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Contribution of starter lactococci and adjunct
lactobacilli to proteolysis, volatile profiles and
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Absimet = Wasded-curd cheeses manufac sl with esther factororrus et subsp. Tactic 114 16
or Lactococcus Tactiy subsp. cremoris A2 were wsed 1o kst the rale of sic Raciobaci Jus strains
fremm the UWNBEE callection as ad junct cultures. Prolealyss and valatike prahke determanatiomn wess
performed onall cheeses afier 28 days of rpemng ; a tramed pane] asesed semory clharaclersfics.
We ahaerved fhatl averall, the bolocaccal slarker strains had a major mfluence on cheese sk and
feture, Comiral cheeses mamu facuned with the siramn [L216 were mild. Lactobacilb ad junct addi
ticrm e cheeses manufaciured with the stramn 112 16 had a strong effect ontheir favour atinibutes. In
comirasd, comral cheeses mamu facned with the siram AM2 had greater Davour imlensies and wens
saltierand mareacidic. These cheeses wene mone affected i their fexure prafile and averall Qavour
miensaty, and & a kser edent in ther Aavour prahle by botohacilh additiom. In summary . while
the major cheese charaderstics are determined by the sanler siram wsed, addiin of hoobaalh
acdjuncts Lo plantarram 15721 plantaaum 1310 and F cased 1227 can affect flavour and testure of
wshed-ourd cheese praducts.

Lactobacilli adjunct culivee fstarter £ proteol vis § volatile oom pound £ sensory propecly

B — Candribation du levain el d'une coliure secondaive de bclobacilles & b proiéolyae,
au profil des composes volalib el aux caracteritigues sensorielles de Tronmages  pale presée
D fromages & pale pressde onl S bmguds ave sl Lackeoccu s lactls subsp, faciis [L2 16, son
Iactocorcu s Tactic subsp. coeovnis AM2 pour tesier ke rile de sx souches de botohaclles de la
collectiem CHEE enlan que cullune secondaire. La protdalyse o le profal des composss volatils om
G déterminss sur kne ke romages aprés 28 jours d'affmage el un jury eniraing a Sabh keur pradl
swnsemel. Mous ohservons avant oul une mfluence majeure de la souche de levain lackcogue sur
ke gevifl el b e tune cles fromages . Les romages (émeins fahrguds avec b souche [L2 16 soni neuines
e ot " ume culture secondaime delaciobaci les a un fon mmpact sur les atimibots de Tayvear de ces
fremmages. Au conlrane, les romages (dmaimn fabrigqués avec b souche AMZ2 posiédent une plus
femteimemsid de Mavewr, ik sond plus sak el plus acides. La texre st imensil @ glohale de faver
el dams une mamndre mesuzz, le prafl de faveur de ces fromages sont aussi davamage affectds par
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I'appart d'une cultune secondaime de botobacilles. En néume, 51 les caraciérsticques principakes des
remmages soni dflormindss par by souche de levaan, Fajout d’une culiune secondaine des souches de
bctobacilks L plandsum 1572, L plankoam 13 10 ou [ cased 1227 peutl meedifier la faveur et la

fexfure de fromages & pide pressse.

Culinre s ecomtlaive de Bolobacilles £ levain! probéol yse S oo pasé valatil £ propeie sensoridle

L INTRODUCTION

Mon-staner lactic acid bacteria (N SLAB)
are adventiticus lactic acid bacteria that
conlaminate cheese. In conrasl 1o staner
lactic acid bacweria, which are ineculaked
iy cheese milk athigh cell conoenirations
and decline during the ripening  period,
NSLAB initial counts are very low {102 1o
LA CFU-mL-Y i good quality commercial
raw milk and 10 o LA CFU-g~ in one-d-
old Cheddar cheese manufaciused with
pestcur Bed milk) but they increase (up to
10— 10% CFU- g~V during the fisst weeks of
ripening [8, 27]. NSLAB comprise mainly
lactobacilli in chezses manufacured with
pestenr Bed milk, but may ako include
pediococci and enero-ooeci [ 5,23, 26).

NSLAB probably contaminaie cheese
milk after paseurisation [21). Howewer,
very amall percentages of NSLAB may
also survive pasteus sation [36] and be the
spurce of socondary floga in “asepic”
checses, Alematively, lactobacilli present
in cheeses manufaciured with pastieur Bed
muilk may e part of the resident osa inthe
dairy production plant [25], and inthe aw
milk itself [36].

The inflienoe of lactobacilli in chesse
ripening has boen studied by adding lacio-
beacilli culures as adjuncit Mosa o experni-
mienial chozses [ 15, L6, 19 28, 34) or by
comparing choecies manufaciured either
with mw o pasteurized milk [23, 29, 30).
It most cases, cheeses with higher counts
of MSLAE have a higher froe amine acid
(FAM comtent and enhanced Flavour,
although acceptability s e always
improved [3, 18, 19, 35). Water-soluble o
T0% cthanol-soluble extracts of cheeses
manufaciured with and withowt added
lactobacilli were shoven i have quantiiative

differemnces [19). Punhemoode, cooperinmen-
tal Cheddar checse containing a complex
adjunct culiure of mesophilic lactobacilli
dewelopad & stronger (lavour than the
comrel [ 24], and cxper imental chogses also
had a higher score for flavour indensiy
than controk [34, 35). I has been sug-
peded that loiehacilli adjunct culwres
miay indirectly improve cheese Mavour by
limiting growth of adventitious and poden-
tially prejudicial NSLAE [21]. However,
other studies sugpest thatl laciobacilli are
ot neaded 1o obiain & pood quality Gouda
chase [14])and may evenbe detrimental to
the favour quality of Cheddar checses
[37]. Taking inte acopunt these diverse
studies, Peierson and Marshall [27] sug-
peded that NSLAB influence & prohably
diepemndent on the sirain and the Final bacie-
rial count. Temperaiuse and the starer
atrain used [0, 15] also play a rele in the
prowith of NSLAB and their infleence on
chesse ripening,

I this work, we examined the contri bu-
tien of staner and laciobacilli adjunat cul-
ture to prsteslysis, production of velatile
compounds and sensory characterisics of
washod-curd chocses (Sain-Pauling, For
that purpese, siv Lecrodere Sy sirains
wiere tested individually as adjunct culiure
with twe different staner siains.

2 MATERIALS AND METHODS

2 1. Steains and clweese manulact ure

Al strains were from the ON BE collec-
tion. Lenckdyncillics sirains that had been
splated from chesse [31] wene esed in
chome experiments & adjunct  culiure.
Two strainsof L ploangerar, identifiod by
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TaMe 1. Trial planning fer washed-curd cheeses AMZ: L lddis subsp cremaris stram AMZ:
& 16: I Tackic subsp. factie strain 11216, Trak with the ame identifcation ketier (example: A
amcl A’ ) were made with the same milk. Each ial commespancs 1o a cheese-making day. O comral
cheese (withoutl boiobacillip; Bl and B2 expermental cheeses (with hotobacllip. Expermenital
cheese 1 from il © was nol mamifacuned becawse ad junct culture Lh cased 1222 did not attemm

the approprizted aplical demsily on Gme.

Wieek number Traal Theese Saner A pance ool
i 1
A El 114 16 Lh meri | 227
EZ Lh plamanum 1 572
I
C .
A El AN L emsed | 22T
EZ Lh plamanum 1 572
[ .
it El 114 i6 Lh e 1219
5 Ez Lh emeed | MR
- E- 1
n El AN Lh emeed 1219
Ez Lh e | MR
c .
C El L4 16 L emned 1 244
Ez L, plamars 1310
3
[ .
o El AN L emned 1 244
Ez L, plamaras 1310

mumibsers 13 10and 1572, and Four £ cesed
(1209, 1227, 1240 and 1308 were selectad
from resulis in model miniiue cheeses
[11]. Washed-curd cheeses {220g) with
anmd w ithowt added lactebacilli wene manu-
faciwed i GL wvals either with CNEZ
Aarier sirain L. kefiy ﬂﬂﬁp Terctaw ILA LG
{chosen for is high resistance 1o phage
infection [4]) or with L Jocris subsp.
cremony AM2 (chosen for is awolyiic
ability due to the presence of a prophage
(171 Twe experimental cheeses and one
comne] choese were obtained every checse-
nuaking day, acoording 1o planning {Tab. [).

A disinfectant product {Divesan 2000,
Diwersey-Lever, Fonie nay-sous-Bois, Franoe)
wirs pulverized in the cheese-making rosm
2 h before production o prevent phage
altack and contam ination with adventitious
lactobacilli. The vals and cheese-making
eels wene seaked in a hypochlosite solu-

tion { concentration 1 g-L-1 for 10 min and
mad rinsed belone use.

Whaole urised commercial milk
was ineculated with staner cultuse {either
ILAL6 or AM2) Milk of the same baich
was used two conseculive days for cheese
production with the two staner sirains and
using the same Lectodae 0y w25l sirains.,
Lacwobacilli wene added 10 the experinien-
tal cheese milk, Starter and adjunct cul-
lures  were epared & previously
discribed [ 1] Theee baches of milk wene
used o complele the whele experimental
disign in throe weeks.

Benneting was camied oul at 32°C
using G03% {wiv) rennet (530 mg active
chymesin L1, Granday, SKW, Beaune,
France), Lactose was partially semoved
from the curd by substituting 0% (v of
the whey with sterile water s 32 °C whik
atirring. The curd was moulded and
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pressed ovemight at 25 °C. The choeses
wiere brined for 3 hat 10 50, surface dried
and waned. They wene ripened fos 28 d ai
1270, Grws composition of one-d-old
checses (pH, fal and dry matier, Nall
content) was determined & deseribed [11].

2.2, Amalyses

221 Bacredological analysis
aind plvage detection

The population of staner lacteoocc
prescnt in the chese products afier [, 14
and 2 d of ripening was determined by
plating sample dilutions on M7 agar and
after 48 h of incubstion at 30°C [32]. To
determine the population of NSLAB, sam-
phes were also plated on Lactobacilli Selec-
tien Agar (LBS, Baltimore Biclegical
Laboratories, Bockville, USA) and incu-
baited for 72 h wnder anaerobic conditions
[20]). The absence of lytic phages during
checse-making was verified a5 described
prewviously [[13].

222 Assessment af proteolysis

Cheese samples were reaked 10 ohiain
crude citrate exract, inscluble and sohl-
bl fractions sl pH 44 and the seluble frac-
tien  in phosphotungsic  acid (PTA)
acopnding to Gripon et al. [9). Nitmogen
content of the fractions was dedermined in
duplicaie by the macro- Kjeldshl method
acoording i the [DF Standard 208 [12].

Ethanel 7%  soluble eximcis  of
checses, propared as described [18]), and
insoluble fractions at pHl 4.4, were ana-
Iysd by reverse phase liguid chromatogra-
phy (EP~-HPLC) A 25 mg casein sample
wias dissolved in 1L.5mL of a BisTris
Puffer (002 moel-L-1, pH 6.5) also contain-
ing urea {4 mol-L- and f-mercapioeiha-
el (039 and analysed as described [39).
HPLC equipment and chromatographic
comdition were as described by Hynes
etal. [L1].

The relation bemyvoen the peak anca for

s ] case i and the pepiide s -1, resulting
: . asl =1

from chymoesin activity, % ol —laasl”
was caleulated s sn index of ﬁinéﬂ
prodeslysis,

Free amine acids {FAA) wene quanti-
fied as describad [17).

2238 Prepararion and analysis
af valarile ¢ onmjpros sds

Waolitile compounds of coninsl  and
ex e rimenial cheses wene companad quali-
tatively by a rapid method based on static
headspace analysis by gas chromaiography
(G0, A sample of 5 g of cheeseand § g of
MNa 30, were mixed in a glass vial
{22 mL) provided with a glass rod theough
a Teflon sepium. Afer mixing, the wvial
weas oonlad inan ice-water bath and the cap
wias substituded by a Mininen valve {Inier-
chim, Monluwgon, France). The vial was
then wamiad up ina water bath o &0°C
fior 15 min. A sample of 400 ul of the pas
phase was taken with a gas syringe {86 E,
Villehon, France) and injocted spliless
i the chromatograph. Gas chiomato-
praphy was perfemmed in oa HRGE 5160
Mega Series (Carlo Erba  insirements,
Thermue Quest, Les Ulis, Franoe ) equipped
with a flame jionisation detecior and with
an FEAP columm (1 & W, Folson, LT8A),
length 12 m, internal diameter 0,52 mm,
film thickmess | pm. The iniial oven tem-
perEiune was 35 °C. Afier 2 min, the tem-
perature wis increased st 30 “Comin? 1o
125 °C, and at 5 "Cmin~! e 150°C,
whene it was held fior T min. The flow rate
of the camier gas (Hy) was 5 mLamin".
The injector temperaure was [ 50°C, and
the detecion emperamre was 200°C,

Drata were collected with a Kontron PC
Inegration Pack {(Konren Instuments,
Moentigny, Franoe) Peak identification
wias carried out by standard add tion of
pure compounds and confirmed by GC-
M5 (chromatograph 8060 and MD S0,
Fisom Instrumenis, Thermoe Quest, Les Ulis,
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France). Chromatography was camied out
wing a Supelos Wax colunn, 30m, id
L322 mm, thickmess | pm. The wec-
wr gas (Hy) velocity was S0cmes. The
injection temperature was 260°C with a
split after 30 5. The 35 “C oven tempera-
e was maintained for 3 min, then raised
at 7°C-min~! 1o 150°C, this temperatuse
maimained for 2min. Aler electronic
impact ionisation {30 eV, detector 400 Y,
nass range LA-150 mef), mass specisa
wire oompared with these of the NIST
nass specira library.

224, Seasary analysik

The propenies of 28-d-old
washed-curd cheeies wene maessed by a
[2-member wained panel [38] in a room
adapled for sensory analyses [1]. During
each session, iwo experimental cheeses
{prepared with laciobacilli sdjunct culiure)
and one contiol cheese {without lacioba-
cilliy comesponding 1o one cheese-making
day were simultanesusly compared by
cach panel member in a sensory profiling
iesl. Checses wene removed from storape,
waned off, stored & room lenpersiure for
Ih and cot into pontions (-25 g) befose
sensory evaluation. Cheese ponions werne
coverad with glasaes for odour assesament
and labelled with randomizsed 3-number
ondes. The erder in which the cheese pos-
fions were presemted o the panel was
halanced #e avoid order and camy-ower
effects. Mineral water and bread wene pro-
vided i the panellisis io rinse their mouih
beiween samples. The panel was sked 1w
noie adour intensity ona 5-poin scale and
W describe the olfactory, visual {aspect),
and tactike (hand teuching) sensations per-
ceived during examination of the cheese
poriiens. Samples wene then raied accord-
g b 3 b xdume st i s Firmness, elastic iy
and perceptibility of the mico-siuciune:
from uncluous 10 granulan, 7 Davous
altributes  (salty, swest, acid,  hiter,
pungent, fruiy, rancid), overall favous
imemity, and overall liy. A ini
raling 33‘::]& wirs used wT:ﬂ z uvdal.acj-P:jad.

| = wery low, 2=low, 3 = medium and
4 = sirong.

Data were analysed wsing the Tasiel
anfiware sysem version 2000 { ABT infior-
matigque, Paris, France). Principal Compo-
mend Aoabysis (POA ) was camied oul on the
chewse charactenistics [2].

3. RESULTS

A1 Geross oo posi oo

The ¢ sition of the one-d-old
wihe d-curd chocses is shown in Table 1L
Driffenemncss indry matter and sall-in-miois-
e were detecied Between contrel cheeses
manufaciuned with the same baich of milk
two consoculive days but with different
staners, of betweon contiol choeses manu-
faciured with ithree different baches of
miilk but withthe AM2 staner. They wene
probably due ie the low coeagulsiing
quality of paicurbed milk used in the
experinents, which caused differences in
the syneresis of cwrd during chosse-mak-
ing. Commercial pateurbed milk was
scleciod because it was originally used in
the screening of the srains in ministure
mindiel and was Consiant in gross. oomposi-
tion. Average pH values were lower than
usual in Saimt-Paulin-like choses (5.20-
5300, probably because higher whey
relention in our model resulied in moese
exlensive amounts of available cose,

3.2, Micrablological analysis

The numibser of laocoosi and laciohs-
cilli in cheses with and without adjunct
culture during ripening for the two lesed
staners are shown in Table 1L The bactierial
oouns of L. kreos ILA4 16 remained constant
during l:ﬁhing {above 107 URC-g=1 of
cheese, indicating the pood stability of
the starter population. Laciobacilli did not
dominake the microflora of the cheses, as
their tion remained constant thaou-
ghout the ripening peried, whilke coninel
cheeses emained free of  adventilious
lactobacilli.
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Table 11 Dvy matter % { DM), salt-in-moisiune % (S/M) and phl values for washed-cund
checses with and witheut lactebacilli adjunct. C contral (withowt laciobacilliy; EL and
E2 experimental cheeses (with laciohacilliy; numbers in brackets indicate the Lecrolsredl-
i sirain.

Starter [LALG Traal A Tral B Temal
Cheme C El X [ El 2 C El X
(IZETy  (15T2) (1209 ) BOE)y (IEdp  q1300)
I e SLL3T s0m9 5147 508 5129 514 SO0 4935 S0ES
5 (fiep Ik 452 251 T iy 203 145 pd 275
pH 4.91 4491 4 4592 488 459 450 483 4.5 4 5l
Smnter ANE Trial &' Taal B* Trial C*
Cheme C El Ex [ El 2 C El Ex
(IZETy (15T} (19 ) OE) IRy q1300)
I i) SM 5055 4900 518G 4E49  S068 0 40T7Z . dad
M e iIm 275 4. ET i I XG53 . 246
pH 450 4.77 4.78 4.5l 45 4.77 472 . 4.70

Talde 1. Bacterialagical counts (CFU-g Va1 1, 14 and 28 d of ripening of washed-curd cheeses
made with edther [L216 (L Jartic subsp. factic sirain 12160 or starer AM2 (L Tactic subsp.
creonis strain AM2), with and withent botohacilli adjunal. O comral (without botobaclliy El
amd B2 experimental cheeses (with laciohacilliy; mumbers in brackets indicate Lackobacillu g s train.

Starter IL416 Trial A Teial B Tril C
Ripsisg C El E2 C El1  E: C El1  E:
day (IERTE [ DATE (43 LT i [t E AT e (1]

Lo oo 1 44 00" A4 470" 4400 raagf Spao aTaof EEagf oAt
14 3500 s 400 40 s 46 10M 240 1F oM 2E Qo
T B TS TR TR O S S Tl T A I TS L T (e e T B (i
Laceckacilli 1 B TECRE S T T T GO TR S O T L L0 T TR C O O TV e T
14 < IFE 30 TR o« F 42107 40 <1 T4007 2E 0
o owid Asud gAi0t < gsat 3s0F o T4t 2ag

Simrier AMI Tl A Tl B Taal
Mipmsmmgy C E1 Ez C El Ez C El Ez
day (1T (15T (219} (10E) (1244 (1300}
Lac oo oo 1 SIS TR S O T O O I UL B T T i O TR I I 16 O T 11
14 B (LU [ 0 TR T T (RS A 13 - 3
I (0 U B T T L 3 e 3 1 .
Laceokacilli 1 < IF T4IE E107 0P adaot A 3 - 4.5 10¢
M < IF T4E TR . A7 4300 o2 . rg

] S (LI W (O T e T T o T T O T o T - £ [
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Takde I'V. Mitragen comient in saluble frac ton
al pH 44, and in phosphoungsic acid 2 5%,
expresssd 2% a percentage af dolal mitrogen
1% pH 44 SNTN and % FTA-5MTN, nespec
tivelyl, for the 28.d-ald washed -curd {camimal
amd expermen el cheeses ) manufaciured cther
with starier [L4] dor starier A2

Sener wran

Meam values (n=9} 114 I AR
pH44ENTN Gl +05  1T4x 01
T PFIAENT RN f+0.0% 23207

*Thes valee & near i de dewcoon B of obe
metdnd and theedore may not be exao.

In contrast 1o ILA 16, te L Jocry ARM2
population markedly  decressed during
cheese ripening, possibly due 1o suielysis
by activaled prophage. The evolution of
the lactohacilli atioay ine imental
cheeses pr a':ﬂm the m;ﬁna WS
casclially the same as that observed in
checses manufactused with [IL416 staner.
Control cheeses prepared with AM2 alone,
however, showed some  Ccontamination
with  adventitious  laciobacilli {up 1o
TP UFC-g~") for two baiches owt of
three; this did not cocur in conrol cheeses
manufaciused with the strain 11416,

33 Proteslysis
The average conienis of solble nitne-

gn a pH 4.4 (5K}, and phosphotungstic
acid-soluble nimegen (PTA-N) of cheee
incculaied with cither the staner IL416 or
AM2 s 28 d of ripening are shown in
Table IV, Washed-curd cheeses made with
and withoul loiohacilli had pracically
entical SN levels, both for IL416 and
AM2 stariers  (individual  values  mod
shown), PTA-N levels wene very low fog
checses manulacwred with the sirain
IL416E, near the detecton limit of the
mizthed, and theneby the variability coeli-
cient was nol acozplable for this series. L.
pepiferrar 1310 was the only adjunct that
resulted in an incresse of PTA-N values
compared with the contral cheeses (0.79% ).

Chiomatogranms of the 7% cthanol-
apluble extracts showed similar resulis o

these already observed in model miniatune
cheeses [L1] Qe quantisiive {ioial surfaoe
area) and qualitstive differences beiween
peptide profiles of cheeses prepared with
staner IL4 16 or AM2 and essentially quan-
iiative (peak areas) differences beiween
cone] and rimental cheeses mang-
factured with the same starier {data nod
shown)l, Thi sugpests that the starer
strains play a mose imponant rele than the
lactobacilli adjunct in the production of
T0% ethanol-soluble peptides.

The chromio i e 0 the inao-
luble fraction at pH 4.4 wene essentially
the same for all cheeses }mu navl shavwn).

asl -1 w0

experinental cheeses., These values ae not
aignificantly different { P < (L05)L

Total amounts of FAA for 28-d-old
wshed-curd choeses are shown in Figuse |
There was a clear difference between
cheeses manufaciured with staner IL41G
of AMY. For cheeses manufactiured with
the strain AM2, FAA amouns wene
preater in both control and imental
chees, Woke that the Lh. pleifarawm 1310
adjunct incressed the level of FAA by
around  30%  for experimental cheeses
manufaciured with either ILALE or AM2
aaners, o red with comtrol cheeses.
L cerxed 1227 showed a similar endency
in cheeses manufaciured with the swrain
ILA18%, but the increase was muoch morne
proncunced {3 two-fold  increse)  in
cheeses  manufaciured with the  starer
AM2, Lb pleniferrion 1572 and Ll ceosel
1308 increased FAA content only in
washed-curd chesses manufaciured with
ithe sisain AR

The individual FAA profiles ane shown
in Figwe 2. Profiles seflected the staner
sirain used rather than the presence of
laciohacilli, with higher Glu and Lew
coments for the strain AM2, The adjunct
penerally incressed the level of all Faa,
bt it did not change the general characier-
istics of the file excep for checses
made with L. plegoen 1310 adjunct, in
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Figure L Total amauni of free aminag acds of

Mediaokl  washedcurd  cheeswes wih (B
expermental ) or watheutl (O, contral) added
lactcrhacilli. Faedoheardluy s traim: a2 ienti fad in
the igure.

which higher histidine coment was meass-
wred repgandloss of the saner sirain used.

1.4, Volatle compounds

Cras chiomatographic profiles of choese
headspace wene wvery simple. Table W
repans the main volatile compounds and
their amounts dexpressed as integration
units) im the headspace of washed-curd
cheeses, A first component in the ¢hroma-
tog raphic profiles, with a relention time
shoner than acetaldehyde, was nod identi-
flod and appeaned with moest of te adjumct
culiures (406 with the staner [L4 16 and 344
with the staner AM2). All the ether com-
pounds are the uvsual volatile conmponents
of chegse [22].

Acdjunct cultwres of L. cosed 1227 and L.
pleferaean 1310 and 1572 showed the
preates difference Between contnol and
exprimental cheeses made with staner
ILAl &, Headspace profiles for washed-
curd cheeies made with staner AM2 were
caentially  the same, except for L
plerineenaean 1310 {Tah. ¥

3.5 Sensory analyss

The choice of strains of Lachococ oy
of  adjunct  Lecredene 8las significandy
influenced both the texiure and te overall
adour intensity and flavoeur sttributes of the
product. To summarnise the resilis and sim-
plify their imenpretation, principal oompo-
e analysi (PCA) IS shown ina sensony
F-dimensional-space map. V0. 1% of ithe
varano: was included in three Principal
Compments (PO {Fig. 3a). The first PC,
which explained 38.7% of the variance,
wis associaled with the alastic textune in
axpeis it 1o the fam, granular texiuse and
salty, acid overall Navours. The second PC
(LR of the variance ) was mainly deter-
muined by the bitter flavour, s opposed 1o
the fruity, rancid and sweet Navours, The
third PC {1 3.4% of the varianoe ) was domi-
maked by the swoet and pungent Mavours &
oppeded o the odour imensity. Analyses of
the theee PC feom PCA of all the washed-
curd chece sensory datad Fig. 3 reviealaed
chlar separation of cheeses manufacured
with stariers IL416 and AM2 both on the
basis of Tlavour and texwre anributes. A
large dispersal of the three contnol cheeses
manufacwred with the staner AM2 acoor-
ding 1o the first PO was obser vied, probably
due to their higher varability in gross com-
position. Choeses manufaciused with the
atarier AM2 had the highest Mavour ingen-
sity) they were more salty and acid, while
the sensory characternistics of washed-cusd
chesses manulaciured with starter [L4 16
wgre mild and similar. This is presumably
dupe e the greater activity of endogenous
repidases in cheeses manufasued with
the strain AM2. The mele of the lactobacilli
adjunct, determined by sensory analysis,
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Tae ¥. Voldile compound amoums n washed -ourd cheese, expressed as peak areas (m-man ":l
al the headspace amlys by G0 Values of contral cheese (mamifachired with slafder IL216 ar
AM2 without laciohacilli adjunct ) ane the average of the three contral dheeses . Expermenital
cheese values are reporled indmidually for cach bokohacills adjunct culinre. LacdobaciTus straims
marked with an astersk indicate that thene wene other peals (unidentifed) i the walatile prafle af
thee expermmenial cheeses. Expenimenial cheese wath AM2 slarier and Lh cased 1227 and 1222 ax

acljunct culiume were nol anad ysed.

Starter  C nd  Cantral
e e 1318 ISTI 1N IME 2P 124
wmdenfded 007 [ R TR N TN R
acetaldebyde 0 0 0 i i i i
aceso e i o a0 0 i wir oo
el aeime 0 x ] 0 0 Lo a
edunal 131 230 127 1S 1M LB 12s
diacend 1.0 VN R aE a1z 05 o
acetoin 044 66 048 0 075 04l 0 0
acetic ad 010 s 01z 0 am o0 0
i::” Compaund :l;'";d 3¢ 15T 1M9 1ME
mmdemfed 0 0 niz 091 09
aemldebyde 0 0 0 0 0
acetome 04 VN PR ans o6l
el aceime 0 0 1] 0 0
edumal 249 LR T ST B
diacen as:  0E o0 0 .06
acetoin 034 a6d 003 o 254
aeticasid 0 L i .40

wars a ko different in cheeses made with the
o diffzrent staners. A limied numbser of
attribwies were found do describe the key
characwenstics of cheese texiure and fla-
vas That were modified by the addition of
laciobacilli. Cheeses manufaciured with
the stamer L4106 wene most affecied in
their favour atir ibulcs as a result of lacio-
hacilli adjunct addition. In contras, cheeses
manufaciured with the stamer AM2 wenz
misre affectod in their texiure profile and
aowerall Pavour intensity, and 1o a lesser
cxtent in their Ravour profike, by laciobacilli
addition.

A4 DISCUSSION

In this sdy, we provide information
about the evolution of populations  of

starier and adjunct cultures and their bio-
chemical activities, during the ripening of
wirshe d-curd choeses,

While starer ILA1S viable cell counts
remained constant during ripening, the
AM2 populstion decreased o = 10F CFLU-g!
incomira cheeses, as expected, because of
autolysis due to activated prophage. The
s vival of the LA 16 staner was very simi-
lar 1o the survival we found for the same
srain in a model miniamwre chogse [11).
The starer AM2's viabiliy decreased 1o
lower levek in washed-cund choeses than
in our madel, prohably because washed-curd
chesies composition determined a mone
atressful environment for this strain, that
led 1oy the prophage activation [17]. Lacko-
bacilli bacterial counds remained sl their
initial levels, The lacwobacilli population a
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Figure L Prafils af free aming acids for 28.d-alkd washed -curd cheesex manufaciured with stamer
straims 112 16 ar A2, Contral chazses ane identified with the starler code and the expermmenial

cheeses with the strier and the adjuncl codes.
ickenfifeed by the one keter code ( X is cirulline,

o dlay of ripening prohably e flecis abal-
ance between the loss of celk in whey and
the concemration effect due o cheese-
making, but some growih during manufac-
ture and pressing is also pessible. Com-
pared with 1L LG, the presumed lysis of
ihe AM2 drain did nod improve growih of
Lere fefercd Bany strains. Thomas [33] demon-
stratod that laciobacilli ane able to grow on
lactocoocal cellhomogenste, soitis gener-
ally supposed that lic stamers impoove
lactobacilli development inchaese & 21).
W did nat observe aich an improviemen
for lactobacilli adjunct in our experinment.

AM 2412244 nol manufactured. Amaing acicds ane
B & yeammnobuynic ackd, O & omithine ).

Mot that Lane & al. | 15) reponied similar
resuls for four iypes of starker, among
them the AM2 simain. B is inderesting 1o
noie, however, thal cheeses manufaciured
with the siarier AMY were mose easily
conaminated with adventitious NELAE
than these manufaciured with the saner
[L416 In our model minkure cheese, we
found that AM2 survival was improved in
the presence of laciobacilli adjunci cul-
tues [11]). Suwch a endency was nod veri-
fied in washod-curd cheeses, poohably
because the higher dry-matier and S
were mie sinsasful conditions fior the AM2
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Figure X Prncipal Component Amlyss of the snsory data af washed-ound cheeses made either
with ILA16 (M) or A2 (@) L factiv drams withand withoul betobaclli acjuncts . {a b Soore of the
semsory almbules in the sensory space defned by the firs three princpal components (7L 15 of
the vanance). The averall quahty & comsidered 2 supplkementry varode. (b Location af the
prducts o the sensary spaoe. Comral cheeses are identifed with the strler code and the

experimenial cheeses with the adjunct codes.

starter. Micno-Tiltensd milk has been adopied
w0 funher examine the effects of adjunc
laciobacilli on AM2 in our laborstory.
Primary proteadysis was wry similar foo
condrel and experimental chesses, manu-
faciured witheither AM2Y or [LA 16, show-
ing that staner and adjunct culiure did e
significantly influence the hydrolysis of
inact caseing in s, The smilaity of SN
stpH 4.4 andthe % —28l=1 " s
asl -1+ sl
fior experimental amd control chozses also
confirmed the mepeatabiliy of washed-

curd choeses, as il depends on chymosin
activity amd, thenefone, on waker activily,
pll and composition [ 7].

Sevieral authors have neporied that lacio-
bacilli adjunct increased FAA in Chedidar
cheese [3, 18, 19, 35]. In washed-curd
chesse, ncresmed amounts of FAA in
cheeses with lactobacilli depended on the
staner srain. Thus, L. cosed 1227 and
1219, and L. pleviserron 1572 and 1310
strongly imcremented the FA oA otal amound
when they were added 10 cheeses made
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with AM2, but only L. cesed 1227 and L
pherngerrin 1310 increased FAA when they
wiere added 1o cheeses manufactused with
the strain LA 16, Moseover, the inerement
in FAd content was as great as double for
cheeaes manufaciuned with the sirain AM2
with 1227, 1572, 1308 and (310 Loere-
Funcdfhex strain adjuncts, butonly aneund 30
1 S0 for L. cersed 1227 and L pleiferriom
1310 in chesses manufactured with the
starer [LA16 These resulis could e
explained by a higher protease and pept-
dese activity provided by AM2I, which
would supply more subsiraies (peplides)
fior laciobacilli enzymes.

The: impactof lactobacilli adjumct on Fla-
v was preater inmikd Navourad choeses
manufaciured with saner IL416 than in
checues made with AM2. This observation
is in agreement with the greater impact of
lactobacilli on veladile compound profiles
of cheeses manulasiured with the sirain
L1, Cheeses manufactured with A2
starler had a more intense Navour, and
there fore the impact of lactobacilli adjunc
wirs et detected in the individual descrip-
tior ol flavour, but rather in texiure and fla-
VOur e nsity.

T summarise, the lactohacilli
tien domimates during moease tan half the
ripening peried in cheeses manufaciuned
with starter the AM2, as a consaquenos of
adecremse in the staner population. Never-
theless, their impact on cheese conmposi-
tien and sensory characieristics was ol
always higher than in chosses made with
the sirain  ILALG, where laciobacilli
remained the minor backenal population.
These resulis underine the imponance of
synergy betweoon staner and Lencrolaene 8y
atrains on cheese chamacleristics.
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