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Nineteen commercial Californian Chardonnay wines were analyzed by gas chromatography-mass
spectrometry (GC-MS). Freon extracts of wines were separated by silica gel chromatography into
three fractions. Volatiles were quantified by GC analysis of each fraction using internal standards
added to the wine prior to Freon extraction. Twelve of the 19 wines were evaluated by GC-Olfactometry
(GC-0). Of the 81 compounds shown to be odor-active (OA) by GC/O, 74 were quantified and 61
were tentatively identified, all of which had been previously reported in grapes or wines. Overall
concentrations of compounds with floral or oak-related aromas were higher in wines shown by
descriptive analysis to be high in intensity of either floral or oak notes, respectively. The relationship
between sensory intensity ratings from a previous descriptive analysis of the wines and 74 OA
compounds was modeled by partial least-squares regression (PLS) analysis. This PLS model only
explained 17% of the variation in the OA variables, whereas a PLS using a subset of 16 OA peaks
explained 64 and 47% of variance in the sensory and GC data, respectively. Fruity wines high in
peach, citrus, and floral terms were separated from those high in oak-related sensory attributes (oak,
vanilla, caramel, spice, and butter). In both PLS models, the fruity and floral terms were associated
with isoamyl acetate, 2-phenylethyl acetate, linalool and two unknowns exhibiting minty and bandaid-
caramel odors; the oaky attributes were associated with vanillin, oak-lactones, 4-ethyl guaiacol,
y-nonalactone, 2-acetyl furan, eugenol, 2-methoxy phenol, and two unknowns with plastic and smoky
odors.

KEYWORDS: Wine; odor-active compounds; Chardonnay; gas-chromatography- olfactometry; partial
least-squares regression analysis

INTRODUCTION judge using Charm analysi8); Of the 32 odor-active com-

In a recent consumer study, the flavor of wine was found to Pounds detected, the 11 compounds which had the highest
be one of the most important attributes to consumers when “Charm values” were identified as contributing to the distinc-
buying wine (). Over eight hundred volatiles have been tiveness of the wines' aromas. They were vanillin (vanilla),
identified in wine aroma including alcohols, esters, organic diacetyl (butter), 4-vinylguaiacol (curry-smoked), ethyl cin-
acids, aldehydes, ketones, and monoterpe@less). These =~ hamate (cherry pits), ethyl hexanoate (green-grassy), ethyl
compounds come from the grapes and are produced during2-methyl butanoate (apple), ethyl butanoate (fruity), guaiacol
fermentation and post fermentation treatments such as oak(smoked-spicey), and three unidentified compounds, which had
storage and bottle aging (2—4). aromas of burnt sugar, wet ashes, and honey. In a preliminary

Volatiles of Chardonnay grapes and wines have been studiedstudy of white Burgundies, cyclotene, maltol, guaiacol (2-
using a variety of techniques. Principal component analysis methoxy phenol), and ethyl cinnamate were claimed to be the
(PCA) of headspace volatiles of three white wine varieties most potent odorants (9).

(Riesling, Chardonnay, and French Colombard) clustered wines  Using a different approach to study Chardonnay aromas,
by grape varieties (6). Chardonnay wines were higher in estersyolatiles that had been hydrolyzed from the glycosides of
and vitispirane, while the Rieslings were higher in terpene Chardonnay juice were analyzed by GC-M®). Compounds
components, with French Colombard wines falling in between. (n = 181) were identified, of which more than 70% of the

In studies of seven Chardonnay wines from Burgundy, metaholites were C13 compounds, norisoprenoids. Benzene

dichloromethane extracts were analyzed by-&(7) by one derivatives accounted for 20% of the total volatile concentration,
Towh p hould be add o Bl selee@irek while monoterpenes made up only 5%. The potential of these
Tel.: ng\ézciTe(fggg?ggSe?E;i385’-%1-7%3-952?? -B-mall: sejlee@kfire kr. cpardonnay glycosides to serve as flavor precursors was

 Current address: Korea Food Research Institute, Sungnam, Korea. confirmed, as the intensity of tea, floral, lime, honey, oak, talc,
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Odor-Active Compounds in Chardonnay Wines

Table 1. Wines and Their Regions of Origin
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The sample was fractionated by elution with 200 mL of pentane and
diethyl ether (Fraction 1, 85/15; Fraction 2, 70/30) and 200 mL of

code winery region of origin diethyl ether (Fraction 3). The eluates were dried over sodium sulfate
CAL? Callaway Riverside (Temecula) overnight and concentroated to a final volume of 1 mL, as described
CDB-A Clos Du Bois Sonoma above, and stored _at5 C for subsequent analyses. _
CDB-C2 Clos Du Bois Sonoma The recovery of internal standards after sample preparation (extrac-
CDB-S Clos Du Bois Sonoma tion, fractionation, and GC analysis) was evaluated for five wines (JL,
CONa Concannon Alameda CDB-C, CAL, DEL and SH) to determine the recovery of the method.
DEL® Delicato San Joaquin Recovery ranged from 82% for methyl octanoate in fraction 1 to 73%
DUN Canandaigua Wine Co. Dunnewood, North Coast for 2-methyl-1-pentanol (fraction 2) and to 61% for 3-methyl-3-
EBE Eberle Paso Robles hydroxy-2-butanone in fraction 3. Reproducibility of the sample
FET Fetzer Mendocino preparation method was examined for one wine (SH), which was
GP Geyser Peak Sonoma extracted in duplicate, with each fraction’s extract analyzed in duplicate
JLe J. Lohr Monterey by GC. A two-way analysis of variance (extraction, injection) for each
ggRa mﬁgd";i‘gge EZ;Z%‘;?E’;OS peak showed no significant differences due to extraction for all but
RHp2 R.H. Phillips Esparto (Dunnigan Hills) two peaks and no significant differences due to injection for all but
SH Sutter Home Napa Valley two peaks.
TAFT? Taft Street Winery Sonoma Gas Chromatography-Mass Spgctrometry (QC-MS).A 1-ul _
TES? Monterey Vineyards Monterey County sample of each concentrated fraction of the wines was analyzed in
VME®2 Villa Mt. Eden Napa Valley duplicate on a Hewlett-Packard (HP) gas chromatograph model 6890
VMErs@ Villa Mt. Eden (Grand Reserve) Napa Valley equipped with a split/splitless injector and a DB-WAX bonded fused

capillary column (30 mx 0.25 mm i.d., film thickness= 0.25 um,
J&W scientific Inc., Folsom, CA). The detector was a mass spectrometer
(MS 6890 series Mass selective detector, Hewlett-Packard, Palo Alto,
. ) o . . CA). Temperature of the inlet was 22C. Splitless time was 1 min.
and pineapple aromas was increased by addition of their acidpyrge flow to split vent was 50 mL/min for 1 min. Column head
hydrolysates to base wines (11). pressure was 14.14 psi and the helium carrier gas flow rate was 1.3
To investigate the relationships between sensory profiles andmL/min. Average helium gas velocity was 30 cm/s. The oven
wine volatiles, multivariate statistical methods have been used, temperature was held at 4C for 4 min and programmed at°€/min
including principal component analysis of instrumental variables to 185°C and held for 20 min isothermally. Mass spectra in the electron
(PCA-IV) (12), generalized procrustes analydi8) and partial impact mode (MS-EI) were generated at 70 eV and ion source
least squares regression (PLE2(15), and have been compared temperature was 2_3‘0:. Mass spectra were taken_ over thézrange
(16). In previous studies of Chardonnay wines, including those 45—300. The total ion chromatogram (TIC) acquired by GC-MS was
cited above, hundreds of volatiles have been identified. How- used for peak area integration. HP MS chemstation software G1701BA

: . . -~ ver.B.01.00 was used for data acquisition.
ever, with the exception of studies of the aroma of white .

. . To determine the reproducibility of the duplicate injections and
Burgundy wines by Moio et al.7) and Le Fur et al. (913), determine which peaks varied across wines, two-way analyses of

neither the odor activity of volatiles nor the sensory significance yariance (wines, injection) were performed for each odor-active peak.
of compounds identified in Chardonnay wines have been All peaks varied highly significantly across wines, with only four
systematically investigated. The objectives of the present studyvarying significantly across replications.
were to identify and quantify odor-active compounds in Char-  GC-Olfactometry (GC-O). All analyses were performed at E & J
donnay wines using GEO and GC-MS and relate the OA  Gallo Winery, (Modesto, CA). For GC-O analysis, /L of the
compounds to the sensory properties of the wines using partialconcentrated fractions were injected on a HP GC model 6890 equipped
least squares regression analysis. with a split/splitless injector. At the end of the capillary, the effluent
was split into the HP MS Mass selective detector described above and
a sniffing port (Gerstel, Germany). The sniffing port was held at 250
°C to prevent any condensation of volatile compounds. Humidified air
Wines. Nineteen 1997 Californian Chardonnay wines were analyzed was added at 100 mL/min in the sniffing cone to reduce fatigue and
in 2000, all of which had been profiled by descriptive analysis (DA) drying of the judge’'s nasal passage. The column and operating
6—10 months before this studyt 7). Details about the wines, which  conditions were the same as those used for GC-MS.
were held at 10C during the studies, are shown Table 1. For determination of odor-active (OA) compounds, four judges who
Chemicals. Diethyl ether, pentane, and silica gel 60 (particle size had previous experience with GC-O were used. Assessors were seated
0.063—0.200 mm, 70—230 mesh) were purchased from EM Science, in front of the sniffing port and asked to smell the effluent of the
a division of EM Industries, Inc (New Jersey). Trichlorofluoromethane column. An “olfactometer button” (Gerstel, Germany) was depressed
(Freon 11), absolute ethanol, and compounds used as internal standard@hen an aroma was detected. The initiation and termination of aroma
(IS) (methyl octanoate, 2-methyl-1-pentanol, and 3-methyl-3-hydroxy- detection was recorded by an HP Pascal workstation. Judges also gave
2-butanone) were obtained from Sigma-Aldrich Chemical Co. (St. verbal descriptions of perceived odors that the experimenter recorded.
Louis, MO). The IS stock solution was prepared by addingg5of Each fraction of the four wines (CAL, CDB-C, DEL, and JL) which
each internal standard to 100 mL of absolute ethanol. had been shown to have the largest differences in aroma by sensory
Extraction and Fractionation of Wine Volatile Compounds. descriptive analysis (17) was evaluated once by GC-O by each of the
Volatiles were extracted using a modification of a procedure described four judges. For the remaining eight wines (identifiedable 1), two
elsewhere (18). Before extraction, 45 g of NaCl and 3 mL of IS stock judges evaluated each fraction once. Peaks were identified as odor-
solution were added to 150 mL of wine, which was then extracted three active using a modified definition of the detection frequency method
times with 50 mL of trichlorofluoromethane (Freon 11) using a liguid (20). A peak was reported as OA, if it was detected by two or more
liquid extractor at 28-30 °C. The extract was concentrated+@ mL judges in the same wine.
by distilling off the solvent on a Vigreux column (40 2 cm). The Identification. Odor-active compounds screened by GC-O were
solvent was further removed under a purified nitrogen stream until the tentatively identified by comparison of the Kovats retention index (KI)
volume was reduced to 1 mL. The aroma extracts were fractionated (21) and the MS fragmentation pattern with those of reference
by silica gel chromatography to provide better GC resolution, using a compounds or with mass spectra in the Wiley 275 library and previously
modification of Guth’s method1@). The Freon extract (1 mL) was  reported Kovats retention indices. The Kovats retention indices (KI)
placed in a glass column (30 1.9 cm i.d.) packed with silica gel 60. of unknown compounds were determined by injection of the sample

2\Wines analyzed by GC/O.

MATERIALS AND METHODS
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with a homologous series of alkanes{C,g). GC/MS conditions were guaiacol, vanillin, and furfural. Similarly, linalool arwHterpi-

the same as described above. neol had high detection frequencies in the wines high in
Quantification. The relative concentrations of the odor-active fruitiness and floral notes, such as CAL and DEL. Other volatiles

volatiles in all 19 wines were determined by GC-MS (TIC) by gych as the fruity esters produced during fermentation did not

comparison with concentrations of internal standards, assuming achow appreciable differences in detection frequencies among

response factor of 1. Methyl octanoate, 2-methyl-1-pentanol, and . . Lo
. the wines. Perhaps this is because the esters are ubiquitously
3-methyl-3-hydroxy-2-butanone were used as the internal standards for .
present at concentrations well above threshold levels.

fractions 1, 2, and 3, respectively.
Statistical Analysis.Analyses of variance were run on the GC data Each of the eight identified compounds, previously reported
using PROC GLM on Statistical Analysis Systems (SAS) for Windows, by Moio et al. ) as contributing to the distinctiveness of
version 6.12 (Cary, NC). Principal component analysis (PCA) was Burgundian Chardonnay were found in all wines in the present
performed on the mean ratings for eight sensory attributes using the study. In contrast, only two of the four compounds claimed by
povariance_ matrix with no (otation on SAS. The sensory data} set e Eur et al. (9) to be potent odorants in French Chardonnays
included eight aroma descriptors, which were peach/apricot, citrus, \yare detected in these 19 wines (guaiacol (2-methoxy phenol)

floral, caramel, butter, vanilla, spice and oak. The GC data set included . - . s )
74 OA volatiles. Of the 81 OA compounds quantified, five compounds and ethyl Cénnamatg). Flour ngrl%rgenflfsé (tv!tISptwﬂria;ng.h
(ethyl acetate, 1,1-diethoxy ethane, ethyl propionate, ethyl isobutyrate,scenone' ~0X0-a-1onol, an (1,1,6-trimethyl-1,2-dihy-

and 2-pentanone) were eliminated from the instrumental data set becausélfonaphthalene)) have been suggested to be important to the

they could not be quantified in many of the wines, as wemama- aroma of Chardonnay (6,0, 23). In the present study, only
scenone and unknown K 2157, which could not be quantified in  S-damascenone and 3-oxeionol were found-Damascenone
any wine. elicited a strong honey/cooked apple note in six wines, but was

PLS is a “soft modeling” method, which extracts linear combinations not detected by GC/O in the other six. Upon elution of 3-oxo-
of variables from one data set (OA volatiles) that best predict variation @-ionol, a low intensity of spiciness was detected in wines JL
in another data set (sensory ratings). To explore the relationship betweerang CDB-C but not detected by GC/O in the fruity CAL and

this sensory profile data and the OA volatiles for these 19 wines, partial hE| wines. However. both compounds were detected by GC-
least squares regression analysis (PLS) was conducted using theMS in all wines '

UNSCRAMBLER ver.7.6 (CAMO A/S, Trondheim, Norway). A . .
second PLS was run excluding all OA compounds for which less than ~ Composition of OA Compounds.The mean concentrations
50% variance was explained. The 16 odor-active compounds selectedof 79 OA compounds are given ifable 3 for the 19 wines.
for the resulting PLS model are identified Fable 2. In all PLS Of 81 OA compounds, two compounds-§amascenone and
analyses, the odor-active volatiles were standardized (mean/standarduinknown Kl = 2157) could not quantified because of weak
deviation), while the aroma intensity ratings were assigned a weighting chromatographic signals. Over 80% of the total volatile material
of 1 (upstandardized). I_n both PL$ moqlels, the GC data were treated\yas contributed by seven compounds: isoamyl alcohol, 2,3-
?rfeﬂc]ii ";?%r;i?den.t \t/)e|1r|ab|9$;r(natnx), with the sensory data used as 1, ;ianediol, diethyl malate, acetic acid, hexanoic acid, octanoic
P variables (atrix). acid, and 2-phenylethanol. Except for three compounds (2,3-
butanediol, diethyl malate, and acetic acid), the concentration
RESULTS AND DISCUSSION of these compounds did not vary much across wines. Thus these

GC-O. Eighty-one odor-active peaks were detected by two compounds are speculated to contribute to the background or
or more judges in at least one fraction of one of the four wines base ﬂaVOf of these wines rather than to differentiate among
evaluated by GC-O by four judges. With the exception of the wines.
1-butanol and two unknown compounds @I1762 and 2371), To simplify inspection ofTable 3, compounds are grouped
the same OA peaks were also detected in one or more of theby their aromas as described by GO. The wines are arranged
other eight wines, in which no additional OA compounds were from left to right to reflect the progression in aroma character
found. InTable 2, the KiI, tentative identification, fraction in  from very oaky (low fruity) to very fruity (low oaky) wines.
which the compound was detected and aroma descriptions byThe individual concentrations of the oak-associated OA com-
GC-O are shown for the OA compounds. In addition, for the pounds roughly correspond to intensity of oaky aromas of these
four wines for which GC-O was performed by four judges, the wines. Guaiacol, the oak lactone isomers, 4-ethyl guaiacol,
number of times each peak was detected is reported. eugenol, and vanillin, which mainly come from oak barrel

With the exception of huge peaks such as fusel alcohols andcontact, were found in higher concentrations in oaky/spicy wines
organic acids, which eluted in two fractions, the internal than those in fruity and floral wines. JL, which was the most
standards and each volatile were detected in only one fraction.intense in oak, vanilla, and spice aromas by descriptive analysis,
Although many of the tentatively identified OA compounds have had the highest concentrations of furfural, guaiacol, 4-ethyl
not been reported in Chardonnays, all have been previously phenol, 4-ethyl guaiacol¢cis) oak-lactone, eugenol, and vanillin.
reported in grapes or wines of other varietiesvitfs vinifera In examining the pattern of distribution of the “floral” com-
(seeTable 2) or studies of oak flavor2@). pounds, concentrations of three compounds (linalegkrpe-

As shown in the PCA of the sensory dafégure 1), the neol and a “minty” unknown (K 1688)) correlated signifi-
wines were primarily separated by intensity of “oak” terms (oak, cantly with the intensity of the floral aroma & 0.80, 0.69,
caramel, butter, vanilla, and spice) versus “fruit” descriptors 0.75 respectively). DEL wine had the highest concentration of
(peach/apricot, citrus, and apple) and floral. For example, wines these three “floral” compounds, while they were far lower in
CAL and DEL are high in the fruity and floral notes and low the oaky/spicy wines (JL, CDB-C, VMEres, TES) than in other
in oak terms, whereas the converse is true for wines JL andfloral and fruity wines (CAL, SH, FET, VME). The higher
CDC. The detection frequencies of the odorants were inspectedconcentrations of these terpenes in DEL reflect its varietal
to see if there was any correspondence to these sensory notesomposition. DEL had 2% (v/v) Muscat Canelli and 1% White
(Table 2). Wines with higher intensity of oaky and spicy notes, Riesling, whereas the other 18 wines were 100% Chardonnay.
such as wines JL and CDB-C, had fairly high detection Unlike the floral compounds, the sums of the concentrations of
frequencies for “oaky/spicy” compounds, most of which arise the fruity odor compounds were similar across all 19 wines,
from oak-aging, such adréns) oak lactone, eugenol, 4-vinyl  even though there were large variations in fruitiness.
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Table 2. Odor-Active Compounds Found in Californian Chardonnay Wines. Frequency of Detection in GC—O Analyses and Odor Description by Four
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Judges
detection frequency®
KI2 Fb odorants JL CDB-C CAL DEL odor descriptiond refe
885 1l ethyl acetatef 2 2 2 2 sweet, fruity c-e
900 Il 1,1-diethoxy ethane? 4 4 2 1 buttery, creamy c—e
950 | ethyl propionate’ 1 1 1 0 juicy fruit c—e
955 I ethyl isobutyrate’ 1 2 1 2 fruity c—f
960 | 2-pentanoned 0 3 2 1 fruity de
1028 | ethyl butanoatef 4 3 4 4 fruity, banana b—f
1038 1] 1-propanol? 2 2 0 2 musty cde
1053 | ethyl 3-methyl butanoatef 3 4 3 4 fruity, apple b—f
1085 1, 10 2-methyl-1-propanold 3 2 2 2 glue, alcohol c—f
1116 Il 2-pentanol? 1 1 2 0 green-fruit, sweet de
1118 I isoamyl acetate 2 2 3 4 banana b—f
1138 Il 1-butanol9 1 1 0 0 medicinal cde
1206 I, 1 2/3 methylbutanol? 4 4 4 4 balsamic, alcohol b—f
1229 | ethyl hexanoatef 4 3 4 4 fruity-juicy a—f
1272 Il acetoin? 4 4 4 2 butterscotch cde
1276 I unknown 3 1 3 3 plastic
1354 Il 1-hexanol? 3 2 1 2 green grass a,c,d—f
1379 Il (trans) 3-hexen-1-ol¢ 2 0 1 1 green acde
1427 | ethyl octanoate’ 1 0 0 1 sweet, soapy, fresh a,c,d—f
1434 1] acetic acid? 4 4 4 4 vinegar def
1458 Il furfurald 3 4 3 3 woody, almond cde
1487 Il 2-ethyl-1-hexanol9 2 0 0 2 mild green, alcohol cd
1500 I 2-acetyl furan'i 2 1 0 0 sweet caramel cd
1523 Il propanoic acid? 0 0 1 3 soy de
1542 Il 2,3-butanediol (d,l)? 0 2 2 0 butter, creamy d
1544 I linalool9 2 1 1 4 floral a—f
1557 1] 2-methyl propanoic acid? 1 2 2 0 sweaty de
1587 1] unknown 0 0 2 1 glue, alcohol, thinner
1614 I, 1M butanoic acid? 4 4 4 4 sweaty a, d-f
1630 | ethyl decanoate? 2 0 1 1 fruity acde
1635 1 butyrolactone? 3 4 2 2 sweet, musty acde
1651 11 unknown 2 0 2 2 perfumy rose
1652 | unknown 3 0 0 0 fruity
1660 1, 10 2/3 methyl butanoic acid 4 3 4 4 stinky socks, sweaty c—f
+ furfuryl alcohol¢!
1687 Il o-terpineol? 0 0 0 2 minty a.c,d
1688 Il unknown! 0 0 2 1 minty
1700 | unknown 0 0 2 2 bread, smokey
1714 Il 3-methylthio-1-propanol? 4 3 4 3 potato b,d—f
1722 Il unknown 0 0 1 1 chemical, green
1730 Il pentanoic acid? 2 2 2 2 sweaty ad
1740 Il unknown 2 0 1 0 musty
1762 | unknown 0 0 0 3 honey
1809 I 2-phenylethyl acetate’ 4 4 4 4 honey, apple c—f
1810 11 unknown 3 4 4 4 cooked sugar, honey
1813 Il f-damascenoned 1 0 4 4 honey, cooked apple a,c—f
1840 Il hexanoic acid? 4 4 4 4 sweaty a,d-f
1853 Il 2-methoxy phenol® 4 1 2 3 smoky, spicy b—f
1886 Il (cis) oak-lactone® 2 1 0 0 spicy b,-e
1910 I, 10 2-phenyl alcohold 4 4 3 4 floral a—f
1957 Il (trans) oak-lactone'i 3 3 3 3 spicy c-e
1962 Il (trans) 2-hexenoic acid? 0 0 1 2 fatty, musty g
1972 Il unknown 0 0 2 0 spicy, brown
1973 | unknown' 0 0 3 1 bandaid, caramel
2024 I 4-ethyl guiacol’ | 3 1 2 2 spicy, smokey e
2033 Il pantolactone? 4 4 4 4 cotton candy de
2053 11 diethyl malate9 2 3 4 2 brown sugar d
2058 Il octanoic acid? 2 4 3 3 cheese a,d,f
2079 11 y—nonalactoned’ 2 3 3 0 sweet, creamy ade
2100 Il unknown 0 0 0 2 cottoncandy
2101 1] homofuraneol? 0 0 3 3 cotton candy, jam f
2130 1] unknown 2 2 3 0 Sweet, creamy
2139 | ethyl cinnamated 1 1 1 3 raisin b—f
2156 11 unknown 4 2 1 3 cooked sugar, apple sauce
2157 Il unknown 0 0 4 3 cooked sugar, spicy
2164 I eugenolti 4 4 3 3 clove a,b,d—f
2171 1] diethyl-2-hydroxy- pentanedioate” 3 2 3 0 cotton candy d
2195 Il 4-ethyl phenol? 2 0 1 2 medicinal, phenolic b.de
2200 Il 4-vinyl-2-methoxy-phenol? 4 4 3 4 smokey, nutty a,b,d—f
2220 1l unknown | 0 2 0 3 smokey, woody
2234 Il unknown 0 0 2 1 spicy
2241 11 4-ethoxycarbonyl-y-butanolactone” 2 2 2 3 smokey, toasted de
2272 Il decanoic acid? 0 4 4 2 dusty ade
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Table 2. (Continued)

detection frequency®

Kla Fb odorants JL CDB-C CAL DEL odor description? refe
2273 Il 2,6-dimethoxyphenol? 4 3 3 0 nutty, smokey h
2358 1l diethyl tartarated 4 3 1 2 earthy, musty ad
2371 Il unknown 0 0 0 2 mushroom
2400 1l unknown 2 2 3 2 thinner
2481 1l unknown 2 0 2 2 mothball
2512 Il 5-hydroxymethyl-2-furfural9 2 0 0 0 cardboard, paper de
2561 Il vanilinfi 4 4 3 4 vanilla a,b,d-f
2640 1l} acetovanillone? 2 2 0 0 spicy, sweet ade
2650 1] 3-0x0-o-ionol” 3 2 0 0 spicy a

aKovats indices of unknown compounds on DB-WAX column. ® Fraction in which most of compound appeared after column chromatography. ¢ Detection frequency of
term used over 4 GC/O runs. 4 Odor description usually reported by at least 2 judges. ¢ Volatiles reported previously in wines or grapes. Letter corresponds to numbered
reference. a,(10); b, (7); ¢, (23); d, (2); e, (5); f, (19); g, (25); h, (26). fIdentified by comparison with MS spectra and Kl of authentic references. ¢ Identified by comparison
with published MS spectra and KI. " Identified by comparison with MS spectra in Wiley 275 library. ' Odor-active compounds used in second PLS model.

. PC2=82%
Peach-apricot|
CAL
R Vanilla VMErs JL
Citrus Spice
w PR, Butter cos-c
. . Florah\ z ﬁe’» Qak ‘
SH DB-
T:SET VME RHp Caramel PC1=72.3%
DEL | EBE gp CDB-A
CON
DUN |

Figure 1. Principal Component Analysis of 19 wines from descriptive analysis using 8 aroma terms (17). Attribute loadings are shown as vectors; wine
scores are shown as capital letters. Wine codes are defined in Table 1.

Relating Instrumental and Sensory Data.The PLS model eliminating these peaks to more clearly see the relationships
using 74 GC peaks yielded a one-dimensional model which between OA compounds that had a strong predictive relationship
explained 67% of variance in the sensory data and 17% of theto the sensory terms. The PLS model using 16 OA peaks
GC data in the first dimension. IRigure 2, the correlation (Figure 3) explained 64% variance in the sensory data and 47%
loadings for the sensory terms (in capitals) and the OA for the GC variables. All 16 of the OA variables were
compounds are shown with the wine scores. Similar to the significantly modeled in this PLS, as determined by the
pattern seen in the PCAigure 1), there is a distinct separation  uncertainty testd4). As with the PLS model using 74 OA peaks,
between fruity/floral and oak related terms and between fruity compounds with oaky/spicy notes are located close to the oaky
wines (CAL, DEL) and oaky wines (JL, CDB-C, VMEres, sensory terms, while those with fruity or floral notes are located
CDB-A, TES) along the first dimension. Similarly, the first closely to citrus and peach and floral, respectively, indicating
dimension contrasts compounds with fruity/floral aromas versus their strong correlations. For example, vanillin is significantly
those that have oaky notes. Linalool and unknown 1688 (which correlated with “oak”, “vanilla” and “spice”, respectively,=
had a minty odor), were associated with the “floral” sensory 0.85, 0.84, and 0.78 (i 0.001).
attribute. Fruity esters such as isoamyl acetate and 2-phenylethyl Although the PLS model shows a strong relationship between
acetate were located close to the “peach” and “citrus” attributes. these 16 OA volatiles and the sensory profile data, it does not
Similarly, oaky odor compounds (4-ethyl guaiacol, eugenol, establish a causal relationship. Only by sensory evaluation of
2-acetyl furan, ¢is) oak-lactone, 2-methoxy phenol, and vanillin  wines or systems spiked with selected compounds can it be
were associated with “oak” and “spice” sensory attributes. determined if OA compounds contribute significantly to the
(trans) Oak-lactone and/-nonalactone were more closely characteristic aromas of Chardonnay wines.
associated with the “vanilla” and “butter” terms.

The center ellipsoid ifFigure 2 indicates 50% explained
variation. This means that all the GC peaks located inside this
circle were poorly modeled and mathematically do not explain ~ OA compounds were detected by GO-of volatile fractions
variation in the sensory data. The PLS was rerun after isolated from 12 wines. The same compounds were found in

CONCLUSION
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Figure 2. Correlation loadings from PLS of 74 GC variables (small letters) and 8 sensory variables (capital letters). Bold capital letters are wine scores.
Explained variance for X (GC data) is 7 and 23% for PC1 and PC2, respectively, and for Y (Sensory data) is 64 and 4%, respectively. Codes for wines
and OA compounds are defined in Table 1 and Table 3, respectively.
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Figure 3. Correlation loadings from PLS of 16 GC variables (small letters) and 8 sensory variables (capital letters). Bold capital letters are wine scores.
Explained variance for X (GC data) is 47 and 8% for PC1 and PC2, respectively, and for Y (Sensory data) is 64 and 6%, respectively. Codes for wines
and OA compounds are defined in Table 1 and Table 3, respectively.
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