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The effect of sunlight, shade and degree of ripeness on potentially volatile C13-norisoprenoid concentrations in Weisser 
Riesling grapes and wines and in Chenin blanc grapes, was investigated. Norisoprenoids were released from their 
bound forms by acid and enzymatic hydrolysis. With few exceptions, norisoprenoid concentrations were significantly 
higher in sun-exposed grapes than in shaded grapes. Significant increases in norisoprenoid concentrations were 
observed with an increase in ripeness. Microclimatic conditions during grape ripening for the production of Weisser 
Riesling wine with a potential to form lower concentrations of TDN during ageing are proposed. 

The effect of climate and soil on the performance of the 
vine and on grape and wine quality represents a complica
ted interaction between light intensity, temperature, water 
supply, wind and physiological processes (Saayman, I 981 ). 
The microclimate within the canopy also has an important 
effect on grape development and composition (Smart eta!., 
1985). 

Sugar accumulation within the berries during ripening is 
mainly dependent on leaf photosynthesis, which in tum is 
dependent on light and temperature (Iland, 1989a). Photo
synthesis ceases in the absence of light (Ashton & Admi
raal, 1990) or may be greatly delayed at temperatures lower 
or higher than the optimum temperature range (lland, 
1989a). The interaction of light and temperature may cause 
increases or decreases in pH, acidity and the production of 
anthocyanins and phenolics (Iland, 1989b ). 

Differences between the effects of artificially shaded 
leaf and cluster treatments on Cabemet Sauvignon berry 
composition were reported by Rojas-Lara & Morrison 
( 1989). Leaf shading delayed berry growth and sugar accu
mulation, while cluster shading had little effect on these 
phenomena. Cluster shading significantly affected antho
cyanin accumulation, while leaf shading had little effect in 
this respect. These findings were confirmed in studies on 
naturally shaded Cabemet Sauvignon grapes (Morrison & 
Noble, 1990). Sensory evaluation of the grape juice and 
wine samples revealed significant differences in quality 

between the control (grapes totally exposed to sunlight) and 
the shaded treatments, but no significant differences 
between the different degrees of shade. 

Few studies report on the effect of shade or sunlight 
exposure on the concentration of flavour compounds. High
er levels of free volatile (FVT) and potentially volatile 
(glycosidically bound) terpenes (PVT) were reported in 
sun-exposed Frontignac grapes than in shaded grapes dur
ing ripening (Williams eta!., 1985). Similarly, higher con
centrations of PVT were found in fully exposed 
Gewtirztraminer grapes than in partially or totally shaded 
grapes sampled between veraison and harvest (Reynolds & 
Wardle, 1988). 

The effect of sunlight on c 13-norisoprenoid concentra
tions in grapes and wines has not yet received attention. 
Like monoterpenes, norisoprenoids constitute an important 
part of the aroma compounds of grapes and wines. 
Williams, Sefton & Wilson (1989) demonstrated the senso
ry significance of acid hydrolysates, which contained a 
great number of norisoprenoids, in varietal flavours of 
grapes and wines of Chardonnay, Sauvignon Blanc and 
Semillon. The importance of 1, I ,6-trimethyl-1 ,2-dihydron
aphthalene (TDN), the VJt!spiranes and beta
damascenone in the aroma of wines is well known (Strauss 
et a!., 1987b ). 1,1 ,6-Trimethyl-1 ,2-dihydronaphthalene is 
of special importance, since it is associated with the 
kerosene-like flavour which, almost exclusively, develops 
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in Weisser Riesling wine during ageing (Simpson, 1978a; 
Simpson & Miller, 1983 ). It is generally accepted that this 
flavour becomes undesirable when present at high intensi
ties, especially in wines produced in hot regions. 

The existence of monoterpene and c13-norisoprenoids 
in free and glycosidically bound forms in grapes was 
demonstrated by Williams et al. (1982). The techniques 
used to isolate these glycosides from grapes include selec
tive retention of the precursors on C 18 reversed-phase 
adsorbent (Williams eta!., 1982) or on Amberlite XAD-2 
resin (Gunata et al., 1985a), and separation by droplet 
countercurrent chromatography (Strauss eta!., 1987a). The 
liberation of the aglycons by enzymatic and acid catalysed 
hydrolysis produced a variety of volatile compounds of 
which C !3 -norisoprenoids formed an important part. 
Sefton era!. (1989) reported the identification and possible 
origins of 24 c 13-norisoprenoids in Chardonnay, Semillon 
and Sauvignon blanc juices. Winterhalter, Sefton & 
Williams (1990) identified 27 monoterpenes, 20 shikimate 
metabolites and 40 c 13-norisoprenoids in Weisser Riesling 
wine. 

The purpose of this investigation was to evaluate the 
effect of sunlight and shade on potentially volatile TDN 
and other norisoprenoid concentrations in Weisser Riesling 
and Chenin blanc grapes and Weisser Riesling wines. 
Chenin blanc was included for purposes of comparison, 
since the wines of this cultivar are normally neutral and do 
not present kerosene characteristics. Special attention was 
paid to the recognition of viticultural practices, which 
could limit the TDN development potential of a wine dur
ing ageing, with a possible enhancement of the quality of 
aged Weisser Riesling wines. 

MATERIALS AND METHODS 

Sampling and harvesting of grapes: Grapes of two 
Vitis vinifera L. cv. Weisser Riesling clones, namely 37 
and W1, and grapes of Chenin blanc (clone Montpellier) 
from the Stellenbosch region [Nietvoorbij Institute for Viti
culture and Oenology (Nietvoorbij) vineyards] were used 
during the 1991 vintage. Weisser Riesling vines (appro xi
mately 500 per block) were vertically trained (hedge sys
tem) and spaced 1,2 m apart in east-west orientated rows 
2,75 m apart. Chenin blanc vines were trained and spaced 
similarly, but only one row of 50 vines was used. 

Four duplicate samples of each of the naturally sun
exposed and shaded grapes from two Weisser Riesling 
clones were picked weekly over a period of three weeks. 
Sun-exposed grapes received direct sunlight in the morning 
on the southern side of the rows and in the afternoon on the 
northern side of the rows. Shaded grapes were shielded by 
leaves from direct exposure to sunlight. Approximately 2 
kg of grapes per sample were collected as whole clusters on 
a representative basis. Chenin blanc was sampled similarly, 
but not in duplicate. 

In addition, 120 kg of grapes of each Weisser Riesling 
clone, and from both sun and shady conditions, were har
vested at the last two sampling stages. Wines were pro-

duced from these grapes according to standard white wine
making practices. Grapes were crushed, the juice left in 
contact with the skins for six hours, separated and then set
tled overnight with the aid of commercial Pectinex enzyme. 
Each clear juice was divided into two equal parts, each of 
which was fermented using the same yeast strain. Wines 
were not produced from Chenin blanc grapes. 

Isolation, liberation and extraction of aroma com
pounds: Grape samples were crushed by hand and filtered 
through cheese cloth by applying slight pressure. Juice 
samples (50 ml) were treated with 10 ml 10% bentonite 
suspension, left for 10 minutes at 0°C, and centrifuged at 
3000 rpm for 10 minutes. Glycosidically bound compounds 
in the clarified juices and wines were adsorbed on Amber
lite XAD-2 resin, according to the technique of Gunata et 
a!. (1985a), as adapted by Versini eta!. (1987). The bound 
fraction was divided into two equal parts. Norisoprenoids 
were liberated from the first part by enzymatic hydrolysis 
(Rohapect C) at pH 5 in a waterbath (40°C, 15 hrs), and by 
acid hydrolysis at pH 1 in a waterbath (50°C, 4 hrs) from 
the second part. Liberated norisoprenoids were extracted 
with pentane/dichloromethane (2: 1), the extracts concen
trated and kept at 0°C until analysis by gas chromatogra
phy. N orisoprenoids were determined in the Weisser 
Riesling grapes and wines and in the Chenin blanc grapes. 

Gas chromatography and mass spectrometry: The 
gas chromatographic analyses were performed, using a 
Hewlett Packard 5880A instrument with automatic dual 
integrators. The capillary columns and gas chromatograph
ic conditions used, were: 

1. Supelcowax 10 fused silica (60 m x 0,32 mm i.d., 
film thickness: 0,25 !Jill); temperature programme: 10 min. 
at 60°C, I °C/min. up to 190°C, 30 min. at 190°C; detector: 
FID; detector temperature: 250°C; injection temperature: 
200°C; carrier gas: helium; column flow rate: 1,5 ml/min; 
split ratio: 60: 1. 

2. SPB-5 fused silica (60 m x 0,32 mm i.d., film thick
ness: 0,25 !Jill); temperature programme: 5 min. at 80°C, 
1 °C/min. up to 250°C, 20 min. at 250°C; detector tempera
ture: 300°C; other parameters as under 1. 

Norisoprenoid concentrations were expressed as relative 
concentrations in relation to an internal standard (3-
decanol). The identities of the norisoprenoids were con
firmed, either by comparing their mass spectra and 
retention times with those of authentic standards, which 
were analysed under similar conditions and on similar 
columns, using a Finnigan 4600 mass spectrometer or ten
tatively by comparing their mass spectra with those report
ed in the literature. 

Statistical analyses: The statistical significance of the 
effects of sunlight, shade and degree of ripeness on acid
and enzyme-released norisoprenoid concentrations in 
Weisser Riesling grapes and wines was determined by 
means of standard analysis of variance methods (Snedecor 
& Cochran, 1980). Since the effects of sunlight, shade and 
degree of ripeness between Weisser Riesling clones 37 and 
Wl were consistent, their data were combined for the cal
culation of these effects. The general impression obtained 
from the data was one of proportionality. The data were 
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therefore simplified when transformed to the log scale. No 
statistical analyses were performed on Chenin blanc grape data. 

ous studies (Sefton et al., 1989) some c13-norisoprenoids 
were released from their bound forms by acid, and others 
by enzymatic hydrolysis. The compounds analysed were 
grouped according to this phenomenon (Table 1). Com
pound 6, called OH-TDN, was included on account of the 
relatively high concentrations in which its bound form 
occurred in grapes and wines. According to its mass spec
tral data it appeared to be a hydroxylated derivative of 
TDN (Table l ). 

RESULTS AND DISCUSSION 

The liberated C13-norisoprenoids analysed in the grape 
and wine samples and their mass spectral data are listed in 
Table I and their structures given in Figure 1. As in previ-

TABLE l 
Identities and mass spectral data of C 13-norisoprenoids liberated by acid and enzymatic hydrolysis from grapes and wines. 

Norisoprenoid Mass spectral data (m/z,%) Reference Evidence for 
assignment 

Acid hydrolysis 
( 1) trans- and cis-Vitispirane 192(70), 177(35), 163(5), 149(22), 136(42), 

135(24), 121(35), 109(13), 108(12), 107(26), 
105(14), 95(12), 94(15), 93(100), 91(38), 79(25), 
77(30), 67(17), 65(18), 55(30), 53(17), 43(38), 
41 (50), 39(27) a A 

(2) 1,1 ,6-Trimethyl- 172(25), 158(13), 157(100), 143(5), 142(55), 141(28), 
1 ,2-dihydronaphthalene (TDN) 129(7), 128(12), 127(3), 115(17), 77(13), 76(4), 71(3), 

63(5), 51(4), 39(4) b A 

(3) Megastigma-3,5 ,8-trien-7 -one 190(5), 121 ( 43), 105(18), 91 (1 0), 79(7), 77(8), 69(100), 
(beta-Damascenone) 41(35), 39(12) c A 

(4) 2,2,6-Trimethyl-8-( !-hydroxy) 193(1), 164(6), 163(100), 149(6), 145(10), 130(4), 121(12), 
ethy1-7 -oxabicyclo ( 4.3.0) 119(7), 107(8), 105(12), 93(19), 91(19), 81(5), 79(8), 77(12), 
nona-4,9-dienes (Actinidols) 69(6), 55(6), 45(18), 43(57) d B 

(5) 9-Hydroxymegastigm-7 -en-3-one 112(19), 110(8), 108(7), 97(25), 95(18), 94(11), 83(8), 79(7), 
69(12), 55(15), 45(28), 43(100), 41(27) e B 

(6) OH-TDN (unknown) 190(4), 172(30), 157(69), 147(6), 142(6), 133(21), 132(100), 
119(12), 117(20), 115(18), 105(22), 91(14), 77(18), 65(6), 
57(6), 51(10), 45(41), 44(40), 43(45) 

Enzymatic hydrolysis 
(7) Megastigma-4,8-dien-3,7-dione 138(18), 123(22), 79(3), 77(6), 69(100), 41(26) f B 

( 3-0xo-alpha-damascone) 

(8) (E)-9-Hydroxymegastigma-4,7- 194(5), 152(13), 137(22), 134(8), 107(12), 109(25), 
dien-3-one (3-0xo-alpha-ionol) 108(100), 95(11), 91(11), 81(8), 79(9), 45(20), 43(25) f, i A 

(9) 3,9-Dihydroxymegastigm-5-en 212(2), 194(3), 179( 4), 161 (25), 153(8), 137(29), 136( 45), 
(3-Hydroxy -7 ,8-dihydro-beta-ionol) 123(14), 121(100), 119(80), 109(20), 107(19), 105(30), 

95(26), 93(48), 91(18), 81(29), 79(21), 77(13), 69(24), 
67(28), 55(34), 45(17), 43(48), 41(39) g,k B 

(10) (E)-9-Hydroxymegastigma-5,7- 208(4), 193(15), 175(3), 165(100), 147(6), 137(35), 
dien-4-one (4-0xo-beta-ionol) 123(58), 1 07(34 ), 91 (34), 77(24), 69(24), 55(39), 43(80) h, j B 

(11) 9-Hydroxymegastigm-5-en-4-one 210(4), 195(26), 165(33), 154(58), 152(70), 137(82), 
(4-0xo-7,8-dihydro-beta-ionol) 135(50), 121 ( 48), 108(57), 107(50), 109(100), 95(45), 

93(55), 79(47), 67(55), 55(61), 43(85), 41(65) h,j B 

(12) 3,5-Dihydroxymegastigma- 209(10), 163(13), 151(4), 149(8), 131(5), 125(10), 
6,7-dien-9-one (Grasshopper ketone) 123(27), 121(10), 109(9), 107(10), 105(5), 91(5), 85(4), 

81 (5), 79( 10), 77(9), 55( 4), 53(5), 43(100) e B 

(13) 6,9-Dihydroxymegastigma- 206(3), 168(6), 150(6), 135(6), 125(10), 124(100), 
4,7-dien-3-one (Vomifoliol) 111(8), 107(5), 94(4), 79(11), 69(5), 55(7), 43(23), 41(10) g, i B 

(14) 6,9-Dihydroxymegastigm-4-en-3-one 170(20), 153(25), 152(41), 125(17), 123(13), 111(53), 
(7,8-Dihydrovomifoliol) 110(100), 108(30), 96(23), 68(18), 55(20), 43( 40), 41 (23) g,e B 

a Simpson, Strauss & Williams (1977); b Simpson (1978a); c Schreier & Drawert ( 1974); d Dimitriadis et al. ( 1985); e Seftol,l et al. ( 1989); 
f Strauss et at. (l987a); g Winterhalter & Schreier (1988); h Winterhalter (1990); 1 Strauss, Wilson & Williams (1987); J Winterhalter, 
Sefton & Williams ( 1990); k Sefton & Williams (1991 ). Apart from references g (quince) and h (passion fruit), all others refer to grapes 
and wine. A = Mass spectra and retention times were identical to those of authentic compounds; B = Mass spectra were consistent with 
those of published data. 
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TABLE2 
The effect of sunlight, shade and degree .of ripeness on the relative concentrations of acid-released C 13-norisoprenoids in the 
grapes and wines of Weisser Riesling. a 

N orisoprenoid Grapes Wine 

S1 S2 S3 S4 R S3 S4 

trans-Vitispirane (1) s 6,74a 8,99a 19,24a 25,06a ** 22,77a 23,60a 

Sh 2,80b 2,55b 9,32b 12,50b 14,03b 15,77b 

cis-Vitispirane (1) s 4,94a 6,72a 15,24a 18,67a ** 18,86a 19,59a 

Sh 1,97b 1,97b 7,49b 11,24a 12,02b 14,05b 

1,1 ,6-Trimethyl- (2) s 12,52a 19,24a 53,35a 61,32a ** 40,48a 42,10a 

1 ,2-dihydronaph- Sh 5,13b 5,30b 23,24b 29,14b 22,53b 30,86b 

thalene (TDN) 

beta-Damascenone (3) s 5,62a 6,16a 6,07a 7,10a ** 1,98a 2,7la 

Sh 5,34a 5,26a 7,53a 7,54a 2,28a 3,18a 

Actinidol 1 (4) s 1,30a 1,69a 3,75a 3,56a ** 4,10a 4,58a 

Sh 0,50b 0,91b 2,01b 2,12b 2,66b 3,00b 

Actinido12 (4) s 2,35a 2,93a 6,97a 7,12a ** 6,27a 6,67a 

Sh 1,15b 1,24b 4,41a 5,00a 4,14b 4,89b 

9-H ydroxymegas- (5) s 1,46a 2,23a 3,85a 3,24a ** 2,09a 2,93a 

tigm- 7-en-3-one Sh 0,77b 1,44b 2,27b 2,86a 1,43b 2,21b 

OH-TDN (unknown) (6) s 9,81a 15,02a 42,83a 39,73a ** 23,73a 31,74a 

Sh 3,30b 3,92b 18,57b 21,32b 14,04b 20,02b 

a Statistical analysis was performed on log-transformed data. The F-test was followed by the LSD-test. 
S 1-S4 Sampling stages of grapes. 
S Sunlight-exposed grapes. 
Sh Shaded grapes. 
R Level of significance for the increase in norisoprenoid concentrations in grapes over the sampling period (data 
for sun-light and shade combined). 
**=Highly significant (p~0,01). 
Values between sunlight-exposed and shaded grapes at each sampling stage designated by the same symbol do not differ sig
nificantly (p~0,05). 

Effect of sunlight and shade on C 13 -norisoprenoid 
concentrations in grapes and wine 

Acid-hydrolysed c13-norisoprenoids: The effect of 
sunlight and shade on the relative concentrations of the 
acid-released norisoprenoids in Weisser Riesling grapes 
and wines is given in Table 2. These effects on the rela
tive concentrations of TDN (2) and beta-damascenone (3) 
are also illustrated in Figures 2 and 3 (data for clones 37 
and WI combined). 

With few exceptions, notably beta-damascenone (3) 
(Fig. 3), the norisoprenoid levels were significantly high
er in grapes exposed to sunlight than in shaded grapes 
(Table 2). This phenomenon occurred at almost all sam
pling stages (Table 2) and even at the fourth stage where 
sugar accumulation reached the same level (Fig. 2). Simi
lar tendencies occurred in the wines made from grapes 
harvested at the third and fourth sampling stages (Table 
2). Differences in norisoprenoid levels between sunlight 
and shade were generally slightly smaller in the wines 
than in the corresponding grape samples (Fig. 2). This 

can possibly be explained by the difference in grape han
dling. The sampling of sun-exposed and shaded grapes for 
analyses could be performed more precisely, while less 
strict selection occurred when grapes were picked for 
wine production by a group of harvesters. 

1,1 ,6-Trimethyl-I ,2-dihydronaphthalene (2) (Fig. 2), 
which makes a major contribution to the typical kerosene
like bottle-aged character of aged Weisser Riesling wines 
is of special importance (Simpson, 1978a; Simpson & 
Miller, 1983). A threshold of 20 ppb in wine was reported 
by Simpson (1978a). Generally, it is accepted that this 
kerosene-like character becomes undesirable when present 
in high intensities, especially in wines produced in hot 
regions. The compound, called OH-TDN (6), showed sim
ilar concentration changes as TDN (Table 2). Whether this 
compound contributes to the aroma of wine is not known. 
Di Stefano (1985) mentioned a similar compound and 
suggested the structure to be that of 4-hydroxy-1, 1,6-
trimethyl-1 ,2,3 ,4-tetrahydronaphthalene. Winterhalter 
(1991) tentatively identified this compound as 6-hydroxy
I, I ,6-trimethyl-1 ,2,5 ,6-tetrahydronaphthalene and sug-
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The effect of sunlight, shade and degree of ripeness on the relative concentrations of acid-released 1,1 ,6-trimethyl-1 ,2-dihy
dronaphthalene (TDN) in the grapes and wines of Weisser Riesling (data for clones 37 and W1 combined). Sugar concentra
tion (0 B) is indicated at each sampling date. 
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The effect of sunlight, shade and degree of ripeness on the relative concentrations of acid-released beta-damascenone in the 
grapes and wines of Weisser Riesling (data for clones 37 and W1 combined). Sugar concentration (0 B) is indicated at each 
sampling date. 
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gested it to be an intermediate between the TDN-precursor 
and TDN. 

The beta-damascenone (3) concentration (Fig. 3) was 
not significantly affected by exposure to sunlight (Table 2). 
Therefore, if shaded grapes are used for wine production, 
the contribution of beta-damascenone to aroma will, in 
contrast to that of other norisoprenoids, not necessarily be 
diminished. The marked decrease in beta-damascenone 
concentrations from grapes to wine (Fig. 3) cannot be 
explained. This compound is regarded as an important con
tributor to the typical character of young Weisser Riesling 
wines (Chisholm, 1990). Ohloff (1978) described the odour 
of beta-damascenone as reminiscent of exotic flowers with 
a heavy fruity undertone and reported its flavour threshold 
in water to be 9 X w-3 ppb. Buttery, Teranishi & Ling 
(1988) reported a threshold in water of 2 X 10-3 ppb. 

Apart from TDN and beta-damascenone, the sensory 
significance of only a few other norisoprenoids in wine is 
known. For example, the vitispiranes (1), which have a 
camphoraceous or eucalyptus odour (Simpson, l978a; 
Simpson, Strauss & Williams, 1977), were reported to pos
sess a flavour threshold in wine of 800 ppb (Simpson, 
l978b). Like TDN, the vitispiranes also increase in concen
tration during ageing of wine and may affect wine quality 
as well (Simpson & Miller, 1983; Rapp & Giintert, 1985). 
The actinidols (4) also possess a camphoraceous odour, but 
no threshold value has been reported (Dimitriadis et a!., 
1985). Williams eta!. (1989) demonstrated the importance 
of acid hydrolysates of precursor fractions in the varietal 
flavours of grapes and wines. When added to a neutral 
wine medium, these hydrolysates of Sauvignon Blanc, 
Chardonnay and Semillon juices had a highly significant 
effect on aroma. Whether the great number of c13-noriso
prenoids, which formed a part of these hydrolysates, con-
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tributed to this phenomenon was not reported. 

Chenin blanc grapes contained very low concentrations 
of trans- and cis-vitispirane (1), TDN (2), beta-damas
cenone (3), 9-hydroxymegastigm-7-en-3-one (5) and OH
TDN (6), and these results are therefore not given. The 
actinidols (4) showed similar tendencies in Chenin blanc 
grapes exposed to sunlight and shade as observed in Weis
ser Riesling grapes and were much higher in concentration 
in the former (Fig. 4). Since changes in the concentrations 
of actinidol 1 and 2 were similar, only the former is illus
trated. Chenin blanc is a neutral cultivar and the character 
of its wines is highly dependent on the contribution of fer
mentation-produced volatiles. The flavour threshold values 
of the actinidols are not known and it is possible that the 
high concentrations in which they occur in Chenin blanc 
grapes could still be lower than these values. The 
actinidols, therefore, appear to be of less importance as fra
grant norisoprenoids in Chenin blanc or Weisser Riesling 
grapes and wines. 

Enzymatically hydrolysed C 13-norisoprenoids: The 
effect of sunlight and shade on the relative concentrations 
of the enzymatically liberated norisoprenoids in Weisser 
Riesling grapes and wines is given in Table 3. 

As in the case of acid hydrolysis, norisoprenoid levels in 
Weisser Riesling were mostly significantly higher in grapes 
exposed to sunlight than shaded grapes (Table 3). An 
exception was megastigma-4,8-dien-3,7-dione (7). Similar 
tendencies occurred in the wines made from grapes har
vested at the third and fourth sampling stages (Table 3). 
Chenin blanc grapes also showed relatively high levels of 
some norisoprenoids and the effect of sunlight and shade 
on their concentrations was similar to that of Weisser Ries
ling. An example for comparison between Chenin blanc 
and Weisser Riesling is given in Figure 5. 
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FIGURE4 

The effect of sunlight, shade and degree of ripeness on the relative concentrations of acid
released actinidol 1 in the grapes of Weisser Riesling (data for clones 37 and W1 combined) and 
Chenin blanc (clone Montpellier). Sugar concentration (0 B) is indicated at each sampling date. 
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FIGURE 5 

The effect of sunlight, shade and degree of ripeness on the relative concentrations of 
enzyme-released 3-oxo-alpha-ionol in the grapes of Weisser Riesling (data for clones 
37 and Wl combined) and Chenin blanc (clone Montpellier). Sugar concentration (0 B) 
is indicated at each sampling date. 

The effect of sunlight, shade and degree of ripeness on the relative concentrations of enzyme-released C13-norisoprenoids in 
the grapes and wines of Weisser Riesling. a 

Norisoprenoid 

Sl S2 

Megastigma-4,8- (7) s 11,7a 2l,Oa 

dien-3,7-dione Sh 13,5a 19,3a 

3-0xo-alpha-ionol (8) s 45,4a 55,5a 

Sh 31,4b 30,5b 

3-Hydroxy-7,8- (9) s 3,6a 2,4a 

dihydro-beta-ionol Sh 1,4b 0,8b 

4-0xo-beta-ionol (10) s 7,0a 8,0a 

Sh 5,0b 3,6b 

4-0xo-7,8- (11) s 13,3a 17,8a 

dihydro-beta-ionol Sh 9,3b 9,0b 

Grasshopper ketone (12) s 46,4a 85,9a 

Sh 42,2a 77,9b 

Vomifoliol (13) s 32,4a 69,la 

Sh 23,2b 51,9b 

7,8-Dihydrovomifoliol (14) s 14,9a 22,3a 

Sh 9,9b 14,9b 

a Statistical analysis was performed on log-transformed data. The 
F-test was followed by the LSD-test. 
S l-S4 = Sampling stages of grapes. 
S = Sunlight-exposed grapes. 
Sh = Shaded grapes. 
R = Level of significance for the increase in norisoprenoid 
concentrations in grapes over the sampling period (data for sunlight 
and shade combined). 

Grapes Wine 

S3 S4 R S3 S4 

18,2a 14,1a NS 6l,Oa 60,9a 

20,6a 15,2a 65,5a 67,2a 

67,8a 63,9a ** 56,5a 60,8a 

43,8b 47,8b 39,3b 46,6b 

2,3a 2,4a * 3,3a 5,la 

0,6b 7,4b 1,6b 2,6b 

8,3a 4,2a NS 6,7a 6,7a 

5,1b 4,2b 4,2b 5,3a 

20,3a 17,6a ** 20,8a 20,0a 

11,2a 12,7a 14,9b 16,5a 

115,4a 140,5a ** 112,1a 133,1a 

119,7b 110,6b 95,7b 108,0b 

177,3a 148,9a ** 117,2a 139,3a 

128,2b 112,2b 106,2b 109,0b 

33,4a 26,2a ** 27,8a 3l,Oa 

18,2b 16,8b 21,6b 21,1b 

NS = Not significant. 
* = Significant (p::;0,05). 
** = Highly significant (p::;O.Ol). 
Values between sunlight-exposed and shaded grapes at each sam
pling stage designated by the same symbol do not differ significant
ly (p::;0,05). 
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The use of acid versus enzymatically catalysed reac
tions, as employed in this study, could be considered as a 
means to determine the potential development of aromatic 
volatiles such as norisoprenoids in wine. Acid hydrolysis 
products such as the vitispiranes, actinidols, beta-damas
cenone and TDN are quite commonly observed in wines. It 
has been stated that enzymatic liberation of potentially 
volatile compounds is a more natural process during which 
the natural composition of flavour compounds is less dis
turbed (Williams, Strauss & Wilson, 1983). However, C 13-

norisoprenoids, such as 3-oxo-alpha-ionol (8), the 
grasshopper ketone (12) and vomifoliol (13), which were 
produced at relatively high concentrations by enzymatic 
hydrolysis, have as yet not been reported in wines. Winter
halter et a!. (1990) identified 40 enzyme-released C 13 -

norisoprenoids in Weisser Riesling wine. With a total 
concentration of over 1300 ppb, these compounds were the 
most abundant volatile aglycons. To what extent they are 
released naturally and contribute to wine aroma is not 
known. It appears that these norisoprenoids are either not 
fragrant compounds or they occur naturally in very low 
concentrations. The transformation of enzyme
released norisoprenoids to other compounds during ageing 
of wine should also be considered. 

Various macro- and microclimatic factors may affect the 
development of free and bound flavour compounds in 
grapes. The role of light in mechanisms of flavour biosyn
thesis appears to be of particular importance. Morrison & 
Noble ( 1990) claimed that the changes in berry composi
tion as a result of leaf and cluster shading are more closely 
related to the effect of light than to that of temperature. 
Future studies should be conducted on the role of light in 
the biosynthesis of bound c13-norisoprenoids. 

Effect of degree of ripeness on norisoprenoid concen
trations in grapes and wine: The effect of degree of 
ripeness on the relative concentrations of the acid- and 
enzymatically released norisoprenoids in Weisser Riesling 
grapes is given in Tables 2 and 3. Significant increases in 
acid-released norisoprenoid levels were observed in Weiss
er Riesling grapes with an increase in ripeness. Similar ten
dencies were found in most of the corresponding wines 
(Table 2). Strauss et a!. (1987b) reported increases in the 
concentrations of vitispirane, TDN and beta-damascenone 
during ripening. These compounds were liberated from 
their bound precursors through heating of Weisser Riesling 
grape juice. In the present investigation, significant increas
es in enzymatically released norisoprenoid concentrations 
in grapes were mostly followed by slight decreases after 
the third sampling stage (Table 3). Norisoprenoid concen
trations in Chenin blanc grapes showed similar changes 
during ripening as in Weisser Riesling grapes (Figs. 4 and 
5). Similarly, increases and decreases in the concentrations 
of some free and bound monoterpenes during ripening were 
reported previously (Wilson, Strauss & Williams, 1984; 
Gunata eta!., 1985b; Marais, 1987). 

Sugar accumulation was slower in shaded grapes than in 
sun-exposed grapes, but became equivalent at the fourth 
sampling stage of Weisser Riesling (Fig. 2). Most noriso
prenoid concentrations differed greatly between sun-

exposed and shaded grapes at this sampling stage (Tables 2 
and 3), which indicates that the bound precursor develop
ment did not completely coincide with sugar accumulation. 
For instance, the TDN (2) concentration increases were 
79,6% in the sun-exposed grapes [30,6% per degree 
Balling (0 B)] and 82,4% in the shaded grapes (17,9% per 
0 B) (Fig. 2). Therefore, it appears that the biosynthesis of 
TDN precursors was not parallel to sugar accumulation 
during ripening, which is in accordance with the sugges
tions of Wilson et al. (1984) on monoterpene glycoside 
biosynthesis. 

CONCLUSIONS 

Potentially volatile C13-norisoprenoids may be released 
from their bound forms in grapes or during wine ageing by 
acid and probably also by enzymatic hydrolysis. The devel
opment of these norisoprenoid precursors in grapes is sig
nificantly affected by sunlight, shade and degree of 
ripeness. Consequently, the composition and quality of 
wine will depend on, amongst other things, whether the 
grapes are matured in sunlight or shady conditions, and 
when the grapes are harvested during the grape ripening 
period. These factors may be considered in the production 
of Weisser Riesling wines from grapes with a lower poten
tial to develop TDN and its typical kerosene-like aroma. In 
fact, the practice of harvesting grapes at an earlier ripening 
stage is already successfully applied on a limited scale in 
the South African wine industry. 

Too much shade may result in rot and low concentra
tions of quality-enhancing aroma compounds, while over
exposure to sunlight may lead to unacceptably high 
concentrations of phenolic and other undesirable com
pounds such as TDN, and sunburn even may occur. There
fore a canopy management system which would provide an 
effective shade/sunlight combination and produce wines 
with a low potential to develop TDN, but still with suffi
cient aroma, could be selected for Weisser Riesling. 

The Amberlite XAD-2 isolation technique combined 
with acid hydrolysis offers the possibility of predicting the 
development of TDN in wine and, therefore, to some extent 
the potential quality of aged Weisser Riesling wines. How
ever, it needs to be determined whether there is a correla
tion between naturally developed free TDN levels in aged 
wine and TDN levels obtained after acid hydrolysis of its 
bound forms in grapes or young wine. More work on the 
effects of the abovementioned factors on Weisser Riesling 
wine aroma and quality is needed. 
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