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Impact of ripening strains on the typical flavour of goat cheeses
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The stromg and chamelensee “eoal”™ flavouwr 15 one of The most mporiant quality components of French chesstes moxde from goatl
mmlk. This study was desdgned moorder 10 evaluate the mpet of different Apenmng strams on ths typaeal favour. Goal milk was
meubakd with selected ripening sirams (Yesss and mowklsh, and two types of chesse were produced: Samie-MMaure chese (i
coag by on echnolopy hand e ber-type chese (Beie-rennel coagubinion echnology), Smeory evalusion of the cheees was
performed by tmimed panellsiE, and physoechemeal parameters (including Bpolyss) were mesgured . The nesull showed that
cheses made with Geotrichwnr candicbioe 35 3 Apenng agenl wene characienssd by a strong typaeal lavour, whenss the use of
Penic il o candicier was detamental Tor the sensorial quality of cheeses, These resilis were rebiled 1o the Bpelvic and flavourme
activites of the different strins, whech displavel comsiderable quaniitauve and qualianve varsons. 0 2000 Ekeveer Scence Lid

All mghis reserved.
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1. Init roadaec tion

The chamcienstic favouwr of goal cheeses is one
quality compaonent of particular imporance 0 chooss
producers. Several aroma compounds responsible Tor
the specific "goat” Bavour bave been identified: 3-
methylbutanoic acid, octaneic acid, 4-methyloctanoic
acid, d4-cthyloctanoic acid, and nonanoic acid (Ha &
Lindsay, 1921; Le Quere, Piere, Riaublane, & Demai-
zieres, 1990, Among them, 4-met-CH and 4-c1-CH# have
been found 1o be principally responsible for the goat
flavouwr, since they am perosived even at very low
concentrations {Brenmand, Ha, & Lindsay, 1989,

These fatty acids, as well as others in chesses, am
produced by lipolysis, which cowld be considersd at
thmee distinct level: i) intial milk lipolysis (spontaneows
lipolysis); (i) lipolysis imduced by milking practices,
storage and technological operations; {ii1) micoohbial
lipolysis generated notably by Apening simins. Among
the procsssing sieps, ripening, and notably the mature of
the ripening siraing, is of comsiderable importance for
the development of the sensorial characieristics of soft

AMbv eniatore IVHE Debaryesmyees bansewll; FDM: Fai i dry mak
er; Gl Dieorrkdasn cowalilans MM PS - Mossiure @nononsfinl subsiaonoe;
Pl P illonn ceacliclom; Rz Blhodosporidism infirmcminiaism

*Corres pancing ambar, Tel.: + 3efadd X Taf0800; g + 1k Sadb?T.
.

Eemuall eekefrexe: patirice gakbo it o# ipleassadr (. Cabari )

surface-ripened chosses made rom cow milk {Maolimard
& Spinnler, 199463, but there is a lack of nformation
concermng 1he contribution of yeasts and mo ulds 0 the
higsynthesis of flavour compounds in goat chesses,

This stedy was designed 10 get a better knowledge of
the relationships betwesn ripening strains, lipolysis and
goal flavour of cheeses, We have stedied the effect of
several yeasts and moulds on the sensorial characier
istics of surface-ripencd sofi goat chesses {lactic and
Camemben-iype chozses), The semsory evaluation of the
chesses was pedormed by irained pancllisis, and
physico-chemical parameters (incleding lipalysis) wen
measured. The resulis indicated that a control of the
typical flavour of goat chesses could be achieved
through the choice of suitable ripening strains.

2, Materiak anml methods
2. Ripewing srrains

All npening stmins were purchased from TEXEL
(Dange St Romain, France), and CHE HAMNSEM
{Arpajon, Framoe) except the two sirains of Farvawia
fpadvrica that were kindly provided by INBRA Dairy
Research Laboratory (Aurillac, Franez). The source and
identification codes of the npening simins are given in
Tahle 1. The supplier's recommendations comoeming the

OSRGOS e s from matier 1) 30601 Elevier Science Lid. Al righis reserwed.
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Tahle &

Hounce and wendficuion codes of the rpening sirins

Sirain Cadke Suppler

P bl Bwvans cevwalihions

Pkl o cowalickim ML TEXEL

P adedd Mawoan ¢ cornelichioay 2 TEXEL
Fewkdl N cavclicdom [ TEXEL
Pkl S cowalickim M4 TEXEL

Fewkdl lam albhuwm P CHRE HANSEN
el rickaw ¢ avall i

Greesirichun el v Gl TEXEL
drcesirichumn el G TEXEL
drevalvichn cvnll LG TEXEL
Greesirichun el v Ll CHRE HANSEN
drcesirichumn el LGS CHE HANSEN
drevalvichn cvnll L CHRE HAMNSEN
¥ easis

Blesclesnpentt cllann) Jeafraassadd wiciiwen) Rl TEXEL
Nluprieramyees Jaerin KLl TEXEL
Kluperampers Taerin K1Z CHERE HAMSEN
D pewa vees bawse il [PHL CHE HAMNSEN
Dahearyesa yeex bensewll [ HE TEXEL
Yarrermka Dpeadpries YLI IMREA

¥awrrernmke Npelpris Wiz IMEA

Uil rs

ke e vh e R M5 TEXEL
Aresmatin ahow mux A TEXEL

inoculation doses of the commercial strains wen
Followed {betwesn 19" and 10° CFU/L). The strains of
Y. lipadviica were sspended in oa culture media at a
concentration of 1k sporesmL, and milk was then
inoculated at 10° CFUJL.

2.2 Gowr mlk and cheeses

Crpat milk {(bulk milk rom two consecutive milkings)
wis collecied at a loeal dairy Farm.

Twao types of surface-ripened soll goat choeeses wem
produced corresponding 1o 1le wseal indusirial practices
for Framos: lactic cheesses (Sainte-Mawre-iype) and
Camemben-type chozses, as described in Fig, 1. Chosses
were analysed at two different ripening stages: resh
chesses befom ripening at day 1 and ripened choeeses at
day 30,

2.5 Plvwsieo-chve e ad amd i soduodogicad avalvie s

The dry matier was obiained alter drying to constant
weight at 102°C, The titrable acidity ¢ Dornic) was
determined in milk wsing NaOH 011w and phe-
nolphibalein as an indicator.

Protzin content in milk was obiained by an infrared
amalysis wing a Milkoscan appamis | Imiernational
Dairy Federation 1418, 1990, The relative amount of
the different caseins in goat milk {z=], =52 # &) was

calculated wing reverse phase HPLC, as described by
Jauber and Martin {1992).

Fat was measured im milk by the bulyromeirc
method (Intermatiomal Standard Orgamisation 249446,
19760 and in cheess by the Heiss method {Heiss, 19510,

Somatic celk coums were obtained according 1o the
IDF method (Intermational Dairy Federation 1484
1995 with a Fossomatic apparat s and total micrmfora
wiis counted on PCA {Intemational Dairy Federation
[RE, 1991c). Yeasts and moulds were counted accord-
ing io the IDF method (IDF %48, 1991d).

The lipalysis level was determined in milk by the B
method (I2F, 1991a) and in chesses by a prooccdun
similar to ithe ome described by Delacroiz-Buochet,
Degas, Lamberet, and Wassal (1996). Choses wens
mixed with an egual weight of sand and H250, 4w
wiits added 1o the misture in arder to obiain a pH < 2.
Fat matier was extmcied by cemirifugation For 30min at
IHh g and 55°C. Fat acidity was titrated acconding 1o
the IDF proced ure (TF, 19910 For milk and cheeses,
the lipolysis level was expressed in g Oleic Acid /100 g
Fat {g OA 100 g). Omly a few percentage of short chain
fatty acids is counted via the B meihod (Decth, Fite-
Crerald, & Wood, 1975, whereas high level meovery anm
abtaimed For all the ity acids by the method vsed for
the evaluation of lipolysis in checses {ie around 50%
far C4 and 1% For C6 1o C20; G, Lamberet, Persomal
Comymumications).

2.4 Rensery evalietlon

Sensornial characteristics of goat milks and chesses
{fresh and ripened) were evaluated by 12 trained
pancllisis in separate booths, wing white light, in an
airr-epnditioned  room (18T, Chosses  were cut in
identical portions {~30g) and presemed with ther
rinds. Each Camemberi-type chesse was divided in #
parts, and lactic chesses were cut in cylindrical slices
{2em large) aler having climinated the onds, The
samples were presented in a monadic manner according
to a balnced design, The descriptor’s intensities wemr
rated on a contineows linsar scale mnking from O (no
perception of the descriptor) o 100 {very inicnss
perception of the descriptor) and recorded wing FLEE
software {Biosystemes ™, Couternon, France).

The nmature of the descriptors was defined by the
trained panellists in preliminary stedics {unpublished
data). The senzory atinbuies were Tor milk: ovemll
inbensity of the Bavouwr, goat and rancid favours; for
fresh cheeses: overall intensity of the odour, goat odour,
overall imensity of the Aavour, goat, acid, bitter,
aleohol, metallic ‘oxidised, pungent, rancid, and spap
flavours; for ripened chesses, ovemll imensity of the
odour, goat odowr, overmll intensity of the flavour, goat,
acid  hitter, ammoma, mushroom, metallc oxidised,
meouldy, pungent, rancid, and spap favours.
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Fig. 1. Process schemes for chessesmoleng.

In a previous stedy, the imensitics of delect descrip-
tors which corresponded 1o the perception limit of
flavour defects in ripened cheeses were defined by the
trained pancllisis (unpublished resulis). For pungent,
hitter and soap, these threshold imensities were 2,36,
208 and 1.44, respectively.

25 Rraisrdead aonveedvsds

The sensorial analysis data were submitied to an
amalysis of variance vang FIZE soliware (Biosysie-
mes™  Cowernon, France) A fixed model with twao
factors {product and judge) was applied.

A principal component analysis was performed on the
cntire group of dpened chesses {lactic + Camembert-
type), wsing STATITCF sofiware (ITCF, version 3,
Boigneville, France), The normalised scores of sensornal
descriptors and  lipolysis were wsed as active and
supplemeniary variables, respectively,

1. Resulis aml discussion
A4 Bedeotlowr af vipening stralns

O the 2 ripening sirains  tested, there were 5
Popgeiflion condidivg {or alfuen) and & Dearrichem
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Fig. 2. Sereening of the flavouring apsndes of ripening sirin n osearsed goad mdk. Mean of to replicoe determnations fahite bors: rancd
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ceptilichor, which am commonly wsed for goat cheosss
ripening. Seven yeasts were also tested: 2 Klwvee ravrvees
fwerls, 1 Debarvordvess  Sesivendd, | Riwodosporicfion
Gifrmaerinlanen and 2 Farrowils Hpoaderica. According
to the survey of Malabich and Schmadi (199K,
Diebvrvarmvees Swivendi i the dominant yeast in goat
chosmes and Farrgwda Spedvidea & Foond almost exclu-
sively in goat chosses. However, Varrowda Sepadvilea was
also isalated from several varietics of mould-npened and
amear-ripened chosses made from bovine milk {Elis-
kases Lechner,  1998).  Additionally, a  Microosecis
strain and an armomatisation mix were tested.

These diffeent ripening strains were skcied accord-
ing 1o their ability to develop goat Bavour in pasicunsed
goat milk (T2°C, 15 s) afier an incubation period at 15°C
for 24h, without giving rise 10 a marked rancid 1asie.,
The vanation of lipolysis was also evaluated afier the
incubation period. The results conozrning the ¢valuation
aof goatl flavour and rancid tasie of milk afier incubation
with the various strains are shown in Fig, 2.

Forthe experimenis on chosses, the strains GO, PCL,
Bl and DH1 wemr selected since they were associated
with the greatest increases of 1he goat Bavour intensity
{Fig. 20 PC 1 and GOl wene used as principal stmins for
the manufaciure of all cheses, These two sirains am
widely waed For the manulaciure of solt surfce-ripened
goal cheeses, notahly For ther mle in the development
aof the superficial rind of cheses during ripening. DHI
and Bl wemre wed in some cases in association with PC
and GCl, in order to ewaluate the impact of such
microbial coculiures on the avour of goat chosses,

Additiomally, the resulis of this screeming phase
showed that a marked rancid tsste was perozived n
milks imcubated with KL1, KL, YL2, and GC5
{Fig. 20 As previosly shown by Woo and Lindsay

{1984}, the appearane: of a rancid taste in milk prodwcis
meay be due 1o an mportant production of C4 10 CH
fatty acids that come From an excessive fat hydrolysis.
According to Yiljoon (1998, the lipalytic activities of K
fecrisand Y. fvpodvrica are extremely high. In this study,
a two-fold increase in the lipolysis level of milk was
actually observed alfter incubation with Y L2 (.32 g OA
[0z Fat) and B2 (034 OA 10 e fat) as compamred 1o
the contral milk {(G.06g OA G g i), Howewver, it
scems tenuows 1o link the observed rancid tasie 1o the
variation of the lipolysis level of milk since only a few
percentage of short chain Fatty acids & counted via the
BI2] mucthod, which was wsed in this siudy For the
meeasurement of lipolysis i milk {Deeth et al, 1975).

A2 Experbuents on cleeses

Lactic and Camembert-iype cheeses were prodwced as
described in Fig, 1. Pasteurised goat milk was distrib-
uied in basins (40 L) belore checse-making operations,
and # comyhimations of the sslected ripening strains wer
ested simultancowsly: (GCL; (PCL; GO+ DHIY,
(GCI+ BRIy (BCI+DHLY; (PO +RIy GO+ PCLY
(GO 1+ PO+ DHD.

20 MUE covr paosit o

The mean physico-chemical and  microbiological
composition of pasteunsed goal milk wed For lactic
and Camemberi-iype chosse prodection is given in
Table 2. The results indicated that the lipalysis level in
milks was low and that yeasis and moulkds wer almost
absemt from the two batches of milk, This was neossary
to avoid any interfzrence i the experiments dwe 1o the
quality af the raw material. The relative amounis of the
different caseins, determined by reverse phase HPLC,
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indicated that the milk of the chosen fBock was not
unsual conoerning the sl casein genstic palymorph-
s, e the 25l casein mpresemed 16.7% ol the total
casein, This crteria should be taken into account in
sensorial sledies concerning goat milk since it has been
postulated that there & a reltionship betwesn the
genctic polymaorphism of 251 casein in milk and the
flavour of goat chosses (Delacroix-Buochet et al., 1994
Lamhberet, Degas, Delacroix-Bochet, & VYassal, 1994
Pierre, Le Cheérg, Famelart, Riaublane, & Rousscaw,
19980, The Fat and protein contents of the milk vsed for
Came mbe r-type chezses were higher compared 1o those
foumd For the one used for lactic cheesses. Although 1hese
miilks were taken from the same Bock, Camembert-iype
cheses were prodoced six woesks after lactic chesses, and
the observed compositional changes in milk wens
ascribed 10 the known effect of the lctation period on
goat milk composition {Lopez, Luna, Lasmcina, &
Falagan, 199, feng, Escobar, & Poplam, 1997

F3.22 Phyvaco-chenical and sensovial ofeanges dieeing
slveese riparing

The physico-chemical characteristics of chesses at day
2 and day 30 are shown in Tables 3 and 4 for lactic and
Camember-iype chosses mapactively.

These resulis showed that the pH increase during
ripening was similar for both types of cheses, However,
the fimal pH was markedly higher for the Camembert -
type chosses {Tabk 4). Concerning technological para-
meters such as Fal in dry matter {FDM) or mostune in
non-fat substancs {MMNFS), the obtained results corre-
sponded 1o those wswally found for these types of
cliesses,

The sensorial evaluation {including the lipalysis level)
af fresh and ripened chesses am shown in Figs, 3A and
B for lactic and Camembern-type cheoses, respectively.
Fresh chesses wem claracterised by a low lipalysis level,
which mcreased dmstically dunng ripeming. This in-
crease was much more promounced for hctic chesses

Tahle 2
Phyvsico-cheminl and microbiologinl compesiiion of pasewurizad goal milk same flock) wsed for cheese maoking (mean of fwo replcoe
e e v i B 5
Poar ki cheeses Fuor Camembent«dvpe ¢cheeses
pH TS G5
Awicity Darnic 15 X
Troiiein oL 119 1)
¥l CHEREn courdenid %5 af dodal cosedn 16T
i clEeEn cordent %% of 1oial cosedn 118
& csein coment % of dolal csein 15k
[ easein coment %% of folal casein .1
Fai 'k £: L) 446
[ipahss £ O 00 g i 0.2 0. L
Somatic cellk couni lag celkiml. 4k [
Taial germs kg CFUmlL 44K 4. 72
Wensis and moulds log CFUmL Gz .32
Tahl 3
Fhvsco-cheminl charadernstics of lacic cheeses (& = 5*
rH DM (zkg) Fai (g g} FLOw (%) MMES (%)
Ar gy 2
blen 412 425 i A1 Tid
S0 0 (RN 0k 04 R
OV (%) Lk 13 0 oT GO
mEn 434 412 i ] TR3
T 4 1 44.0 ns 122 T4
Ax ckay
Man 552 451 N | 11 ppd |
kil ok 1.x [ J k. LT
OV %) e s 4% 45 x4
min 54 415 o ik L
X 3| 417 X0 561 Ti9

“I0M: dry matier; FDM: 0 in dry raiter; MNP mosiure @n non fad subsiance.
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Tahle 4
Fhyscoschemial chamoenstcs of Camemnberkipe cheeses (w ="
rH D (glkg) Fai {z/kg) FLIkL (%) MMES (%)
Ar gy 2
Ml £ dei 1 s 0T T
50 aor 2 ol i 2
O %) 135 4.5 2 | 6 11
EN £25 417 s 4T i
mEx 44 494 N LIS T14
Al gy 30
bl [ EL R e x5 G
Rl [E R L PE] 1x 1.5
OV (%) 155 11 15 bt 2z
mEN %03 Ll N @ GT L
max T i W IT0 % By TS
“M: dry mafier; FOM: @0 in dry madier; MNFS: mostore @nonon fod subsiance.
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Fig. . Sensoral evaluaton and lipal ves levels of lotie (4} and Camemberi vpe cheeses (B (white bars: cheeses ai day X grey bars: cheeses @ day
W0} Mean and stondond devintions (e = Zp. Abbreviiion kev: OFL overall fovowr irensste, 000 owmll odowr imensdy, GFE goat favour
Eremsa v, GO goad odour idensity, Acc acid, B biter, Am: ammoni, Mu: mushroom, Me: medldbe, Moo moul dy, Puz pungent, Ra: rancid, Sa:

soap., Lipo: lipahss level

{Fig. 3A) as compared 1o Camemberi-iype chosses
{Fig. 3B). Afier ripening, the cheese flavour {ovemll
imensity) incmased for both types of chosses and the
odour {overall intensity) was enbamnced only For lactic
chesses, For both lactic and Camembert-type chocses,
the goat odour and Aavour imensities mereased during
ripening. The acid score was the highest Tor laciic
chesses, bul ripeming cawsed a reduction of the acid
flavour for both iypes of chesses, as a resalt of the

utilisation of lactic acid by the surface Aora. The fresh
lactic cheeses wene characierised by a low hitlerness,
which increased during ripening and was then above the
unaccepiable imtensity for most of the cheosses, The
opposite situation was observed Tor Camemberi-type
chesses, starting at the fresh siate with a marked
hitternzss that was redeced alter npeming. The scores
abtained For pungent, rancid and soap descriptors wen
the highest in lactic cheesses, They were very low for
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Camember-type cheeses and remained nearly un-
changed alter npening.

These results indicated 1hat the overall Bavour, as well
as the goat odourand goat Havour wene higher in lactic
cheses, which could be partly due 1o the well known
clect of pH on semsorial evaluation of milk prodects
ik uzdal-Savoie, 1980, Lipolyss level was also greater
in lctic cheeses as compared to Camemberi-l ype ones.
The higher MMFS obitained in lactic cheesses (Table 3)
could possibly Facilitate the eneymatic activities of the
surface fBora and thus kad o an enhanced lipolysis in
these chesses, An excessive fat hydrolysis could explain
the higher accumenos of Ravour defects in lactic chosses
imotably bitterness, pungem and soap).

In addition, as indicated by the wide standard
deviations, a noticcahle dipersion of the sensonal
parameciers  {including  lipalysis) was  obtainsd for
ripened chesses, The next siep of this stedy was 1o
clarify the origin of this vanahility, by evaluating the
distinet flavouring pattems indwosd by the ripening
strains in goal chosses,

.23 Effect af the Apening strabs o Spadiesls amd
sensorkyd properties aof goar cleeses

There was no significant efect of the ripsning strains
an the semsorial characteristics of fresh checses, except
for hittemess, which was significantly higher in fresh
chesmes mcubated with GC1+ PO+ DHD (data ot
shown)., On the comirary, the sensorial propertics of
ripened chesses were afected 1o a great extent by the

furernataowal Dalry Sowrwal 11 (XK1 ) 315 $25 4]

mature of the ripeming stmins, as shown in Tables 5 and
& for lactic and Camembert-iype chesses, respactively.

Lactic chesses npened with GC1 alone ar GC
associated with DHI or Bl showed the lowest lipolysis
levels and the highest scores for goat odour and Aavour
imensitics {Tabk 5. The goat Ravour was more intenss
when GO was used in association with DH1 or BRI The
imensity of defoct descriptors were bow, aspecially when
the association (GO | + BRI was used.

The wilisation of PCl lor rdpenming, alone or
associated with DHI1 or BRI, was detrimental for the
sensorial quality of lactic chosses, kading 1o high
lipalysis level, low goat odour and Ravour intensities,
and 1o high acid, hitter, ammaonia, pungent, and soap
flavours {Tahle 5). According 1o Alhir, Markaks, and
Chandan (19K, low molecular weight inglycendes
are a better subsirate For the exo-cellular lipase of
Poocanalialion than high molacular weight trighyeerides.
Thus, lipolysis by P ocawdiivn could lead 1o the
fomation of short and medium chainsd Tatly acids,
which might be responsibk for pungem and soap delocis
{Brennand et al., 19899, Furthermeore, P ocamdidion is
ahble to tramsform medium chained fatty acids in methyl-
ketones through the f-oxidation pathway keading 1o
mushropm and meouldy notes {Maolimard & Spinnler,
19940, Comcerning goat chesses, some medivm chained
fatty acids am particularly mspomsible for the typical
flavour {octamoic, 4-ethyloctanaic, $methyloctanoic).
Thus, the f-mxidation of thsse amma compounds by
PC1 would limit the developmemt of the goat favour
and lead o mushroom and mouldy Havours, doee o the

Tahle &
Sarmoral characiersdcs of rpened lete cheess og o functicn of the rpenEng srins
L GUL+DHL GOL+RI 0L FOL+DHE PMor+ R PROO+GELT POL+ Gl + DHE

pH 535 5.4 552 551 .50 549 5T 510
Lapoabysis TR TR 118 1o 174 o 1415 1034
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Dlowr
Onerallimersity 5.5%ah 5TTa S4Xahe 4 85k 4 M 4 b 5 1Tahe 5900 e
LT 4 A 4 ATa di% XTThc > il 3. 5Tahe 4_lfah e
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“The underkned values correspand 10 unaccepiahble inlensities (favour defeot} as desordbed under the Moerak and Medhods seciion.



1xr F. fGeaharir w1 al. | fererpatonal Daley Sowenal 11 {XN0T) 215 523
Tahle &
Semsoral chamciensics of rpened Comemben-vpe dheeses as o function of the ripening s rains”

Gl Gl + ML Gl + RI L Pl DDHL L+ R LR F P+ Edl

=ML

rH GET .43 G50 . T GET To1 T T
Lipalvss 4.7 424 1 10 4.33 4 Gk b
Dekowr il
Orverall imd ens ity Sida £ T4a S h0a 1. T%h 4.Xh 1 b £ Ta i Gdha e
LESTT 4. Hg 1.TTa 19 0. Tt L A% 1 &4 29iah 1w ==
*lediensir ol
Orverall imd ers ity ik ik 550 1iTh 1. 9%h 1E%h iMa % e
LESTT 15k I ahe 1. TIah LATd 24 Tad 233ad Zivhe 4.0 e
Auid 042 oLT [EE [ER ] [N ool oL LEE] ="
Baiier 119 1M 133 0y L2 Lty 10K 0T s
AT N L Outabed Ll L.lkahe olid 0 5 hed 0.0 15a LXlah -
bl ushrocmm L. 0%hed I Mabed Llded el 5] L TTahe 2ofahb (e L Sdbhed "
It i v 04T 03 04T 0lE 0k oar 0% 0.0 s
doulkdy 00 053 ool Odd 0y 0Ex 0z% 030 I
Pungeni Ly OLE ol aoT Ol [l [l 045 s
Rancid 0 0nd ond 0ot ond oo (S 0. s
Soap oo ozl o4 LER -] oz LT oar o2l s

“Means i ihe same row wEthout o commean following ketlering are < grificanily differen (%2 pcO08; **: pcO0l; =% po0ool).

P mnl s genificumi

production of methyl-ketones, Although no significant
differemees were found, the scores for mushroom and
mouldy motes were actually higher in chesses ripened
with P oo,

Besults im Table 5 showed that the association
(GC T+ PO Tor lactic chesse ripening gave an inder-
mediate goat Havour intensity but high scores For acid,
hitter, ammaonia, pungent and spap descriptors, prob-
ably dwee 1o high lipolysis levels, The wmwe of the
association (GC1+PC1T+DHI) had little effecis on
the goat favour but seemed to enhance slightly the
sensorial guality of chese (no favour defizcis).

For Camembert-iyps chosses (Table 6), the same
tendencics  were  observed,  alibough  the  scores
abtained for most of the sensorial descriptors wem
lower than those Tound for lactic cheeses, Ripening with
GOl oalome or GOl oassociated with DH 1 or BRI gve
Camemben-iype cheeses with the best sensorial quality,
iz, high goat Bavour intensity and no favour defizcis,
Mo differencss were Found betwesn chesses npened with
Gl alome and chezses ripened with GOl associated
with IXH1 and KL

Resulis in Table & showed that ripeming with PC
{alone or associated with DH] or BRI led 1o lower goat
flavour imensity and 0 the absence of Bavour defocts in
Camemben-iype choses, The score for mushroom was
significantly higher in swuch chesses ripened with PC
alone, which could be related to the formation methyl
ketones through the f-pxidation of fatty acids {Maoli-
meard & Spinnler, 19946), as discussed abowve.

The Camembert-type chosses ripened with the asso-
ciation {GC1 + PC1 had higher lipalysis levels, but their
sensorial characteristics were similar to those ripened
with GC1. However the association (GO + PCL+DH
led 10 a more intense goat Bavour {Table &)

These results were Turther confirmed by a principal
component analysis of the sensonal chamcienstics of
ripened chesses (Fig. 43, The chosse samples could he
distinguished alomg 1he firs dimension acconding 1o
their lipolysis level, their overall favour indensity and
their flavour defocts (pungent, rancid, soap, acid, bitter,
ammomia). The second dimension was determined by
the overall odour intensity, the goat flavour and odour
inbensitics and by the mushmoom and mouldy notes
{Fig. 4A). The chesse samples were well discriminated
an the first Factorial plot and could be divided into Four
groups { Fig, 4B Group L1 {lctic cheeses ripemed with
PCl alome or POl associated with other sirains) was
distinguished by a high occurrence of Havour delocis
and a high lipolyss, Chesses from group L2 {lactic
chesses ripened with GO alone or GOl associated with
H1 or BI) wene distinguished by a high typical taste
and odowr, with no Bavouwr defects, Group C1 (Ca-
memy beri-type cheeies ripened with PCL alone or PC
associated with IDH1 or RI) was characierised by
mushropm and mouldy notes, low typical taste, and
low lipolysis level. Chesses of group C2 (Camemberi-
type chesses ripened with GO alone or GO 1 associabed
with other strains) had a satisfactory typical 1asie, with
no flavour defects. From a semsorial point of view, the
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two groups of chesses ripened with O conadidion (i, L2
and C2) were the more suitable products,

4. Conclusions

The resulis presenied here indicate that the contral of
the sensorial quality of goat cheeses could be achieved
by the chodce ol the ripening stmins. Paicularly, the wse
af G, conlidian as a ripening agent for sofi goat chosses
led 1o the development of a suitable typical Aavour, and
in satislying overall sensorial characteristics.  The
favouring aptitudes of mixed sirains of surface flora

have besn recently investigated For surface-ripened
chesses made From cow milk (Maolimard, Lesschasve,
Issanchou, Browsse, & Spinnler 1997 Martin et al,
|99y, bt there isa lack of information concerning goat
chesses, Inthis study, the wse of microbial associations
led in some cases o an improvement of the sensonal
quality of ripened cheosses, However, a lot of work
remains 10 be done 1o undestand the impact of mixed

cultures of ripning simins on the Havouwr of goat
chosses,

In addition, the obiained resulis pointed wp the
relationship existing between the lipolysis level and the
typical favour of goat chesses. As shown by Fig. 5, a
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Fig. & Gioad flavour imensity as a funcison of Epobsis level inorpened
goai cheesss fchsed creles Camembenidvpe cheeses; open arcles:
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positive cormelation between goat flavour and lipolysis
wias obtained for Camemberi-type chesses {8 = +0L65)
whereas it was negative for lactic chesses (R = —0.T8)
This result clkearly indicated that the technology wsed for
chememaking exerts a major influence on this mlation-
ship. For cach type of chesse, the best sensorial quality
cormesponds to a spacific and optimal ipalysis level. The
development of a suitable typical tasts reguires a ceriain
level of lipolysis, but lipalysis should be commlkd in
arder to limit the occurrence of favour defects. For
amall and medium dairy emerprises, the wvse of the
lipalysis kevel 10 monitor the sensorial guality of goat
chesses could be wery welul, given the fact that the
cvaluation of the lipolysis is [aster, casier and less
cypensive than a more accurate analysis of individwal
Iree fatty acids by gas chromatography, Howewver, it
should be kept in mind that this application must be
tailored with respect 1o cach technological scheme wed
Tor cheesse making,

In that context, a beter comprebension of the
inflwenee of the technological and physico-chemical
parameicrs on the sensorial guality of goat chosses
would be useful. Therefore, future work on the sensonal
quality of goat cheeses will be Foowsed on the respective
roles of pH, moisture and MNaCl on the lypolysis and
favour development indwced by ripening sirains,
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