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Fifty volatile compounds of surface smear-ripened cheese were detected and identified using
headspace solid-phase microextraction (HS-SPME) and vacuum distillation coupled to gas chroma-
tography—mass spectrometry. Changes in the headspace of aroma compounds were monitored over
the whole packaging period (47 days) using the HS-SPME method. Initially, the concentration of
methanethiol increased before reaching a plateau. This evolution could be linked to the growth of
Brevibacterium linens. During the shelf life of cheese, levels of acetic acid and 3-methylbutanoic
acid remained constant, whereas butane-2,3-dione, 3-hydroxybutan-2-one, and hydroxypropan-2-
one levels gradually declined and acetone and 3-methylbutanol levels dropped sharply to a plateau.
Changes in odor could be related to changes of the rind, which behaved as a barrier, strongly
influencing the distribution of volatile compounds in the headspace. Using a gas chromatography—
olfactometry technique without separation, it was shown that the SPME extract was representative
of the cheese odor.
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INTRODUCTION molecular weight sulfur compounds in black and white truffles

The odor perception of cheese is one of the foremost criteria (13, beer 4), and wine 5). Moreover, when directly coupled
for its acceptance and preference by consumers. The typicaI(W'thOUt chromatographic separation) with mass spectrometry,
odor of a food product results from a component baladgén( HS-SPME has been shown to be at least as powerful as
a complex mixture of volatile compounds (acids, ketones, methyl electronic nose systems to characterize the odor (or the off-
ketones, alcohols, sulfur compounds, etc.) present in their correct{l2vor) of cheeses (16) and milk samples (17).
proportions in the headspace around the cheese. However, during In the present work, a smear-ripened cheese was studied,
the shelf life, this balance changes and consequently the odorWhich has a weak but unpleasant odor. Because the ripening of
too. To characterize the aroma of a cheese at a given time, thethis cheese takes place while it is already packaged, new
usual procedures consist of isolating volatile compounds by packaging materials could limit this unpleasant odor by a
solvent extractiond| 3), vacuum distillation4—6), or headspace  Selective absorption of volatile compounds) In the first step,
analysis. The latter includes statif) (@and dynamic headspace this paper focuses on the development of a reliable HS-SPME
(8) techniques, as well as headspace solid-phase microextractiorinethod for monitoring the odor changes of cheese during shelf
(HS-SPME), which involves concentration by adsorption on a life. In a second step, the representativeness of the HS-SPME
fiber, a simple and sensitive techniqu®.(This technique has  extract was evaluated by gas chromatograptifactometry
been applied to numerous determinations and identifications of (GC-O).
aroma compounds in food$@—12) and beverages. HS-SPME
has been used to analyze highly volatile substances such as IoWMATERIALS AND METHODS

* Author to whom correspondence should be addressed (telephone 33 1 CheeseSamples of three surface smear-ripened cheese (named A,
34 65 20 63; fax 33 1 34 65 20 85; e-mail vducruet@jouy.inra.fr). B, and C) were either purchased from a supermarket (B and C) or
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Chemicals. A mixture of medium-chain triglycerides (MCT),  Taple 1. Summary of HS-SPME Sample Preparation?
trioctanoic glyceride 55% (w/w) and tridecanoic glyceride 45% (w/

w), was purchased from Stearinerie Dubois et Fils (Boulogne, France). trapping time
3-Methylbutanoic acid, dimethyl sulfide, and dimethyl trisulfide were  procedure  cell sample (CAR/PDMS fiber) (min)
purchased from Acros Organics (Noisy-Le-Grand, France). The other 1 smalP Yo, of cheese in pieces (11 30
standard compounds were purchased from Sigma-Aldrich Chemical Co. 32rind and pastg 119)

(St Quentin Fallavier, France). The purity of compounds ranged from 2 large®  whole cheese (340 g) 30

98 to 99%.

Enumeration of Brevibacterium linensin the Smear of Cheese
A over Packaging Time.Two agar media were employed: (i) mannitol
salt agar (MSA, Difco) was added to fungizone (50 mg/L, Squibb) to
inhibit yeast, and calcium carbonate was added to avoid acidification

a All experiment were carried out at 25 °C. ® Small cell: 22 mL sample flask.
¢ Large cell: 800 mL.

(19); (ii) brain heart infusion agar (BHI, Difco) was added to fungizone ?m 7 WCAR/PDMS 75um

(50 mg/L) and nalidixic acid (40 mg/L) to inhibit the growth of Gram- OPDMS 100um

negative bacteria. 300000 - @ PDMS/DVB 65um
At seven time points during the shelf life (47 days) of cheese A g 250000 - ®CW/DVB 65um

stored at 4°C, two cheeses were analyzed simultaneously. At each
time, 1 g ofsmear from the top face of both cheeses was scraped off
with sterile materials and suspended in 10 g of a sterile 2% trisodium
citrate solution. This suspension was homogenized with a blender
(Waring blender type) for 2 min. Serial 10-fold dilutions of this
suspension were plated on two different agar MSA and BHI media
(use of spiral system apparatus, DS model, Interscience, St-Nom-la-
Bretéche, France) for aerobic plate counts {€7 72 h). The plates
were then exposed to daylight at ambient temperature for 5 days, and
orange-pigmenteB. linenscolonies, which were clearly differed from
those of indigenous microflora present in cheese A, were counted . .
separately. In addition, the identification Bf linenswas confirmed Figure 1. Extraction of the aroma compounds of cheese A (model solution,
by the color reaction of this microorganism with NaOH (5 M), which ~ medium cell, 150 mL) by different SPME fibers.
produces a characteristic carmine red color (20).

The other colonies underwent biochemical identification using the was placed in a small cell (22 mL sample flask). Afte h of
API Staps system (20500-Biomérieux, Marcy I'Etoile, France) and API equilibration, the trapping procedure was started, using both samples.

20 NE (20050- Biomérieux, Marcy I'Etoile, France). Profile of Volatile Compounds in Cheese A during Its Shelf Life.
Yeast populations were detected on yeast extract—glucose—chlor- Every hour, the trapping procedure was started and the profile of volatile

amphenicol—agar and incubated at %D for 2 days (21). compounds analyzed was followed according to procedurEablé
Vacuum Distillation. One hundred grams of cheese A was frozen 1) to monitor the kinetics of appearance in the headspace during the

at—20°C, then ground while frozen, and placeda 2 Lround-bottom equilibration time.

flask. Volatile components were distilled under vacuum-gl@bar, The profile of volatile compounds in the cheese was followed

room temperature) for 2 h. The aqueous distillate was recovered from according to procedure Z'éble 1) during 47 days. A solution (100

the traps (cooled with liquid nitrogen) situated between the sample and uL) of 4-heptanone (0.1 mL/L) in Milli-Q ultrapure water was added
the vacuum pump and extracted three times for 20 min with 10 mL of as an internal standard. After accumulation of volatile compounds in
dichloromethane. The extract was dried with sodium sulfate, which the headspace for 4 h, the trapping procedure was started. For longer
was then removed by filtration through glass wool, and then concen- accumulation times, the levels of some volatile compounds (sulfur
trated by distillation at 40C to 200 ul through a consecutive series of compounds) decreased in the headspaceHiggre 2 and correspond-

Kuderna-Danish columns. ing discussion below). For each measurement during the shelf life (47
Optimization of HS-SPME Procedures.Four types of fiber [poly- days), a new whole cheese of the same batch was tested.
(dimethylsiloxane) (PDMS) 10@m, PDMS/divinylbenzene (PDMS/ During this evaluation, the pH of the cheese surface (top) and cheese

DVB) 65 um, Carbowax/DVB (CW/DVB) 65um, and Carboxen/ paste (core) was determined five times per cheese using a surface
PDMS (CAR/PDMS) 75um] were tested (Supelco Co., Bellefonte, electrode (Ingold, Steinbach, Germany).
PA). A standard solution of pure volatile compounds (dimethyl! sulfide, GC-FID Analysis. Analysis of the different SPME extracts was
acetone, butanone, butane-2,3-diol, dimethyl disulfide, 3-methylbutanol, performed using a Fisons (Les Ulis, France) gas chromatograph (GC
hydroxypropan-2-one, dimethyl trisulfide, and 3-methylbutanoic acid) 8000 Top) with a flame ionization detector. Volatile compounds were
was prepared by adding 2@Q of each compound to MCT (50 mL). desorbed from the SPME fiber for 5 min into the split/splitless injector
After sonication in ice for 2 min, 100L of the standard solution was  port, maintained at 260C. The injector port was in splitless mode,
introduced into a gas sample cell (medium cell, 150 mL). Headspace the split valve opening after 3 min. Separations were performed on a
equilibration was achieved after 1 h. Every hour, a fiber was inserted Supelcowax 10 fused-silica capillary column (0.32 mn30 m, 1um;
into the medium cell through a Mininert valve (Supelco) and then Supelco). GC analysis of the SPME extracts was performed using a
equilibrated with the headspace for 10 min at 26 prior to flame ionization detector, maintained at 28D. Hydrogen was used
chromatographic analysis. All fibers were tested twice. as the carrier gas (linear flow velocity 40 cm/s). The column was
For all cheese experiments, the trapping procedure was carried outkept at 35°C for 3 min, and the temperature was increased at a rate of
by inserting the SPME fiber (7Bm CAR/PDMS) into the analytical 3 °C/min to 52°C, then by 7°C/min to 240°C, and maintained thus
cell through a Mininert valve and then equilibrated with the headspace for 2 min. Signals were processed using data acquisition software

for 30 min at 25°C. (Borwin version 1.2, JMBS Developments, Le Fontanil, France) for
Identification of the trapped volatile compounds was carried/gn quantification.

of the whole cheese in bits following procedure Tale 1). After Analysis of Mass Spectra.ldentification of the constituents was

accumulation of volatile compounds in the headspace for 40 min (in achieved using gas chromatograptmass spectrometry (GC-MS). The

the small cell) the trapping procedure was started. GC-MS system consisted of a Fisons GC-8000 chromatograph and an
Distribution of Volatile Compounds between the Rind and Paste MD 800 mass spectrometer (Fisons Instruments). Separations were

of Cheese AVolatile compounds from the rind and paste of the cheese performed on an FFAP fused-silica capillary column (0.32 mr80
were compared after 30 days in packaging; 0.4 g of rind was scrapedm; 1 um; J&W Scientific Inc., Folsom, CA). The linear flow velocity
off, and 0.4 g of paste was removed from the central zone. Each sampleof helium was 40 cm/s.
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Figure 2. Variations in the amounts of each volatile compound in the headspace of a whole cheese placed into a large cell (procedure 2, Table 1) for
9 h.

For vacuum distillation, the dichloromethane extracty(Il) was into the injector at 25C°C for 1 min (splitless mode). Because the
injected into an on-column injector (2C). The oven temperature was  compounds were not separated, the panelists sniffed all of the
then programmed to rise from 3& (for 3 min) to 240°C at a rate of compounds simultaneously.

5 °C/min. Each panelist evaluated the odor of the three cheese extracts by

For HS-SPME analysjsthe column was kept at 3% for 3 min, comparison with a reference (cheese A). The reference, smelled before
and then the temperature was increased at rate 6fCr8in to 52°C, the injection of each extract, was presented on a plate, at ambient
then by 7°C/min to 240°C, and maintained for 2 min at 24C. The temperature. The subjects scored the odors from 0 to 10, 10 being

thermal desorption of volatile compounds on the SPME fiber was allocated if the odor of the extract was identical to that of the reference.
carried out in the injector port (25TC) in a splitless mode. The split  The three extracts were presented in a random sequence, and the test
valve was opened 3 min after injection. The SPME fiber was held in was repeated three times by each panelist.
the injector port for 5 min. . _ Screening of Representative Extracts of Cheese Ahe panel for

_ Electron-impact mass spectra conditions were as follows: capillary screening experiments consisted of two men and two women, who were
direct interface, 250C; ion source, 200C; ionization voltage, 70 eV;  ajready experienced in sniffing procedures and allocating descriptors.
mass rangey'z 29—450; electron multiplier voltage, 450 V; scanrate,  attempts at describing odor intensity were unsuccessful. The panelists
3 scans/s. ) ) were free to chose their own descriptors.

Mass spectral matches were made by comparisons V.V'th NI.ST and The screening session consisted in the analysis of representative
INRAMASS mass spectra libraries. Kovats _|nd|(_:es c_o_mp|_led using the SPME cheese A extracts. The compounds were desorbed from the fiber
'NgAéMg‘SS Illbr:?\ry \;verg gmployed to confirm |”dent|f|cat|on. o into the injector of the gas chromatograph (splitess mode) and

-O Analysis of HS-SPME Extracts. For all sensory tests, the = e iately transferred into the GC column. Subjects were asked to
cheeses were analyzed for 30 days after the date of packaging (averag§eqcrine, using any terms they chose, the odor detected at the end of

time of consumption). Separation of the aroma compounds was the column. The panelist was changed every 15 min. This experiment

performed on a Hewlett—Packa_rd 5890_ gas chromgtogra_p_h (Hewlett- was repeated during several sessions. In total, four cheese A extracts

Packard, Les Ulis, France) equipped with a split/splitless injector (250 were analyzed.

°C), a flame ionization detector (FID, 28C), and a homemade sniffing

port. The compounds were separated into a capillary column (Supel-

cowax 10, 0.32 mmx 30 m, 1um; Supelco). The carrier gas was RESULTS AND DISCUSSION

helium, at 1.8 mL/min. The column was kept at 35 for 3 min, and

the temperature increased at a rate diC3min to 52°C, then by 7 Volatile Compounds of Cheese A, Isolated by Vacuum

thce/ Tg;;?gjec'hzrl‘ignq‘ﬁg‘vtva'rgfg \]:\(I)E:SZSnrjlli? ;ttg‘f& ':;Lhael ggﬂs()fone Distillation and HS-SPME. Because the extraction procedure

directed toward the FID and the other to the sniffing port. The tmh:yvg?;;ﬁeacsémngJ?]Zl;egfcghgg(?Q;?]m?ctgtgigighg E:)Ont:l_e of

connection between the capillary column and the sniffing port was made . P ’ .
pounds in the headspace of cheese were made by comparing

up of deactivated silica tubing (60 cm long, heated at 2000.32 ) . i
mm diameter). A nonhumidified airflow (50 mL/min) was added w0 methods: HS-SPME (with the CAR/PDMS fiber, known

concentrically to the chromatography effluent at the bottom of the for its excellent properties of extraction of highly volatile
sniffing port (22). compounds) (2324) and the usual vacuum distillation proce-

Representativeness of the Odor of Cheese HS-SPME Extracts.  dure. Among the 50 chromatographic compounds seen by both
The panel for representativeness experiments consisted of two men andechniques, ketones, methyl ketones, alcohols, aldehydes, esters,
two women, who were already experienced in sniffing procedures.  sylfides, and acids, the most important peaks were identified

The representativeness of the odor of cheese extracts was carrieqTame 2) on the basis of electron-impact mass spectra and
out following procedure 1Table 1). The trapping procedure wWas —oyats jndices, when available. The data showrTable 2
|mmgd|ately started_after sampling, with no accumulation period of agree with the findings in the literatur&d, 25), and 25 peaks
volatile compounds in the headspace of the small cell.

were common to both types of extract. Both methods were

Three different cheeses (cheeses@) were used to obtain three . .
types of HS-SPME extract (AC). The equipment was identical to complementary: the HS-SPME method was better for determin-

that used for GC-O), but the capillary column was replaced by iNg the most volatile compounds, especially methanethiol,
deactivated silica tubing (diameter 0.32um, length= 10 cm). The carbon disulfide, dimethyl sulfide, acetone, ethyl acetate, butan-

SPME fiber containing the adsorbed volatile compounds was introduced 2-one, 3-methylbutanal, and ethanol, which are important to odor
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Table 2. Volatile Compounds of Cheese A Identified in HS-SPME and Vacuum Distillation Extracts

Kovats index analytical
volatile compd? flavor note no.b (DB-Wax)® method¢
methanethiol? cooked cabbage 1 A
carbon disulfide A
dimethyl sulfide cabbage 2 A
acetone® ethereal, fruity 3 814 A
ethyl acetate® solvent, pineapple, fruity 4 893 A
butanone® acetone, ethereal 5 888 A
3-methylbutanal green, malty 6 912 A
ethanol® alcohol, mild 7 924 A
ethyl propanoate pineapple, sweet, solvent 8 955 A B
pentan-2-one® fruity, acetone, sweet 9 969 A B
butane-2,3-dione® buttery 10 955 A B
4-methylpentan-2-one fruity, etheral 1000 B
3-methylpentan-2-one® fruity, etheral 11 A B
trichloromethane AB
methyl thioacetate cooked cauliflower A
dimethyl disulfide? cauliflower, garlic 12 1077 A B
isoamy! acetate pear, banana, apple, solvent 13 1128 AB
heptan-2-one blue cheese, spicy, Roquefort cheese 1160 A B
3-methylbutanold fruity, alcohol, whiskey 14 1168 A B
3-methyl-3-buten-1-ol herbaceous A B
2-methylpyrazine popcorn B
3-hydroxybutan-2-one¢ buttery 15 1259 A B
hydroxypropan-2-oned fruity, ethereal 16 1268 A B
dimethyl! trisulfide? alliaceous, meaty, over-ripened cheese 17 1365 A
2-butoxyethanol 1371 B
2,3,5-trimethylpyrazine roasted nuts, cocoa, baked potato 1387 B
acetic acid? vinegar, pungent 18 1410 A B
2-propylpentanol B
propionic acid vinegar, pungent 1525 A B
2-methylpropionic acid® sweet, apple-like, rancid butter 19 1535 A B
butanoic acid rancid cheesy, putrid, sweaty 20 1588 AB
3-methylbutanoic acid¢ rotten fruit, mild, sweaty 21 1630 A B
dodecanal 1682 A
pentanoic acid sweaty, rancid, waxy 1700 A B
2-phenylethyl acetate floral, rose 1778 B
hexanoic acid pungent, blue cheese, sour 1795 A B
benzyl alcohol sweet 1837 A B
2-phenylethanol rose floral 1865 AB
2-ethylhexanoic acid rancid fatty A B
heptanoic acid rancid fatty 1904 B
phenol 1949 B
octanoic acid goaty, waxy, soapy, musty, rancid, fruity 2008 A B
nonanoic acid cheese, waxy A B
decanoic acid rancid fatty A B
diethyl phthalate B
diisobutyl phthalate B
acid B
acid B
acid B
acid B

2 Superscripts indicate the following: a, present in rind only; b, predominantly in rind; c, present in paste only; d, predominantly in paste; e, equal distribution between
rind and paste. ® Numbering refers to Figure 6. ¢ Retention indices on DB-Wax. ¢ Analytical method: (A) SPME; (B) vacuum distillation.

perception. Using vacuum distillation, these peaks were not seenand representative of various chemical classes. The CAR/PDMS
either because of overlap with a solvent peak or because offiber (already used to compare SPME and vacuum distillation)
losses during grinding or distillation; dimethyl disulfide was produced the best resultSigure 1), with a very strong affinity
the only sulfur compound identified. Vacuum distillation favored to hydroxypropan-2-one. This fiber was selected for all subse-
the extraction of semivolatile compounds, mainly higher mo- quent work.Figure 2 shows the evolution of the headspace of
lecular weight acids. Therefore, we selected the HS-SPME a whole cheese (A) over a period ® h at 25 °C in a large
method for further work on odor analysis. analytical cell (procedure ZTable 1). Published procedures
Optimization of Headspace Extraction Conditions.Selec- employ higher equilibration temperatures between cheese and
tion of the most appropriate SPME fiber depends on the headspace, up to 60C (12). However, in this case, the
compounds targeted and therefore on the food under study.temperature was selected to maintain the physical integrity of
During this work, a fleeting odor had to be defined, which the cheese, the paste of which melts at’G0
required a fiber with high sensitivity for small volatile molecules, The residence time of the fiber in the cell was optimized.
mainly sulfur compounds. Three other fibers were compared After 30 min, the methanethiol peak was stabilized, while other
with the CAR/PDMS 75um fiber: PDMS 100um, PDMS/ compounds were still increasing. A residence time of 30 min
DVB 65 um, and CW/DVB 65um, using a model solution of was chosen as a good compromise between experimental
eight important odor compounds present in chees€&able 2) duration and sensitivity.
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Figure 4. Cell populations of B. linens () and S. xylosus (O) grown in
a smear (CFU/g of smear) of the top surface of packaged cheese A
during its shelf life.

Figure 3. Distribution of each volatile compound between the rind and

paste of cheese A. on the surface of cheese A during the shelf life, we monitored

the growth of both microorganismEigure 4). The population

Different desorption behaviors of volatile compounds from ©f B. linensrose over the first 3 weeks and then reached a
cheese A were obtained, depending on the volatility and the plateau, whereas the growth$f xylosusvas more progressive.
polarity of volatile compounds. Only 3-methylbutanal, 3-methyl- ~ Monitoring Changes in Volatile Compounds during the
pentanone, butane-2,3-dione, and hydroxypropan-2-one reache®helf Life of Cheese A.The levels of volatile compounds in
equilibrium within 7-8 h. Acetone, butanone, pentan-2-one, the headspace around a whole cheese (A) were monitored
3-methylbutanol, 3-hydroxybutan-2-one, and 3-methylbutanoic (Figure 5). Concentrations of methanethiol, dimethyl disulfide,
acid were still increasing in the headspace after 9 h. Methane-and dimethyl trisulfide igure 5a) came close to equilibrium
thiol, and especially dimethyl disulfide and dimethyl trisulfide, after ~20 days in the packaging, with dimethyl disulfide
went through a maximum &t= 5 h. Such behavior has already reaching higher levels than the two others. Dimethyl trisulfide
been observed during HS-SPME (PDMS fiber) analysis of the was found at trace levels. Sulfur compounds exhibited lag times
most volatile compounds24) and may be interpreted as a (3 days for dimethyl disulfide and 9 days for dimethyl! trisulfide)
competition on the fiber between the different compounds in consistent with their probable route of formation, by oxidation
the headspace. When the concentrations of a larger number obf methanethiolZ9, 30). Acetic acid and 3-methylbutanoic acid
volatile compounds increase in the headspace, the sorptionlevels remained constant throughout the shelf life of cheese
equilibrium of the more volatile ones is shifted. A good (Figure 5b). 3-Hydroxybutan-2-one (dairy note), butane-2,3-
compromise between all of these effects was to perform analysisdione (dairy note), hydroxypropan-2-one (fruity nokégure
of the headspace after 4 h efuilibration in the large cell ~ 5c), acetone, and 3-methylbutandliqure 5d) strongly de-
(procedure 2Table 1). creased during this period, with 3-methylbutanol even dis-

Distribution of Odor Compounds between Rind and Paste. ~ appearing from the headspace. Butanone and pentan-2-one
Yeast and bacterial growth on the surface of soft smear cheeseProduced results that varied from batch to batch.
contributes to the development of a characteristic cheese flavor. In general, levels of compounds of the paste decrease and
It was therefore necessary to test the rind and paste separatelyhose in the rind increased. In the latter, the kinetics of
(26) att = 30 days { = 0 being the date of packaging), a likely —methanethiol (Figure 5a) and probably of the other sulfur
date of consumptiorFigure 3 shows the distribution of several ~compounds, followed those &. linens(Figure 4), supporting
volatile compounds between the rind and paste of cheese.enzymatic production by this microorganism. IndeBdlinens
Methanethiol and sulfur compounds (DMDS and DMTS) were is known to produce methanethiol (332), which is not the
observed only in the rind of cheese, in line with previous case ofS. xylosug33). The fall in levels of paste compounds
findings 7). Pentan-2-one was mainly present in the rind. Other around the whole cheese (A) was not a result of a metabolic
compounds were observed only in the paste: ethyl acetate, ethprocess, as can be seen from the behavior of 3-methylbutanol.
anol, butane-2,3-dione, 3-hydroxybutan-2-one, and 2-methyl- Indeed, this compound was still present at high levels in the
propanoic acid. 3-Methylbutanol, hydroxypropan-2-one, acetic paste (Figure 3) at = 30 days, but it disappeared from the
acid, and 3-methylbutanoic acid were mainly found in the paste, headspace around the whole cheese (A) after this time (Figure
with only low amounts in the rind. Acetone and 3-methylpentan- 5d). This suggests that the increase in rind thickness played
2-one were more or less evenly distributed in the rind and paste.the role of a barrier.

The different distributions of these compounds may have been The pH gradient between rind and paste was also likely to

due to the activity of specific microorganisni] rather than
a partitioning between phases.

Evolution of Flora on the Surface of Cheese A during the
Shelf Life of Cheeseln the flora of the surface of cheese A,
two identified populations were predominai: linensand
Staphyloccocus xylos89.9% of identification with API Staph
system) Yeasts were also present at a low levePAD0® CFU/g
of smear during the shelf life of cheese A), so they could not
contribute significantly to the production of volatile compounds
[no influence below 19cell/g of cheese (28)]. To relate the
evolution of volatile compounds with the evolution of the flora

contribute to the heterogeneity of cheese odor. During the period
of storage, the pH of the surface remained between 7.7 and 7.9,
whereas in the paste it rose from 5.4 to 5.9. This may also
explain why acid levels remained constant in the headspace:
given the pH of the rind, only a weak proportion of acids could
be present in their protonated form, which contributes to odor
activity (34).

Representativeness of HS-SPME Extracts of Cheese A by
Olfactometry Study. An olfactometry evaluation was made at
t = 30 days, a likely date of consumption, when changes in the
evolution of all volatile compounds had slowed.
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Figure 5. Changes to (a) methanethiol (®), dimethyl disulfide (<), and
dimethy! trisulfide (x) levels; (b) acetic acid (a) and 3-methylbutanoic
acid () levels; (c) 3-hydroxybutan-2-one (#), butane-2,3-dione (a), and
hydroxypropan-2-one (x) levels; and (d) acetone (O) and 3-methylbutanol
(®) levels in the headspace during the shelf life of packaged cheese A
(each experimental value is for a different cheese A from the same batch).

First, we verified whether the HS-SPME extract following
procedure 2Table 1, 4 h ofequilibration in the large cell, 30
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Figure 6. Comparison of both GC profiles of HS-SPME extract (CAR/

PDMS), obtained with a whole cheese (a) (see procedure 2, Table 1)
and with portions of rind and paste (b) (see procedure 1, Table 1).

Table 3. Composition of the Cheese A Sample Introduced in the
Small Cell (Procedure 1, Table 1) and Global Odor Perception of
Volatile Compounds Trapped on a Fiber (n = 2)

% of rind % of paste recognition of the
expt (wt) (wt) odor of cheese A
| 100 0 no
Il 0 100 no
1l 50 50 no
v 20 80 yes

SPME extract of the whole cheese (A). All panelists felt that
the cheese odor was completely masked by a garlic note
(characteristic of sulfur compounds) and that the HS-SPME
extract achieved under these conditions was not representative
of the cheese odor. This indicated that the methodological
conditions optimized as described above, and deemed to ensure
significant and reliable quantities of the most volatile compounds
in the headspace, produced a completely unbalanced odor
profile, markedly distorted in terms of sulfur compounBig(re

6). It was therefore necessary to optimize other methodological
conditions, under which the importance of the sulfur compounds
would be both more restricted and more realistic. This was
possible by using a small analytical cell containing mixtures of
rind and paste (procedure Table 1), where equilibrium was
rapidly achieved for all compounds. Four different mixtures of
rind and paste were compared using an olfactometry approach
(Table 3). A good balance was foundtat 30 days, with 20%

rind and 80% pastek, of cheese) and immediate exposure of
the SPME fiber (30 min) at 28C. Panelists were able to
recognize the global odor of cheese A, compared with the same
type of surface smear-ripened cheeses (B and C) in a triangular
test (Table 4). An average score of 8 on a scale 6fLQ (10

min of trapping by the fiber) was representative of the odor. being total identity with reference cheese A) was allocated to
The extract was assessed without chromatographic columnthis HS-SPME extract, which supported its representativeness.
separation, and panelists received the global odor of the HS-The extracts of cheeses B and C had been given average scores
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Table 4. Representativeness of the Odor of Cheese A Extracts
Obtained by HS-SPME (Procedure 1, Table 1)

panelist
extracts obtained from 1 2 3 4 av SD
cheese A 78 8 8 9 8 0.8
cheese B 4 4 4 3 4 0.5
cheese C 2 2 2 0 2 13

@ Average score obtained from three repetitions for each panelist with one
reference of cheese A.

Table 5. Screening of Odor Compounds of Representative Cheese A
Extracts Obtained by HS-SPME (Procedure 1, Table 1)

odor threshold®

volatile compd odor description? (ppb)
methanethiol unpleasant odor of cheese 0.02
3-methylbutanol rind of cheese (A) 250-300
dimethyl trisulfide unpleasant, garlic, over- 0.005-0.001
ripened cheese
3-methylbutanoic acid floorcloth, feet, sweaty 120-700

aQdor description as perceived by panelists during olfactometry. ® Refer-
ence of odor detection thresholds in water: Leffingwell and Associates, www.
leffingwell.com.

of 4 and 2, respectively. We therefore considered that the HS-
SPME approach was validated for cheese A.

Screening of Cheese A HS-SPME ExtractsThe volatile

compounds from cheese A obtained from the representative HS-

SPME extract (small analytical cell, 80% paste, 20% rind,
immediate exposure of the fiber, procedureTaple 1) were

Lecanu et al.

primary alcohol has a pleasant aroma of “fresh cheed8) (
(“cheese rind” in our study), which during the early stages of
the evolution of cheese A after packaging may have had a
positive impact on the odor, balancing 3-methylbutanoic acid
and sulfur compounds. At> 10 days Figure 5d), the rapid
decrease in 3-methylbutanol (together with other paste com-
pounds, such as butane-2,3-dione, 3-hydroxybutan-2-one, and
hydroxypropan-2-onefigure 5c) in the headspace, compared
with the marked increase in methanethiol, may have modified
the global odor of cheese A, hence the unpleasant odor of
“floorcloth” becoming predominant dt= 20 days.

The evolution of each compound in the headspace and of
the global odor could be linked with changes to the rind during
the shelf life of cheese A. During the first 2 days, the odor of
cheese A was characterized by paste compounds, with “buttery”
and “cream” attributes (3-methylbutanol, butane-2,3-dione,
3-hydroxybutan-2-one, and hydroxypropan-2-one). The rind then
gradually built up and thickened. linensproliferated on the
surface, releasing methanethiol (and thus other sulfur com-
pounds) in the headspace. At the same time, the levels of “paste”
compounds fell, with those of acids remaining constant. Thus,
several days after packaging, 3-methylbutanoic acid, methane-
thiol, and dimethyl trisulfide were the compounds contributing
to the main global odor of cheese A.

Conclusion. The HS-SPME technique performed using a
CAR/PDMS fiber could be employed successfully to monitor
changes to the headspace composition of cheese. When com-
pared with vacuum distillation, HS-SPME provides a satisfactory
assessment of the most volatile compounds that play a major
role in odor perception. Moreover, by optimizing sampling
methods, it was possible to obtain representative and reproduc-
ible HS-SPME extracts of the typical odor of cheese A.

separated on a GC capillary column, and panelists describedOIfactometry analysis of this representative HS-SPME extract

the odor perception of each eluted peak (GC-O method, closely
related to the Osme method85). Among them, four volatile
compounds, methanethiol, 3-methylbutanol, dimethyl trisulfide,
and 3-methylbutanoic acid, were unequivocally deteciedble

made it possible to link the odor of cheese A with the

combination of 3-methylbutanoic acid (the most active odor
compound) with methanethiol and dimethyl trisulfide. Changes
in odor could be related to changes of the rind, which behaved

5). Cheese A was globally described as having an unpleasantas a barrier, strongly influencing the distribution of volatile

odor of “floorcloth”, which was similar to the description of

3-methylbutanoic acid; it therefore seemed possible that this
acid was responsible for the global odor. However, this acid
could not contribute alone to the odor, as its concentration

compounds in the headspace. HS-SPME was also of interest
because it provided a good fingerprint of the compounds
responsible for odor perception by consumers.

remained constant in the headspace (Figure 5b), whereas theaCKNOWLEDGMENT

unpleasant odor was perceptible in the laboratoty=af0 days
only. The contribution of methanethiol (which reached a plateau
att = 20 days,Figure 5a) and especially that of dimethyl
trisulfide (because of its very low threshold) seemed likely. The
odors of methanethiol and dimethyl trisulfide are often detected
in cheese analysis. Methanethiol is responsible for the putrid
aroma associated with Trappist-type che@&, the unpleasant
odor of grana chees&7), and the cabbage odor of Cheddar
(38). Methanethiol, methional (not detected here), and dimethyl
sulfide are key odorants in the sulfurous garlic note of
Camembert39, 40). In Cheddar cheese, methanethiol has been
shown to be essential to the odor, even if its odor differs from
that of the cheese. An interaction between methanethiol and
other compounds is often proposed to explain the complexity
of cheese odor (41). Dimethyl disulfide, which has a relatively
high threshold (0.1612 ppb in air) and which was present at
a low level in the representative extract, was not smelled by
the panel. A similar situation was observed in the case of

Cheddar cheese (42). 3-Methylbutanol was always detected by

the panel, but because of its fleeting perception, a descriptor

could not always be allocated. Nevertheless, this compound was

always associated with the odor of cheese rind. This branched
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