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ABSTRACT

The aim of this atudy was to provide the bischemical
and atructural charscterization of Placentinu Enness
cheese and o evaluate the impact of different arm
technalogies an cheese protealysia and micresiructure.
Filteen cheeaes were manu factured according o tradi-
tional technolegy, i.e., [ron raw milk and Ermhouse
rennel in the absence of starter culture. Pasteurized
milk, comninercial rennet, and starter were used or pro-
duction ol 20 nontraditional cheesesa. Praoteal yaisain Pia-
centinu Ennese chesse was monitored during a 2- 1o
10-ma ripening time. Low ratea of overall proteolysia
were observed in cheese, a3 percentages of total M aalu-
ble at pH 4.6 andin 12% {richloreacetic acid were about
10140 and 8. 10%, respectively, alter 10 mo of age. Pal-
terna of primary protealyaia by urea-FAGE ahowed that
acadeina were degraded toa larger extent thanwere 3-
caseing, allhough aconsiderable amount of boih cassins
wasd alill intact alter 10 mo. Heversed phase-HPLC
analyaia of the cheese peplide ractiona ahowed a alow
decrease in the levela of hydrophobic peptides coupled
o increasing levela of hydraphilic coonpounds as the
cheeae aged. The atructural characteristica of Piacen-
tinu Enneae cheese were evalualed by acanning elec-
iron microscopy alter 2, 4, and 6 mo of age. The micro-
grapha ahowed a aponge-like siructural network with
a well-distributed ayatem of emply apaces, originally
aecu pied by whey and [at. The microsiruciure ¢hanged
during cheese ripening to beeome more coompact with
cavitiea of armaller aize. Farm technoelogy aignificantly
allected cheeae protealyais and microstruciure. Nonira-
ditimnal cheeaea had higher levela of pH 4.6-50luble M
and ahowed a larger hydvolysia of a.casein ractions
by urea-PAGE analysia than did iraditional cheeses.
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Large dilferences between cheese-Lypes alao concerned
the patierns of secondary proleolyaia, Nontraditional
cheeses had higher levela of 12% irichloroacetic acid-
apluble M and ahowed larger proporiions of [ee aming
acida and hydrophilic peptides in the HPLC profiles of
the corresponding V0% ethanol-aaluble N [raction than
iraditional cheeses. Noniraditional cheeses also had a
more open airucture with a coaraer and leas continuons
appearance than did iraditional cheesea, A large
amount of variability in cheese prolealyais and atruc-
ture within noniraditional treaiment reflected [Erim-
dependenti changes in manufaciuring conditions re-
lated 1o the use of various types of rennet and atarier.
Key words: Pliacentinu Ennese cheese, protealysia, mi-
croatructure, arm technalogy

INTRODUCTION

Macentinu Ennese i3 a hard-pressed ewes” milk
cheese ol Sicily, exclusively produced in the hormno-
nymous provines of Enna (ltalyl in the amount of 35
tonme’yr. The traditional technology and toals uaed Lor
cheese manulacture are almost equivalent to those [or
the Protecied Denomination of Urigin Pecoring Sicili-
ana cheeae (Grazzetta Uliciale della Communita Europea,
1996); the only distinctive dillerence ia related 1o the
addition of sallron to the milk before coagulation. This
apice canbera the cheese with a bright yellow colar and
potential ly different senaory and health propertiea [rom
ather types of Pecoring cheeses (D7Auria et al., 2004 1
Piacentinu Ennese is traditionally made using raw
milk, farmhouse rennet, and no starter culture; some
producers uae pastenrized milk, commercial rennet,
and starter in the cheese production. The main purpesEe
af this nontraditional methodol ogy i3 Lo provide accept-
able safety and atandard levels of guality in cheese
according to the increasing attention by the European
Cornmunily policies toward lood hygiene and salety as-
pecta. Pasteurization of moi Lk belore ¢ heese manulacture
i8 intended 1o reduce microbial loads and eliminate
pathogena and most of the spoilage micraorganisms
that may be present in milk (Grappin and Beuvier,
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19971 However, milk pasteurization is alse known o
afdversely alfect the development of many aensory prop-
ertiea of cheeae. Generally, pasteurized milk cheeses
ripen alower and develop a less intense and diversi fed
favor than raw milk cheeaes in parl because of the
lower pontenta of free A4 (FAA) [BlLy acida, and vola-
tile carnpounda ( McSwesney et al., 1893 Beuvier et al.,
1997 Grappin and Heuvier, 19971 Milk pasteurization
alagallects chesae texiure, giving rise Lo an apen airue-
ture with nurmerous and irvegular cavities that ia leas
firmn and morve feacturable compared with that of raw
milk chesses (Crearner and Olson, 18982; Lau et al,
1991; Bulfa et al., 2001}, These diflerences in cheess
quality have been ascribed {0 the deactivation of the
indigenous miceallora in pasteurised mmilk cheeses.
Meswesney et al. (19931 observed that the less intense
Havor in pasteurized milk compared with raw millk
Cheddar cheese waa due to the lower nurmber and leas
diveraified cornrnunily of nonatarter lactic acid bacteria
(MSLAR suchasmesophilic lactobacilli, in the [brmer.
The bisdiveraity of the native milk miceallora is indeed
accepled to give raw milk cheeaes apecilic aensory prop-
ertiea and ia considered Lo be a distinetive sapect of
traditional cheesea. Heplacing the native milk mmi-
ceaflara by the standard culture atarters may result in
standardization of thess ativibutes and lo=s of individ-
ual cheese peraanality.

The influence of pasteurization on prolealyaia af
cheeae [rarn cow milk (Lau et al., 1991 Mocswesney ot
al., 1983%; Beuvier et al., 1997; Skeie and Avda, 2000),
ewe milk (Oredénez et al, 1999; Albenzio et al., 2001},
and goal milk (Trujille el al., 2002) has been largely
deacribed. These atudies have ahown that little conais-
teney exiata, among dillerent cheese varieties, in rela-
tion 1o the influence of milk pasteurization on prafiles
af cheese proteclysia. Grappin and Beuvier (19897) pe-
viewed the literature, concluding that pasteurization
had anegligible and variahle effect on primary protealy-
a4, dependent on the type of cheese. Ia apecific impact
an camein hydrolyaia ia allen partially or totally con-
cealed by the influence thal different manulaciuring
parameaters and physiochemical chavacteriatics, related
to dillerent cheeae varielies, may exert on the activity
al prateases. (Mherwise, the negative impact of milk
paataurization on the levels of FAA and amall peplides,
abtained by allecting the populationa and the activity
al peplidases [rom vaw milk fora, has been clearly dem-
analrated. In Cheddar cheese, the contribution of
MELAB 1o cheese ripening has been ahown to be mainly
al the level aof FAA ormation and cheese [lavor intensi-
fication, whereas starter bacteriamake a greater contri-
bution to secondary protealysia (Lane and Fax, 1996;
Lynch etal ., 1996, 1997 1. Changes in the type of rennet
used for milk ceagulation may potentially inteeduce
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further variability in protealysia peafilea of cheeaes.
Traditional manufacturing of Piacentinu Enneas
makes use of farmhoise rennel as a coagulant, which
ia abtained by macerating abormasa fom young lambs
in aalted brine. Cormmercial rennel paste ia instesd
used in noniraditional cheese production. Comrmercial
coagulants are generally charvacterized with various en-
zyrmatic cornposition and clotting activities; therelore,
they may prodiuce dilferent extenta of cheese protealy-
aia. Prieto el al. (2004) reporied significantly higher
contents of both pH 4.6-a0luble M and 12% TCA-saluble
M oin Ledn raw milk cheese made using comimercial
rennel compared with Lthe cheeses made uaing farm-
haise rennet.

Horne et al. (2005) recently ahowed that Piacentinu
Ennese chesses made using nontraditional technolagy
clearly had different volatile fingerprinta, both in num-
bera and typea of volatile organic compounds present,
frorn those made vaing traditional meana. However, Lo
date, little attention has been paid to protealysia and
microatructure of these cheeasa. The ohjective aof thia
atudy was to provide the bischermnical and atructural
characterization of Pistentinu Ennese cheese and Lo
evaluate the impact of different [arm technologiea on
cheese protealyaisa and microstructure during a 2- 1o
1{Fmo ripening time.

MATERIALS AMND METHODS
Cheese Sampling

Piacentinu Ennese cheesea (n = 35) were collected
froam ¥ farma in the province of Enna (Italy) Filleen
cheeses were praoduced according to traditional technol-
agy by coagulating raw milk via [armhouse lamb or
kids” rennet in absence of atarter cultures. Twenty
cheeses were produced according tonon traditional tech-
nalogy, ie., on pasteurized milk vaing various by pes
af thermmophilic or mesaphilic starter cultures and com-
mercial lamb or kida rennetl paste, depending upon
Farm. Detaila of cheese manu facturve according to tvadi-
tional and noniraditional technol ogiea are reported and
cormpared in Figure L Aller production, all cheeses were
iranapoarted Lo the Experimental Dairy Plant of Codfifi-
L to be aged 2 1o 10 mo under Lthe aarme conditiona,

Compasitional Analysis

Girated cheese aamples were analyzed as [allowa: to-
tal W by the Kjeldahl method (IDF, 1993 &l by the
Cierber methad (IDF, 1997, and NaCl by the Volhard
methed (ACAC 20000 Nitrogen soluble in an aceiale
buffer st pH 4.6 (pH4.65N jand in 12% TCA (TCASN
were determined (Bynum and Barbanoe, 1885) and ex-
presaed as a percentage of Lthe total M content. All of
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these analyses were made in duplicate. Total aolida
were deterimned in 4 replicates uasing a foreed-air, oven-
drying methoed al W00C for 24 h (ACAC, 20000,

Assassment of Profealysis

The pH 4.6-inaaluble N of the cheeses was prepared
a3 deacribed by Fallico et al, (2004}, These [ractions
were analyzed by urea- PAGE naing a Protean Lk verti-
cal alab gel unit (BioHad Laboratoriea Lid., Watlord,
Heria, United Kingdom) according io the methoed of
Andrewa (1983 ). The gels were stained using a madifi-
cation of the meLhod of Blakealey and Boezi (19771 with
Cipomasaie Hrilliant Blue G250, Cheese N [ractions aol-
uble (ESN) and inssluble (EIN) in 70% ethanol were
prepared from pHA 65N according to Buchrons and Fox
(1882). Fresge-dried aligusa of the ESN and EIN
cheeae extracta were analyzed by reverae phase- HPLC
(RP-HPLC) s deacribed by Lynch et al. (18961

Siatistical Analysis

A 2oway nesbed AMNOVA model was used to assess
the effects of farnm technalogy (traditional or non tradi-
tional ) and aging time (2, 4, 6, A and 10 mal on 8
chemical variables that weretreated as dependent vari-
ablea. Farm technology and cheeae age were treated as
fixed main elfects; farm was treated a5 a random elfect
and was neated within farm technology. When =ignifi-
cant main elfects were bund (P = 005), specific mean
dilferences were determined uaing Tukey’s Hanestly
Significant Difference tfest. Univariale analyses were
perlormed uaing procedures GLM in 5AS v 8.2 (BAS
Inat., Inc., Cary, NC).

Scanning Eleciron Microscopy

A eylinder, 6 cim in length = 1 om in diameter, was
extracted om each cheese using a cark borer; three 1-
min thick alices were remnoved [orn appraoximately the
center of each cylinder 1o give aamples deriving froim
the medinm zone of the cheese. A sguare partion (4 min
# 4 mm) was then removed o the center of each
round alice by a blade. Cheese samples were prepared
for acanning electron microscopy (SENM) analysis ac-
cording 1o Lthe procedure of Houssean (195881 with amne
mdification s, Samples were fixed in 2.5% (wifval) glu-
taraldehyde in a 0.1 M sodivm cacodylate buller
iSigma-Aldrich, Steinheim, Germany) (pH 7.2) for 3 d
at 470, Fixved samples were rinsed with the cacodylate
bufller for 10 min at reon temperature. This atep was
repeated 3 timea. Dehydreation was carried oul using a
graded ethanol (Fluka, Sigma-Aldrich ) seviea (10, 25,
&0, 75, 85, and 95%, volfvall for 10 min in each bath at
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roan Lernperature and then abaolute ethanol for 1 h at
A5 After theae atepa, abaolute ethanol was rernoved,
and new abaolule ethanol was sadded for maintenance
al reoan Lernperature. Samples were dried by the critical
point method in OOy vaing a Polaron CPD 7501 (Fo-
laron, Watlord, UK) and then [Factured into small
pieces by a hblade. Fraciurved dried samplea werse
mounted an SEM aluminum stuba using acarbon adhe-
aive (8Pl Buppliea, Wesl Cheater, PA) and then coated
tea. 18 non thick) with gold-palladivm in a Palavon
SCTE20 mini-=putter coater in argon medinm. Chesas
aarmples were examined in an JEOL JEM-5200-LY
acanning eleciron microacope (JEOL Tokyo, Japani
with a voltage of 15 kY and a working distance of 15
to 22 mrn. Images were recorded at 1600 and 3 300

mmagnification.
RESULTS AND DISCUSSION

Chemical Composiion

Chveral lmeans for the gross comnpesition of Piacentinu
Ennese aa lunctions of cheese age and [arm technalogy,
respectively, are ahown in Table 1. Aging timme had the
largesat impact on cheese compaaition, significantly F
= 0.05) alfecting thechanges in all chernical parameters
excepl for the content of [at in DM, Mean values [or
thia parameter ranged oo 50.7 1o 52 8%, approaching
thoae reparied [or Idiazdbal and Manchego cheeaes and
expceeding Lhose for Boncal (Freitas and Maleata, 2000
and Canestrato Pugliese (Albenzie et al., 20013, Levels
of protein and salt-in-moisture (S/M) significantly (F <
0,051 increased during cheese ripening s a rveaull of
the mignificant decrease in moisture content. The S/
levela of Piacentinu Ennese cheese al the end of Lthe
ripening { 12 80%) were higher than thoae of Caneatrato
Pugliese (8.9% ) and Fiore Sardo (5.6%) bul were much
lower than those of Pecoring Honano (24.5%) all
cheespa ripened 12 mo (D0 Cagno el al., 20031, Difer-
ences in S0 levels among theae cheeses were mainly
related o different dry aalting times. The manulacture
ol Piacentinu Ennese cheese includea a dry aalting for
20 1o 30 d. The sarme process lasta only 4 1o 6 d in
Caneairato Pugliese and Fiove Sardo, but ia more pro-
longed (30 to 60 dlin Pecoring Homano ¢ heese (Medina
and Nuneg, 20041 Proteolysia in chesae ia ollen mea-
aured by means of guantification of cheese pHAGSN
and TCASN buflera. The majority of pH4 65N is made
up al large- and medinm-sized peplides, produced by
the action of residual rennet and plasmin, but it alss
containag amall-aized peplides, FAA and their catabao-
lites produesd by microflora. Converaely, TCASMN con-
Aiata pritnarily of amall peptides, FAA and olher moinoe
nitragenous emnpounds produced by both atarter and
nmalarter bacleria (Sousa et al., 20010, Both pHA.65M
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Tahle 1. Overall means 4200 for the effects of aging time and farm technokgy on the gross composition of Piscentinn Emnese choese!

Aging time (mao)

Farm technology

Tred iticnal W ot ma cliticnaal
2in=Ti din =T Gin= Tl &in =T} 106 =T} n = 151 in= 20

piH & A L L3 o A 54T 529 4 017 534 4 014
Moisture, % a2 A P 20 27190 2EHT 2H75 2 275 2905 4+ 270
Protein, % 8 8T a7 RSP SHFFE > 15 aaam™ 2011 £ 1.85 27490 4 1492
Fast in DM, % 5277 IR 581.71 A2 3G 5070 5135 2+ 311 5193 4 264
=, % oA 112 11ar 12.a7a 128{F 1045 + 28] 1194 4 408
pHAESENtotal W, % THTE 1185 qFFn 1004 1140F A16 1 LA 1148 4 2207
TCASN fota] M, % 2400 5agm 5 A 5am g_10F A 15 & 1258 6949 4 198
TCASKpHL 65N, % 49 Ha= A 5714 55540 T1aw 5126 2 12348 G0TE 4 1212

a3 cams sharing common subseripts were not signifieantly different (F < L05)

"Protein = tota] N o« .28, S/M dsalt-in-moistune ) = [Nl ]Wmeisture contenti] = 100; pH4GEN fota] N = pH 48 sectate bufferacluble N
o @ perentage of total N, TCASN total N = 12% TCAscluble N s & pereentage of total N; and TCASNpIE 65N = 12% TCAscluble N

e o percentage of pHAS metate bufer-saluble K.

and TCASN, expressed as a percentage of total M, aig-
nificantly (P = 0.05) increased in Piacentinu Ennese as
the cheeaeaged. However, both proteal yaia indices were
much lower compared with other ewes” milk cheese va-
rieties, auch as Caneatrato Pugliese, FioreSardo, Pecor-
ine Homano (Guinee and Fox, 1984; i Cagno et al.,
2003), Foasa(Gobbettietal., 1999), and Idiazabal { Men-
diaet al., 20000, indicating low rates ol overall proteal y-
gig. The high levels of 50 characlerizing Piacentinu
Ennese cheese throughout aging (8.86% at 2 ma up o
12 80% aflter 10 mo) might have exerted a negative
influence on the rate and extent of casein hydralyais.
Increasing S0 ia known indesd 1o inhibit rennet and
microbial activities in cheese [or different reasona. Pro-
tealysia of caseina, mainly of FCN, by coagulant has
been found to be asignificantly reduced by 5% S0 and
completely inhibited in the presence of 10% S0 (Fox
and Walley, 197 11, Otherwise, the engymatic activities
al micraflora are limited by a lowering of water activity
reaulting [rom the decresse in moisture associated 1o
increasing aalt (Berealord and Williarma, 20040, Among
the cheese varielies compared, anly Pecorino Roomana
had higher levels ol & than Piacen tinu Ennese cheese
at aimilar atages of ripening (Guinee and Fox, 1984,
Di Cagnoe et al, 2003 ) Finally, the eatio of TCASN Lo
pHAGEN, measuring the “depth™ of chesae protealysia,
significantly (F= 005 increased with the age of Piacen-
tinu Ennese as well. This finding suggested that large-
and medinm-aized peplides, prochiced by primary ac-
tion of chymesin and plasimin on caseins, were progres-
asively converied inte amall peplides and FAA by the
micraflora peplidases acling during cheese ripening
(Hervealord and Williama, 2004 1

Hates of protenlysia in Piacentinu Ennese cheese
were [ound Lo be significantly (F = 0050 allected by
[arm technology. Levels of pH4 65N and TCASN, ex-
pressed as percentages of total M, were significantly (P

= 0050 higher in noniraditional cheeses than in tradi-
tional counterparta. These findings were in disagree-
ment with moat of the resulia froan similar atudies,
where cheeses made [bom pasteurized milk are gener-
ally reported to have similar or lower levela ol pHAGSMN
and TCASN than raw milk cheeses (Gaya el al., 1900
Lau et al., 1991; Beuvier et al., 1997, Albenzio et al.,
20015, Howewver, it i3 known that contradictory resulta
have been deacribed for the effecta of milk pasteuriza-
tion on primary and secondary protealysia, depending
an Lhe cheese variety (Grappin and Beivier, 1997 ). He-
aearchers working on Cheddar (Hosenberget al., 1995,
Idiazdbal { Mendia et al., 2000}, Serra da Esirvela (Souaa
and Malcata, 1896), and semi-hard goata’ milk cheeses
(Trujille et al., 2002 obtained resulia conaistent with
aur findings; i.e., cheeses made [bon pasteurized ewes’
milk with native sdded starter had the highest levels
al saluble nitrogenous [Factiona. Prieto et al. (20045
atudied the effects of the 1y pe of coagulant on protealy-
Ai8 ol Ledn cowa’ milk cheeae and reported significantl y
higher contentia of pHA.65N and TCASN in cheeses
made naing cormimercial rennet than in those made us-
ing farmhouse rennet. Differences in the levels of prote-
alysia between nontraditional and traditional cheeses
might have been caused also by changes in the levels
af residual ceagulant, as a grealer retention of rennet
was reparted in cheeses made [rom pasteurized milk
compared with those made [om raw milk (Gaya et
al., 19905, A large contribution of plasmin Lo primary
protealysia of nontraditional chesses may alas be sug-
geated, a3 ita aclivity is known Lo be increased by the
heat processing of milk (Grappin and Beuvier, 1997
The higher levela ol TCASN in noniraditional compared
with traditional ¢ heeses were probably due to the larger
impact that atarter bacteria exert on secondary proteal -
yaia compared with NSLAB { Lane and Fox, 1996; Lynch
el al., 1996 19971, The highest levels of thermophilic

Jewrral af Dairy Scencs Val 89 Mo, 1, 2006
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Flgure 2. Urea-PAlE (pH 86 ) of pH 4 Simsaluble N fmction of Piscentinn Ennese checge made mwing the traditionsl technalogy after
2 {Lanes 1 to 3 and 10 mo (Lenes 8 to 100 of gge, in comparison with cheeses made using the nontmditiona] technology after 2 (Lanes 4
to Thand 10 mo (lanes 11 to 14} of age. Whalke ovine cesein wes nsesd as & referencse standard

lactic acid bacteria [bund in nontraditional cheesea by
Horne et al. (2005) support thia hypothesia, Finally,
deapite the generally higher mean valuea for noniradi-
tional cheesea compared with traditional cheeaes, [arm
technology had no aignificant (P = 005) influenece on
the remnaining chemical parametera.

Electrophoretic Analysis

Primary protealysia in Piacentinu Ennese ¢cheese pro-
duced according Lo different [arm technologies was com-
pared by urea-PAGE analyaia ol the pH 4.6-inaaluble
M [raction (Figure 21 Malive caseina in ewes” milk
cheeaes arve distributed within 2 groupa of banda ahow-
ing dillerent electrophoretic mobility. The group with
lower mobility consiata of 2 genelic varianta (% and %)
ol UM, which dilfer in the level of phesphor ylation (6
and 5 phoaphate groups, reapectively i The group with
higher mobility ia [ormed inatead with 3 [eactiona of
UM, whose microheterogeneily i3 due to different
degrees of glyeoaylation or phoaphorylation coupled
with genetic palyrmorphism (Sousa and Maleata, 1995),
Moderate hydrolyais of o0 M and #CN [ractions were
corniman features ol bath tradiional and nontraditional
cheese profiles afler 2 mo of age. A alight increase in
protealyais eocurred in both chesse-types during aging,
although a considerable amount of native caseina pe-
mained intact after 10 mao of age. Thia finding was in

Joumal af Dary Scence Val. 89 Ma. 1, 2008

agreemnenl with the very low level of pritnary proteal y-
aia, mesaured g pHAGSMN, that was [ound in Piscen-
tinu Ennese (Table 1). Hegardleas of cheese-type and
age, the o CN factiona were degraded Lo a larger ex-
tent than N, which was similar 1o the frends re-
poried for Caneatrate Pugliese ( Albhenso et al., 20017
Fiore Bardo, Pecorine Homanoe (Di Cagno et al., 2003 ),
and Honcal (Irigoyen et al |, 20001 Chymosin ia thought
to be largely inactivated by the high coaking ternpera-
tures (50 Lo BT used during the manulacture of most
hard cheeae wvarietiea (e.g., Parmigiano Hegriang
Swisa-type cheesea; Sousa el al ., 20015 However, Lhe
lower ternperatures (A57C) uaed oy eooking of curd in
Pecoring cheeaes, compared with the hard varieties,
probably result in larger residual rennet activity pro-
ducing extensive hydrvolysia of o CMN. Minor degrada-
tion of HCM at the beginning of chesse ripening was
asapciated with a amall production of 4-CN, indicating
lirnited activity of plasmin. Although increasing levels
af +-C N were [ound a3 Lhe cheeae aged, plasmin asemed
to play a minor rale in the protealytic maturation af
Fiacentinu Ennese.

Farmmn technology allected Lhe electrophoretic prafiles
af pritnary protealyaia in cheeae, varying the patterna
af peplides produced. A larger hydralyaia of o.-CM [rac-
tiona accurred in nontraditional cheeses compared with
traditional cheeses, leading 1o the production of a
grealer number of peptides moving in the high mohility
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gside ol the gel. Bimilar electrophovetic profiles were
reparted for Caneatrato Pugliese (Albendo et al., 20015
and ldiazdbal ( Mendia et al., 20007 ewes" milk cheeaes.
MNontraditional cheese alaso had a higher level of
pHAGEM (Table 1), rmade up of nitragenous compoaunds
that ave principally due to the action of residual coagu-
lant. Both findings suggested an increased activily of
coagulant in nontraditional cheesea, which was proha-
bly related to the use of commercial rennet that was
reparted to have higher enzyimatic activity than farm-
house rennet (Prieto et al., 20041 and was alao related
Lo the greater retention of coagulant eaused by millc
pasteurization (Gaya et al, 19801, Plasmin is known
tocontribute Lo pHA.G5M and 1o determnine Lthe higheat
levels of proteolyais in cheeses [vorm pastenrized mille
alaa (Grappin et al., TA8E). Unexpectedly, plasrmin ac-
tivity aeerned to be unalfected by thermal treatrment of
mill, as sitnilar levela of <2CM were measured between
traditional and nontraditional cheeses (results nob
alwwnl. Thia finding was conaistent with the general
trend that showed great resistance of FCN actions
to hydrolysia during aging of Piacentinu Ennese.
MeSweeney el al. (1993 ) found no dillerence in the level
ol FCMN hydrolysia between pasteurized and raw millc
Cheddar cheese, and similar reaulta were oblained by
athers warking on dillerent chesse varietiea, auch as
Arzua (Centeno el al., 198) and Canestrato Fugliese
(Albenzio et al., 20011 These resulia have been atirib-
uted to a lower level al plasmin activily compared with
ather hard chesse varieties (e.g., Swias-lype and Man-
chegal or, more likely, to the elimination of raw milk
micraflora canaed by the pasteurization process ((rap-
pin and Heuvier, 19897). Finally, the largesl extent of
primary protealyaia in noniraditional chesses distine-
tively produced 2 peplides migrating [aster than N
in the carrespondent electraphoretic profiles.

RP-HPLC Analysis of EIN and ESN

Chromatograms el the EIN and ESN ractions ol tra-
ditional and nontraditional cheeses al different ages
(2,4, 6,8, and 10 mo) are shown in Figurea 3 and 4,
reapectively. Farm technology was [ound 1o affect the
qualitative HELC profiles of Piacentinu Ennese cheese,
A lavger proportion of pepltides eluted al high acetoni-
trile concentrations in the chromatosgrams of the ELN
fraction of traditional cheeses coompared with NT coun-
terparia, mainly at the beginning of chesse ripening
(Figure 3. Differences in peptide profiles between
cheese-Lypea became less evident as the cheeses aged;
hydrophohic peak heights progressively decreased, and
eluting peaks appeared early. Gualitative dillerences
were alsp lound between the ESN fractiona of tradi-
tional and nontraditional cheeses by HP-HPLC anal yaia

(Figure 41 Larger amounta of F AN and hy drophilic pep-
tidea eluted in the fivat 35 min of chromatograma of
noniraditional cheeses ponpared with those of tradi-
tional cheeses; these latter cheeses showed a higher
proportion of hydraphobic peptidea. Lavger armounta of
apluble cornpounds in the ESN chesse raction were in
agreernent with the higher levela of TCASN (Table 1)
that were found in nontraditional coonparved with tradi-
tional cheeses. Theae findings suggested that peplidase
activities [rorn commmercial atarters made a greater con-
tribution to secondary protealysis in Fiscentinu Enneas
cheese than raw milk microhiota. The higheat levela of
thermophilic lactic acd bacteria found in nontradi-
tional cheesea by Horme et al. (2005) supported thia
hypotheais. However, it waa likely that the senzymatic
activities of adventitious micrallora aurviving the pas-
teurization process or deriving [rorn Lhe manufacturing
enviraniment (Heveaford and Wil liarna, 20047 also pro-
vided a contribution to the larger production of saluble
peplides and FAA in naniraditional cheeaes. Farm-de-
pendent differences were [ound among the HELC pro-
files ol traditional and nontraditional cheeses, showing
that there was alao a large amount of variahility within
[arm technology.

Literature data concerning the influence af mil k pas-
teurization on cheese peplide profilea were again almesat
contradictory. In agreement with our findinga, Albenzis
et al. (2001) observed large dillerences between the
HPLC prafilea of raw and pasteurized milk Canestrato
Pugliese cheess; the latier lacked aome of Lthe peplides
in the hydrophobic zone. Gormez et al. ( 198971 and Truji-
o et al. (2002), instead, und similar levelas of hy-
draphobic and hydeophilic peptides in the water-saluble
fraction of Hispanico and of a semi-hard goats” milk
cheese, respectively, made [pom pasteurized and raw
milk. The reportia af Lau el al. (1981) and MeSwesney
et al, (1993 for Cheddar cheese were in opposition Lo
aur findinga. Cheddar made from pasteurized milk had
a generally higher concentration of hydraphobic pep-
tides, resulting in a higher hydrophohic 1o hydrophilic
peptide ratio than raw milk cheese. Hath groups of re-
aearchera attributed these diflerences o the aminopep-
tidase activilies of NSLAH.

Cheesa Microsiruciure

The atrucinral characteristica altraditional and non-
traditional Piacentinu Ennese cheese alter 2, 4, and 6
ma af age are shown in Figure 5. The protein matrix
af traditional cheese { Figure 5a, b, ¢} has a sponge-like
atructure permeated by a well-distributed system of
emply spaces that were original ly occupied by [at glob-
ules and whey. Casein micellea join each other 1o [orm
clusters and atrands with no defined orientation; this

Jewrral af Dairy Scencs Val 89 Mo, 1, 2006
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Flgure & Reovemsed phase: HPLE chmomatograms of the 7 ethenolinsaluble N (EIN | frection of Piacentinn Ennese choeese made nsing
tracitional (keft) or nontracdtional (rght! technolkgy after 2 (o, a) | 4 (h, bk 6 de, ¢, 8 @, d), and 10 mo e, e} of age.

imparta to Piacentinu Ennese an amorphous texiure
a3 ohserved in Edam, GGouda (Kalab, 1977), and Prato
cheeses (Spadodi et al., 2004 ). Traditional chesse aged
for 2 o had larvge emply gapa in the protein matrix,
which conceivably held moiature. Over the maturation
pericd (4 Lo 6 ma), the micrestmcture changed 1o be-
coane mare comnpact, with cavities of amaller size, a3 a
reault of the gradual loss of moeisture caused by the
evaporation al the cheese aurface. The protein matrix
ol nontraditional va traditional Piacentinu Ennesse
cheese (Figure 5d, e, [T had a coarser and less continuous

Joumal af Dary Scence Val. 89 Ma. 1, 2008

appearancs; thia refllected a poorer curd [usion and a
mare porous malrix. Similar dillerences were reporied
by Bulla et al. (20015 for the miceostructiurve of a goata”
milk cheese produced o raw and pasteurized milk.
The more open structure observed in nontraditional
cheeses might have been determined by increased hy-
dration of the protein matrix resulting rom milk pas-
teurization. Thia effect i3 known 1o be a conaeguence
af the decreased [usion of casein micelles cavsed by the
formation of a complex between denatured L4y and
w-2M and to the lower level of aoluble Ca in cheess
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Figure 4 Reversed phase HP LL chromatograms of the 70 cthancksoluble N (EEN) fraction of Piscentinn Ennese cheese made wing
tracitional deft) or nontraditiona] (right) teehnolegy after 2 da, @b, 4 Ch, Byl & G2, el 8 0d, did, amd 10 ma e, e b of sge.

prachiced by heatl treatment af milk (Singh and Waun-
gana, 200 L; Pastoring et al., 2003). The more open curd
alructure found in nontraditional cheese was alas asas-
ciated with a higher level of primary proteclyaia, in
agreernent with findings an a semi- hard cheese, Guines
et al. (1895) reported that the lower degree of curd
fusion and the greater surface area af the protein ma-
trix, al the protein-void interface, increased the accesai-
hility of the paracasein to proleinases and thereby con-
tributed Lo higher level of primary protealysiain cheese,

Secanning elsctron micrsEcopy examination of teadi-
tional and nontraditional Piacentinu Ennese chesse re-
vealed Lhe presence of cireular, oval, and kidney-ahaped
cryatalline inclusions associated, singularly or in amall
ageregales, with the easein matrix (Figure Ga, bl Their
marphaloegy was aimilar ta those af the Ca phoaphate
cryatals ehaerved in Mahdn (Fran et al., 1997), Grana
(Boltazei et al, 1982), Edam, and Gouda cheeses (ka-
lab, 1977} These have been reported Lo originate during
cheese ripening by cryatallization of Ca phosphate of

Jewrral af Dairy Scencs Val 89 Mo, 1, 2006
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Figure 8. 5canning elestron micrographs show ing the strocture of Piacentinn Ennese ¢ heese made nsingt mecditional Qeft or nont red i tional
iright! technolegy after 2 da, di, 4 h, el and § mo e, f# of age.
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Figure . Scanning elestron mie g mphs showing the micmstroctureof cakiom phosphate crysta ks, singularhy ssecciated with the sascin

matrix (@) or sgeres ated inside the cascin matroc (hi.

the residual whey enivapped in the casein network
(Brooker, 1RET).

CONCLUSIONS

Piacentinu Ennesae cheese undergoes a very low ex-
tent of protealyais during aging, and chymoesin plays a
major rale in regulating the primary hydrolyais of ca-
seina and peplidases [roon micrallora, contribuling o
the alow [ormation of amall peptides and FAA. These
pratealylic rearrangeiments give rise Lo a aponge-like
micraE e ture, permeated by awell-distributed ayatem
al emply apaces. The chesse atructure becornes maore
comnpact during ripening, with cavitiea of amaller size,
a3 a result of the gradual loss of moisture caused by
evaporation at the cheese surlace.

Hesulta feon the eoomparative atudy ahowed that farm
technalogy has a large impact on chesse quality, [ig-
nificantly affecting the develapment of protealysia and
micrgEtrictiure in Piacentinu Ennese, The high levels
of pH4.65 N and the large hydrealyaia of o -CN actions
auggeated high residual sctivity of the cormmercial ren-
net paste vaed for the manulacture of nontraditional
cheeaea, Similarly, patterns of ascondary proteslyaiain
cheeae were largely altered by replacing thenative milk
micraflora by the atarter cullurea. Montraditional
cheeaes had higher levels ol T'CASN and ashowed larger
prapartiona of amall soluble commpoundsa in the HPLC
prafiles of the correapanding ESN [raction than tradi-
tional chessea, Changes in rates and extent of protealy-
g8 in nontraditional cheeses were alag asaociated with
negative modifications of the strcture; nontraditional
cheeses had a coarser and less continuous appearance,
resulting in a more open atructure than traditional
cheeses, Furthermore, a large amount of variability was
found in cheese proteslyaia and structure within non-
teaditional irveatment, reflecting [arm-dependent
changes in manulacturing conditiona related 10 the use

ol various iypea of rennet and atarier. Considering thai
producers are hoping Lo oblain European recognition as
a Protected Denormination of Origin cheese, technology
and relative parametera need 1o be alrictly defined to
provide a qualily range for Piacentinu Ennese,
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