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J. Ben lawLor?d Conor M. DELAHUNTY &,
Martin G. WILKINSONP, Jeremiah SseHAND

aDepartment of Food Science and Technology, Nutritional Sciences,
University College, Cork, Ireland
b Dairy Products Research Centre, Moorepark, Fermoy, Co. Cork, Ireland

(Received 6 November 2000; accepted 9 January 2001)

Abstract — Relationships between the odour, flavour and texture sensory attributes and the neutral
volatile composition and gross composition of ten varieties of cheese were determined. Sensory eval-
uation was carried out by fifteen trained assessors who used a vocabulary of nine odour, twenty-one
flavour and ten texture terms. Volatile compounds were isolated in a bench top purge and trap model
system, trapped on Tenax-TA and analysed using gas chromatography coupled with mass spectrome-
try. Gross composition was measured using standard methods. Results of Principal Components
Analysis on the sensory data showed that the first seven Principal Components significantly discrimi-
nated between cheeses and accounted for 86% of the variation. Partial Least Squares regression was
used to determine the relationship between significant sensory attributes and thirty identified volatile
compounds and the gross compositional data. Six odour and eleven flavour attributes were positively
correlated with subsets of volatile compounds and gross compositional data. Seven texture attributes
were shown to be correlated to subsets of gross compositional measurements. Overall, the present
study illustrated that individual cheese flavour and texture attributes are the result of complex interac-
tions of specific volatile compounds and compositional variables.

sensory attribute / neutral volatile composition / gross composition / cheese / Partial Least
Squares regression

Résumé— Corrélation entre les caractéristiques sensorielles, la fraction volatile neutre et les
principaux parametres de composition de dix variétés de fromages.es caractéristiques senso-
rielles concernant I'odeur, le goQt et la texture de dix variétés de fromages ont été corrélées ala com-
position de leurs fractions volatiles neutres et a leurs principaux parametres de composition. Une
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évaluation sensorielle a été réalisée par quinze sujets entrainés avec un vocabulaire de neuf descrip-
teurs pour I'odeur, vingt et un pour le godt et dix pour la texture. Les composés volatils ont été isolés a
I'aide d’un systeme de concentration des effluves sur polymére Tenax-TA et ont ensuite été analysés
par chromatographie en phase gazeuse couplée a la spectrométrie de masse. Les principaux parame-
tres de composition ont été déterminés a I'aide de méthodes standards. Les analyses en composantes
principales des données sensorielles ont montré que les sept premiéres composantes principales si-
gnificativement discriminantes comptaient pour 86 % de la variation totale. Une méthode statistique

de régression multidimensionnelle a été utilisée pour déterminer les corrélations entre les données
sensorielles, trente composés volatils des différents fromages et leur composition. Six descripteurs
d’'odeur et onze de goQt ont été positivement corrélés avec des groupes de composés d’arbmes et
certains parametres de composition. Sept descripteurs concernant la texture ont été corrélés a des
parameétres de composition. Cette étude a montré que I'ardme et la texture d’'un fromage résultent
d’interactions complexes entre la fraction volatile et les principaux parameétres de composition.

caractéristique sensorielle / fraction volatile neutre / composition/ fromage / régression type PLS

1. INTRODUCTION ing their release during consumption and
subsequent contribution to perception.

Finally, fat content plays a significant role
Increasing demand for non-Cheddar vain mouth feel, or texture, of cheese, and this
rieties of cheese is predicted as a growings apparent in the texture differences be-
number of consumers seek new flavour anéyween normal and reduced fat cheeses.

texture varieties. However, although theother compositional variables, such as the
importance of cheese flavour and texture t@Ga|t-in-Moisture (S/M), Moisture-in the
consumer preference has been shown [26yon-Fat-Substances (MNFS) and Fat in
35], there still exists inadequate scientificDry Matter (FDM) also influence cheese
understanding of the specific contributionflavour and texture. For example, varia-
of cheese composition to flavour and tex-tions in S/M levels have been shown to
ture development, and to individual flavour have a marked effect on the rate of proteoly-
and texture perceptions in cheese when itisjs in cheese [24, 27]. Such differences, in
consumed. turn, may lead to differing rates of curd

Differing cheese manufacturing prac_softening (due to casein breakdown) and

tices resultin differences in gross Comloosi_variation in the rates of formation of flavour
tion, volatile composition, and ultimately omponents derived from the catabolism of
differences in flavour and texture between{T€€ @mino acids, such as aldehydes, alco-

cheese varieties. For example, fat contenf!lS and sulphur compounds  between

which can now be standardised by thech€ese types.

cheesemaker, plays an importantrole inthe By relating information on flavour and
perceived flavour and texture of cheesetexture perceptions of cheeses obtained
The breakdown of fat in the cheese matrix,from descriptive sensory analysis, to chem-
by lipolysis, results in the liberation of free ical and/or physical parameters of the same
fatty acids (FFAs). FFAs, and their group of cheeses, one could identify what
catabolites such as alkan-2-ones (2-methy\loskowitz [39] called the “true” or “opera-
ketones), can act as important sources dive” stimuli for flavour and texture percep-
flavour in mould-ripened cheeses [38],tion. Such information could be used to
Italian hard cheeses and Swiss-typeoptimise product formulations and focus
cheeses [25]. Fat also dissolves and absorliechnology inputs to influence product
most organic flavour compounds, influenc-quality.
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For flavour, Vangtal and Hammond [43] tion determines the release of volatile com-
correlated the flavour notes, evaluated by @ounds during consumption [32, 33].
flavour profile method, of fifteen Swiss- Therefore it may be most appropriate to
type cheeses to pH, moisture, fat and saltonsider both of these measures together in
measurements. They found both positiveattempts to understand flavour perception.
and negative associations. For example,

“fruity” flavour was positively correlated For texture, Chen et al. [8] found that

“hardness”, “cohesivness”, “adhesiveness”

with pH and salt content, while “nutty” fla- d “chewi A losel lated
vour was negatively correlated to the samé@ ¢ CNEWINESS™ were Closely correlate
with composition and pH of eleven varied

compositional variables. Relationships be- h i ing f P i
tween volatile composition and cheese fla->N€€S€ YPES, ranging from Farmesan 1o

vour have been more difficult to determine proce§sed cheese. Casiraghi et al. [7] found
by statistical correlation. Banks et al. [1] “chewiness” to be correlated with both total

related measures of FFA's, methyl ketonessondsI ?néj p_rtﬁtflrtl, Ian(?_ dhe;rdness to bfe
esters, lactones, terpenes and indicators ?:ﬂ_re af] wi |(_)| at S? II slgr.a rartllgetod
protein breakdown to sensory attributes o alian cheeses. Hortetal. [16] investigate

Cheddar cheese using Partial Least Squaré@e relationship between six perceived tex-
(PLS) regression, but only found that “fla- ural characteristics of seventeen samples
vour intensity” and “acid flavour” were re- of Cheddar cheese, of different age and ori-

lated to combinations of these. “Flavourgin’ and their chemical and rhe_ological
intensity” was associated positively with data. It was found that the rheological data

the extent of protein breakdown and withwas much better than compositional datain

the concentration of 2-pentadecanone, anffaion to sensory texture. However, au-
negatively with 3-hydroxy-2-butanone, 110 did acknowledge that the limited
phytene A and phytadiene. However, the))'ange of cheeses, covering only a small

believed that these relationships showe angel_ O.ft g‘f{?pof'gons: c;)ntentil, Cl\(l)u.l.?
flavour association rather than causality. ave limited the study. Most recently, NO€

Virgilli et al. [45], who also used PLS re- etal. [40] investigated relationships between

gression, related individual odour and tastéegsory data and _;_heolog_lcal,t prc()jt_?folyaf
attributes of Parmigiano-Reggiano chees&Nd 9ross composition, using ten ditteren
to volatile and non-volatile components.Samples of two very different chees_e types,
They showed that certain odourandﬂavourrF‘zame.ly’ A_?Eenzellerkand I;’arrlnlgflano(-j
attributes were related to groups of volatile \€99/an0. TNeSe WOrkers not only toun

and non-volatile compounds. Forexample,Signiﬁcam relationships between gross

“intense” odour correlated positively with COMPOsition and sensory texture proper-

esters, free fatty acids, hexadecanol anHEIS’ but alsg., by using '?th regressmr;], were
two branched aldehydes. This approach? le to predict some of the texture charac-
where volatile and non-volatile data aret€"istics quite well and recommended this
taken together to enable understanding O;flpproach for similar investigations.
flavour, appears to be most valid. The aim of the present study was, firstly
to investigate the relationship between
To our knowledge, few other studiesgross composition and neutral volatile
have investigated the relationship betweeromposition, and the odour and flavour
individual sensory attributes and both vola-sensory attributes of ten cheeses of very dif-
tile composition and gross composition offerent type. Secondly, to determine rela-
cheese atthe same time. Gross compositiotionships between gross composition and
reflects free amino acid and peptide compothe texture attributes of these cheeses. By
sition, and often reflects FFA's and volatile determination of these relationships, it was
composition. In addition, gross composi-hoped to provide a broad understanding of
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the compositional differences between 2.2. Materials
cheeses, and of how these differences are
reflected in specific sensory attributes. All authentic standards used for identifi-
cation of volatile compounds were
“AnalaR” grade obtained from BDH
2. MATERIALS AND METHODS Chemicals Ltd., Broom road, Poole,
Dorset, UK; Sigma-Aldrich Ireland Ltd.,
Airlon Road, Tallagh, Dublin 24, Ireland;
2.1. Samples Merck Chemical Co. Ltd., D-6100,
Darmstadt, Germany and Lancaster Syn-
Tencheeses (Tab. ), chosentorepreseffhesis Ltd. Eastgate, White Lund,
a range of flavour and texture types, were\ioorecambles, Lancashire, LA3 3DY, UK.
purchased from a local delicatessentenax TA (60/80) was purchased from
(Horgan’s delicatessen, Mitchelstown, Cosjgma-Aldrich Ireland Ltd. o-Amylase
Cork, Ireland). Samples for descriptive sen{from porcine pancreas) was purchased
sory analysis were stored at@ prior to  from Merck Chemical Co. Ltd.
evaluation. Samples for analysis of volatile
composition were vacuum packed, using a
Webomatic type D-463 (Webomatic 2.3. Descriptive sensory analysis
Vacuum Packaging Systems, Werner Bonk,
Mausegatt 59, D-463 Bochum 6, A panelof 15 trained assessors (11 fe-
Germany), and stored at —20 prior to male, 4 male, aged between 20 and
analysis. The vacuum packaging materiaB0 years) described the sensory character of
consisted of Cryovac (W. R. Grace Europethe cheeses. Prior to analysis assessors at-
Inc., Av. Montchoisi 35, 1001 Lausanne, tended a number of group discussions dur-
Switzerland) (45 cfim#24 h at STP). ing which the current list of descriptive
Samples for analysis of gross compositiorattributes were developed [26]. Descriptive
were stored at 4C prior to duplicate evalu- sensory analysis was carried out using a vo-
ation. cabulary of 9 odour, 21 flavour and 10 tex-

Table I. Cheeses investigated.

Code Cheese Cheese type Origin

1 Mahon lipolysed aromatic cheese Spain

2 Cambozola soft/semi-hard mould cheese Germany
3 Gruyeére sweet cheese with eyes Switzerland
4 Wensleydale high acid crumbly type UK

5 Blue Shropshire soft/semi-hard mould cheese UK

6 Tetilla high fat and high acid Spain

7 Ambassedeur aromatic semi-hard The Netherlands
8 Fontina high fat and high acid Italy

9 Appenzeller semi-hard smear ripened Switzerland
10 Chaumes soft smear ripened France
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Table II. List of descriptive terms used by trained assessors to characterise cheeses.

Odour attributes

pungent sweaty/sour dairy sweet
caramel fruity sweet
silage mouldy creamy

Flavour attributes

buttery nutty acidic

caramel smoky bitter

dairy sweet soapy pepper

rancid silage burnt after-taste
mushroom processed astringent

oily sweet strength

mouldy salty balanced

Texture attributes

firmness moist grainy
rubbery oily mouth-coating
crumbly chewy

smooth slimy

ture terms (Tab. Il). On the morning of  2.4. Volatile composition
assessment the outer 5 mm of each cheese
was removed and cheeses were cutinto 5 g Prior to evaluation, samples were

cubes. Each sample was equilibrateo_l hawed from frozen at 4C overnight. The
room temperature (2C) and presented in o, layer (2 cm) of each cheese was re-

a glass tumbler covered with a clock glassy, e to minimise the possibility of com-
and coded with a randomly selected three—pounds from the package, which might

digit number. Each panellist was providedhave migrated into the cheese sample, be-

with water, non-salted crackers and tooth~Ing mistaken for cheese compounds. The

picks to cleanse their palate between saMspeeqe was then grated and a 10 g sample
ples. Each panellist was also provided Withy 5 terred into a sample flask (100 mL) of
a full list of definitions for each of the attrib- a bench-top purge and trap system. Artifi-
utes. Cheeses were scored for attributes o al saliva (15 mL) [44] was then addéd and
unstructured 100 mm line scales anchore%le sample mixture, held at 3T in a water

at both ends with extremes of each attributebath was purged tﬁrough with purified, N
To account for first order and carry-over (100'ml_-min—1) for 30 min to trap volatiles
effects order of tasting for between andOn Tenax TA

within days was balanced [34]. Data were '

recorded and stored using the PSA-system The Tenax-TA traps were thermally
(Oliemans, Punter and Partners Inc. 3508lesorbed using a Tekmar 3000 concentrator
SG Utrecht, The Netherlands). All samples(JVA Analytical Ltd. Unit 1, Longmile
were analysed in duplicate. Business Centre, Longmile Road, Dublin



492 J. Ben Lawlor et al.

12, Ireland) for 6 min at 23@C. Desorbed PC discriminated between the sensory
volatiles were identified and quantified us- character of the cheeses was then investi-
ing a Saturn GC-3400cx Gas Chromatographgated using one-way analysis of variance
Saturn 3 Mass Spectrometer (GC-MS)(ANOVA) (SPSSv 6.1).

(JVA Analytical). The GC columnused was
an Rix-502.2, 60 nmx 0.53 mmid, film
thickness 3um (Interscience, Barrenscourt
Lane, Belfast, 13T8 8RR, Northern Ire-

Data on volatile composition were ana-
lysed in the following manner. Thirty com-
pounds were chosen, none of which were

land). The GC oven was programmed fromdetected in substantial quantities in blank

40°C (5 min), increased to 8T at 2°C analyses of the artificial saliva. The_ peak.
per mirrt (20 }nin) increased to 200 at &rea of each.compo.und was determined ei-
3°C minmt (40 rﬁin) and increased to ther by total ion, or mthe case of overlap-

240°C at 10°C min-t(4 min) to give a total ping peaks, by single ion plots. Compounds

run time of 69 min. All analyses were per- \t/_vere |derc11t|f|ed by comtparlsfon tt?] re';_enn;)n
formed in duplicate. imes and mass spectra of authentic stan-

dards and with comparison with biblio-

graphic data (NIST92). The log peak area
2.5. Gross composition and pH of each compound was calculated and data
were then standardised (1/standard devia-

Gross composition was analysed usingion) and analysed by PCA. How each PC
the following methods, moisture [17], pro- discriminated between the volatile compo-
tein [21], fat [19], salt [20], ash [18], cal- sition of the cheeses was then investigated
cium [18] and pH [5]. All analyses were YSIN9 one-way ANOVA (SPSSv 6.1, SPSS
performed in duplicate. Inc.).

Relationships between both volatile and
gross compositional data, and the sensory
attributes were investigated using Partial

east Squares (PLS) regression (PLS;

Descriptive sensory data was analyse 37]), using Unscrambler v 6.1 (CAMO
as follows. Duplicate sample scores of asixg)' p| 5 regression is a bilinear modelling
sessors were averaged for each attribute anfathod where information in the original

analysed using one-way analysis of vari_qata is projected onto a small number of
ance (ANOVA) (SPSS v 6.1, SPSS InC'underlying (“latent”) variables called PLS
Chicago, IL 60611, USA). components. Th¥data are actively used in
Descriptors which did not significantly estimating the “latent” variables to ensure
discriminate between cheeses were rethat the first components are those that are
moved from further analysis. Data weremost relevant for predicting thévariables.
subsequently standardised (1/standard dénterpretation of the relationship between
viation) and analysed using Principle Com-X-data andv-data is then simplified as this
ponents Analysis (PCA; [41]). PCA was relationship is concentrated on the smallest
carried out using Unscrambler v 6.1possible number of components. PLS1,
(CAMO AS, N-7041 Trondheim, Norway). which regresses oné(sensory) variable at
PCA is a bilinear modelling method that a time, was used in the current study. Two
gives an interpretable overview of the mainseparate analyses were performed. The first
information in a multidimensional datama- PLS analysis related both volatile com-
trix. The information carried by the original pounds and gross compositioX-(natrix)
variables is projected onto a smaller num-+o individual odour and flavour attributes
ber of underlying “latent” variables called (Y-matrix). The second analysis related
Principal Components (PC’s). How eachgross composition{-matrix) to individual

2.6. Data treatment
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texture attributesy-matrix). For eachanal- 3. RESULTS AND DISCUSSION

ysis a plot of the regression coefficients of

the PLS model illustrated the contribution 3.1, Descriptive sensory analysis

of each of theX-variables (volatile com-

pounds and/or compositional measure- The attributes “dairy sweet” odour and
ments) in predicting individuaY-variables “caramel”, “dairy sweet”, “smoky” and
(sensory attributes)X-variables with a “soapy” flavour did not significantly
small negative or positive coefficient that (P > 0.05) distinguish between cheeses and
contributed little information were re- were consequently not included in the
moved and the model was recalculated. SEPCA. The PCA, carried out on significant
lection of the optimum model was based onattributes, found that seven PC'’s, account-
the minimum value of the Root Mean ing for 86% of the experimental variance,
Square Error of Prediction (RMSEP). Thissignificantly (P < 0.05) discriminated be-
value, expressed in the same units asthe tween cheeses. The scores and loadings of
variable (i.e., on a scale of 1-100), showscheeses and descriptive sensory attributes
the average uncertainty that can be exen the first seven PC’s, as well as the per-
pected when predicting (sensory) values centage variance accounted for by each PC,
for new samples. The strength of the modetan be seenin Tables llland IV, respectively.

(calibration coefficient) and its ability to  pcq distinguished Wensleydale and
predict the sensory attributes of future Samryyeére from Chaumes and Fontina. The
ples (validation coefficient) were also former cheeses were characterised by a
tested using full cross validation. “caramel” odour and a “firmness” and

Table Ill. Results of PCA on the sensory attributes of ten cheese varieties showing the scores and the
percentage variance (% var.) accounted for by the first seven PC's.

Principal component

Cheese 1 2 3 4 5 6 7
Mahén 2.05 2.54 -0.94 -3.59 1.24 -1.63 -0.67
Cambozola -2.54 -0.91 -4.17 1.57 -0.57 0.01 0.93
Gruyere 5.25 -0.47 1.98 3.76 -1.04 -0.53 —-0.86
Wensleydale 5.61 0.01 -1.13  -2.43 -1.44 1.77 0.68
Blue Shropshire -2.27 5.03 -2.21 1.70 -0.62 0.16 -0.75
Tetilla 1.49 -4.05 -1.92 0.99 2.71 -0.42 0.16
Ambassedeur -1.45 -2.14 225 -1.10 -1.48 -0.98 0.06
Fontina -2.76 —-0.58 1.89 -0.40 1.70 2.00 -1.22
Appenzeller -0.94 2.93 3.56 0.76 1.24 -0.08 1.88
Chaumes —4.44 -2.35 0.69 -1.26 -1.75 -0.29 -0.22
% var. 25 16 15 15 8 4 3

The most important scores on each PC are in bold.
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Table IV. Results of PCA on the sensory attributes of ten cheese varieties showing the loadings on the
first seven PC’s.

Attribute Principal component

Odour 1 2 3 4 5 6 7
Pungent -0.24 0.10 0.14 -0.10 -0.04 -0.07 -0.17
Caramel 0.25 -0.03 -0.09 —-0.06 -0.10 0.34 0.02
Sweaty -0.17 0.02 0.14 -0.27 -0.24 -0.20 -0.02
Sweet 0.08 0.03 0.15 0.33 0.25 0.27 -0.02
Creamy 0.12 -0.20 -0.25 0.02 0.03 0.17 0.25
Fruity 0.12 0.10 0.08 0.37 0.01 -0.04 -0.18
Mouldy -0.13 0.16 -0.26 0.16 -0.15 0.07 -0.05
Silage -0.17 0.04 0.25 -0.04 0.16 0.37 -0.10
Flavour

Buttery 0.02 -0.17 -0.24 0.09 0.36 -0.16 0.07
Rancid -0.26 0.08 0.09 -0.03 -0.13 0.06 -0.12
Mushroom -0.21 0.14 -0.05 0.17 -0.21 -0.14 0.15
Oily -0.25 -0.16 -0.04 -0.05 -0.06 0.10 0.01
Mouldy -0.14 0.15 -0.26 0.17 -0.14 0.10 -0.03
Nutty 0.00 0.10 0.19 0.36 -0.17 -0.10 0.02
Silage -0.16 0.02 0.20 -0.01 0.16 0.46 -0.22
Processed -0.10 -0.27 0.10 -0.10 0.19 0.14 -0.02
Sweet 0.13 0.05 0.05 0.38 —-0.06 -0.02 -0.27
Salty -0.02 0.24 -0.14 -0.19 0.21 -0.18 -0.19
Acidic 0.06 0.31 0.05 -0.16 0.16 -0.08 0.11
Bitter -0.14 0.09 -0.21 -0.11 0.21 0.13 -0.25
Pepper -0.06 0.16 0.23 0.10 0.17 0.04 0.60
Burnt aftertaste -0.22 0.14 0.11 0.15 -0.03 0.11 0.23
Astringent 0.00 0.31 0.11 -0.10 0.10 0.10 0.29
Strength -0.15 0.29 0.08 0.06 -0.03 -0.01 -0.13
Balanced 0.11 -0.27 0.02 0.23 -0.01 0.01 -0.04
Texture

Firmness 0.26 0.06 0.15 0.04 0.03 —-0.08 -0.05
Rubbery -0.05 -0.24 0.26 0.02 0.01 -0.12 -0.06
Crumbly 0.19 0.16 -0.12 -0.18 -0.16 0.19 -0.09
Smooth -0.25 -0.12 -0.06 0.13 0.13 —-0.05 0.05
Moist -0.25 -0.10 -0.14 0.07 0.05 —-0.08 0.12
Oily -0.25 -0.16 -0.05 -0.01 -0.04 0.06 -0.02
Chewy 0.05 -0.08 0.36 -0.07 -0.19 -0.13 -0.07
Slimy -0.23 -0.15 -0.12 0.03 -0.11 0.08 0.09
Grainy 0.21 0.14 -0.10 -0.12 -0.21 0.26 0.09
Mouth-coating -0.03 0.21 -0.07 0.05 0.45 -0.20 -0.13

The most important loadings on each PC are in bold.
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“grainy” texture. Both Chaumes and PC 1 separated Blue Shropshire from all
Fontina on the other hand were described asther cheeses (Tab. VI). In fact, Blue Shrop-
having a “pungent” odour, a “rancid”, shire was a considerable outlier on this PC
“oily” and “burnt after-taste” flavour and a as it contained nine compounds not found
“smooth”, “moist”, “oily” and “slimy” tex-  in any of the other cheeses (Tab).\he
ture (Tabs. Il and 1V). PC2 distinguished four ester compounds with negative load-
Blue Shropshire from Tetilla cheese. Blueings on this PC were all found exclusively
Shropshire was described by assessors @s Blue Shropshire cheese (Tab. V). Ester
having a “salty”, “acidic”, “astringent” and compounds result from esterification reac-
“strength” flavour and a “mouth-coating” tions between fatty acids and alcohols. Hy-
texture. Tetilla cheese, on the other handdrolysis of milk fat to fatty acids is essential
was characterised by a “creamy” odour, andor flavour in blue cheeses and is particu-
a “processed” and “balanced” flavour. Suc-larly extensive in blue cheeses due to the
cessive PC’s highlighted other differencedipase activity of the mould during ripen-
in sensory character between cheeses. Farg. Fatty acids can also act as important
example, PC3 distinguished between therecursors of 2-methyl ketones. Blue
“creamy”, “mouldy” odour and “buttery”, Shropshire cheese was also characterised
“mouldy”, and “bitter” flavour of by a high concentration of 2-methyl ke-
Cambozola and Blue Shropshire and theones, including, 2-pentanone, 2-hexanone,
“pepper” flavour “rubbery” and “chewy” 2-octanone and 2-nonanone. The mould,

texture of Appenzeller and Ambassedeuse.g. Penicillium roquefortj oxidises satu-

cheeses. rated fatty acids t@-ketoacids that are sub-
sequently decarboxylated to methyl
3.2. Volatile composition ketones. Gallois and Langlois [12] found

that methyl ketones represented 50—-75% of
The volatile compounds identified in the the total odorous profile of five French blue

present study (Tab. V) were as follows: twocheeses. Although not obvious by interpre-
alcohols; four aldehydes; one anisole; tentation of the PCA result, it was found that
esters; eight ketones; two sulphur com+he other blue mould cheese analysed in this
pounds and three terpenes. Coefficients oftudy, Cambozola, contained relatively
variation ranged from 0.22 to 36.76%, how-large quantity of 2-methyl ketones (Tab).V
ever, due to space limitations these data arglowever, the quantities of methyl ketones
not shown. Due to the diverse nature of thefound were not near as those found in Blue
cheeses, most compounds were not founghropshire. The contribution of the straight-
in all cheeses, however the data are showphain aldehydes, pentanal, hexanal and
as log transformed peak areas in Table Vheptanal, to Tetilla and Fontina on this PC
PCA of this data found that the first six PC’s can also be seenin Table VII. Straight chain
discriminated significantly® < 0.05) be- aldehydes are formed durifigoxidation of
tween cheeses, and accounted for 76% ainsaturated fatty acids and their presence
experimental variance. The scores anthas been reportedin Swiss cheese [22], Par-
loadings of cheeses as well as the percentesan [6] and a number of European
age variance accounted for by each PC, areappelation d’origine contrlée” cheeses
presented in Tables VI and VII, respec-[4]. Engels et al. [11] reported relatively
tively. In the following explanation of high concentrations of straight chain alde-
cheese composition, the discrimination obhydes in the water-soluble fraction of
served on each PC will be interpreted in re-Gruyére and Parmesan cheeses that had a
lation to the raw data shown in Table V' high occurrence of lipolysis.
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Table V. Result of volatile compositional analysis of ten cheese varieties showing the log transformed
peak areas of compounds. For identification of cheese codes refer to Table I.

Cheese code

Compounds and method of 1 2 3 4 5 6 7 8 9 10
identification

Alcohols

3-methyl-1-butanol (MS, RT) 4.9 0.00 411 483 6.35 4.77 0.00 514 0.00 5.18
3-hexen-2, 5-diol (MS) 0.00 0.00 0.00 0.00 0.00 354 0.00 0.00 0.00 0.00
Aldehydes

butanal (MS, RT) 4.5 0.00 0.00 347 436 596 4.2 6.84 0.00 0.00
pentanal (MS, RT) 452 435 454 44 000 4.34 395 3.84 359 0.00
hexanal (MS, RT) 415 385 4.07 368 0.00 384 334 375 0.00 3.00
heptanal (MS, RT) 392 408 376 0.00 0.00 377 379 38 3.28 3.29
Anisoles

4-methyl anisole (MS) 0.00 0.00 0.00 0.00 48 0.00 0.00 0.00 0.00 0.00
Esters

ethyl acetate (MS, RT) 45 0.00 458 441 0.00 449 0.00 0.00 39 0.00
propyl acetate (MS, RT) 0.00 0.00 0.00 0.00 0.00 374 0.00 515 3.68 0.00
methyl butyrate (MS, RT) 0.00 0.00 0.00 0.00 5.38 0.00 0.00 0.00 0.00 0.00
ethyl butyrate (MS, RT) 592 0.00 581 528 0.00 569 0.00 567 529 0.00
2-methyl ethyl butyrate (MS) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.79 0.00 0.00
propyl butyrate (MS, RT) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 501 0.00 0.00
methyl hexanoate (MS) 0.00 0.00 0.00 0.00 5.72 0.00 0.00 0.00 0.00 0.00
ethyl hexanoate (MS, RT) 5.12 0.00 0.00 0.00 0.00 0.00 0.00 5.01 4.61 0.00
1-methylbutyl 0.00 0.00 0.00 0.00 558 0.00 0.00 0.00 0.00 0.00
2-methylpropanoate (MS)

3-methylbutyl butyrate (MS) 0.00 0.00 0.00 0.00 534 0.00 0.00 0.00 0.00 0.00
Ketones

2-butanone (MS, RT) 6.44 55 517 562 6.27 639 6.74 633 0.00 6.38
2-pentanone (MS, RT) 6.15 6.05 468 429 7.77 4.18 495 428 440 5.48
2-hexanone (MS, RT) 0.00 554 000 0.00 7.55 0.00 0.00 0.00 0.00 0.00
5-hepten-2-one (MS) 0.00 0.00 0.00 0.00 4.77 0.00 0.00 0.00 0.00 0.00
2-heptanone (MS, RT) 6.79 722 654 526 7.66 561 554 000 431 5.63
5-methyl-2-heptanone (MS) 0.00 0.00 0.00 0.00 445 0.00 0.00 0.00 0.00 0.00
2-octanone (MS, RT) 0.00 0.00 0.00 0.00 557 0.00 0.00 0.00 0.00 0.00
2-nonanone (MS, RT) 0.00 0.00 0.00 0.00 471 0.00 0.00 0.00 0.00 o0.00

Sulphur compounds
dimethyl disulphide (MS, RT) 452 579 513 423 6.29 44 719 6.74 572 4.88

dimethyl trisulphide (MS) 0.00 29 334 000 498 328 0.00 4.85 343 0.00
Terpenes

o-pinene (MS, RT) 58 482 426 359 511 441 38 463 376 3.75
o-phellandrene (MS) 0.00 0.00 0.00 0.00 0.00 0.00 501 0.00 0.00 0.00
Limonene (MS, RT) 523 378 335 361 391 475 47 357 316 3.17

RT = retention time, MS = mass spectra.
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Table VI. Results of PCA on the volatile composition of ten cheese varieties showing the scores and
the percentage variance (% var.) accounted for by the first six PC’s.

Principal component

Cheese 1 2 3 4 5 6
Mahon 1.18 0.57 2.83 0.97 1.47 -1.84
Cambozola 0.11 1.60 -1.37 0.81 1.07 -1.36
Gruyere 1.36 0.97 0.35 -1.14 -0.24 -0.54
Wensleydale 1.26 1.16 1.03 -1.11 -1.93 0.51
Blue Shropshire -10.10 -0.63 0.32 -0.20 0.08 0.24
Tetilla 1.71 -0.40 2.92 -0.07 0.27 211
Ambassedeur 0.97 143 -2.02 3.13 0.65 1.76
Fontina 1.78 -5.73 -0.71 1.08 -0.70 -0.58
Appenzeller 1.48 -0.61 -2.10 -3.48 1.70 0.53
Chaumes 0.26 1.63 -1.25 0.01 -2.37 -0.83
% var. 36 12 8 9 5 6

The most important scores on each PC are in bold.

PC2 separated Chaumes and Cambozolaonoterpene-phellandrene (in Ambasse-
from Fontina. The 2-methyl ketone, 2- deur). Dimethyl disulphide and the other
heptanone, that characterised Chaumes arsdilphur compound dimethyl trisulphide
Cambozola on this PC was also found in allimportant on PC2) result from the degra-
other cheeses apart from Fontina. Fontinaation of sulphur containing amino acids.
cheese was characterised by butanallhese two sulphur compounds have been
dimethyl trisulphide and five ester com- reported in aged Brie and Swiss cheeses
pounds, namely, ethyl butyrate, ethyl[23, 46], Parmesan cheese [6], Fontina
hexanoate, propyl acetate, propyl butyrateheese [4] and a number of hard type
and 2-methyl ethyl butyrate. The high oc-cheeses [11]. Mariaca et al. [31] investi-
currence of ester compounds in Fontinggated the terpenoid content of forty-seven
cheese, an Italian high fat/high acid-typeplants from lowland and highland pastures
cheese, may be accounted for by the factrom which cheeses were made. Authors
that Italian cheeses are made from renneteported the presence of a diverse range of
pasts containing pregastric esterases whicterpene compounds including limonene,
cause extensive lipolysis [36]. PC3 sepapinene andi-phellandrene, in thirteen, nine
rated Mahén and Tetillafrom Ambassedeurand four different plant species, respec-
and Appenzeller. Mahon and Tetillatively. The occurrence of these three
cheeses, both Spanish cheeses, were chamonoterpenoids in plants could explain
acterised on this PC by the following com-their presence in the present cheeses.
pounds: the alcohols 3-methyl-1-butanolTerpene compounds have beenidentified in
and 3-hexen-2, 5-diol (in Tetilla); the alde- Gruyere [3], Parmesan [6], Cheddar [30],
hydes butanal and hexanal; the esters eth8wiss Emmental [22] and a number of
acetate and ethyl butyrate; the ketonéhard-type cheeses [11].
2-butanone and the two monoterpene Other PC’s also separated cheeses based
compounds a-pinene and limonene. on their volatile composition. For exam-
Ambassedeur and Appenzeller, on the otheple, PC4 separated Ambassedeur from
hand were characterised by the sulphuAppenzeller. Ambassedeur cheese was
compound dimethyl disulphide and thecharacterised by butanal and hexanal,



498 J. Ben Lawlor et al.

Table VII. Result of PCA on the volatile composition of ten cheese varieties showing the compound
loadings on the first six PC’s.

Principal component

Compound 1 2 3 4 5 6
Alcohols

3—-methyl-1-butanol -0.10 -0.13 035 -0.02 -042 -0.12
3—-hexen-2, 5-diol 0.05 -0.03 030 -0.01 0.06 0.45
Aldehydes

butanal -0.03 -0.27 0.27 0.27 0.00 0.27
pentanal 0.20 -0.01 0.14 0.03 0.30 0.05
hexanal 0.18 0.05 0.20 0.29 -0.17 -0.16
heptanal 0.18 -0.03 -0.07 0.17 030 -0.14
Anisoles

4-methyl-anisole -0.28 -0.05 0.03 -0.02 0.02 0.05
Esters

ethyl acetate 0.11 0.08 0.34 -0.31 0.13 0.09
propyl acetate 0.09 -0.37 -0.01 -0.13 0.11 0.23
methyl butyrate -0.28 -0.05 0.03 -0.02 0.02 0.05
ethyl butyrate 0.15 -0.18 0.29 -0.25 0.08 0.00
2-methyl-ethyl butyrate 0.05 -0.42 -0.07 0.13 -0.14 -0.12
propyl butyrate 0.05 -0.42 -0.07 0.13 -0.14 -0.12
methyl hexanoate -0.28 -0.05 0.03 -0.02 0.02 0.05
ethyl hexanoate 0.08 -0.28 0.02 -0.09 0.30 -0.28
1-methylbutyl 2-methylpropanoate —-0.28  —0.05 0.03 -0.02 0.02 0.05
3-methylbutyl butyrate -0.28 -0.05 0.03 -0.02 0.02 0.05
Ketones

2-butanone —-0.05 0.01 0.21 0.46 -0.29 -0.05
2-pentanone -0.23 0.10 0.02 0.12 0.13 -0.30
2-hexanone -0.23 0.03 -0.06 0.04 0.14 -0.14
2-heptanone -0.12 0.37 0.13 -0.01 0.16 -0.07
2-octanone -0.28 -0.05 0.03 -0.02 0.02 0.05
2-nonanone -0.28 -0.05 0.03 -0.02 0.02 0.05
5-hepten-2-one -0.28 -0.05 0.03 -0.02 0.02 0.05
5-methyl-2-heptanone -0.28 -0.05 0.03 -0.02 0.02 0.05
Sulphur compounds

dimethyl disulphide -0.08 -0.17 -0.37 0.25 0.19 0.12
dimethyl trisulphide -0.11 -0.29 -0.04 -0.17 0.18 0.05
Terpenes

o-pinene -0.10 -0.09 0.28 0.16 034 -041
o-phellandrene 0.03 0.10 -0.21 0.36 0.13 0.38
limonene 0.01 0.05 0.32 0.34 0.33 0.14

The most important loadings on each PC are in bold.
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2-butanone, dimethyl disulphide,o- drolysis of fats and proteins, but also, pre-
phellandrene and limonene. Appenzellewents the casein network of cheese from de-
was distinguished on this PC by containingveloping into a tough, rubbery matrix.

the two esters ethyl acetate and ethyl butyrProtein, which represents the continuous
ate. solid phase of cheese, ranged from

; 13.81 g100 gl in Cambozola to a maxi-
It should be noted that in the present . h
work only one sample from each cheese valum of 29.08 ¢L00 g* in Mahén cheese.
riety was studied. Differences in volatile h?ijH ofcheeses rlange(rj]fromh4.73 (Wens-
composition between cheeses, within a val€Ydale) to 6.92 (Blue Shropshire). pH is

riety, may occur due to variations in starterMPortant for flavour as it influences
organisms, milk composition and/or flora growth of Non Starter Lactic Acid Bacteria

; NSLAB) in Cheddar and Gouda, growth
(see Grappin, [13]). E)f Propi)onibacterium sp. in Swissgftype
cheese, and the dissociation and odour ac-
3.3. Gross composition of cheeses tivity of volatile compounds e.g. FFA [2].
pH is also important for cheese texture, as
The results of compositional analysisPH changes are directly related to calcium
demonstrated that the present range ofontentand protein network [27, 43].
cheeses covered a wide range of values for g ang salt-in-Moisture (S/M) levels
each compositional variable (Tab. VLII) ranged from 1.12 400 g and 2.63, re-

Fat and Fat in the Dry Matter (FDM) spectively in Wensleydale to 2.75140 gt
contents ranged from 25100 g! and and 10.49, respectively in Mahon cheese.
45.36, respectively, in Ambassedeur toThe important influence of salt on cheese
41.71 g100 gt and 70.28, respectively, in has been reviewed by Guinee and Fox [14].
Cambozola. Fat not only solves lipophilic Kelly et al. [24] demonstrated that the S/M
flavour compounds produced from the hy-level of Cheddar-like cheese has a marked

Table VIII. Compositional analysis of ten cheese varieties.

Compositional measurement

Cheese MoistufeProteirt Faf Salf Asl® C& MNFS FDM S/M  pH

Mahon 26.21  29.08 36.99 2.75 5.23 902.00 41.60 50.13 10.49 5.33
Cambozola 40.65 13.81 41.71 1.57 2.60 379.00 69.74 70.28 3.86 6.48
Gruyere 39.02 27.63 29.26 1.27 3.48 76450 55.16 4798 3.25 5.63

Wensleydale 42.36  21.33 33.39 1.12 2.44 51150 6358 57.92 2.63 4.73
Blue Shropshire  38.29  24.81 33.67 120 2.62 36850 57.73 5456 3.13 6.92

Tetilla 3450 23.80 36.40 130 N/D N/D 5425 5557 3.77 5.65

Ambassedeur 4489 2492 25.00 1.54 3.62 747.00 59.85 4536 3.43 6.25
Fontina 36.80 26.63 30.04 2.31 4.01 679.00 52.60 47.53 6.28 6.29
Appenzeller 36.50 26.57 33.50 1.32 3.36 731.00 54.89 52.76 3.62 6.03
Chaumes 49.00 20.00 25.77 2.13 3.54 530.50 66.01 5053 4.35 5.97

N/D = Not determined.
ayalues expressed as.g0 g 2.
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effect on the rate and extent of proteolysisFDM and pH, 2-pentanone, 2-hexanone, 2-
Moisture in the Non-Fat Substancesheptanone and 2-octanone, and negatively
(MNFS) ranged from 41.60 in Mahoén to correlated with calcium content (Tab. 1X).
69.74 in Cambozola cheese. MNFS is es# has been known for some time that 2-
sentially the relative amounts of moisturemethyl ketones are a dominant part of blue
and protein in the cheese and this value igheese flavour [12, 25], particularly 2-
more relevant than the percentage moisturbeptanone which has been described as
since it is in the interface of moisture andpossessing a “blue flavour” note [15]. The
casein that enzymic reaction responsiblgresence of these compounds can be attrib-
for ripening take place [28]. Calcium con- uted to the high degree of lipolysis, due to
tent ranged from 379 mfO0 gl in the action of the mould, e.cPenicillium
Cambozola to 902 m@00 g in Mah6on  roqueforti on the fat during the ripening of
(this was also the case for ash content). Cathese two cheese types. Furthermore, the
cium content of cheese is largely deter-de-acidifying activity of the mould during
mined at the point at which the curd is ripening may account for the positive asso-
drained from the whey and has animportantiations between pH and “mouldy” odour,
role in texture development. while the high rate of acid production dur-
ing the manufacture of blue cheese with re-
sulting solubilisation of colloidal calcium

3.4. Relationship between odour phosphate and consequent low mineral
and flavour attributes and volatile  content is reflected in the negative associa-
and gross composition tion between calcium content and this

odour attribute. Of these two mould

Six odour and eleven flavour attributeSCheeses, Blue Shropshire had the h|gher
were correlated to subsets of both VO|ati|epeak areas for all four methy| ketones and
compounds and compositional measurewas also scored higher than Cambozola for
ments (Tabs. IX and X). Calibration coeffi- “mouldy” odour (raw panel data not
cients (strength of the current models) wereshown). This may have been due to mould
all = 0.68, while the validation coefficients type, more pro”fic mould growth, or to the
(ability to predict new samples) were all composition, or more specifically, the fat
>0.46. RMSEP values ranged from 1.43 togontent of these two cheeses. In compari-
7.26 (on a scale of 1-100) indicating thatson to Cambozola, Blue Shropshire had the
the current models all had good predictivelower fat content (41.71 and 33.67.60 g,
power for the current set of cheeses. Howrespectively) and FDM (70.28 and 54.56,
ever, since each volatile compound was notespectively) (Tab. VIII). This lower fat

detected in all of the cheeses, and becausgntent may have resulted in a higher rate of
models were attribute based (rather thanelease of 2-methyl ketones from Blue

cheese based), some cheeses described bgRropshire, lowering flavour threshold
particular characteristic may not contain allconcentrations needed in the cheese, and
of the compounds identified in the model. hence, this cheese being described as hav-
Therefore to interpret attributes in any indi- |ng a more “mou|dy" odour. Furthermore,
vidual cheese, rather than in a broad cheesme lack of 2-octanone in Cambozola may
context, it would be best to refer also to Ta-also be due to it’s higher fat content, and the
ble V. However, despite this consideration, higher hydrophobicity of 2-octanone when
the modelsin the currentwork are valid andcompared to the other methyl ketones, re-
indeed have been validated by PLS itself. sylting in a reduced partitioning into the gas
The “mouldy” odour, found in particular phase. Delahunty et al. [10] found that re-
in Blue Shropshire and Cambozolalease of higher molecular weight methyl
cheeses, was positively associated with faketones was lower in full-fat cheese (35%
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Table IX. Result of PLS1 analysis between the odour attributes#trix) and volatile composition

and gross compositioiXfmatrix) of ten cheese varieties showing the relationship between the odour
attributes and volatile composition and gross compositional measurements. The fit of the current
model, calibration coefficient (Cal. Coef), its ability to predict, validation coefficient (Val. Coef.), and
the Root Mean Error Square Error of prediction (RMSEP) are shown. The companion of this table
showing results for flavour attributes can be seen as Table X.

Odour Measurement Positively correlated Negatively Cal. Val. RMSEP
correlated Coef Coef.
pungent volatile ethyl hexanoate, propylpentanal, hexanal, 0.95 0.88 6.52
acetate, 2-pentanone, ethyl acetate,
dimethyl disulfide ethyl butyrate,
2-heptanone
composition salt, ash, S/M, Ph fat, FDM
caramel volatile pentanal, hexanal, propyl acetate, 0.99 0.96 1.86
3-methyl- heptanal
1-butanol
composition ash, pH
fruity  volatile ethyl acetate, dimethyl 0.81 0.56 7.26
trisulfide
composition protein salt
mouldy volatile 2-pentanone, 2-hexanorethyl acetate 0.99 0.99 4.05
2-heptanone,
2-octanone, dimethyl
trisulphide
composition fat, FDM, Ph Ca
sweet volatile ethyl acetate, ethyl o-phellandrene 0.96 0.77 5.17
butyrate, propyl acetate,
propyl butyrate,
dimethyl trisulphide
composition protein salt, S/IM
creamy volatile pentanal, hexanal, ethyl hexanoate, 0.97 0.93 4.45

composition

2-butanone
fat, FDM, MNFS

dimethyl disulphide
protein, ash, pH

fat) in comparison to reduced and low fatate and dimethyl trisulphide were posi-
tively correlated with this attribute. In
“Sweet” odour, that helped describe theAppenzeller cheese, on the other hand,
Swiss-type cheese Gruyeére, and to a lessésweet” odour was positively associated
extent Appenzeller (see also Lawlor andwith ethyl acetate, ethyl butyrate, dimethyl
Delahunty [26]), was positively associatedtrisulphide, and propyl acetate. Vangtal and
with protein content and negatively corre-Hammond [43] showed that “sweet” fla-

(23 and 16% fat respectively) cheeses.

lated with salt and S/M contents.

In vour Emmental cheeses was correlated

Gruyere cheese, ethyl acetate, ethyl butyrwith the production of short chain acids and
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low salt concentration (which favours the different cheese types, concluded that
growth ofPropionibacteriunsp. a salt sen- cheese flavour seemed not to depend on any
sitive organism). The “sweet” odour char- particular key component, but rather on a
acter of both Swiss-type cheeses in théalance or a “weighted ratio” of a number
present work were associated with esterspf components acting together. Engels [11]
compounds derived from lipolysis and alsocame to similar conclusions. The present
a low salt and S/M content. However, it study demonstrated that individual odour
should also be noted that fatty acid precurand flavour attributes of cheese not only de-
sors of ester compounds may also be synpend on interactions between specific vola-
thesised by the cheese microflora, or, resultile compounds, but also, on interactions
from the breakdown of amino acids (seebetween specific compositional variables.
McSweeney, [36]). The flavour attribute However, it must be stressed that the cur-
“salty”, that characterised Mahon cheeserent models are “associative” rather than
was positively associated with S/M, ethyl “causeative”, and just because variables are
hexanoate and 2-pentanone and negativelglated in a statistical sense does notimply a
associated with moisture content (Tab. X).cause-and-effect situation. Clearly, more
This cheese had the highest S/M (10.49) ofvork is required to support these findings.
all cheeses investigated, therefore, it waBased on the results of this study and a pre-
not surprising that this cheese was devious study [26] this will involve analysing
scribed as having a “salty” flavour. The “si- a smaller-subset of cheeses, namely, Swiss-
lage” flavour that described Fontina cheeseaype cheeses and blue mould cheeses. In ad-
(see PC6, Tab. IV) was positively associ-dition, the volatile compounds of these
ated with pH, ethyl hexanoate, propylcheeses will be isolated using a model
acetate, propyl butyrate and dimethylmouth system that will include a mastica-
disulphide. It was negatively associatedtion device, while the contribution of the
with fat content. As mentioned previously Water Soluble Fraction (WSF) and Free
the manufacture of Italian hard cheeses infatty Acids to flavour in these two cheese-
volves the addition of rennet pastes contypes will also be determined. Both the
taining pregastric esterase that produce®/SF and FFA are known to contribute to
strong fatty acid flavours. The resulting cheese flavour [11, 36] and their absence
high rate of lipolysis in these cheesesfrom the current data set may account for
(although not as high as in blue-mouldcertain flavour terms in the presentwork re-
cheeses) may account for the associatiomaining unexplained.

between esters and the “silage” flavour of

Fontina cheese. . :
3.5. Relationship between texture

Considered individually, families of attributes and gross composition

compounds, such as esters and sulphur .

compounds etc., possess characteristic fla-, S€ven out of the original ten texture at-
vours. For example, esters in cheese havkibutes were shown to k_)e correlated to sub-
been described as having floral, fruity notes>etS of gross compositional measurements
[38], while sulphur compounds are de-(Tab. XI). Calibration coefficients were all
scribed by a strong garlic, very ripe chees& 0.77, validation co?fﬂuents were all
odour [9, 42]. However, when these com-2 0-52and the RMSEP's ranged from 2.7 to
pounds are mixed in the same cheese matrix3-6 (0n a scale of 1-100) indicating that
their behaviour is quite different and maythe current models had good predictive
indeed result in the relationships observed©OWer:

in the present work. Bosset and Gauch [4], The texture attribute “firmness” that de-
in their study on the volatile fractions of six scribed Gruyére, (raw data not shown), a
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Table XI. Resultof PLS1 analysis between the sensory attribitesrix) and gross compositioX{

matrix) of ten cheese varieties showing the relationship between the sensory attributes and gross com-
position. The fit of the current model, calibration coefficient (Cal. Coef), its ability to predict,
validation coefficient (Val. Coef.), and the Root Mean Error Square Error of prediction (RMSEP) are
shown.

Texture Positively correlated Negatively correlated Callal. RMSEP
Coef. Coef.

Firmness protein, Ca, S/M, salt, moisture, pH 0.92 069 1281

Rubbery  Ca, ash moisture, protein, fat, 0.98 0.81  9.45
FDM, S/M

Moist moisture, MNFS, ash, salt, pH protein 0.89 0.60 11.88

Oily moisture, salt, MNFS, pH protein 0.77 052 13.61

Chewy moisture, MNFS, protein, ash, fat, FDM, salt, S/M, pH 0.99 094 276

Ca

Slimy salt moisture, protein, MNFS,0.99 0.68 10.02
FDM, S/M

Mouth- protein, fat, FDM, ash, moisture, MNFS, Ca, salt 0.98 0.92 2.83

coating  S/M, pH

Swiss-type cheese, was positively associwith protein content. Cambozola had the
ated with protein and calcium content andhighest MNFS of all cheeses studied (69.74)
negatively associated with moisture con-which is anindication of the relative amount
tent, salt content, S/M and pH (Tab. XI). of moisture to protein in the cheese. As pro-
During Swiss-type cheese manufacturetein represents the only continuous solid
high cooking temperatures (50-33) phase of the cheese this may explain why
have the effect of inactivating most of the Cambozola cheese was described as pos-
chymosin in the curd (the more sessing a “moist” texture. The attribute
thermostable plasmin is not as affected'oily” texture, describing Chaumes and
[29]. The result of this is a general decreas€Cambozola, was positively associated with
in the rate of proteolysis and hence firmermoisture, MNFS, salt content and pH. Both
textured cheese is obtained. FurthermoreChaumes and Cambozola are classified as
the concentration of calcium has a major efsoft cheeses and both had the highest MNFS
fect on texture and the high calcium contentratio and lowest protein contents. “Chewy”
(764.5 g100 g?) of this cheese could help texture, characterising Ambassedeur cheese,
explain its “firmness”. The high mineral was associated with most compositional
content of the curd is achieved by alow per-variables, in particular calcium content (posi-
centage of starter and a high scalding temtive) and fat content and FDM (negative).
perature [29]. “Moist” texture, which Ambassedeur was also described as “rub-
characterised Cambozola cheese, a surfat®ry” in texture; this attribute was also nega-
mould ripened cheese, was positively assatively associated with fat content and FDM
ciated with moisture, salt and ash contentand positively associated with calcium con-
pH and MNFS and negatively associateccentrations. Fat in cheese has the effect
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of preventing the protein (casein) network
of the cheese matrix from shrinking into a
tough inedible structure, while calcium (6]
confers a “firmness” to cheese texture,
which explains why Ambassedeur was de-
scribed as having a “chewy” and “rubbery”
texture. 7l

In conclusion, the relationships between
odour, flavour and texture sensory charac-
teristics and volatile composition and grossIB]
composition were determined. Results in-
dicated that cheese flavour and texture arg)
multi-dimensional phenomenon resulting
from complex interactions between manu-
facturing method, volatile composition and [10]
the gross composition of cheese.
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