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Effect of fermentation, aging and thermal storage on total
glycosides, phenol-free glycosides and volatile compounds of
White Riesling ( Vitis vinifera L.) wines

BW Zoecklein, CH Hackney, SE Duncan and JE Marcy

Department of Food Science and Technology, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061—
0418, USA

There is growing recognition of the significance of the products of glycoside hydrolysis to varietal wine aroma.
White Riesling wines were produced from four strains of Saccharomyces cerevisiae . Wines underwent conventional
aging or anaerobic thermal storage (20 days at 45 °C) either 2 or 40 months post-fermentation to quantify influences
on total glycosides, phenol-free glycosides and selected volatiles. Glycoside and free volatile concentrations were
estimated by analysis of glycosyl-glucose and gas chromatography/mass spectrometry, respectively. Thermal stor-
age of wines 2 months post-fermentation reduced the total glycosides by an average of 33% for all yeasts and
increased the concentration of free benzyl alcohol while decreasing the concentration of free linalool and geraniol.
Conventional aging for 40 months reduced the total and phenol-free glycosides equally among yeasts by an average

of 60%, with phenol-free glycosides averaging 80% of the total. Thermal storage of aged wines reduced the total
glycoside concentration by an additional 29%. The effect of thermal storage on selected volatile phenols, higher
alcohols, esters, acids, terpenes, carbonyl compounds, C-13 norisoprenoids and six-carbon alcohols was variable
depending upon the component.
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Introduction [27]. The resultant carbocation can react to give a range of
. _compounds [27].
Grape aroma compounds are present as free volatlleg, Several studies have been conducted on the composition

which may contribute directly to odor, or as nonvolatile, : . .
sugar-bou)r/1d conjugates (m);inly glycosides). Glycosideo.f grape-derlved volatile compounds Ilberated. from glyco-
hydrolysis can produce free volatiles, some of which areSldlcally bound precursors [1,2,28-30,55], with hundreds

odor-active compounds. Initial research focused on th of components identified to date [27]. The vast majority

. ; f these compounds are odorless or possess only weak
hydrolysis of monoterpene glycosides and the role of V‘f’m'aromas, although a significant number of compounds have

%}ot been identified [27]. However, the sensory significance
f the products of glycoside hydrolysis to varietal aroma
as been established [1,3,11,13,24,51], providing justifi-
cation and rationalization for their quantitation and study
thamnopyranosyt-glucopyranoside, 6-@-l-arabinofur-  22): Williams et al [53] suggested the possible sensory
X significance of the hydrolysis products of glycosides with-
anosyld-glucopyranoside - and  3-(hydroxymethg)- = phenol aglycones (phenol-free glycosides).
erythrofuranose [5,41,47]. Volatile compounds can be lib- Many yeast genera and species, includiggccharo-

erated from these bound sugar conjugated forms by slow L . :
chemical hycroysis, by hyrolysis catayzed by the scad Yoo S Ul vite Jeoe, possees guccoiase
resent in wine ,17,46], or by enzymes witl cosidase G . .
gctivity [6,15 17[46] The]comp)c/Jsitio% and sensgo)r/y proper_yea:st strains can influence wine aroma as a resu!t of the

G hydrolysis of conjugated aroma precursors, Delcreixal

gﬁissr%fstf;erevgli?fglﬁasmreléﬁzser?] eb% a(;:rlgl osrl Se?:égggg mgﬁnb] demonstrated that glucosidase activity among three
' y ydroly nidentified wine yeasts was limited. Zoeckleat al

alcohols by breaking the glycoside bond without the agly- . .
cone undergoing any further chemical transformation [27]_[57,59] showed that the effects of four commercial strains

Acid-catalyzed hydrolysis of glycoconjugates of alcohols iso.]c _Slacclharomyceshcerewsmm graptla glycosf_es w:are
believed to involve cleavage of the ether rather than th?Iml ar. It appears that in conventiona winemaxing a large

[41]. Subsequent research demonstrated involvement

glycosides of C13 norisoprenoids and shikimic acid-deriveoﬁ

metabolites in the aroma of non-floral varieties [49].
Grape monoterpenyl sugar conjugates include g-D-

s ercentage of the grape aroma potential remains in the con-
glycosidic linkage between the glucose and the aglycon Ugated, non-volatile form [18,48,58].

Heat has been used as a means of increasing or accelerat-
ing wine aging resulting in changes in color and flavor
Correspondence: Dr BW Zoecklein, Enology-Grape Chemistry Group [35,36,38]. The extent and nature of these changes s a
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hydrolysis of grape glycosides [12,13,58]. Leieal [21] months. The total glycoside concentration was estimated by !
and De la Presa-Owens and Noble [8] noted anaerobianalysis of glycosyl-glucose (GG) as described by Abbott
heating of Chardonnay wines decreased the floral charactest al [1] and Williamset al [50] and modified by Ilandet
while increasing the perception of aromas described as oakl [19]. The concentration of glycosides without functional
honey, and smokey. groups ionizable at pH 10.0 was reported as phenol-free
The objectives of this study were to evaluate the influ-glycosyl-glucose (PFGG) [53]. The procedure requires
ence of fermentation, age and post-fermentation thermaample adjustment to pH 10.0 prior to adsorption to C18
storage (20 days at 46 for 2 or 40 months) on glycosides RP.
and free volatiles in White Riesling wines produced from Wines pre- and post-thermal storage were also analyzed
four strains ofS. cerevisiaeThe evaluation involved quan- for selected free volatiles and glycosides by selective
titation of the total pool of glycosides, the total pool of retention on Amberlite XAD-2 (Rohm-Hass, Philadelphia,
glycosides of non-phenol origin (phenol-free glycosides),PA, USA) as described by Gunataal [15]. Free volatiles
as well as selected individual glycosides and free volatilesand bound compounds were eluted with 50 ml
pentane : dichloromethane (2:1) and 50ml ethyl
acetate : methanol (9:1), respectively [44]. The
pentane : dichloromethane eluate was dried and concen-
White Riesling grapes (340 kg) were hand harvested afrated prior to gas chromatography/mass spectrometry. The
17.7°Brix (soluble solids), chilled to € for 12h and ethyl acetate : methanol fraction was concentrétecacuo
crushed. Skin contact occurred for 4 h 4C9followed by  to dryness, extracted with pentane : dichloromethane to
pressing to two bars in a Willmes 100-L bladder presseliminate traces of free compounds and re-dried prior to
Free-run and press juices were combined, cold clarifieégnzymatic hydrolysis. The eluate was dissolved in 0.2 ml
(1°C for 24 h) and subsequently decanted from the sedief a 0.2-M citrate-phosphate buffer and 1.0 mg of pectic
ment. The addition of dimethyldicarbonate (DMDC), at aenzyme (Rohapect C, Rohm Tech, Malden, MA, USA) was
concentration of 400 mgt, was used to kill yeasts, lactic added. The mixture was incubated at’@0for 16 h. The
acid and acetic acid bacteria as described by Fugelsangleased aglycones were extracted with pentane: dichloro-
[14]. Treated juice was divided into sixteen 11.5-L carboysmethane, an internal standard (L0of 0.1% 2-octanol)

Materials and methods

with 7.3 L of juice per container. was added and the sample was concentrated tal 46r
Yeast cultures were grown from 5.0 g of dry active yeastanalysis.
rehydrated in sterile water at 37-4D for 15 min, trans- Analysis of volatiles was performed using a Hewlett-

ferred to membrane-filtered (0.46n) juice and developed Packard (Richmond, VA, USA) model 5790 gas chromato-
for 10 h at 30C prior to inoculation. Four sterile carboys graph, a DB-5, 0.2%m x 30 m column (J & W Scientific,
were randomly selected for each treatment and inoculateBolsom, CA 95630, USA) and a model 5972 electron
with a 3% (v/v) actively growing culture containingl®  impact mass spectrometer. Carrier gas flow (He) was
cells mi?t of a single strain ofSaccharomyces cerevisiae 1.30 ml mirt, split ratio 90 : 1, with the oven temperature:
Fermentations were conducted af COvithout sulfur diox-  40°C for 3 min, to 175C at 6C min™, 175°C for 3 min,

ide addition. advanced to 21 at 6C min™t. Concentrations of individ-

The yeasts examined included the following strains: VL1ual compounds were determined assuming a 1:1 response
and D47 (Lallemand, Montreal, Canada); Fermiblanc, FBfactor between the analyte and internal standards. Results
(Gist-brocades, Cedex, France); and Prise de Mousse, PDifre, therefore, regarded as semiquantitative only.

(UCD 796, Universal Foods Corp, Milwaukee, WI, USA).  One-way analysis of variance and least significant differ-

Each carboy was analyzed pre- and post-fermentation foence (LSD) comparison tests of SAS (SAS Institute, Cary,
°Brix, alcohol% (v/v), pH, and titratable acidity as NC, USA) were used to interpret differences in means, if
described by Zoeckleiat al [56]. Before and after fermen- any, at the 95% confidence level.
tation and thermal storage, the tartaric and malic acid con-
tent was determined by HPLC using a BioRad (Richmond
CA, USA) isocratic system, model 1306 UV detector at
220nm with an Aminex ion exclusion HPX-87 The ethanol concentration was similar among wines,
(300 mmx 7.8 mm) column. Glucose, fructose, glycerol, although the glycerol concentration differed, ranging from
succinic and acetic acids were determined using the HPL@.7 to 6.1 g L* for the D47 and Fermiblanc yeast strains,
system with a model 1770 refractive index detector. respectively, as previously reported [57]. Wines made from

Following fermentation, 25 mgt sulfur dioxide was the VL1 strain had a lower titratable acidity and, along with
added to each replicate. All wines were membrane filteredhe Prise de Mousse, had the lowest pH. The Fermiblanc
(0.45um) into CO-sparged bottles (750 ml) and sealed.yeast showed a unique pattern of carbohydrate utilization;
Wines were stored at 2Q (conventional storage) except it had the lowest glucose and highest fructose remaining
those used for thermal storage. Three bottles of each yeafsillowing fermentation [57].
replicate were segregated for thermal storage for either 2 or Fermentation decreased the total glycosides, resulting in
40 months post-fermentation. Thermal treatment involvedsimilar concentrations among yeasts, with the exception of
storage at 48C for 20 days. the Fermiblanc strain (Table 1). The analysis of total glyco-

The total and phenol-free glycoside concentrations wereyl glucose (GG) provided an estimation of the total pool
measured prefermentation, at 2 and 40 months post-fermenf glycosides, including monoterpenes, aliphatic residues,
tation and pre- and post-thermal treatment at 2 and 48esquiterpenes, norisoprenoids and shikimic acid-related

Results and discussion
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Table 1 Effect of four strains ofSaccharomyces cerevisiae total and phenol-free glycoside concentrations (expressgahas glycosyl-glucose and
phenol-free glycosyl-glucose, GG and PFGG) in Riesling wines following fermentation and 20 days thermal stot@ye (45

Stage Yeast strains

Prise de Mousse D47 Fermiblanc VL1

GG PFGG GG PFGG GG PFGG GG PFGG
End of fermentation 369 76.56 226+ 125 374+47.39 2306+18.8 352+6.98 216+5.1 379+48.05 233+13.0
Thermal storage 23k 6.41 142+8.9 24P+11.90 148+7.3 298+18.26 183+3.9 218+9.32 134+9.9

Significance of LSD test of treatment meansPat 0.05 and standard deviation. Means with the same letter are not significantly different.

compounds [50]. Thermal storage of wines for 2 months Yeas|
post-fermentation resulted in an average decline in the total Prise de Mousse [iill Fermiblanc
glycoside content of 33.1%. The highest glycoside concen-

tration after thermal storage was observed with the Fermi- [Epa7 v

blanc strain, the yeast with the lowest concentration postygﬂ’ s
fermentation. 0.5(bk ab a ¢
At the completion of fermentation, phenol glycosides if
averaged 38.5% of the total for all yeasts (Table 1). The
ratio of total to phenol-free glycoconjugates was not influ- 0.4
enced by thermal storage of the young wines. The size of
the total pool of glycoconjugates may give little indication
of the impact on aroma/flavor generation. Sefton [31] g3
observed that despite the preponderance of benzenoid com-
pounds from enzyme hydrolyzed C18 RP isolates, few were
of sensory importance. The purpose of the phenol-free
assay was to estimate the concentration of glycosides with-
out functional groups ionizable at pH 10.0, leaving glyco-
sidic compounds more directly related to aroma potential.
While phenolic glycosides are important color and struc- 0.1
tural components, their impact on wine aroma may not be
large [37]. In a related study, the analysis of the phenol-

0.2

free Riesling glycoside fractions demonstrated they con- o= *
tained less than 9% of the total wine phenols, justifying 3 4 5 6 7 8 10
use of the term (data not shown). compound

The principal free monoterpene and aromatic alcohOlgigyre 1 Effect of four strains ofSaccharomyces cerevisiam free
found in White Riesling grapes and wines are linalasl, monoterpenes and aromatic alcohols of Riesling wines 2 months post-
terpineol, geraniol, nerol, 2-phenolethanol and benzyl alcofermentation. Aroma and flavor compounds analyzed: (1) Furan linalool
hol [43]_ With the exception ofx-terpineol, yeast strain oxide [; (2) Furan linalool oxide II; (3) Linalool; (4) Benzyl alcohol; (5)

S . -phenyl ethanol; (6) Pyran linalool oxide I; (7) Alpha terpineol; (8) Pyran
had a significant effect on the concentration of these fre nalool oxide II; (9) Nerol; (10) Geraniol. Significance of LSD-test of

volatiles 2 months pOSt'fermentaﬂon (Fi'gure 1). Addition-reatment means. Different letters for each compound indicate significant
ally, both forms of free pyran linalool oxide were affected difference atP < 0.05 level. *Concentration divided by 100.

by yeast strain. However, yeast did not influence the con-
centration of bound monoterpenes or bound aromatic alco-
hols in the young wines (Figure 2). Free monoterpene andxides (Figure 4). There were no differences in bound
aromatic alcohol concentrations were not matched directlgomponents of heat-treated wines as a result of yeast strain.
by decreases in the conjugate forms, supporting the findingEhermal storage did not significantly influence the concen-
of Gunataet al [16]. This may be the result of cyclization, tration of either isomer of pyran linalool oxide.
isomerization and/or entrainment loss of free volatiles dur- Aging wines for 40 months post-fermentation reduced
ing fermentation. the total glycoside concentration by an average of 60%,
Thermal storage of wines 2 months post-fermentatiorresulting in no difference among yeasts (Table 2). The por-
resulted in quantitative differences in free volatiles amongion of the total glycosides which did not contain phenolic
yeasts, with the exception of free linalool (Figure 3). Com-compounds (phenol-free glycosyl-glucose) averaged 20.0%
paring all yeasts, thermal treatment decreased the conceim the aged wines and was similar among yeast strains.
tration of free linalool and geraniol while benzyl alcohol Thermal storage of wines 40 months post-fermentation
was increased. Thermal storage influenced the concemeduced the total glycosides by an average of 28.9% com-
tration of bound components, reducing linaloakterpin-  pared to conventionally stored wines of the same age. This
eol, nerol, geraniol, and the bound forms of furan linaloolwas slightly less than the 33% reduction which occurred
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[l Prise de Mousse [l Fermiblanc
ug/L D47 |\ Holls

25

Prise de Mousse Fermiblanc
D47 v

0.35
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compound

Figure 3 Effect of thermal storage (20 days at°@j on free monoter-
penes and aromatic alcohols in Riesling wines produced by four strains of
Saccharomyces cerevisi@emonths post-fermentation. Aroma and flavor
compounds analyzed, see Figure caption 1. Significance of LSD-test of
treatment means. Different letters for each compound indicate significant
1 2 3 4 5 6 7 8 ) 9 10 difference atP < 0.05 level. *Concentration divided by 100.

compound

Figure 2 Effect of four strains ofSaccharomyces cerevisiam bound ~ @l0ol oxide were not observed in the heat-treated wines but
monoterpenes and aromatic alcohols of Riesling wines 2 months postre believed to result, in part, from hydrolysis of labile triol
fermen?a}tion. Aroma and flavor compounds analy_zed, see F_igure captiog (3, 7-dimethyloct-1-en 3,6,7 trio|) [45]_ The concen-
1. Significance of _LSI_D_-test of treatment means. Differences in each CoMgration of endiol 4 (3,7-dimethyloct-1-en—3,7-diol) was
pound were not significant & < 0.05 level. L . .
similar in the control and treated wines (Table 3).

Monoterpenes can undergo considerable fluctuations as
from thermal storage of wine 2 months post-fermentationa result of isomerization and/or breakdown [7]. It is poss-
The percentage of phenol-free glycosides to the total aveible that some changes in the concentration of individual
aged 26.4% in aged wines thermally stored compared tfree monoterpenes resulted from biochemical rearrange-
40% in conventionally stored wines. Wines aged 40 monthsnent in addition to hydrolysis; linalool may be formed from
had few significant differences in either free volatiles ornerol and/or geraniol, while-terpineol, may be generated
bound components as a result of yeast treatment (data nby linalool, nerol and/or geraniol [4,54]. With the excep-
shown). Comparing all yeasts, thermal storage of winegions of a-terpineol, linalool, nerol, geraniol and pyran lin-
aged for 40 months had a variable effect on free volatileslool oxides, most heat-induced terpenes can be attributed
depending upon the component (Table 3). The concerto rearrangement products of polyols [45].
tration of the free benzyl alcohol was increased as a result Thermal storage lowered the concentration of most
of thermal treatment while 2-phenolethanol was not affecesters. The concentrations of ethyl and hexyl hexanoate,
ted. Reductions occurred in the concentrations of free linethyl octanoate, ethyl decanoate and ethyl-4-hydroxy but-
alool and geraniol that were similar to the reductions notecanoate were reduced by thermal storage as were ethyl,
in the heat treatment of 2-month-old wines. Analogousisoamyl, and 2-phenethyl acetate. Fatty acids and their
changes were reported by Rapp and Mandery [26] in Rieesters may increase or decrease during storage due to
sling wines stored for a number of years at ambient temehemical esterification or hydrolysis [25]. The extent of
perature. A lower concentration of free diendiol-1 (3,7-these reactions depends on the presence of the alcohol, acid
dimethylocta-1,5-dien-3,7 diol) and higher concentrationsand ester constituents at concentrations above or below that
of free hotrienol and nerol oxide were observed in heat-of their equilibrium values. Changes in the concentrations
treated wines, corresponding to results reported by Willi-of the major fatty acid esters (C6—C10) did not individually
amset al [45] on heated juice. Significant decreases in theexceed their reported flavor threshold values. Spirov and
concentration of free diendiol-1 have been reported duringsoranov [40] reported that conventional storage for 8
conventional wine aging [22]. Thermal storage would bemonths increased the concentration of ethyl formate, isobu-
expected to convert a portion of this labile diol to both tyl acetate, hexyl acetate, ethyl octanoate and ethyl lactate.
hotrienol and nerol oxide [45]. Elevated levels of free lin- Marais and Rapp [23] noted that isoamyl, hexyl, and 2-
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Yeast degradation during aging are of interest because of their

: 0 : sensory significance. Increases in 1,1,6-trimethyl-1,2-dihy-
Prise de Mousse Fermiblanc dronaphthalene (TDN) antfans-vitispirane resulted from
[ D47 [ (VIR heat treatment, consistent with the results of Masdisl
ug/L [22] for long-term storage of Weisser Riesling. Vitispiranes
2 may contribute to bottle-aged character [32—34]. A number

of TDN precursors are present in Riesling wines formed
by acid-catalyzed rearrangement of glycosylated noriso-
prenoids and possibly non-glycosidic compounds [55].
Leino et al [21] also demonstrated that heat treatment alt-
ered the norisoprenoid composition of wines. Not all vol-
atiles released from grape glycosides have a desirable effect
on wine aroma, as demonstrated by TDN which is respon-
sible for the kerosene-like odor in aged Riesling wines
[32].

Several volatile phenols were increased by thermal treat-
ment. These compounds are not present in the grape but
form as a result of either yeast or bacterial metabolism or
from the hydrolysis of wood-derived large molecular
weight phenols. For example, 4-vinyl guaiacol and 4-vinyl
phenol can originate by enzymatic or thermal decar-
boxylation from cinnamic acids such gscoumaric and
ferulic acids [42].

The change in concentration of aglycones from bound
‘ glycosides in wines aged 40 months compared to wines

1 3 4 5 6 7 8 9 10 aged for the same period and then thermally stored was
compound variable (data not shown). Reductions in bound components
were not matched in all cases by concomitant increases in
Figure 4 Effect of thermal storage (20 days at°€§ on bound mono-  {hair corresponding free volatile.
terpenes and aromatic alcohols in Riesling wines produced by four strains . - . .
In this study, the yeast strain conducting fermentation

of Saccharomyces cerevisig2 months post-fermentation. Aroma and o : g
flavor compounds analyzed, see Figure caption 1. Significance of LSD-tediad limited influence on the hydrolysis of total and phenol-

of treatment means. Differences in each compound were not significant dfee grape glycosides. Post-fermentation thermal storage
P < 0.05 level. resulted in increases in the concentration of some ethyl
esters of fatty acids and a general reduction in acetate

phenylethyl acetates all decreased in concentration wit§Sters, analogous with conventional aging. While contri-
time and, to a greater extent, with elevated temperature®utions of these fermentation products to wine aroma and
Similar reductions were noted in the thermally-treated wineduality are important, products of grape glycoside hydroly-
in the current study. Unlike acetates, concentrations of th&is are the principle contributors to the varietal character of
straight chain fatty acid ethyl esters remained fairly con-wine. This study demonstrated that thermal storage of
stant during storage due to the fact that ethyl esteryoung and aged wines significantly lowered the pool of
hydrolyze more slowly than acetate esters [26]. Ethyltotal and phenol-free glycosides. Thermal storage also
esters of diprotic acids increased significantly as a resulghanged the concentration of some volatile products of gly-
of thermal treatment. These compounds generally show eoside hydrolysis such as monoterpenes, norisoprenoids,
consistent increase in concentration caused by chemicghenols and aliphatic compounds. These changes approxi-
esterification during aging [26]. The concentration of mated the transformations which occur with long-term con-
benzaldyde was lower in treated control wines, an indi- ventional bottle aging and bouquet development. Under-
cation that the thermal storage was anaerobic [32]. standing the hydrolytic mechanisms that convert odorless
Some of the components resulting from carotenoidglycoconjugates to free volatiles and the sensory impact of

15|

05/ ¢

Table 2 Effect of 40 months cold storage and thermal storage of aged wines (20 day8Gjt atb total and phenol-free glycoside concentrations
(expressed agmol glycosyl-glucose and phenol-free glycosyl-glucose, GG, PFGG) in Riesling wines produced from four straacclidiromyces
cerevisiae

Storage Prise de Mousse D47 Fermiblanc VL1

GG PFGG GG PFGG GG PFGG GG PFGG
40 months 152+4.21 119+1.99 156+9.71 118+4.51 147+8.01 122+6.7 146+ 10.27 117+4.57
Thermal storage 16&1.64 7%+1.49 104+3.71 8P+17.26 108+292 74+0.85 107+10.35 7P+1.82

Significance of LSD test of treatment meansPat 0.05 and standard deviation. Means with the same letter are not significantly different.
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Table 3 Effect of post-fermentation thermal storage of aged Riesling wine (20 day€) 45 selected free alcohols, terpenes, esters, fatty acids,
norisoprenoids and phenols of Riesling wines

Free compoundsug L™) Control wine Thermal storage Significance
Alcohols
2-Methyl-1-propanol 1850 1874 NS
3-Methyl-1butanol 11188 11363 NS
1-Pentanol 115 132 NS
3-Methyl-1-pentanol 23 25 NS
4-Methyl-1-pentanol 103 107 NS
1-Heptanol 2 3 NS
Benzylalcohol 50 202 *
2-Penylethanol 1834 1899 NS
1-Hexanol 115 115 NS
Terpenes
Linalool 5 1 *
a-Terpineol 29 33 NS
Geraniol 14 44 *
Nerol 8 15 NS
Hotrienol 15 40 *
Nerol oxide 21 42 *
cis, trans Furan linalool oxide 20 30 NS
cis, trans Pyran linalool oxide 55 46 NS
2-Methyl-1,4-pentadiene 13 12 NS
Pyran linalool oxide 12 0.3 0.4 NS
3,7-Dimethyl-1,5-octadiene-3,7-diol 15 0.60 *
Hydroxylinalool 0.5 0.1 NS
3,7-Dimethyloct-1-en-3,7-diol 0.4 0.5 NS
Esters
Isoamyl acetate 854 643 *
Isooctane 73 68 NS
Ethyl hexanoate 152 123 *
Ethyl lactate 101 124 NS
Ethyl acetate 82 53 *
Ethyl octanoate 110 16 *
Ethyl butanoate 16 14 NS
Hexyl ethanoate 20 1 *
Ethyl decanoate 28 2 *
Diethyl succinate 10 48 *
Diethyl 2-hydroxy pentanedioate 6 10 *
2-Phenylethyl acetate Ethyl 4-hydroxybutanoate 109 7 *
Diethyl malate 14 84 *
Fatty acids
Acetic acid 75 77 NS
4-Ethoxycarbonyl-g-butyrolactone 502 1012 *
Isovaleric acid 92 95 NS
Hexanoic acid 437 379 NS
Octanoic acid 625 515 NS
Dacenoic acid 48 12 *
9-Decenoic acid 26 11 *
Benzaldehyde 3 1 *
y-Butyrolactonet+ Butanoic acid 18 19 NS
C-13 norisoprenoids
B-Damascenone tr tr NS
3-Hydroxy3-damascone 0 0 NS
3-Oxo-w-ionol 28 47 NS
Vitispirane nd 6 *
1,1,6-Trimethyl-1,2-dihydronaphthalene nd 3 *
Phenols
Phenol 22 20 NS
4-Ethylphenol 7 10 NS
4-Vinylguaiacol 117 153 *
4-Vinylphenol 47 53 *
Methyl vanillate 2 2 NS
Vanillin 85 22 *
Acetovanillone 1 1 NS

*Significance oft-test of treatment means Bt< 0.05. ns denotes not significant.
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