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Eaw milk cheeses hawe more intense flavours than cheesss made from paseunized milk and harbour strains
with potemtial adjunot properties. Teo Leoisbaoils povmersed s trains, B-209006 and R-J09037T, were selacied as
potemtial achunct oultures from a sodal of 734 folaes from good quality ants an raw mil kGonda-type cheeses
on thebask of thedr prevalence in different cheese types and jor ower several procdoction batches, safety and
technological parameders. Comvemtional ooburing, solition and idemtification and a2 combined POR-DECE

— approach wsing total cheese DA evtracts and DA exiracts obtained from cubturable fractions were
F T — employsd o0 monitor siakblity of the imrodoced adjunck and ther effect on the dheesss microbiot. The
doen acitdes oo oominal cheess made withon adjunots was dominated by members of the staner, Le droococr s knols and
OGGE lewromosior preudomesateroddes. In the cheeses coniiming sther R-0926 or R-40E5017, the respecine
GC-hS adjunots inceased in mumber 2 nipening progresed indicating that both sirains are well adapied o the
Semsagy amalyis chese snwWmonment and can survfee in 3 competitive emdronment in the presence of 3 commerdial staner
oulture. Prind pal compon=nt anabysis of cheess wolatiles determined by sieam distilla tion-sxtootion and gas
chromatogmphy-mass spectrometry coulld differentiate chesses made with different concentrations of
actmct R~ from the control cheese, and these differences conld be comrelated to the proteakytic and
lip olytic prop enties of this siain. Collsotieedy ool from mioobiokosgical and metabolic anakyses incic ate
that the soreening, procechime followed throughout this std y was snocessful in delvering poential adjmot
candichiies to ennich or exiend the flwoor paksite of antsan Conda-type cheses nnder miore comtrall=d

comchitions.
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Flvour nmation during chees eripening is the resultof a series of
complex chemical and biochemical conversions of milk conponents
{Smit et al, 2005 Essendislly, the typical cheese (lavour arises from
th ee i ain prodeses L protechyss of milk catens, ipohss of milk
it amel e nmentation of {redidual) lacwse, |aate and citrate which
colleatively result in the production of & complex b ture of volstile
aroima snd non-valstile taste compounds [Marilley and Casey, 2004
Sl et sl 2005 ) Nesd o the soti an ol e ey noes (oo reneet and milk,
maicrobial @ neynoe Activities are largely responsible for the fmaation
af flevour compounds during cheese ripening For Goud s-1y pe
dhes s micro-organisne invalved n Mour devel oproent hasically
can be divided in twio major groups, Le_ siariter and non-3tamer Lactic
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produdion of |adic scid, it alo lrgely contributes to probeotysi and
lipohsis and hence ilavour formation [Kieronceyk et sl 2003; Smit
et sl 20051 Non-stanter Lactic scid bacteria [NSLAR) which may
enter the cheese maling proces thoough the milk, e cheese making
equipment and jor the production environment and which sradually
become the dominant microbiota during ripening reaching numbers
up to 107 =10 dfu/g slso play aninportant roleinthe developneent of
the organaleptic properides of mature cheese &5 & result of lipid and
proteinmeabolsm Fox et sl 1998) A3 mos LAR produce s range of
roteinges, peplidases and aming acid @nverting enzymes, the
proteahdic pathway i by far the most imponant proess during
Mavour kot an {MeSweeney, 2004). In @nires, ondy modeste o
litthe lipolysis oaours in Gouda and many other dheese types [Colling
et al, 2003; McSweeney, 2004 ) probably due toa restricied or Leck of
lipalytic activity of most LAB {Brosdbent snd Steele, 20051

Over the yesrs_ | ange-scale cheese production, the need for proces
and quality contnal, the apphication of & limied number of starter
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i et el it S il fune ticnaal pro pentie 3 anad the: incressed use of
plsteurization processes intended to reduce the microbiclogical boasd
i ik harve reail bed in & highes unanmmty of iy ind o iy il ches g
(Woulers et sl 2002). In paraliel o produd consstency and quslity,
hoveever, there is ako & growing need or product diversificstion an
the chesse muarket. Tothis end, the use of bacterial strains with srsctive
ing bilitees & one of the possibie srsbepie o amvwer b
the incressing demand lor cheese withnew of improved or ganodeptic
poperfies The rmich more diverse and heterogenens microbiots
and the more intende and sronger Mavour of ra milk cheeses strongly
Sugpest that MSLAR plyy & 3ignificant rale during the 6 pening proces
and that their presence is beneficial ko developing & full-ilawoured
cheese [ Buchin et al, 1993, Grappin and Beuvier, 1997). Hence, raw
miilk cheews cn be an impontant source of sdjuna culhires and the
we of such sdjunct haes slresdy been investigated in several shidies
{Antonss on et sl 2003 Gdnoer=-Ruir et sl 2008 ; Lynch et sl 1996).
O e aitheer hand, the sddition of adjuna cultures may ol 50 give rise 1o
alf-flavenirs or quality defects [ Herrenos et sl 2007 ; Lee et Al 19940,
wihich highleghts the relevance of careful soreening of potential sdjuna
sirains before their introdudionin Lirge-scale model fenmentationa.
The sim ol the predent study was o evaluste 2 method 1o soreen
for potentislly interesting LA sdjunci siraing by determining the
impact of two selected lactobacillis paracaed straing on the
mcroliodogical and vaolstile composition of & Goudas-type model
chees e The patential effects of the cheese making process on g owith,
vishility snd survival of the inbfoduced sdjuna Sirsind snd the
influence of the sdjuna on the dheese nicrobiots were s ded using
convendional cubturing identification and typing and PCR-DGGE
anadyses of il cheese DNA exirans snd DNA extracs obtained fron
i B b (LAR: e ticnnis D ol L 3 bem o still 5 one—es i 20ta0n Jed
gas chromatography-mas spectrometry [SDE-CC-MS) were
emplaved to detect passible differences in the sensary prafile between
the condral dheete and the adjunct-containing cheeses_

2 st erial aiwil netlods

21 Initial sedserion of potential adiunel culiyres

I the emirse of & previows sudy, the miaobisl diversity s ocsted
wiith the produdion and ripening of two Flemsh artian ras milk
Gonid -type cheetes produced st the asme bocaiion was ssesed during
polyphasic entification [Wan Hoorde et al, 2008b L Dereplicaion of
the indtisl et of 734 Bolstes by (GTG )= PCR fingerprintng resubted in
& sulvet of 298 genotypically unique isolaes. The majority of these
ol e | = 244) grouped i 25 genatypec chisters, wheness the other
54 isolaes remained unchustersd and belonged i Species repretenting
Besd than 1 Tl ithe botal nanaber of i solates, From chusters that contsined
ool s s recovered from both cheeses and jor recovered during baoth
aniypling ¢ jdig e, twod o Uhiee i alibes werne seleded lor genaty ping
wing amplified lragment length polymorphiEm [AFLP) analysis
& previously desaribed [Van Hoorde et sl 20082). Based on their
unique AFLP lingerpring, 2 st of 19 nesophilic 1irxing aonapriging
L paracmesi [n= 10, Pediooocar pentosacas [n = 4) snd single straind
al Lockbadlhis brevis, ladobacillie curanis lackbhaglis perokens,
Locdnbac s shartnos e and Locinha cillis p banfarsn wes used for further
s onone char soberization, sntibiotic suice plibility testing and fine
tional sereening.

22 Antibiodic suseepribility fesding

Selected sirain were sreensd for phenolypic redistandce o
enfhronmcin and tetracycling, e the two most commondy ound
resistance phenotypes in non-enterococcal LAE [Klare et sl 2007;
Vi Hoek et sl 2008 | using 4 modified verason of the Kirby-Bxier
digk diffusion method [Baer et al, 1966). For this purpose, sirans

viere grovin on the LAB Swuseeplibility test Medium [LSM) agar
forrou Lstion (Klare et sl 2005) consisting of 90% osemitest broth
{OM0473, OXOID L 10% MRS beoth { DA0359, 00D, B ingstake, LK)
andl 10 g/LGeneral Purpose Agar©2, { LAB M, Lancashire, UKL Priar ta
esting Bolastes were subcultured in 5 ml MRS brath [CM0359,
OCHDH) for 24 h st 28 *C under anserabic conditiond. Subsequendly,
100 L af the booth cubiune wad inooilied on LSMW aged snd groswi
arver nighi. For peepa ration of the inoculun, ool onses were suspended
insterile saline sohution {0.85% wiv NaCl) wndil an 00, g e quivalent of
McFarland [McF) standard 1 was oblsined LSW sgar plated were
inoculsted with the dtandssdized MeF 1 inddailum and paper disks
(DN impregnated with erytheomgydn {15 g CI0020) and
e sy cline {30 pg: CTO054) were applied o the inooulsted plabes.
Following snaerobic incubstion for 48 h st 28°C, inhdbition 2one
dianseters were mepuned wing & degital calliper (Maser Degital 2,
ludwiigsburg, Germaany). Interpretation of resulis b0 disorinm nate
betwieen resistant and susceplible phenotypes was hised on the
guidelines proposed by Chariers et ol [ 19498 L

Straire deplaing tetracydine resistance in disk dilfusion were
subsequently subjected to MIC determination &% described previoushy
{Masen et al, 2006) using 15M broth & ineculstion nedium. Strains
for which phenotypic teirscycline redistance was confirmed were
screened by POR fiorthe presence of betr soycline resistance genes &),
W), e 0) and f&{T) using the POR primers and conditions s
desaribed by Masco et Al (20061

23 Assestnend of profealpnic and lipalpdic properties

Protesxe and lpae soivities were ssesed on v diflerentisl
e i, ik Pl ol &8 & (MPCA) [ DMO68 1, 0X0I0 ) srud i butyin
spar [ TA) (PRDDD4, 0XOID, Rxsingstoke, UK, respectively. lal stes 1o
be tesied for the presence of protesxse and for lipaie saivity vere first
recovered fron MicroBank™ wials by i ing then e robically in
MRS broith for 24-48 st 28 “C_afber wohich 10 gL of the g insin ouliine
wiars plated on MRS sgar and sgain incubsted for 24-48 h st 28 °C
under serabic conditiond. Sulsequently, MPCA and TA plates were
inoculsted in duplicate snd incubated under serobic conditions at
14 °C the tenmperasture of fipening. snd 28 *C the optinal growith
empersture of both isolstes. Conversion of casein by protechtic
stivity on MPCA plstes resulbed in the formation of clesr 2ones
around ithe grown ool onde . Lipolyiic sciindity ws recgnized through
the formation of desr halos sround abonies an TA plates re sulting
o hydralysis af the ester bonds in the trighyceride tribay rin and
the sulsequent release of butyric acid.

24 Prepafarion of adisioed ailtures and s dfarng o firodd ohsedes

Folloving reavery in MRS brath, subailiures of the twe selected
L paracoeei sdjunct siesind woere iransferred onto MRS sgar snd
incubated serobically st 28°C. Aller 48 h, cells were harvested snd
apended in sterile 085 % wi'v saline Sobution to oblain cnoentrations
of 107 cfufmil or 10™ dfu/mil. These suspensions were used to inocul ae
100 L of cheese milk to obtain a fnal adjunct concentration of 107 or
1P afufml

Model Couds-type dheeses were made in a pilot plant from
psteurized {15 5 ot 72°C) milk using standard vechnology for the
mnafscturing of Gouds cheese (van den Berg, 2003 L In total, four
dhestes were produced on the same day Fom the same hatch of
pEteurized milk wsing the same hasic ingredients to ensure that the
respedtive cheeses andy dilfered inthe presence or aleendce ofan adjuna
culiure These i cheeses inchided a control cheese [Le. G_C) without
Sifjunit culture, & cheese with sdjuna culture R-30937 in & final
eoncenir st onol 107 chuiml {Le iG_a093 7], and two cheeses made with
adjundt culture B=30926 in & final concentration of 107 and 107 cfujnal
{ie G_A0926(3 ) snd GADO26[5). respectively). Before adding dtaber
Al ljunet eul tures, ithe e ngper shire of the noil k was browght to 30 “C.
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Call {5 2/100L) and salipeire {155 Mab0'100L) were added undes
conglant stirving after 10 and 20 moin, respectively . Alter addition af
the rennet (30ml of & 1:10000 strength S20neg chymosing100 ml
rennet solution). the cheede milk was paut st rest for approximately
30 min af renneting and the resulting cosguhim was ot for 20 1o
25 miin. After cutting, dcalding wias performped by which approsinubely
half af the valuie of the whey wad expelled snd replaced vwith wam
{40°C) weater folkowned by 20min of sting st 35 °C removal of the
wihey, pre-pressing {5 minl moulding of redangulsr dheeses of
approsimtedy 25 kg and pressing {3 hL Cheeses vwere brine dalbed for
15 h Ripening temperatune of the cheees v 14 °C

25 Sampling and boderiodogical analysis

Thecheese production proces was monitored by colle ding aanaples
frem madlk { ML starter {51 cund {C)L one-day {01 ) and one-week {W1)
okl cheeses and cheeses dpened for 3 and 5weeks (W3 and W5,
respectively].

Far hacteriol ogical prooesing, milk{ 1 miL) and cheese {1 £) snple
vie re homogenized in 3ml 2T wv irdodium dtraie using & siomedher
Lab-blender, and 10-8odd serial dilutions were prepared in pepione
physiological salution (0% wiv baderokgicd peplone (L37, OXOID)
and LEST wirv Mall). A vahinee of 0.1 nal of the appropriste dil tions
wiaeh 5 prresd] pllabed in triphic ste onthres nedi s suppaonting the growth of
varis groups of LAR Kanampdn Aesoulin Axde Agar Base [KAAAR)
{CM0591, OXOMD ) supplenented with 20 /L kanswyein | SRO0925,
CEO0ID) for enteracocd, M17 sgar (CWO7ES, OXOID) supplemented
wilth Lsciose (05%) ke Lebocood and Mayeux, Sandine, Elliker agar
{MSE) {40 738, Biol ile, Milan, by )ior beuoonosboes, Thes e thees media
sty Auipypaant growth of Lsebobacil b [Van Hoorde et sl 20080) and of the
twin sedecied sdjunct culbures R-30926 snd R-00937. KAAA and 1M 17
plakes were incubsted for 48=-72 h &t 37 °C under senobic condition
viheresxs MSE sgar plates weere serobically incubsted for 5-7 days at
28 °C For the fow chesses, & otal of 1147 isolstes vwene fand oy
sedected from plabes containing 30-300 cfu.

In sdkdition o colony selection, bulk cell suspensions e DGCE
analyses {Ercaling et Al 2001) were prepared for esch medium by
suspending the oulturable fractions of the plited 10" milk and cheese
asrryple dibutions ] 0l 1 TE buffer {10mMTris base, 1 nobd EDTA).

26 DNA esraction from pure oulinees aulinrable fracion: and oial
chigete [N

DA exirsdtion from paure cultures and bulk cell suspensions
wiard periormed sccornding to askighily modified protoool of Pitche rand
er-wtrkers | blascn et s 2003 ; Pitcher et sl 1989 ) Quusdity snd pairity af
the obtsined DA exrsct were checked specrophotometically st
234, 260 and 280 na | Spectrabia Plus™™, Molecul ar Devices, Californds,
USA) and visuslly by electrophoresis of Spl DNA miked with 2 pl
Beuscl gl e | o 8 e el 25 g v rsiohiesrucl bl ue dlis s bved i 6 il
TE bufler | on & 1% wi'v sgarese (RESult LE General Purpose Agaroas,
B0y grop, Landgr sal, Hol land ) gel for 30 min st 100 in 1< TAE
buifer { 40 bl Tris-scetate, 1 mbd EDTA pH 800, flanked by & noobecul
wieight naarker [Smanlsdder, Furogentes, Serming Belgium). The
procedure ko exirsction of botal DA From the milk and cheese sanmpbes
viard dleseribed previously [Van Hoonde et sl 2008 ) and oontnol of the
O A quadity and purity vz perfomoed o described sbove.

27, DGGE anal yek

A WE-165 fNA touchdown POR {Don et sl 1991), using prim-
erd 3570 [ F-LCTAMGCGAGGCAGCAG-3') coupled to & GC-clamp
{5-0G 000G ODGOGOCOCGOGGEOCOGCOCGEEECADCGOGG-3') and
518 {S-ATTACOGOGGOTGOTGE-3) {Yu and Morrson, 2004) and
sulsequent Densusing Cradient Gl Bectropharesis [DOCE) analy s
{Tenmenman e al. 2003) using 435 o 60% denstu ring gradient of todal

cheete DA snd cubtursble bulk frationd were carfied outl The
endosune af 4 reference patten every fifth bo sbah Lne on each DG GE
el allowied o digitally nomaslive banding patbens by oo jding
the reference pattern with & standerd pattern using BaoMunerics
saftvare vil {Applied Maths BVBA, Sini-Maners-Latem, Belgium).
Nl zation permitted mperison of differ ent gels sgxinst 4 DCGE-
e icdentification library genersted fnom band profiles of tpe and
rederence airaing, identified cheese Bolstes or extracted DG GE bandd
e nitatived yid endified by sequencing. Theough hand po-Sition conpans an
with these datahsse entries, unknown members of the cheess
imicribaota could be identified.

28 Sauencing of V3-165 FENA gen e anplioo s

IDGGE band s wohich coulbd naot be id entified by band positon anabysi
g the BioMunoeri e id en liestion d st hase were exir soted om the
el mastring, purified snd sequended & previosly desaribed {Van Hoorde
et al, 2008h). In sddition, & selection of bands that were alresdy
Zadi gred 10 & given spede; wing this database wa sbo inchded oy
enf] g in onder b0 aonfinnm iderti fiestion fesubts obitsined by hand
position analyss. The BLAST skgorithm s used to determine the
dlisei relatives in the EMBL nucleotide sequende datahase.

29 Mentification of LAR Eolates

A e byfphiiesi o drpo i o B i g G TG o= IPCIR ot fillinieg o] st
165 fRMNAand for pheniilsl smy RN A synthase | phes) gene e uendng
wir used for identificstion of the 1147 solstes recoverad from the
four cheeses produced in this study {Van Hoorde et sl 2008x).
{CTG Jo-POR wideh canvied ol &% deseribed previoualy [Ceverd et sl
2001 L The resulting (G TG J5-POR profiles. vere compared whith an in-
hinise Biohumeris melerence datsbese for identification. Lnkndwn
dheese isolsbes were msgned o & given LAR species when they
groiped in a (GG 1, -POR duster containing the type strainand one of
mare reference straind of that species lsolates that e nsined
unidentified were subsequenty subjected to partisl 165 fRNA and/
or phes gene sequencing To deter mine closest relstives, pantisl 165
fRNA gene sequendces of unlkngvn Sol e were compared with the
EMBL ssquende dastahase using the BLAST slgoritha phes sequences
wiere imparted inbo BaoMumerics for slignnsent and oom par son with
ander-genersied daisbade containing pheSsequences of LAR type and
reference strans [Scheidinck et sl 2007

210, GC-MS profiling

iTheeses v pened lor five weeks veere imeestigaved for their volstile
e i o A e valin ot on ool S Basveson 42 de i ol ] Livtier i 2ok et
150K ) and g chromsiography-mas specometry | G0-MS) was used
o e oo oo, sepraration and i dendificaton of the cheesevolatil es [Wan
Leuven et A, 20081 For each cheese savple, andysis of the volstle
vt ks e lorried i d uipdhicate. bd entification o fichees e valitibes v
schieved by comparing the muess. specina af the dilferent volstiles tothe
s specira of & cnmendal Mass Speciral Library, WileyZ75 [ Wiley,
Somerset, ML LEA) In addition, seni-quantitstive infomastion W
derived by aomparing the rdsive pesk sress of the volstiles bo the pes
ares ol an indernal wnd ecane standand spiked inio the solvent.

211, Dok analyss

To viduslize & possible effect of the sddition of the two adjunct
aultures on the chesse microllors, dsciminant anahse [DA] was
periormed wing BoNumens, In sddition, prindpal oomponent
analyses [PCA) wias periommed on the Sent -quan tive GC-MS profiles
o the e respanding cleese Lngdes using The Linseramibler 61 | Cana,
Do, Norway ).
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i Resulis
A1 Selelion af adjunct Lo

From & %t of 734 isolsies aolleaed md identified by the muthors in a
previous study [Van Hoorde et 2008 £), 19 genatypically unique s irsins
wire delocied b8 paotenlis] sdjind oubnes Theqe induded 101 parocacs
md 4 P penikracais straing and single siaing of L brevis, L curvaiis,
L peiokns, L chaminosis and L plandani,

Antibaotie suscepiibility besting by disk di fusion revested that none
aif the: 194w s exchibited phendatypes res stande o erghronmacin | e sl
inhibition mne dismeters =13 mm) 1n oo, hiee sirising, i2. wo
sraing of P peniocgocens and the L airmals strain displayed an
inhibition mne dismeter equa or smaller than 14 mm k' tetracyclne
thais inddicating phenatypec rese tance bo this andibi otic. This find ing was
sulsequently confirmed by the MIC results { =16 pgiml, Klare et sl
2007) and by the presence af the arresponding M) resttance gene.
Theesse: tharee 4ivming vee re onaitted frons funther snahyss.

The remaining 16 siraing were smayed lor the presence of
peoteal ytic and lpolytic propenies st 14 °C and 28 °C. None of the
strains showed any proteolytic ar lipolyiic activity on MPCA or TA at
28 °C except for sieain R-J9026 belonging to L pamcose which
sharwned protechtic sctivity st 28 “C and which was abo the sole skain
Esting pasitive or lpise activity next o probesse scfivity ot 14°C
Sixother L parocassistraingand one L perolens strain ex hibited protesse
sotivity only st 14°C Baed on the sbove resdlls, Bwo 45 dind were
selected &4 adjunct culbture For the nasnulsctning of model Gouds -ty pe
cheeses. L paracass R=-09026 v selecied because of it pronounced
peolytic and Hpolytic propertied A3 second adjunct culture,
L jpeaid coreed R=-0937 wiks dedected onithe bas of il e ateoly e sonsty
&t 14 °C and becmse it wias the only steain which v resvvered from
the rawe miilk and during ripening of the corresponding cheese hatch
produced from this milk { Van Hoonde e sl 20082]

A2 Viahde munts of LAR

Four model Gouds-type cheeses with of without sdjunct ouliune
wier e manulsctured from & sngle batch of pasteurized mill. Sanmes
wiere taken from the cund {C)L one-cay okl cheese (D) and cheese
ripened for 1, 3 and 5 week{3] and plated on the LAB-specific media

KAAA, LMI17 and MSE On all theee media, but most explicity an
KAAA lowest cunds were obberved for the contral cheese G_C
{Fig- 1L With respect to the chestes supplemented with sn sd jundt
culture, no pronounded diflerenes m omints were olserved except
for the twio dheeses supplemented with R=-00926 that showed higher
aver sl counts on KAAA medium compared o cheede G_40937. As
ripening progreded Al cheeses showed s oversll dechine in oounts
i (LM 7 el BSE. O KAAA hawoever, ooinis for the sd junct cheeses
remained relatively stable {for G_40937) or even increased (for
C_40926) duting ripening 2 opposed o thase for G_C which
declined Patsibly. thete obder vations ¢an be stivibubed to the good
grovwith of the respeaive adjuncts on the panticulsr medun

A3 Jdensifiention of LAR o bates

To monitar the introdudtion, growah and swevival of the adjunct
giraing in the model cheeses s total of 1147 randomily delected i solabes
recovened during the vanious 2 mpling paing on three LAB-specific
riedia were identified and typed using & polyphasic approsdh. First,
the collection of 1147 isolates was dereplicated based on clustering
il ya i ol | GG ) PO e i s e cile slknl e eadty sotd_ For this
purpee, separaie dendrogr ans were condtrudted for esch sulbset of
prlates recovered from & spediic cheese ot & specilic aampling point.
By selecting one isolate per {GTG J-duster, the initial collection was
reduced to 130 sBolstes which wene sulsequently subjected to &
second round of DMA extraction now using & maodified version of the
methad of Pitcher and co-vorkers (Masco et sl 2003; Picher et al,
1989 This method vields DINA extracts that are of supenior quality
e e el ey the coruidle ik e @ svaald for generating (G TG Jw-POR that
e o e oo el with the uise r-generated BioNumerics database for
identification. Partid 165 fMNA andior pheS gene sequencing wi
performed when solses culd not be unambiguously identfied by
{CTG) MR ot il g Phessni 4 ol Whies ety ohutes el el i ticony Ay,
inchiding the individual prevalence of the two sdjunct srams
throughout ripening based on their dilferent {GTG )=PCR profiles,
are shown in Table 10 b all chestes, | i subsp locnie snd
L preudomietenteroides were retrieved throughout ripening. Mot
prohabdy, they orginasted from the staner & the corresponding
{GTG ) =PCR o ailibes wiere haghly simil ar to those of Llscts sulsp koods
and L peredanesen ianaides molvtes obisined fom the starber. These
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arganisims were donsinant in the curd and the eary stages af rpening,
ot s muniiber propanticonal by d ecressed & ripening progrested Inthe
aud sl st esch phase duding ripening higher numbers of the Smer
vere retrieved in the antral cheese compared o the cheeses
supplemented with the adjunct 31 sind. No representatives of the two
&l junat strsing or other siesing of L paracaresi were retrieved in the
ol chesse. In cheeses CG_d0037, C_40926{3) and G_d0926 {5, all
rexoverad L paracassiisolstes exchusively belonged to the amespondi ng
&l junat cultures used and relstive numbers of the sdjunct sirans
incresded with ripening |n sd dit onto i solsies ssigned o the staner of
sifjuiet uded, sla representatives af L curvalie, L brevis snd
Enterococar arseliloee were oocasionally kund in contral sndor
& junat-contaning dheeses. The Latier tw species wene alo recoverad
from the milk

34 MR-DGGE analsiz of ol cheste DNA and bk frocnions

Anahsi of DEGE profiles genersted from total DNA exiracs by
] persifion snahyis and band s quencing indicated the presence of
members of L ocns aned L piendomesen i des & the predonm inant
specied in all four model cheeses In cheeses G_40926{3) and in
particulsr G_40926{5), the presence of L paracassl was ko
demonstrsied {Table 1), In sddition o the slorementioned species,
analysie of W 3-165 RN A DG GE profiles of bulk fractions slso condim ed
the presence of E aosselifovis, members of the Enfenocacous e,
Entesncarais difand group, Enleamacas ecali snd P peniascaid in
various samples of all chesses In the DCGE prafiles af culturable
Eractions grown an LM17 medium, bands ssigned o Saphy ko e
app and gamma-Proteobateria weere also found. DGGE profiles
genersted rom the KAAA snd MSE Factions cleady demanstr sted
the presende of L paracsei in the three sdjunct dheeses but not in the
ooniral cheese (Table 11 Discriminant analysis of the composie
dlataset enconpesing the qualitative and quantitative diversity data
af dieese wnmples obisined by cultusing and DOGE slbnwied 1o
discriminate between control cheese G_C sdjunct cheese G_40937
and the two adjunct cheeses G_a0926(3) and G_a0926{5) {Fig. 2).
D criminative dhar soters could nasindy be sttributed 1o the presence
af one of mone DEGIE b3 2o pgned 0o L parocda sid the recier ol
isolates represending the two sdjunct strsing.

15 GC-MS profiling

The volstile compositon of the analyred Gouda-type cheeses v
maindy characverized by aroma conpounds derived rom lipolysis,
proteol yais and metsboliam of {residual) laciose, otste snd citr e
The masin cheewe volstils culd be clusied o methylketone,
virl atile scids, | stones, slkeahols, and sulfur compounds | Table 2 1 The
ame st of aroma compounds v slo previosly entified in
Gouds-type cheeses [Van Leuven et sl 2008). In this work, some
dilfenences were abitained in the valastile composition of the chees
s wiith & junat G_40926 compared o the volstile composition of
the control cheese sample G_C In sddition, diflerendes were also
observed in the amound of sroms compounds originating from
lipalysis and proteahyss bemwesn chestes made with the same
sdjunct R-30926, bt in & diflerent final conentration {107 and
107 efumal ). Snoalber dilferences in volatile conpasition between the
condng] aample snd the dheese G_40937 were obierved. This
vy confirmed by the PCA biphot of the volstile (rsctions anabyped
Iy SDHE=G.C- M5, wohachindicated that the condrol dheese and G_40937
Largely exhibited a similar volstile profile. However, the latter two
cheeses could cleardy be differentsted from the two cheeses made
wilth R=0926 &t different concentrations [Fig. 3). These Gouds-type
chestes were dealy charscterized by higher anoming of cheese
vail stiiless. Cheese G_40926( 3) contained higher levels of compounds
et ived o peotedhEis [2-methy lpnopanod ¢ sod. 3-me thy I tsnoae
siid and Z-methylbutanoic acid ), wheress cheese G_40926{5) wi

__:F;ﬁ

R
O G_ATESAE)

n,-1 i g _iear

Fig- 1. T | dicsimniog o o salysis phon poe oo g the e b dve coneriBations of
B e componenrs, e composem | =X=718 coopoeess J=F =X3% and
PR = T G5 i o G- ol o ol e | WG | amalymed vl 5 0E -G C- MBS
e fmafhane d

dominasted by soms components reddting om both hpohtic
{tetradecanaic sad, hexsdecanoie sod and Lsctones ) and protechdic
{3=methyl butanal, Z-methylbutanal, 2 -phemny lethanal and methional)
St viless .

i Disassion

Several criteria have been put krwand for the seleaion of ad junct
aising for we in dheese production. Adjundd often of iginae i om
high-quality sged raw milk chestes {Poveds et al, 2003; Randarro
et al, 2007, althoug hab o non-d siry environments suchas sour doug h,
soil snd grass are ouirently being explored s potentisl sources of
inderes fing starters o sdjuncts for cheese [Ayad et sl 1999: 4 Cagna
el al, 20061 Mext, potendisl adjuna aultures should be able toresch
and masintsin high numbers duting ripening without afecting the
dheese munulsauring proces. n sddition, edumological proper ties
condidered impotant fof cheete making duch & cosguldion snd
addifying sdivities [Fandarro et sl 2007 apecific biochemical
propenties {Tungjaroenchai et al. 2001; van Hylckama Viieg and
Hugenholiz, 2007) and prod uetion of haoderiocing | Gratepanche etal,
2008 ) einill be takening soonund in the proces of sdjunct Soreening.
likewise, doaimentation of safely spects such &8 the presence of
Sirjuired antibiotic redistance genes and o potent sl vielence genes
has gained importance in recent years during the selection of LAR
givaire for lood snd prolbiotic applications {Grattepandhe et sl 2008).
Fimally, it & orucisl that sdjunct candidstes shoukd be tasononmcal by
charascten zed up bo the strain level 1o monitor their persistence and
performunce during the production of model dusedes.

For the present study, sdjunct candidates were selecied rom an
extting oollection of 734 saolstes previously obtsined from two
Hemish anisan raw milk Gouds-type cheeses {Van Hoorde et al,
2008a) An indtisl selection round, in which emphasis was put an
giraing that are well sdapied to the dheese envinonmment by seleding
Slrain types prevalent in both cheese types andior different produdion
batches analyeed for 2 given cheese resulved in a total of 19
gennlypically unique Lodobacilliis snd Pedievocais strsmnd Trnggened
by incressing concerm:s reg anding the presence snd iransker of antlbiotic
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e o e i foend] -l ] ILAE [ A oo e . 20007 ) i thes evbdesrvasti
fthat antileotic resistance in LAR straing is mdst conmandy linked b0
ietracycline andjor erythromypdn resistance {Klare et al, 2007; Van
Hoek et sl 2008 | representative isol stes of these 19 sirain types were
e el o e by i s ilauce: o Uhese i aovtibiaticd. Twoo stedind of
P penlccaceis snd & L cunvaie strain exhibited phenotypic resistande
againt tetracycline, which in all three cases could be linked 1o the
presence of the ribosomal protection gene fef{ML Although the
genoiie location and the potentisl transder sbility of thi gene were
nicrt Further inwvestig sed, it wes dead ed st this stage of thestudy to amit
the three tetr sopchine-resistand iraing Fom the selection of djuna
camiclates. & & precrutionsny mesxsune. The Bsct that the &[M) gene i
indegrated in members of the brosd hast range Canmily of Td 16-1545
conjugative transpodong [Hummel el sl 2007) omikd pase 5 pobentisl
risk for hovizontal tranaker of tetracycline resisiance between members
af the cheese eonswiem. Previously, i M) genes have been found in

L para s either with (Devicgiliis et L 2009) o without {Hans et sl
2008) the presence of Tl 16

Evalustion of protein- and Fat-degrading capacities was evahated
for the 16 re musining Sirains devoid of the tested sntibiotic resistanoes
wihach resulbed in & final et of b L oo 2 dikind wiith pabentisl
adjunct properties, R-0926 snd R-J0937. The Lstter airsin wad
recovened lrom raw milk which is considered an impontant source of
MSLAB with potential adjunct properties [Franciosi et al, 20091 In
arrl e iy i tiof the: indtrod uetion of these B selected bd junet s traing
i the cheese nuaking proce 2 and their eflea on the cheese mio abiots
churi g i peni g, & comibinati on o eul tune -de pend ent and i ndepend ent
methods wees wed_ Selective Bolsions on deree LAB-specific media
and {GTC).AMCR prafiling revesled that members of the staner, ie.
L laeris subsp ladic snd L pesidane enlenoid e, vene dominant in sl
production s tages of the coninol cheesexs well 2 in the early Stages off
ripening of the sdjuna-contsining cheeses This finding oonourred
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wiith the results from culiure-independent analysis which deardy
ghowed the presence of predoniinant bands xssigned o members of
the: 4ianter in the DOCE pafiles of totsl cheese DNA extrscts inall ko
dhee s { GTG) ~PCR profiling af solstes from dieeses G_40937 and
G826 3) 75 ) oondirmed the pre sence of sd junct strains L parac s
R-30926 and R-40937 in the cheeses in which they were respedively
wed. The olservation that their nelstive mumbers e sed
ripening progresed mndicsies that both siraing are well sdapted 1o
the cheese environment and can Survive in a competitive envi ronasent
inithe presende of & conmencisl dtrter oul e, DGCE snaby s obisined
frcvan ikl IDHMA, e satvet ol it dud] et oo g ¢ huesetes. revesled the
presence of L paracased inonly a lew s.ample 3, wheress DGGE profiles of
the corres ponding oulturable fraoions, especially thase goomeon on AR
and MEE, dearly demonsirated the presence of L poracass . Paodsibly,
e lerential snaplification and differences in amplification efficiency
{Suzukiand Giov annand, 1996 ) or the posibility that sone of the nedia
wied deady Dvored growth of L paramssi could explain these
dilferences between culture-dependent snd oubune-ind epend ent
approaches. Although oversll differendes in diversity were mininmal,
the coninol cheese coukd be diffene mtisted from the sd junet-conts ining
e et by o Escwinni nand & nahysis an the basis of the alsence or presence
af isolyes and bandd sisigned o L parocossi Moreover, cleeses
G937 and G_409263)/(5) could sko be dscriminaed based on
differences in the {GTG)-profiles of the coresponding L paracass
adljunct olstes. For dheeses supplemented with sirain R-90926 no
cofuentiation effect on the overall diver sity oould be demonir sed_ To
verily whether this & due to & normastizstion of both condentration
during cheese production or the slsence of a true conceniation
effeq, absohie nunibers of the adjunctsin the cheetes would need o
be determined eg by wing spedes- of frxinapedfic prinsesd in &
resktime MR s

I prev i Studiess, the use of L parac s sirsing &5 sd junds and
its dilferent elfecs on the volstile compositan of the ripened chees
e been dodumented For Db Danbe chee g it s beendhasn
that either benaficial effects or olf-llavours were obtsined depending
an the L paramssd sdjunad =vsin sdded {Antonson ef al_ 2003).
Lynch et al {1999 investigaved the influence of amongst others
L paracss subtp paramssd on the ripening of Thedd sy dhees eq snd
abserved an increxse in (lavour intensity and bitter lavour wiheress
the creaminess and milky flavour decre ased. Probiotic cheeses made
with L paracatei were percenved significantly different from the
probaatic free cheeses, with higher scares for bitterness [Ong et al,
2007 L In the present study, & desor plive sensory anal ysis of the koo
dhee ses scconding bothe method previowsly described by Van Leuven
el sl [2008) revesled that the scores for the dedoipior “aroma
inbensity” incresed in the dusede o whidh sdjunet auliure R-J0926,
irrespective of the concentration, was added {ANOVA: 005 <P= 010
data not shown ). Furthermone, PCA of the vaolstle conprounds eoulkd
dlearly differentiste cheedes musde with sd junct R-30926, i npanti o s
G_40926{ ), fiom the contro] cheese G_C which shawed ondy 4l
differences with the cheese musde with adjunct R-40937. The cheese
e wiith s juna R-J0926{ 3) wad maindy charscten 22 d by volatiles
derived from proteaysis | brandwed -chain vaolstile scids) while the
dhee s made wiith s junet R-3092615 ) v dominated by fat-re lated
cormponinids such &8 free Gty scids and 5= and f-lactones, of which
the concentration generally comelaies with the extend of lipolysis
{Colling et sl 2003), next bo dome aming scid-relsted compounds
{beanched-chan ddehydes and sulfur compoinids). These resulis are in
linewith ithe olserved tedhnobgic sl propent & of R-30926 wihich 3 hoveed
next to protechylic abo lipolylic properties, whereas R-00937 anly
ghirveed evidence of some probechtic sotivity on milk plate count g

The we of sdjunct aillures in the production of new types of
artitsan Goud s=type cheetes is & promising s stegy b0 onipenaste for
Mavour unilfonmities due 0o loss of biodiversity in the cheeses In this
Sludy. we pripse dne s bile appoasch b sereen well -char sober ived
HSLAR wiith cle s predominance in raw milk cheetes for hasic 3 alety

and technobogical parameters with the sm of using & subset of
selecied cultures a3 adjunds in model cheese production. Although
anibsice the donpeal this sudy, sdditonal fundtional soreening ko the
presence of specific Mavour-forming enzynees and their metabolic
peoduats could further contribute to this seledion proces. Together
wiith & better wnderstanding of the populstion dynamics with respect
o interactiond of the introduced sdjunets with other bacberis
edominating the cheese ecosysen, this sirategy could pave the
widy tordiver sify the aurrent range of Goud s~type and other 3eni-hand
iypee cheese s by eniching or extending their (lavour paleie.
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