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Absiract

The am of the sudy was 10 characterse favour differences between short-ripened Ciouda-rype chesses produced from raw and
pers et e o1k and o follow, in the cage of pastewnsed milk cheses, flavour evoluiion dunng ripening . The volyule compogiton of the
chestes was soudied using & combinson of dmmultanests 4iesm disillbbon-en tracion and e oo Lography-mos Qpecliomeslry.
Visualgauon of the analyieal resuls was perfommed by prncipal component analyas. A desr difTerentiation beiween raw milk chesse
and pasteunsed milk chesse was observed and the arolution of the volatlke composition of The pas e sed cheese s am ples dunng mpenng
was clearly demongirated. Paris] lesl squares regresion was wed 1o examine possible reltiondhips betwesn the chemieal-analyuical

and senaory deserpuive data,
A A0 Ebeveer Lid. All dghts reserved.

1. Imitroddaec ton

Wolatiles play an important rok in favour perception of
chosse, Typical chesse aroma is the result of wolatikes
formed by lipolysis, proteslysis and metabolism of lactoss,
lactate and citrate (Marilley & Casey, J04; McSweeney &
Sousa, Meel; Smit, van Hylckama Ylieg, Smit, Ayad, &
Engels, 22; Urhach, 1997 The [Et-derived Aavouwr
volatiles in Gowda cheese were clearly deserbed by
Alewijin, Slhwinski, and Wouwers (2)5). Faity acids are
the main procursors of the secondary Fat-derived com-
pounds  {methyl ketones, frez  [atty acids (FFAs),
aldchydes, lactomes and cthyl esters) Alewijn, Smit,
Sliwinski, and Wouters (2007) also illustrated that the
formation of lactomes i Gowda chesse is a8 one-step
mtramokcular fras-estenfication reaction. &-Lactones are
produced maore rapidly than -lactones during npening
(Adewijn et al, 2065 Ketones, especially methy]l hetones,
are prod voed slightly and do not contribute substantially to
the favour of Gouda-type chesses (Alewijn et al., 205
On the contrary, methyl ketones are important flavooar
compounds i Blue-mould-iype chesses (Molimard &
Spinmler, 19946, Moulds are responsible for the conversion
of FFAs into methyl ketones {Gehrig & Bnight, 1963). The
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comribution of {ethyl) esters 10 cheese favour is conosn-
tratiom-dependent (Liv, Holland, & Crow, 20(4). An
overview of meochanisms of ester hicsynthesis in dairy
and non-dairy mdcro-organisms is given by Lio et oal.
{203

Druring ripening of choesse, the enzymatic degradation of
aming acids kads to the Formation of Bavouwr-impact
volatiles {Marilley & Casey, 20d; MceSweeney & Sousa,
20l Visser, 1993). Caseins are degraded into peptides
and amine acids. Methionine, the aromatic and the
branched-chain aming acids are the precursors for sulphar
components (methional, dimethy] disulphide, dimvethyl
trisulphide) {Engel et al., N62), for ammatic and
branched-chain aldzhydes (benzaldehyde, phenylacstalde-
hyde, 3-methylbutamal, 2-methylbutanal, 2-methylpropa-
nal) and for bramched-chain volatile acids and aleohaols
(Fmethylbutyric acid, 2-methylbutyric acid, isobutyric
acid, 3-methylbutanol, 3-methylbutanal).

Besides lipids and proteins, lactose i ako a major milk
constituent for the formation of chesse aromen { Manlley &
Caszey, ik, McSweeney & Sousa, 2W)). Lactose, lactate
and citrate contribute to the formation of diacetyl, acetoine,
cthanol and acetate (Cogan & Hill, 1993; Escamilla-
Hurtado, Tomasini-Campocosio, VYaldes-Martinez, &
Soriano-Santos, 19 Henriksen & Milssom, 2] Mel
chiorsen, Jokumsen, Yilladsen, Ismeken, & Arnaop, HE2:
Swyu, N1
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Several pammeters determine flavour formation in
cheese, &g, starter cultures {Kieronceyk, Skeie, Langsrsd,
Le Bars, & Ywon, 2004 Smit, Smit, & Engels, 2005), non-
starer lactic acid hacteria or MSLABR flora in the cheess
plant {Beresford & Cogan, X £kilie, Eliassen, Florvaag,
& Skeie, 205), chessemaking technalogy, salt and fat
content (Banks, Humter, & Mur, 1993; Mistry & K asper-
som, 1998). Flavour formation in cheese is also important by
mfluencad by the type of milk {raw vs paste urised) and the
rpening period. As a result of the destrsction of some
desirahle mon-starter lctic acid bacteria during pasteurisa-
tiom, cheesse made From pasteurised milk ripens meore slowly
and develops a kss imtense flavour than raw milk cheess
{Fox & McoSweency, 194:; Gmppin & Beuvier, 1997;
Johnson, Melson, & Johnson, 19940 Seifu, Buys, & Donkin,
).

In this woark, the volatile composition of some conmer-
cial Gouda-type chessss produced from raw and pas-
teursed milk were stedied wing a combination of
simultancous steam distillation—extraction {SIDE) and gas
chromatography—mass spactromet ry { GC-MS). In the cass
af the pasteurized milk chesses alsa, the evalution of the
volatik composition as a function of ripening was
fallowed. Principal component amalysis (PCA) was wsad
to evaluate the ssmi-quantitative SDE—GC-MS results and
to visualise the changes in flavour profile of the cheosses
durnng ripening Additionally, the cheesss were submitted
to a descriptive sensory test for some selected atinbuotes.
The relationship betwesn sensory data and analytical
CGC-MS data was demonsirated by means of partial least

sguate regression (PLS2).
2, Materials amnd methods
21 Meaterlals amd samipling

Two commercial Go uda-type chesses were provided by a
Belgian raw milk cheese mwmker and by a  Belgian
pasteurised milk chosse meaker. All cheese samples wers
prodeced from cows’ milk.

The milk wsed for the raw milk chesss samples was only
heated to 37T°C. The starters consited of a mixture aof
different strains of Lactococos lactls subsp, lactls hiowvar
dircetplactly and subsp.  cremorly (MPM De  Block,
Edegem, Belgium). The raw milk cheese was ripened for
6 wosks at B5-9% relative humidity and 13 °C. The final
moumnd-shaped cheses produced from raw milk had a
wizight of 100 kg and an initial moisture, fat and salt
content of 36.6% (wiw), 3T.1% {(w'w) and 2.0% {ww),
mapactively.

For confidentiality reasons, the procsss parameters and
the ripening conditions of the pasteunsed milk cheses wers
not completely mvealed. Round-shaped chesses prodsced
frome milk of different seasons and ripened for & wesks, 4
meomths and 10 menths were delivered at the same momes ot
to the laboratory. The chesses had a weight of 130, 12.5
and 11.5 kg, respectively. The initial moisture, fat and salt

contemt of the pasteunsed milk cheese rangsd from 42.0%
to 44.0% (wiw), 2R.0% 1o 29.0% (wiw) and 1LEQ% {wiw),
mapactively. The fat and salt comtent increased during
Apening {afier 10 mont hs: 32.0%6 (w/w) and 230% (w W),
mapactively, whike the maisture contem decreased (after 10
meomths 3T0% {wiwl)

Chezse samples were taken inm duplicate by cutting 250
af samplk from the centre to the owler part just before
amalysis. The chezse samples weme stored ina refrigerator at
4°C wntil they were nesdsd for amalysis. For ssmorny
amalysis, the samples were held at ambient temperaturs for
abowt 1h before evaluation.

22 Blwoltareouis steam disulltion—extrectlon [ SDE)

Faor the izolation of the cheese volatiles, a sample of 50g
af bended chesse was suspended in S mL of water and
wis extracted in a simultaneous SDE apparatus {Alltech
Aszociates, Imc., Lokeren, Belgium) wsing 6dmL of
dichloromezthans. For determination of the semi-gueantita-
tive wolatik composition, undecans was used as imternal
standard and was spiked into the solvent. Undecane was
not detected in the samples and was well sepamted from
the other chesse waolatiles. After conling to ambient
temperature, the combined dichlommet hane fractions wers
concentrated to a final volume of (.3mL in a Koderm-
Dranish concentrator (Alllech Associated Inc., Deerfield,
IL, USA). Far cach chesse sample, duplicate solations of
volatikes were performed.

23 s clmmnatograply—mass spectromeiry (C-ME5)

At the inlet of a HP 58%0 gas chromatograph coupled 1o
a HP 3971 A MSD mass spectrometer {Agilent Technolo-
gics, Samta Clam, CA, USAY, | pl of a chesse extract was
mjected. The GO system was eguipped with a DE-1MS
capillary column { 1% dimethylpolysiloxan:, L &dm =
LD (.23mm=(25um film thickness; J&W Scientific,
Fokom, CA, USA). Helium was wsed as carrier gas with a
flow rate of 1 mLmin~" and the column temperatume was
hald at 46°C for Smin, then programmed at a rate of
§5°Cmin~" to increase to 250 “C, which was maintained for
13min. A split ratio af 1/10 was used and the injector and
detactor weme maintained at 250 and 280 °C, respectively.
The mass spectra were obtaimed by electron impact of
The and the total iom curmemt { TIC) chromatograms wers
meorded by meomitoring the THC in a scan range of
4o amu {atomic mass omiis) A solvemt delay of
Gl min was used to avoid excsssive solvent dist urbing the
MS source. Identification of the chesse valatiles was made
by comparing the mass spectm of the diffemem volatiks
with the mas spectm of a commercial Mass Spectral
Library, Wiley275 (Wiky, Somersst, NI, USA) Semi-
quantitative data of the isolated aroma compounds wers
calculated by relating the peak area of the chesse volatile 1o
the peak ama of undecame. The concentrations of the
volatiks were expressed as ngg" of cheese,
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24 Descriptive sensory amalysis

Drescriptive sensory amalyses wem performed inoa
separate panel room wsng a tmined panel of eight assessors
{thres male, five female, aged betwesn 20 and 60 years).
Dhuring traiming tests, the panellists developed a vocabulary
af six fRavour attribuies and five taste attributes {Tahle 1)
The selected attributes were based on the sensory
voacabulary msed in the experiment of Muir, Hunter, Banks,
amd Haorme (1995). The assessors were pressnted cubes of
randomly coded chesse samplks, eguilibrated to mom
temperature. They assessed the imtensity of the 11
attributes using an umstroct ursd 1(-mm-scomre line, Afesr
sensory analysis, the scores were comverted to numerical
values, For data analysis of the sensory profiles of the
chesse samples, mean sconss for each atiribute  were
calculated. The obtained sensory data of the samples were
visualissd by spider web diagmms

25 Statletdeved ameelysis

PCA was performed on the semi-guantitative aroma
compositions of the chaess samples using the Unscrambler
6] {Camo, Oslo, Marway). Partial kast squares regression
(PLED) {Umnscrambler 9.7, Camo) was wsed o examine:
possibk imerrelationships betwesn sensory  descriptions
amd the aroma compounds. All data were weighted with
15D (standard sation) and a leverage comection was usad
to validate the models

3. Results amd discussion
A1, Descriptive sensory amelysly

Drescriptive sensory amalysss for s flavour attrnbuotes
amd five taste atiributes were performed on the raw and
paste urised milk chesse of the same ripemng time {6 weeks)
and on the pasteurised milk chesse of different ripening
timees {6 wecks, 4 months, 10 months). Fig. 1 illustrates the
average senaory scores for raw and pasteurised milk chesss
al & weeks of ripgning. The raw milk chezse had higher
sopres for the attributes “swest’, “hitter”, “fruity, Sowery’,
‘mutty, chocolate-like’ and “animal' . While the paste urised
milk cheese had higher scoms for the attributes “favour
mtensity”, "sour’ and "pungent’. For the attributes "cmeany,

Tahle §
Dlesoripiive wenhulury of FE adrbutes for deson piive sensory analvss of
Gonda-ivpe cheeses

Plavauwr aiirdbuies Tasie airdbuies

Flavour inensiy Tasie inlensty
Crearmy, hutdery Sweel

Fruity, flowery Hour

Mutiy, chooolade-Ee Sah

Purngeni Hitler

Anzmal

butiery’, "taste intensity” and “salt’, no differenoes in scoms
by panellists were measured. Although both cheeses had
similar ripening times, somee: characienstic diffemnees were
observed between chesses prodwced from raw and pro-
cessad milk. The sensory differences between the two types
af chezses probably originate from the wsed milk {milk pre-
treatment) and from the different Fat content of the cheeses.,

Fig. 2 wvisualisess the average semsory scores for
pasteurissd milk chesse of differemt ripening times. The
panel scores of most atiributes imcreased as Munction of
ripening, with exception of the atiribuwes “sweet' and
‘creamy, butlery’, which decreassd during Apeming. As
cxpected, ripening scems to have a clkar effect on the
flavour characteristics of chozse,

32 BDE-GC-MS prafiing of cheese

320 VFolatl comiposition

SDE-GC-MS  profiling of the Gowsda-type chesses
resulted in the identification of 63 volatiles. In accordamos
with previows work (Ddirinck & De Winme, 1999, 63
volatiles were classified inm chemical classes (Tahble 1)
amd were related to their ongin and to their semsory
chamectleristics.

Branched-chain aldechydes (3- and 2-methylbutanal),
branched-chain acids {2-methylpropanoic acid, 3- and 2-
methylbutanaic acid) and branched-chain aloohals (3-
methylbutanal) ame  formed by the catabolsm  of
branched-chain amino acids initiated by an aminot mnsfer-
ase {Atiles, Dudley, & Steck, 206 Marilley & Casey,
2. 3-Methylbutanal and 2-methylbutamal ame charac-
terised by a malty Bavour (Friedrich & Acres, [994;
Griffith & Hammond, 199 Kobickova & Grosch, 1997,
Bychlik & Bosset, 20 b Thierry & Maillard, X627}, The
comesponding alcohols, -methylbutanal and 2-methylb -
tanal, have impact on aleoholic and fruity odowrs { Thicrry
& Maillard, 20602, The branched-chain acids {(2-methyl
propanaic acid, 3-methylbutanoic acid and 2-meet hylbuta-
moic acid) are responsible for sweaty, rancid, [aeccal,
putrid, ester and rotten fruit-like flavours (Brenmand,
Ha, & Lindsay, 198%; Karagil-Yiocesr, Cadwallader,
& Drrake, 2002 Marilley & Casey, 204 Moio, Piombino,
& Addeo, Nek; Rychlik & Bosset, 2Mbla; Thierry &
Mailland, 202}

From the catabolism of aromatic amine acids, com-
pounds such  as  benealdehyde, phenylacetaldshyde,
2-plenylethanol, benzenemethanal and indole are formeed
iMarilley & Casey, 24 McSwesney & Sousa, k).
Depending on their concentration, thoss volatiles have an
impact on the chesse aroma. Benzaldehyde is characterisad
by a bitter almond; phenylacstaldehyds by a honey-like,
floral, rosy and wiolet-like; 2-phenylethamal by a rosy,
violet-like and floral, indok by a faccal, puind, musty
odour {Curion & Bosset, 2(2; Fredrich & Acres, 1994;
Eubickova & Grosch, 1997, Marilley & Casey, 20: Maoio
ct al, 2 Bychlik & Bosset, 2001a; Thierry & Mailland,
).
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Tahle 2
Wiolnide composiion of Gondastvpe deeses, obiomed by SDE GO MS (sieam dsifllafion extracion and gas chromajography moss speolnomstirg and
expressed in ng g~

Plavour voluidles Avenge (51"
Baw & wedls Pasieurnsed & weeks Pasteurzed 4 monbs Pasteunzed 10 months
Branched-chain and aromatic aldehwdes
EMeihylbuianal 120 (2} S (2T T4 (126 45 5 (16}
Edleihyibuianal n.ig. ni. 500 fouhkp T (AT
Benzmldehvde IED (5. {1 154 (1.1} TE. 6 (0E)
Phen vlacedal dehiyde 154 (L.a) Thh (1E) 1IE (1T} 135 (%)
Linear aldehydes
Peminnal S5 (.od) 400 (ool Ly (R 20 G00)
Hexamal £ OLa) 400 (1.XY LN W] 4 4% (LTH)
Hepiamal 4 &0 (04X 4 18 (o n.i 2 (AT
Manwmal E2H0 oo 124 (23 65 (1T} TTT (125}
Dadecanal 240 (L) 42 160 (1.0} BT(La)
Teiradecanal 00 (L) 4T (11} X0 (d.0) IR (5L
Hexadecanal I () 0 (1) 144 (3 IET (1}
XM onenal (eXe ] 453 (1.0 n.g. I46(LLE)
EDecenal G AT 0T nig. ng.
X A-Hepiadienal 124 4.3) 0.0 G G0
* dDecadienal G06 (2od) .6 i i
Kedones
EPemanane 4ET (3% 41T (15 447 (XX} 293 i)
X H e cne 173 (1.3} 145 (2 0) 203 (90 LY ]
LHepinone XX (T5) 1613 [ 155) ITHG (53} T30 (31X
Zacianone 0t ILT (3.0) IT.1 (XX} Eh(rY)
XMananoane 133 (1) LIS { 140) EXE4 ¢ 1TG) IETE (16}
EDecanone Xr4 ) ni. 119 (Xa) B0 )
Elndecanone 2159 14X 148 (220} 1133 (20T} 1440 (42
EDodecancne I (2o n.. N BhT g0}
AT ridecanone Thak @) 16 (T4} LIE2 (1%} I (230}
EPemindecancme IT45 (113} 1559 [ 229) 116 o 130 1405 {2y
JH webra mya2e b canes 19T (1éd) IXE (M) 1395 (510} 155 0TT)
Branched-chain volutde acids
Eeihyvipropanaic acid . L R i G
Ledhyibuinnaie acid (0 e 5] 1141 (55 (i .00
Eedhyibuian o acid (1 e i) B0 (G} (e e (e e e
Free faity acice
Bnanaie acid N I4E ([ 1) N M.
Hexanoic aoid n.i. 454 (10} 120 (o) ng.
Oolanaie acid 19 (T3} i (133 A3 ¢ 1ER) R {eTe Y
Mananaie ood N ol N M.
Decanoic acid 153 (%) HESS (GG} 3309 (11T TH (K3
Undecanaic acid XA 1) 430 (4.0} & (Th) TAT (144)
Dadecanaic acid 1384 (100} IXTY (551} IT33 (&1} 13 (421
Tetrademnoic acid TH (19) 109T (21} diE (55 JET 250
Hexadecnaic acid 152 5 133 59 EE NN ] (AN R
Eilnd esters
Eilnd hexanoaie (1 e i) . 100 (1) T3 o)
Filnd acinoaie . . 450 (X A0) g {1 ]
Eilnd deconoaie (0 e 5] (. n.ij. I 4 (1.0
Eilnd dodecanonie (1 e i) . 125 (30 M6 (0F)
Eilnd dedradecancmie . . n.i. a0 14.0)
Eilnd hexadecancoie (0 e 5] (. AR (510 Ll W TeNe Y
Laciones
yaMonalacione n.q. n.g. 2EG (L.10) @2 (47T}
yslindecolocione 120 M3 IT4 (1) E58 (1.50) B 0
Cizystedodecenaic acid holone 136 (T} 108 (X2 108 (1T 133 (30}
yeDodecalocione 458 (Haj 4080 S 0 (4T} 195 (i)
Galdeinkoione Xa md) 919 Gk (180 E 42000

&Decaliciane T (16 654 (TH) 432 (66 131 (45)
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Tahle ¥ {srvnrivssl )

Flavemr v kuidles Average S
Raw & weels Pazieurzed & weelks Pazieurized 4 mambs Pazieuried 10 oo b
i LI ncle call .o come n.g. n.q. n.g. LIS (L&0)
&= Dadecalaoione GET (11} EE1 (ITOp BEE (119} 200 [ 55)
&= Tetmdecakoione ME (11} 353 (T5) 2dds (M) I ()
& Hemadecal acicine 2330} G0 () 380 (1A} 155 (15
Sulphur com pounds
Dameind disulphide n.g. I3 pOLh) 4.T& q0n) TAD (019)
Meihinal 430 2oy n.g. 16 @9 X0 (2
Dmeind irsulphide n.g. 161 @L45) 1AL @l e s WL
Aleahals
1= Buiam il n.g. EAL 2 AL 154 4. % 159 (1T}
ZMeihsl:buinal G 4G LSy g e e 11 B12 (55} T3 (104}
M en 2 e haun all 184 (LTT} GAY JL4T) L0015 YA (04T
2 PMhemdedhanal 116 @T) 169 (1.5} 2l i) L
2, B e 5ol 174 (32 116 (L1} IET @iy n..
I e 43 qaal) G (1. 10T oL E) 156 (24}

“Average of analyses of o different sumples 5.02.% n.g: not quansfied.

Sulphur compounds {dimethy]l disulphide, dimethyl
trizulphide, methiomal) orignating from  met kionine
(McSweeney & Sowsa, 2Kk Yvon & Rijnen, 20013
genzrally have low odowr threshold values (Maarse, 19913
and lave powerful odours described as sulphurows or
cabbage-, onion-, or garlic-like {Maarse, 1991

Free fatty acids (even numbsmed Cy—C),, nonamoic and
undscanoie acid), 2-methy] ketones (C;—Cy;, major com-
pounds have odd carbon numbers), &lactomss {even
numbemd CeChie and S-undecalactone) and p-lactomes
{Co, Cpp, Cyz and umsaturated els-pb-dodecenaic acid
lctone), satumied and unsaturated aldshydes {saturated
Cs, Cs, T Co, T, Ciy, Cis, 24-hepiadicnal and
2A4-decadicnal) and ethyl esters (even numbered Cs—Cig)
am fat-derived Ravour volatiles that play a role in the
averall flavour of chesse (Alewijn et al, 2005 FFAs arc
formed by lipid degradation and have a pungent 1o mncid
adour {Gomez-Ruiz, Ballesteros, Gomzalez Yinas, Cabe-
#as, & Martinez-Castro, 22 Methyl ketones am present
i most chesses, but in lower kevels than in mould-Apened
chesses (Maolimard & Spinnler, 199, These compounds
am lipid degradation prodects and are formed by
froxidation and decarboxylation of fatly acids {Bills &
Dray, 1% Marilley & Casey, 2l Methyl ketones
probahly contribuie to the background aroma of chesss.
Lactones are also related to lipid degmdation {Alewijin
et al, T, Colling, McSweeney, & Wilkinson, 2003;
Marilky & Casey, MM McSweeney & Sousa, 20
Molimand & Spinnler, 199%). The sensory characteristics
af lactomes are different: buttery, fruity and cocomut-liks
{kocmey & Pationm, 1956; Maame, 1991). The saturated
aklehydes can onginate from fresh milk but they can also
be formed, together with the unsaturated aldehydes, by
auwoxidation of umsaturated fatty acids {Ho & Chen, 1993).
Saturated aldehydes have a green-like, hay-like, paper-like

odour, while unsaturated aldehydes have a Fatty, aily,
frying odour {Maarse, 1991). Ethyl esters, ongimated
fromn the eneymatic or chemical esterification of fatty acids
with ethanol, possess pleasamt sweet and fruity notes
{Bosset & Liardon, 1984; Fernandez-Garcia, Mariaca, &
Mumicz, 1998; Moio & Addeo, 1998; Molimard & Spinmler,
1984,

Frome metabolism of lactose, lactate and citrate 2,3-
butanedione  {diacctyl) and is reduction prodocts
Fhydroxy-2-butanone {acstoine) and 2, 3-butanediol ars
formed {(Cogan & Hill, 1993; Marilley & Casey, 2,
McSweeney & Sousa, 2. Unfortunately, becavse of the
high wvalatility, diacetyl {with a “buftery’ note) was not
measured in this method, as the peak was coverad by the
solvent.

322X Principel cormpariet anal psls of e sesd-gaeeni i aiive
SDE-GC-MS daia

The comcentrations of the 63 identified volatik com-
pounds in the Gouda-type cheeses, listed in Table 2, varied
during ripening and wers different betwesn the raw and the
pasteurised chesse samples. To visualise the SDE-GC-MS
maults of the chesse samples, PCA was performed on the
complex data {63 volatiles, 4 =2 chosse samples). Indivi-
dual wvalees of the duplicate analyses were wsed in order 1o
allow wismal evaluation of the reproducibiliy of the
SDE-GC-MS techmigue.

Fig. 3 illusiraizs a 2D-PCA biplot of the SDE-GC-MS
maults of raw and pasteurized milk cheese of & weeks of
rpening. The hiplot explaimed 64% (PC1: 53%; BC2: 11%0)
af the total chemical information. A good classification
betwesn raw and pasteurised milk chesse was obtained.
The cheesse samples produced from mw milk were located
an the megative PC1 axis  Also  phenylaceta ldehyds
and 2-phenykthanol with a “Bowery’ Havour character
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{Maarse, 1991) and 24-heptadienal and 2 4-decadienal samples. The somewhat highsr amount of 3-methylb utanal
with a “fried’ mpact on the chezse favour (Maarss, 1991) should be responsible For the higher *nutty, chooolate-like’
wiere located on the negative PCL axis. It can be observed chamcter {Maarse, 1991) of the raw milk cheese. It is ako
that some methyl ketones, lincar aldehydes and two clear that the volatile pattern of the pasteurized milk chesse
y-lactones {(p-dodecalactone and ofs-p-6-dodecenoic acid showed higher levels of sulphur compounds {dimethyl
lactone) were also located near the raw milk cheess disulphide, dimethyl tisulphide) and of the branched-chain
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acids, 2-methylpropanoic acid, 3~ and 2-methylbutanaic
acid. Together with the higher levels of frez Fatty acids
{octanaic acid, decanoic acid, dodecanoic acid, eic.) thess
com pounds (situated on the positive PC 1 axis) should he
maponsible for the higher *lavour intensity’ and the moore
wour' and “pungent’ claracter {(Maarse, 19913 af the
pasteurised milk chesse.

The evolution of the volatike composition of paste urisad
milk cheese during ripening & illustrated in Fig. 4. The
PCA hiplot af the semi-guantitative SDE-GC-MS resulis
explaiped 54% (PC1: 37% and PC2: 17%) of the chemical
mformation. The pastzurised milk chesse of & wesks of
rpening was situated at the negative PC1 axis of the
2D-PCA biplot. It was clear that afier & weeks of ripening

A Correlation Loadings
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Fig. 5. (A} Pariial lkeasi squaresregrescon ( FLS X} canrelution koadin gsplot (X-variahles: flavour valadiles; Yevoni ahles: sensory deson pors) of Gondas=1ype
chesses (row mil k cheese of & weds, postennsed millk dheese of & weeks, 4 manths and 10 mandhs) (B} Purial leas squores regressan (L SY) soores plad
traw melk cheese of & weeks, pasieunsed mik cheese of & weeks, 4 months and 10 moniths) of Gouda=ivpe cheeses, made of raw and pasieunssd mdk.
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higher comcentrations of a lot of fEt-dedved fAavour
volatiles {(FFAs, d-lactones and linear aldehwdes) were
determinated, bt alko 3- and 2-methylbutanoic acid and
-methylpropanoic  acid {(amino acid-related) had the
highest levelk in the pasteursed milk chesse of & weeks of
ripening. Also  3-hydrosy-2-butanone {acetoine), that
should comtribute to the "buttery” note {Maamse, 1991),
wis found at a higher comcentration in the t-weeks-ripenad
pasteurissd milk chesse.

The chezses ripened for 4 and 10 months were located at
the positive PC] axis and the PC2 axi differentiated the
samples of mapectively 4and 10 momt hs of ripening. There
seemed o be no clear effect of ripening on the sensory
mporant - and &lactomes which were situated at both
sides of the PC] axis. From the biplot, it was clear that
during ripening there was an increase of the concentration
af 3- and 2-methylbutamal, sulphur compo unds {me thional,
dimet byl disulphide, dimet byl trisulphide), phenylacstalde-
hyde, 2-phenylkethanol, benealdehyde and indole. Thess
strong odour active volatiles should have a major impact
an the "aged' cheess lavour. From Fig. 4 and Tabk 2 it was
ako clar that ethyl ecsters {ethyl hexanoate, ethyl
octanoate, etc.) were anly formed afier long dpeming
perods and increased as a function of ripening times. Ethyl
csters contributed to the “floml” and “fruity’ note (Lio et al.,
20 Maamse, 19910 of cheeses,

13 Correlation hetween sensory and clemleal—~emael yilcad
erretlysls

Partial kast squares regression {PLSY) was peformed on
the data from raw and pasts urised milk chesses of differemt
ripening times to examine possible relationships between
sensory attributes and chemical aroma compoumnds. The
X-meatrix contained the volatile compounds and the
Y-meatrix conmtained the ssnsory scores For sach attribute.
The cllipses ndicate 50% and 10% of explained variamce.
Fig. 5A shows the correlation between the X and
Y variables. The “fruity, Bowery’ mote can be cormlated
with some methyl ketomes {2-undecanone and 2-trndeca-
mons). Methyl ketones give Blue chesses a “fruity”, “spicy’
odour {Heath, 1978). The atinbutes "ssveet’ and ‘creamy,
buttery’ have a positive correlation with somes lactonss
{p-dodecalactone and d-octalactone) and with 3- hydrosy-2-
butanone. Lactones can kave “buttery” and “fruity’ Aavour
motes, whik 3-hydroxy-2-butanone & kmown for its
“buttery’ character. It was also clear that most amino
acid-mlted waolatiles (2-phenykthamol,  benzaldehyde,
Fmethylbutanal, phenylacetaldehyde) correlated with the
senEnTy descriptors “taste mtensity’ and “pungent’. Pun-
gency im checse should be considered as related 1o non-
volatile compounds, ¢.g. peptides and amino acids, which
are not measured in the amalytical approach wsed in this
wiork., The sulphur compounds {dimethy]l dsulphide,
dimethyl trisulphide and methional) seemed to have a
good correlation with the descriptor *flavour infensity”. It
was previously described that those sulphur compounds

have low odour threshold values and can have a great
impact om the chesse aromen. It can be observed that most
volatile acids {(FFAs and bramched<chain acids) lave
negative correlations with most sensory atiributes, Haow-
ever, they should be important for the flaveur of the
pasteurissd milk chesse after & weeks of ripening. By
comparing Fig. 3A {comelation X and Y loadings plat)
with Fig. 5B {scors plot), the raw milk cheses seems to
have a good correlation with the atiribuies “fruity, Bowery®,
sweet' amd Ccreamy, buttery’, while the more ripened
pasteurissd milk chezses yielded good correlation with the
descriptos “taste mtensity”’, *pungent’ and “Aavour imen-
sity’. The attribuies “animal’, “hitter’, “salt’ and “sowr’
cannot dimctly be correlated with flavour volatikes, Those
attributes are more related to less volatile  high-mass
males ules.

4. Conelusions

In this st udy, the favowur differences between the selected
Gouda-type raw and pasteorised milk chesses and the
flavour evolution during rpening of the investigated
paste urissd milk chesses were evaluated. The differences
in the composition of volatle favour compounds hetween
shof-ripened raw amd pasteunsed mik cheses were
demaonsirated. Dunng ripening of pasteursed Gooda-type
chesses, there was an incmase of more amino acid-related
flavour volatiles and of ethyl esters, while the amount of
linear aldehydes and volatile acids {FFAs and branched-
chain acids) decreased. Caorrelation analysis suggested tlat
sweet' amd Cfruity’ notes correlated with the raw milk
chese of & weeks ripening, while sulphur compounds
comelated strongly with the descriptor “Havour imtensity” of
the more ripened pasteurised milk cheeses,

In further research, these technigques will be med for
ohjective evaluation of a whale mnge of favour inflsencing
parameters {e.g., Fat and salt eduction, influence of starter
culiures, imfluence of slicing and packaging). An ob-
jective analytical approach can comrnbute substantially to
product and process innovation for the chesse producing
COTRATIES.
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