thermocycler (Biometra, Göttingen, Germany) applying

the conditions reported by Zapparoli et al. (1998) for primer M13 and

those reported by the reference paper for primers AB111 and AB106.

PCR products were separated by electrophoresis on 1.5% (w/v) agarose

gel (Gibco BRL, Cergy Pontoise, France) and visualized by UV transillu-

mination after staining with ethidium bromide (0.5 μg mL−1). A deox-

yribonucleic acid ladder 1Kb (Invitrogen, Carlsbad, CA) was used as a

molecular size marker. RAPD-PCR profiles were analyzed with the pat-

tern analysis software package Gel Compar Version 4.1 (Applied Maths,

Kortrijk, Belgium). Calculation of similarities of band profiles was based

on the Pearson product moment correlation coefficient. Dendrograms

were obtained by means of the unweighted pair group method using

an arithmetic average clustering algorithm.

Genotypic identification of LAB with different RAPD-PCR profiles

was carried out by 16S rRNA gene sequencing. PCR reactions were

performed as described by Weisburg et al. (1991). DNA fragments were

visualized and the amplicons of about 1600 bp were purified by the QIA-

quick purification kit (Quiagen S.p.a., Milan, Italy) and sequenced using

the same primers employed for PCR amplification. DNA sequencing

reactions were performed by PRIMM (Milan, Italy). The sequences

were compared by a BLAST search in GenBank/EMBL/DDBJ database

(Altschul et al., 1997).

2.5. pH and total titratable acidity determination

Samples of cooked curds and acidified curds were analyzed for pH

with a portable pH meter (Knick Portamess 910, Berlin, Germany)

connected to a Cheesetrode (Hamilton Co., Reno, NV, USA) electrode.

Total titratable acidity (TTA), expressed as mg lactic acid/100 g of

curd, was determined according to AOAC method 920.124 (2005).

2.6. Statistical analysis

Data were analyzed using GLM procedure of the program SAS

2004, version 9.1.2 (Statistical Analysis System Institute Inc., Cary,

NC, USA).

The microbiological data were analyzed by a model including the

effects of farm (F=A, B), cheese production (P=traditional, stan-

dard), sample type (S=1 to 8), and all their interaction F*P*S; the

Student “t” test was used for means comparisons. The model used

to evaluate differences of pH and TTA included the effects F, P and

F*P. Significance level was Pb0.05.

3. Results

3.1. Microbiological analysis

The viable counts of the 12 microbial groups investigated in this

study are reported in Table 1. In general, the effects of farm, cheese

making condition and sample type affected significantly the develop-

ment of most groups.

The bulk milk from the two farms (A and B) was characterized by

different levels of microorganisms. Butyric clostridia were never

detected (RCM). Except for CPS, found at the same level for both

milk matrices, bulk milk B showed higher counts than bulk milk A.

In both matrices, the bacterial groups found at the highest numbers

were LAB. Furthermore, both bulk milks showed a ratio between

mesophilic coccus and rod LAB close to 1, whereas, the counts for

thermophilic rod LAB were lower than those for thermophilic cocci.

In traditional cheese productions (TA and TB), after ca. 10 min of

resting in the wooden vat, cell counts of bulk milk A changed for

some bacterial groups, in particular, mesophilic rod and coccus LAB

and thermophilic coccus LAB increasing significantly (Pb0.001)

their concentration. This trend was not observed for bulk milk B,

whose LAB did not increase in levels in the same period. The results

for the other microbial groups were almost unchanged after milk

resting. These results could be explained by the counts obtained

with sterile swabs streaked on the empty wooden vat before cheese

production (Table 2). The results showed that the microorganisms

Table 2

Microbial loads (Log cfu cm−2)a of internal surfaces of wooden vat used for milk

curdling.

Mediab Base Side Base/side

PCA-SkM 7 °C 3.0±0.8 2.2±0.6 3.4±0.2

PCA-SkM 30 °C 5.9±0.5 5.1±0.3 6.5±0.2

VRBA 0 0 0.7±0.3

KAA 0 0 2.6±0.2

PAB 0.6±0.3 0 1.8±0.5

BP 0 0 0

MRS 4.0±0.5 3.7±0.5 5.5±0.1

M17 30 °C 6.1±0.8 5.3±0.4 6.7±0.9

WBAM 6.1±0.7 4.9±0.4 6.4±0.5

M17 44 °C 5.6±0.4 4.7±0.2 6.3±0.3

DRBC 2.6±0.4 2.3±0.7 2.7±0.1

RCMc n.d. n.d. n.d.

Results indicate mean values±S.D. of twelve plate counts (carried out in duplicate for

six independent productions).
a Log cfu per cm2.
b Abbreviations: PCA-SkM 7 °C, plate count agar added with skimmed milk incubated

at 7 °C for total psychrotrophic counts; PCA-SkM 30 °C, plate count agar added with

skimmed milk incubated at 30 °C for total mesophilic counts; VRBA, violet red bile

agar for coliforms; KAA, kanamycin aesculin azide agar for enterococci; PAB, Pseudomo-

nas agar base for pseudomonads; BP, Baird Parker for CPS; MRS, de Man-Rogosa-Sharpe

agar for mesophilic rod LAB; M17 30 °C, medium 17 agar incubated at 30 °C for meso-

philic coccus LAB; M17 44 °C, medium 17 agar incubated at 44 °C for thermophilic coc-

cus LAB; WBAM, whey-based agar medium for thermophilic rod LAB; DRBC, dichloran

rose bengal chloramphenicol agar for yeast; RCM, reinforced clostridial medium for

clostridia.
c As estimated by MPN.
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mainly found on those surfaces were LAB, while the other groups

were less represented or absent.

The same bulk milks were used to carry out cheese productions

under standard conditions (SA and SB), by the use of stainless dairy

equipment and addition of commercial dried starter cultures. After

inoculation of starters, LAB and TMC counts increased. Both cheese

productions were then characterized by similar levels of LAB; the

highest numbers were estimated for thermophilic LAB cocci.

After curd cooking, the levels of LAB, including enterococci, as well

as coliform bacteria, did not greatly vary for all four productions. TPC,

pseudomonads and yeasts decreased significantly (Pb0.01) their cell

counts, while CPS disappeared. The acidification of curd resulted in

higher concentrations of almost all groups except pseudomonads,

which remained at the same level or showed a negligible decrement

in number. In particular, the acidified curds of the four productions

were dominated by thermophilic LAB cocci. A similar trend was ob-

served after stretching.

Regarding whey samples, they showed comparable levels of the

different microbial groups at the time of curd separation and after

stretching.

Lamb rennet was found to be contaminated by LAB; in particular,

5.7±0.4 Log cfu g−1 of mesophilic rods, 4.4±0.3 Log cfu g−1 of ther-

mophilic rods, 6.4±0.5 Log cfu g−1 of mesophilic cocci and 5.4±0.5

Log cfu g−1 of thermophilic cocci. Dried starter culture contained

11.6±0.4 Log cfu g−1 of thermophilic LAB cocci, but 8.7±0.6 Log

cfu g−1 of mesophilic cocci were also revealed. Before cheese making,

the internal surfaces of the stainless steel vat did not host any LAB.

The safety of the wooden vat was confirmed by the absence of

Salmonella spp. and L. monocytogenes.

3.2. Isolation and grouping of LAB

On the basis of appearance, about 4 colonies per morphology were

isolated from each medium used for LAB counts (MRS, WBAM, M17—

30 °C and M17—44 °C), at the highest dilutions of the samples.

Seventy-two colonies were collected from raw bulk milk, 24 from

the wooden vat surfaces, 764 from samples of the traditional produc-

tions and 444 from samples of the standard productions, forming a total

of 1304 cultures which were propagated in broth media corresponding

to those used for counts, applying the same incubation conditions. All

cultures were subjected to microscopic inspection and separated as

1139 cocci and 165 rods. After Gram characterization and catalase test-

ing, 1109 cocci and 163 rods were still considered presumptive LAB

cultures, as being Gram-positive and catalase-negative.

All cultures were tested for growth temperature and CO2 produc-

tion from glucose, whereas cocci LAB were also evaluated for growth

at pH 9.2 and in the presence of NaCl 6.5% (w/v). The phenotypic

characterization allowed the separation of the 1272 LAB cultures

into seven groups (Table 3), three for rods and four for cocci. The

most numerous groups were III and IV with 437 and 439 isolates,

respectively. These groups together included about the 69% of

presumptive LAB isolated during Caciocavallo Palermitano cheese

production. The remaining 31% of isolates were divided into five

groups well differentiated from one another on the basis of the com-

binations of the phenotypic characters considered. However, the

unequivocal determination of the fermentative metabolism of LAB in-

cluded in the groupV needed the evaluation of their growth in presence

of pentose sugars, which showed their facultative heterofermentative

metabolism.

3.3. RAPD-PCR

About 30% of the isolates of each phenotypic group, forming a total

of 380 isolates, were selected from the samples collected through

cheese productions and subjected to RAPD analysis using primer

M13 (results not shown). The above isolates were divided into 34

main clusters (80% similarity level) for the seven phenotypic groups:

one cluster for group I, six for group II, 13 for group III, 9 for group IV,

one for groupV, one for group VI and three for group VII. One isolate per

cluster was further processed with primers AB111 and AB106 which

confirmed that the isolates analyzed constituted 34 different strains.

3.4. Identification of LAB

All 34 strains (including one strain from the dried starter prepara-

tion) were identified by 16S rRNA gene sequencing. The BLAST search

shared a percentage of identity with sequences available in the NCBI

database of at least 97%, which is considered the minimum level of

similarity for 16S rRNA genes of two strains belonging to the same

species (Stackebrandt and Goebel, 1994), for 33 strains, while one

strain showed a lower similarity and was recognized only at genus

(Leuconostoc) level (Table 4). The strain isolated from the starter cul-

ture preparation was identified as S. thermophilus.

3.5. Species and strain distribution

Only two (Enterococcus faecalis and S. thermophilus) out of the 15

species found during the traditional Caciocavallo Palermitano cheese

manufactures were clearly found associated with the different steps

of production (Table 4). However, E. faecalis was also isolated from

raw milk, whereas S. thermophilus was not. The last species was iden-

tified among the isolates of wooden vat origin and, then, from each

sample collected during the whole production line. S. thermophilus

and E. faecalis were also present in the acidified curd. Microbial counts

(Table 1) showed that thermophilic LAB cocci were more concentrated

than enterococci by about 3 or 5 orders of magnitude for TB and TA,

respectively.

An interesting finding was provided by the analysis of RAPD profiles

of the strains belonging to the species S. thermophilus. Six different

strains (Fig. 2, lanes 1–6)were isolated from thewooden vat used for tra-

ditional cheese making. Four of these strains (Fig. 2, lanes 1, 2, 3 and 5)

were isolated from all samples analyzed, from raw milk after resting in

Table 3

Phenotypic grouping of LAB isolates collected through traditional and standard Caciocavallo Palermitano cheese production.

Characters Clusters

I (n=32) II (n=201) III (n=437) IV (n=439) V (n=32) VI (n=29) VII (n=102)

Morphology Coccus Coccus Coccus Coccus Rod Rod Rod

Growth:

15 °C + + + − + + +

45 °C − − + + − − +

pH 9.2 − + + − n.d. n.d. n.d.

6.5% NaCl + − + − n.d. n.d. n.d.

CO2 from glucose + − − − − + +

Growth in presence of pentose carbohydrates n.d. n.d. n.d. n.d. + n.d. n.d.

n.d. not determined.
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the wooden vat till stretched curd collected from TA and TB. In order to

exclude a possible LAB contamination by lamb rennet, RAPD profiles

of S. thermophilus were compared to those of thermophilic LAB cocci

isolated from the lamb rennet itself: the RAPD patterns (Fig. 2, lanes

7–9) were not superimposable.

The contamination of the traditional cheese making trials by

S. thermophilus strains originating from commercial thermophilic

LAB starter culture, used for standard cheese manufactures (SA and

SB), was also excluded by RAPD profile comparison (Fig. 2, lanes

10–12). Both SA and SB productions were dominated by a single

S. thermophilus strain.

3.6. pH and TTA analysis

In order to estimate chemical differences among traditional and

standard Caciocavallo Palermitano cheese productions, the curds

obtained from both cheese manufactures were analyzed for pH and

TTA before (cooked curds) and after acidification (acidified curds).

The results, reported in Table 5, showed that both traditional and

standard productions were characterized by similar pH and TTA

values after cooking, as well as after acidification. The last data dem-

onstrated that the indigenous S. thermophilus strains of wooden vat

origin resulted in the acidification of the cooked curds comparable

to that due to the commercial starter culture preparation. No statistical

differences in acidification were seen in the curd between traditional

and standard cheese making carried out with milks A and B.

4. Discussion

Caciocavallo Palermitano cheese is a Sicilian dairy product being

more and more appreciated by consumers attracted by traditional

foods. This product does not enjoy a guaranteed quality status and

the recent increase in demand has resulted in some variability in

the production process. The industrial dairy factories that transform

high volumes of milk are producing Caciocavallo Palermitano cheese

with the addition of commercial starter LAB and employing stainless

steel equipment. This trend is actually going in contradiction with

the protection of traditional productions. In order to enhance the

above production, this work was performed to evaluate the influence

of the wooden dairy plant equipment on the microbiological charac-

teristics of curd to be transformed into cheese.

The quality of milk strongly depends on the microbial loading and

is influenced by technological parameters such as cooling and holding

temperature, as well as storage time (Heeschen, 1996; Slaghuis,

1996; Murphy and Boor, 2000). However, the dairy equipment may

play a defining role in enriching the bulk milk with certain microbial

groups. Recently, it has been demonstrated that the wooden surfaces

of the vats used for the production of Ragusano PDO cheese are con-

taminated by microorganisms, in particular LAB, with concentrations

varying between 103 and 106 CFU per square centimeter (Licitra et al.,

2007; Lortal et al., 2009). Although other equipment, such as wooden

shelves used for ripening, maybe the source of living microorganisms

(Mariani et al., 2007), the equipment playing a key role during cheese

production is undoubtedly the vat hosting milk. For this reason, in the

present work the internal surfaces of the wooden vat were analyzed

for the same microbial groups counted for milk, curd and whey sam-

ples. The results showed that LAB dominated the surfaces of the

wooden vat, but low levels of coliforms, pseudomonads, enterococci

and yeasts were also detected. The levels of LAB on the wooden vat

surfaces were enough to influence the microbial counts of the bulk

milk A, but not those of the bulk milk B, which already hosted high

loads of microorganisms. No CPS were found, thus confirming the

Table 4

Identification and distribution of LAB strains through traditional Caciocavallo Palermitano cheese production.

Strain Phenotypic

group

Acc. No. Species Matrices

Bulk

milk

Wooden vat

surfaces

Bulk milk after

resting

Curd Whey Cooked

curd

Acidified

curd

Stretched

curd

Whey after

stretching

FMA108 III HQ721253 E. casseliflavus ■ ■

FMA8 III HQ721252 E. durans ■ ■

FMA444 III HQ721272 E. faecalis ■ ■ ■ ■ ■ ■ ■

FMA463 III HQ721256 E. faecalis ■ ■ ■ ■

FMA604 III HQ721258 E. faecalis ■ ■ ■ ■ ■ ■

FMA713 III HQ721273 E. faecalis ■ ■ ■ ■ ■ ■

FMA721 III HQ721277 E. faecalis ■ ■ ■ ■ ■

FMA797 III HQ721260 E. faecalis ■ ■ ■ ■ ■ ■ ■

MOB6 III n.d. E. faecalis ■ ■ ■ ■ ■ ■

FMA505 III HQ721257 E. faecium ■ ■

FMA288 III HQ721269 E. gallinarum ■ ■

FMA192 III HQ721268 E. italicus ■ ■

FMA295 III HQ721276 E. italicus ■

FMA224 V HQ721246 Lb. alimentarius ■

FMA205 VI HQ721262 Lb. parabuchneri ■

FMA395 II HQ721245 Lc. garvieae ■ ■ ■ ■

FMA401 II HQ721279 Lc. garvieae ■ ■ ■ ■ ■

FMA809 II HQ721265 Lc. garvieae ■ ■ ■ ■ ■

FMA187 II HQ721254 Lc. lactis spp. lactis ■ ■ ■ ■

FMA558 II HQ721275 Lc. lactis spp. lactis ■

MOB4 II HQ721267 Lc. lactis spp. lactis ■

FMA6 I n.d. Leuconostoc spp. ■ ■ ■

FMA766 IV HQ721264 S. bovis ■

FMA830 IV HQ721250 S. macedonicus ■ ■

FMA196 IV HQ721271 S. thermophilus ■ ■ ■ ■ ■ ■ ■ ■

FMA327 IV HQ721274 S. thermophilus ■ ■ ■ ■ ■ ■ ■

FMA617 IV HQ721278 S. thermophilus ■ ■ ■ ■ ■ ■

FMA701 IV HQ721263 S. thermophilus ■ ■ ■ ■ ■

FMA808 IV HQ721249 S. thermophilus ■ ■ ■ ■ ■

FMA854 IV HQ721261 S. thermophilus ■ ■ ■ ■ ■ ■ ■ ■

FMA204 VII HQ721255 W. paramesenteroides ■ ■ ■ ■

FMA246 VII HQ721270 W. paramesenteroides ■ ■ ■

FMA539 VII HQ721247 W. paramesenteroides ■ ■ ■

n.d. not deposited.
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observation of Lortal et al. (2009) that, from an hygienic point of view,

the wooden vat is safe since it does not host pathogenic species.

Different technological factors adopted during Caciocavallo Paler-

mitano cheese production may prevent the development of patho-

genic bacteria in the wooden vat: curd is cooked at temperatures

above 80 °C under whey and, the next day, the acidified curd is

stretched under hot whey (80 °C). Other parameters contributing to

this phenomenon of protection from pathogens are the competition

for nutrients and the sudden pH lowering determined by LAB that fer-

ment lactose from the residual whey in the wooden vat. In fact, the

vat is washed with hot whey by means of a brush and it is not treated

with detergents and sanitizing agents.

The undesired pseudomonads decreased in number and the CPS

completely disappeared during milk transformation, through the

stretched curd. The results for psychrotrophic bacteria were in the

same range and showed a similar behavior to that found for pseudo-

monads. The most frequently reported psychrotrophic bacteria of raw

milk are generally reported to be pseudomonads (Wiedmann et al.,

2000; Dogan and Boor, 2003; Gunasekera et al., 2003), which are

unwanted because they have been associated with spoilage of milk

(Sørhaug and Stepaniak, 1997). Staphylococci are part of the ubiqui-

tous aerobic mesophilic microorganisms of raw milk (Özer, 2000),

but CPS may represent a human hazard. Coliforms remained almost

unchanged during the process while thermoduric enterococci

showed a slight increase in number. Coliforms are undesired since

they may include pathogenic species. Butyric clostridia were never

detected showing that the final products do not have the risk of late

blowing caused by Clostridium spp.

An opposite trend was shown by LAB, which increased in cell con-

centration till 108–109 CFU g−1 for the thermophilic group of cocci in

acidified curd samples. Raw cows' milk is generally contaminated by

LAB; values of 102–103 CFU mL−1 have been reported for milk after

milking (Delbès et al., 2007; Desmasures et al., 1997), but higher

levels, up to 105–106 CFU mL−1 may be easily reached when milk is

left at room temperature for a while before processing (Franciosi et

al., 2009).

A total of 1272 presumptive LAB were isolated from the different

samples and vat surface. They were phenotypically divided into

seven groups which included 34 different strains. Fifteen species be-

longing to six LAB genera (Enterococcus, Lactobacillus, Lactococcus,

Leuconostoc, Streptococcus and Weissella) were identified. Except for

Weissella, all other LAB genera are commonly associated with raw

milk (Wouters et al., 2002; Franciosi et al., 2009; Franciosi et al.,

2011), fermented milk matrices and Caciocavallo type cheese

(Piraino et al., 2005; Morea et al., 2007; Piraino et al., 2008).

The species most frequently isolated from the majority of samples

(except milk at delivery) was S. thermophilus. This species has been

found to dominate during manufacturing of other similar Italian

pasta-filata cheeses, such as Provolone del Monaco and Scamorza

Altamurana (Baruzzi et al., 2002; Aponte et al., 2008) which do not

contain commercial starters. The species S. thermophilus is part of

the LAB employed as thermophilic starter cultures and it is generally

present in the NWSC used for cooked cheese and “pasta filata” cheese

production (Parente et al., 1998; Settanni and Moschetti, 2010). S.

thermophilus was found in the wooden vat of our investigation at

high cell levels and, since similar results were found for the vats

used for Ragusano PDO cheese manufacturing (Licitra et al., 2007;

Lortal et al., 2009), it may be concluded that the wooden vat analyzed

in this work acted as a source of S. thermophilus for the inoculation of

milk.

The acidification of curd is essential for the operation of stretching,

thus, the presence of acidifying S. thermophilus strains is of para-

mount importance for Caciocavallo Palermitano cheese production.

Traditional and standard cheese manufactures were characterized

by similar TTA values of curd before and after acidification. These

data demonstrated that the indigenous S. thermophilus strains of

wooden vat origin played, for traditional cheese making, the same

role played by the commercial starter culture preparation for stan-

dard productions.

Among the other species identified in this work, Lc. lactis and Ln.

mesenteroides are the main components of mesophilic milk starter cul-

tures for dairy fermentations, while Lb. alimentarius and Lb. parabuchneri

are responsible for the ripening of cheeses (Settanni and Moschetti,

2010). Lc. garvieae and S. macedonicus are associated with raw milk

(Franciosi et al., 2009), but also employed as secondary adjunct cultures

(Fortina et al., 2007; Settanni et al., 2011). Streptococcus bovis is a patho-

gen bacterium (Vaska and Faoagali, 2009) which was revealed in the

bulk milk, but not detected elsewhere.

A very low percentage of lactobacilli was revealed by genetic iden-

tification, despite the high counts detected on the media (MRS and

Fig. 2. RAPD-PCR profiles of LAB associated with traditional and standard Caciocavallo

Palermitano cheese productions obtainedwith primerM13. LanesM, 1-kb DNAmolecular

size markers (Invitrogen). Lanes 1–6, S. thermophilus strains isolated from traditional

Caciocavallo Palermitano cheese productions: 1, FMA196; 2, FMA327; 3, FMA617; 4,

FMA701; 5, FMA854; FMA808. Lanes 7–9, lamb rennet thermophilic coccus LAB strains:

7, FMA2001; 8, FMA2028; 9, FMA2019. Lanes 10–12, S. thermophilus starter strain: 10, iso-

lated fromcommercial freeze-dried starter culture preparation; 11, isolated from standard

Caciocavallo Palermitano cheese production A; 12, isolated from standard Caciocavallo

Palermitano cheese production B.

Table 5

Values of pH and total titratable acidity of curds produced during traditional and stan-

dard Caciocavallo Palermitano cheese manufacturing.

Samples pH TTA (mg/100 g)

TA-cooked curd 5.65±0.06 117±34

TA-acidified curd 5.13±0.08 359±25

TB-cooked curd 5.62±0.05 126±28

TB-acidified curd 5.19±0.09 386±13

SA-cooked curd 5.70±0.04 136±41

SA-acidified curd 5.07±0.08 368±13

SB-cooked curd 5.62±0.08 136±24

SB-acidified curd 5.10±0.07 378±25

Abbreviations are as follows: TTA, total titratable acidity; TA, traditional production A;

TB, traditional production B; SA, standard production A; SB, standard production B.

Results indicate mean value±S.D. of three independent measurements.
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WBAM) used for mesophilic and thermophilic rod LAB. These results

confirmed our practical observations that LAB cocci are able to develop

colonies on the above media, even though at lower levels than those

estimated on the medium (M17) generally used for mesophilic and

thermophilic cocci LAB, probably due to the lower pH of MRS and

WBAM.

Six species of Enterococcus genus (E. casseliflavus, E. durans, E. faeca-

lis, E. faecium, E. gallinarum and E. italicus) were identified in the present

study. Several strains of this group of raw milk origin are linked to

the typicality of the final cheeses (Foulquié Moreno et al., 2006). The

species E. faecalis, after S. thermophilus, was frequently detected in the

samples analyzed. It was also found in the stretched curd, although at

lower numbers than S. thermophilus. Thus, E. faecalis cannot have had

a defining acidifying role, but its role during ripening deserves to be

investigated.

The results of this work demonstrate a high biodiversity in

terms of LAB species and the species found to dominate the curd

after cooking, acidification and stretching was S. thermophilus. Six

strains were found in the wooden vat and four of themwere associat-

ed to each step of manufacturing. By contrast, the standard produc-

tions showed a low streptococcal diversity, represented by the

S. thermophilus strain added with the freeze-dried starter culture

preparation.

Our results showed that the S. thermophilus strains found in the

wooden vat analyzed all contributed to the acidification of curd,

thus, they formed a stable consortium. The same strains were found

in the wooden vat analyzed through 21 days of production, indepen-

dently on the bulk milk daily processed. The standard productions

were carried out in a stainless steel vat, whose internal surfaces did

not host LAB, and for this reason needed the inoculation of a starter

culture preparation for the acidification of curd. Hence, compared to

the standard cheese manufactures, traditional productions do not

rely on exogenous starter culture inoculums, since the indigenous

wooden vat S. thermophilus strains are active. Those strains are highly

adapted to the dairy factory environment, as well as to the technolog-

ical conditions applied for cheese making, and, for these reasons, may

be considered autochthonous for this production of Caciocavallo

Palermitano cheese. Moreover, the stretched curd of traditional pro-

duction is characterized by a higher S. thermophilus biodiversity

than standard production. This may influence the features of the

final cheeses, since LAB biodiverdity is considered a key factor for

the organoleptic features of artisanal cheeses (Franciosi et al., 2009).

5. Conclusions

With regards to the objectives of this study, fourmain conclusions can

be draft: 1) the traditional Caciocavallo Palermitano cheese productions

analyzed were safe, since the wooden equipment did not contaminate

milk with pathogenic species, such as Salmonella spp., L. monocytogenes

and CPS; 2) several LABwere foundduring thewhole transformation pro-

cess of milk into cheese, with S. thermophilus being the dominant species;

3) the wooden vat examined acted as a reservoir of LAB for the inocula-

tion of milk; 4) some S. thermophilus strains persisted during the produc-

tion line and may be considered autochthonous for this Caciocavallo

Palermitano cheese production.
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