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 Wine aroma and Mouthfeel

bound and Unbound Tannin extraction from Fruit during  
Fermentation of Merlot Grapes

Jenny Schultz and douglas o. adams*
*department of Viticulture & enology, university of california, davis, ca 95616 
(doadams@ucdavis.edu)

tannin content plays an important role in the quality of red wines. The objective of this 
research was to completely account for tannin extraction from the fruit to the finished 
wine throughout fermentation. This study addresses extraction and retention of tannins 
and polymeric pigments and provides additional quantitative information on tannin 
partitioning during the extraction process. Merlot grapes from 101-14 rootstock and 
full irrigation were harvested at the oakville experimental station, and were fermented 
in triplicate of 5-gal lots at the uc davis Winery. The use of a controlled, small-scale 
fermentation was to account for all of the tannin in fruit at harvest and to show how it 
is partitioned during fermentation, taking into account tannin that might be covalently 
bound to cell wall material in the pomace and gross lees. previous work demonstrated 
that berry cell walls bind tannin and play a role in tannin extraction. a procedure 
referred to as the acid butanol/ferrous sulfate method was used in an attempt to detect 
tightly bound tannin in the insoluble material from the skin, mesocarp, pomace, and 
lees of the small-scale fermentations. This method enables the amount of bound tan-
nin in berry components along with the tannin that is usually extracted with acetone 
to be assessed. The results demonstrate that bound tannin was low in skin, very low 
in mesocarp, higher in pomace, and highest in lees. These are the first results that can 
completely account for 100% of tannin extraction from fruit during fermentation.

Funding support: american Vineyard foundation.

Volatile Profiling of cabernet sauvignon Wine Using comprehensive  
Two-Dimensional Gas chromatography

Anthony Robinson,* paul Boss, Brendan Graham, peter solomon, and  
robert trengove
*separation science laboratory, Murdoch university, Murdoch Wa 6150, australia 
(t.robinson@iinet.net.au)

The fields of separation science and sensory science have advanced our knowledge of 
how grape and fermentation-derived compounds contribute to wine aroma. it is now 
apparent that wine aroma is dependent not on any one particular compound but on 
the combination and ratios of odor active compounds present. The application of new 
analytical techniques, namely comprehensive two-dimensional gas chromatography 
(GcxGc), allows the investigator to measure a range of compounds in a single analysis 
rather than specific compounds in isolation. This study presents the optimization and 
application of a hs-spMe method for analysis of trace wine volatiles by GcxGc-
tofMs. The objective of this research was to develop a sensitive and reproducible 
analytical technique that was capable of characterizing the wine headspace volatile 
profile of commercial and research cabernet sauvignon wines. The methodology 
allowed for the simultaneous analysis of over 400 different analytes including potent 
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aroma compound classes such as monoterpenes, norisoprenoids, sesquiterpenes, and 
alkyl-methoxypyrazines, which have been previously documented to contribute to wine 
aroma. The improved sensitivity and separation efficiency of the technique also allowed 
for the identification of a number of volatile compounds not previously reported in 
cabernet sauvignon wine. application of multivariate statistical techniques including 
two-dimensional hierarchal clustering and pca provided information about which 
of these compounds may contribute to vintage and regional aroma characteristics in 
cabernet sauvignon wines from australia.

characterization of the aromatic Profile of cabernet sauvignon Grapes and 
Wines from the central coast at Different stages of Maturation

Marco LiCalzi, susan e. ebeler, Mark a. Matthews, Michael conversano,  
luca Mercenaro, and hildegarde heymann*
*department of Viticulture & enology, university of california, davis, ca 95616 
(hheymann@ucdavis.edu)

although the timing of harvest is widely considered to be of critical importance with 
respect to wine quality, little information is available on chemical and aroma profiles 
of winegrapes during maturation. Therefore, this study was conducted to provide 
winemakers with useful information for determining the “ideal” stage of maturation, 
which may differ according to the specific style of wine they pursue. cabernet sauvi-
gnon grapes from paso robles (central coast, california) were harvested at six different 
stages of maturation, between 20 and 30 Brix, over three vintages (2006–2008). Berries 
were analyzed for sugar concentration, ta, polyphenols, and aroma profile. The aroma 
profile identified 52 volatile compounds by head-space spMe-Gc-Ms. Berries sampled 
at early Brix were characterized mainly by c6-aldehydes and alcohols, known to impart 
green aromas to the berries. c13 nor-isoprenoids and terpenes reached their maximal 
concentrations in berries sampled 40 to 60 days after veraison (24–26 Brix). These com-
pounds are characterized by fruity and floral aromas. Grapes from later harvests showed 
high concentrations in c7–c10 alcohols, aldehydes, and ketones. The odors of these 
compounds are typically not related to ripeness of fruit. results show that the develop-
mental pattern during fruit maturation varies among volatile compounds and suggest 
that monitoring the changes of c13 nor-isoprenoids and terpenes during maturation 
could be used to assess fruit maturity.

 Wine aroma and Mouthfeel – c O n T i n U e D
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impact of Terroir, Vintage, and Winemaking on the aromachemical  
composition of German riesling Wines

Andrea Bauer* and ulrich fischer
*department of Viticulture & enology, university of california, davis, ca 95616 
(abauer@ucdavis.edu)

terroir, the specific combination of a vineyard’s soil composition, mesoclimate, and 
topography in interaction with the vines, has been shown to significantly influence the 
sensory properties of wines. With volatile compounds driving sensory perception, this 
study assessed the impact of terroir on the aromachemical composition of German ries-
ling wines, together with the influence of vintage and winemaking. for this, 12 highly 
diverse vineyard sites from 10 wine estates were selected in the pfalz region, covering 
sites on limestone, sandstone, greywacke, basalt, and breccia from the rotliegend age 
(lower permian). one year later, the research was extended to 13 additional sites in 
the growing regions Mosel/saar, ahr, nahe, and rheinhessen, comprising further sites 
on limestone and rotliegend material and sites on slate and porphyry. extensive soil 
analyses were conducted for the pfalz vineyards, and meteorological data were collected 
from weather stations installed nearby or on site. for the 2004 and 2005 vintages, one 
portion of grapes from each site was subjected to a standardized winemaking protocol, 
while the major portion underwent customary vinification at the participating wine 
estates. forty-six volatile compounds were identified using headspace-spMe. analysis 
of variance revealed systematic aromachemical differences among the wines from the 
different geological substrates, for both vintages. Vintage and vinification also proved 
to be a significant source of variance. discriminant analysis showed a clear grouping 
of the samples by substrate type. numerous correlations between pedo-meteorological 
parameters and volatile compounds were revealed by partial least squares regression. 
These results clearly indicate that terroir has an impact on the aromachemical composi-
tion of wines.

electronic nose analysis on the effect of Prefermentation cold soak  
of Vitis vinifera l. cv. cabernet sauvignon Grape and Wine Volatiles

Denise Gardner and Bruce W. Zoecklein*
*enology-Grape chemistry Group, Virginia tech, Blacksburg, Va 24061 (bzoeckle@vt.edu)

cold soak is a prefermentation maceration process at cold temperatures for a defined 
time to enhance red wine color. cold soak may also alter aroma and flavor compounds 
of red wines. This study focused on monitoring aroma changes during a five-day 
cold soak period and determining differences in aroma volatiles of Vitis vinifera l. cv. 
cabernet sauvignon wines. cabernet sauvignon grapes in the 2007 and 2008 growing 
seasons were harvested and designated either to control or five-day cold soak treat-
ment. a commercial conducting polymer electronic nose (enose) was used to monitor 
possible volatile changes throughout cold soak and following fermentation. primary 
juice and wine chemistries, spMe Gc-Ms analysis, and sensory evaluation were used 
for comparison to enose data. enose results found significant differences in the aroma 
component of juices during cold soak and resulting wines of both seasons. Gc-Ms 
results showed variation in individual volatile compounds. sensory evaluation showed 
varying results dependent on vintage year.

 Wine aroma and Mouthfeel – c O n T i n U e D 
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effect of Grape skin contact on cabernet sauvignon Wine aroma  
compounds

Benjamin Margulies and susan ebeler*
*department of Viticulture & enology, university of california, davis, ca 95616  
(seebeler@ucdavis.edu)

small-scale fermentations were conducted to investigate the effect of grape skin contact 
times on the development of aroma compounds in cabernet sauvignon wine. four 
fermentation treatments were monitored: (1) skins fermented with juice for the dura-
tion of fermentation; (2) skins fermented for 72 hr, then removed from fermentation; 
(3) juice fermented without skins; and (4) skins fermented in a model juice solution. 
additionally, skins were allowed to steep in a model wine solution, with no yeast inocu-
lation. headspace solid-phase microextraction (hs-spMe) was used to extract volatile 
compounds from wine fermentations throughout the course of fermentation. Gas 
chromatography-mass spectroscopy (Gc-Ms) was used to identify and quantify volatile 
compounds. significant differences (p < 0.05) were found among skin contact treat-
ments for levels of yeast-derived ethyl esters, as well as phenylethyl acetate, 1-hexanol, 
2-phenyl ethanol, and β-damascenone.

Funding support: adolf l. & richie c. heck research fellowship, horace o. lanza 
scholarship, jastro-shields research fellowship, William j. Wiesner Memorial  
scholarship, and Wine spectator scholarship.
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Quantitative Genetics of root-Knot nematode resistance in a  
Vitis rootstock hybrid Population

Peter Cousins*
*usda-ars, Grape Genetics research unit, new york state agricultural experiment station, 
cornell university, Geneva, ny 14456  (peter.cousins@ars.usda.gov)

root-knot nematodes, Meloidogyne spp., are a major pest of grapes worldwide. in order 
to determine the value of rootstocks as parents in breeding improved nematode-resistant 
rootstocks, a design ii mating array was developed with four female parents and six 
male parents. The female parents were the rootstocks dog ridge, Vitis rupestris 187G, 
106-8 Mgt, and 93-5 couderc. The male parents were the rootstocks 216-3 castel, 
44-53 M, V. rupestris constantia, Gravesac, 3309 c, and 3306 c. each female parent 
was crossed to each male parent to generate 24 seedling populations. The experiment 
was organized as a randomized complete block design, with 10 seedlings per seedling 
population in each of six replicates. seedlings were inoculated with 1500 infectious j2 
root-knot nematodes once the seedlings had two true leaves. seedling roots were stained 
in an eosin-y solution six to seven weeks after inoculation. each root system was visu-
ally examined to observe and quantify egg masses. The mean number of egg masses per 
seedling population, per female parent, and per male parent demonstrates differences 
among female parents, male parents, and seedling populations. This information is use-
ful in identifying candidate parents for rootstock breeding, as it describes the expected 
transmission of nematode resistance to the progeny of the parents sampled in this 
study. among the female parents, dog ridge transmits the highest level of nematode 
resistance to its progeny, while V. rupestris 187G and 93-5 couderc transmit low levels 
of nematode resistance to their progeny.

bot canker Disease of Grapevines in california: From identification  
to control

José Ramón Úrbez-Torres and W. douglas Gubler*
*plant pathology department, university of california, davis, ca 95616   
(wdgubler@ucdavis.edu)

Grapevine canker diseases are some of the primary factors limiting vineyard longev-
ity and productivity as well as increasing management costs. Grapevine cankers cause 
dieback and death of spurs, arms, cordons, and trunks, and eventual vine death. fungal 
species in the family Botryosphaeriaceae have been recently recognized as the most com-
mon fungi isolated from grapevine cankers in california. Morphological identification 
along with multigen phylogenetic analysis showed that at least nine Botryosphaeriaceae 
spp. occur on grapevines in the state. pathogenicity studies showed all nine Botryospha-
eriaceae spp. able to infect both young and mature tissues as well as green shoots of the 
new vegetative growth, causing cankers, vascular discoloration, and/or otherwise dark 
streaking of the wood, and thus, concluding their importance as grapevine pathogens 
in california. in addition, field surveys conducted in other grapegrowing regions in 

 Disease resistance
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the united states and Mexico have also shown the important role of these fungi in 
grapevine health. Botryosphaeriaceae spp. are wood pathogens infecting mainly through 
pruning wounds. Therefore, knowledge of low-risk infection periods and pruning 
wound susceptibility are critical in deciding appropriate timing for pruning and wound 
treatment. epidemiological studies throughout the state have revealed that Botry-
osphaeriaceae spores are mainly trapped following rainfall from november to March 
under california weather conditions. duration of susceptibility of pruning wounds to 
infection by Botryosphaeriaceae spp. was also studied. furthermore, this study has also 
evaluated the efficacy of double pruning and chemical products to reduce infections 
caused by Botryosphaeriaceae.

improved Methods for Killing Old Grape roots

Michael V. McKenry*
*department of nematology, university of california, riverside, ca 92521  
(McKenry@uckac.edu)

soil fumigation can result in complete kill of old grape roots to depths of 1 to 2 m, 
depending on fumigant, while also providing 99.99% nematode control. soil fumiga-
tion serves the purpose of reducing soil-borne pests, killing grapevine root systems, 
and stimulating growth of replanted vineyards. We are searching for alternatives to 
fumigation. applications of glyphosate or triclopyr herbicides applied to leaves, trunks, 
or shoots of various wine and table grapes from july through mid-november provide 
root death, but not below 0.5-m soil depth. reirrigation of old grape stumps 18 months 
after treatment indicated 98% survival of own-rooted ruby seedless vines. surviving 
vines flourished into full production three years after foliar-applied herbicide treat-
ments. february and March applications of glyphosate plus Moract adjuvant painted 
to recently cut trunks of pinot noir, freedom, or 420a root systems resulted in 4% 
vine survival at 18 months after reirrigation was begun. Wintertime treatments to grape 
stumps currently provide our most successful root-killing treatment beyond use of soil 
fumigants. Three years after wintertime treatments, roots of Thompson seedless and 
ruby seedless were decimated and notably missing from the surface 2 m of soil profile. 
The field surface must be maintained as weed-free during the one year or longer waiting 
period to reduce prevailing nematode populations. The 8 years required for normal 
death of old grape roots can be reduced, thus providing an indirect approach to starving 
old soil ecosystems, a component of the grape replant problem.

Bold type indicates presenting author
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biology and Management of Japanese beetles in Vineyards

Derrick L. Hammons,* s. Kaan Kurtural, and daniel a. potter
*department of entomology, university of Kentucky, lexington, Ky 40546  
(derrick.hammons@uky.edu)

The japanese beetle, Popillia japonica, an invasive pest first found in north america in 
1916 and now established throughout most of the eastern united states, continues to 
expand its range into the Great plains and southcentral states. it feeds on about 300 
wild and cultivated plants in 79 familie and grapes (Vitis spp.) are among its favored 
hosts. six economically important grape cultivars were selected to evaluate the impact 
of japanese beetle defoliation on vine growth, primary bud cold hardiness, yield, and 
berry composition from vineyard establishment through production. data indicate that 
while defoliation can reduce cordon growth, winter hardiness, and yield of susceptible 
cultivars, growers can reduce frequency of cover sprays in newly planted vineyards 
by half and still receive the same benefits of complete management. There were no 
significant effects of defoliation on total soluble solids, juice ph, or titratable acidity at 
harvest. adult japanese beetles are mainly leaf feeders, but also exploit ripening berries. 
in the clusters, japanese beetles facilitate aggregation and injury by the obligate fruit-
feeding native green june beetle, Cotinis nitida, through physical wounding and eliciting 
yeast-induced fermentation volatiles the latter species exploits in host-finding. field 
traps baited with combinations of grapes and beetles demonstrate that fruits injured by 
japanese beetle alone become highly attractive to green june beetles because of the high 
amount of fermentation compounds emitted compared to intact grapes. establishment 
and spread of the japanese beetle throughout viticulture regions of the united states is 
likely to increase its status as a vineyard pest.

Funding support: new crop opportunities center, university of Kentucky (usda 
special Grant) and usda-southern region sustainable agriculture research and 
education Grant.

breeding Grapes with resistance to Powdery Mildew (Erysiphe necator)

summaira riaz, alan c. tenscher, david W. ramming, and M. Andrew Walker*
*department of Viticulture & enology, university of california, davis, ca 95616 
(awalker@ucdavis.edu)

We have been using molecular breeding tools to introgress powdery mildew (pM) 
resistance from a variety of Vitis sources into Vitis vinifera-based cultivars. resistance 
is available from a number of species and we are pursuing those with the potential for 
marker assisted selection (Mas). progress in developing and using Mas and in develop-
ing resistance has been made on many fronts. several accessions of Muscadinia rotundi-
folia and their proven genetic markers have been used to evaluate parents and progeny 
from our crosses. We verified the single dominant gene (locus) nature of resistance from 
a V. vinifera table grape, Kishmish vatkana, under california environmental conditions. 
The above-mentioned sources were used to make crosses combining resistance  
from rotundifolia and vinifera selections. powdery mildew resistance from  

 Disease resistance – c O n T i n U e D
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V. cinerea was used in crosses, but few progeny were resistant and resistance expression 
was moderate. resistance from wild chinese species, previously noted at the  
usda-parlier, was confirmed and used in crosses. We are searching for alternative 
sources of resistance in Middle eastern table grapes related to Kishmish vatkana. The 
knowledge and results gained from this work will lead to the development of wine  
and table grape selections with multiple pM resistance genes. The integration and  
complexing of multiple sources of resistance will ensure that resistance is broad and 
durable and that it results in low input, environmentally “green” grapevines.

Funding support: american Vineyard foundation and louis p. Martini endowed chair.

breeding Winegrapes with resistance to Pierce’s Disease

summaira riaz, alan c. tenscher, rachel Graziani, and M. Andrew Walker*
*department of Viticulture & enology, university of california, davis, ca 95616 
(awalker@ucdavis.edu)

strong progress in breeding pierce’s disease-(pd) resistant winegrapes has been made 
using a form of Vitis arizonica, b43-17, from Monterrey, Mexico. previous efforts pro-
duced a genetic linkage map, which located a major locus, PdR1, controlling resistance 
to Xylella fastidiosa, the bacterial agent of pd. simple sequence repeat (ssr) mark-
ers tightly linked to PdR1 are being used to screen seedling populations and have, in 
conjunction with intensive vine-training efforts, reduced the seed to seed breeding cycle 
to three years. seedling populations from our 2007 crosses were screened for markers 
linked to PdR1 and in some cases they were screened for markers linked to the powdery 
mildew resistance locus, Run1. only those seedlings with the markers were planted in 
the field. We have made wines for two seasons from pd-resistant selections that are 
87% V. vinifera and contain PdR1. They rated very favorably with wines from cabernet 
sauvignon and pinot noir grown in the university vineyards and made using the same 
small small-scale fermentation techniques. in 2009, we will make crosses to produce 
PdR1 containing progeny with ≈97% V. vinifera from crosses with many high-quality 
V. vinifera winegrapes. We will also produce small-scale wines from replicated vines that 
are ≈94% V. vinifera, have tested pd-resistant, and have PdR1.

Funding support: cdfa pierce’s disease Board, american Vineyard foundation, and 
louis p. Martini endowed chair.

Bold type indicates presenting author
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Free radicals in Oxidizing Wine and Factors That influence  
Their Formation

ryan j. elias, Mogens l. andersen, leif h. skibsted, and Andrew L. Waterhouse*
*department of Viticulture and enology, university of california, davis, ca 95616 
(alwaterhouse@ucdavis.edu)

oxidation reactions in wine lead to a host of chemical changes, of which many affect 
perceived quality. recent studies have demonstrated that free radicals are important 
intermediates in wine oxidation, yet the identity and fate of these radicals have not been 
established. in this study, electron paramagnetic resonance spectroscopy was used to 
detect and identify several free radical species in a wine system under oxidative condi-
tions with the aid of spin traps. The 1-hydroxyethyl radical dominated, but the hydroxyl 
radical was also observed, while the hydroperoxyl radical was elusive. also, the addition 
of iron and/or copper to a red wine resulted in a marked increase in observed spin ad-
ducts, demonstrating that trace levels of metals are essential catalysts in the oxidation 
of wine. The addition of catechin to a white wine containing excess sulfur dioxide had 
no effect on the initial rate of radical formation, but was prooxidative in the later stages 
of the experiment. finally, sulfur dioxide was shown to inhibit radical formation in a 
concentration-dependent manner.

Funding support: american Vineyard foundation and the california competitive Grant 
program for research in Viticulture and enology.

Port Wine Oxidation Management: a chemoinformatics approach

r.c. Martins, V.V. lopes, and António César Silva Ferreira*
*Biotechnology research centre, catholic university, 4200-072 porto, portugal 
(acferreira@esb.ucp.pt)

chemical changes that occur during winemaking resulting from both enzymatic and 
nonenzymatic reactions are responsible for differences in sensorial perception through-
out the process, aging included. The chemical parameters that affect the extent and 
rate of each reaction can be calculated by theoretical modelling, and ultimately, if the 
overall “topography” of the system created by the contribution of the kinetic parameters 
of each mechanism is known, the overall process can be controlled. Kinetic studies are 
important in establishing temporal relationships among port constituents and can be 
used to infer the chemical network of reactions—the “chemiomics.” although previous 
studies have shown that 3-hydroxy-4,5-dimethyl-2(5h)-furanone (sotolon) may be 
formed by several pathways, it is not known how oxygen regimens and storage tem-
perature contribute to its formation. This problem has an important relevance for port 
wine management of both vintage (bottles) and colheita (barrel) stock where the correct 
temperature and o2 permeability must be controlled in order to attain the desired sen-
sory quality of the aged wine. a port wine database including other compounds formed 
by important flavor mechanisms (such as Maillard) was constructed. The goal was to 

 Wine aging



a M e r i c a n  s o c i e t y  f o r  e n o l o G y  a n d  V i t i c u l t u r e68
table of contents       list of authors

 Wine aging – c O n T i n U e D

define the characteristic feature space and thereafter classify samples during storage. This 
tool would be useful in oxidation management of port by comparing the quality of the 
sample with the quality of stock wine. The predictive model can be used to optimize 
wine aging through storage temperature and oxidation regimens with the aim of pro-
ducing quality-specific chemical profiles.

effect of Different Microoxygenation Treatments on the evolution  
of cabernet sauvignon Wine composition

Dang-Dung Nguyen, laura nicolau, stuart dykes, and paul a. Kilmartin*
*Wine science program, department of chemistry, university of auckland, auckland, nZ 
(p.kilmartin@auckland.ac.nz)

The effect of microoxygenation on the composition of red wine was investigated  
where oxygen was applied at both low and high rates (5 and 20 ml/l/month) together 
with oxygen permeated through polyethylene tanks. a control with no oxygen was also 
included. The study was performed in triplicate for each treatment using commercially 
made cabernet sauvignon wine stored in 9 x 300 l stainless steel and 3 x 300 l  
flextanks at 16°c over 16 weeks. spontaneous malolactic fermentation occurred simul-
taneously with microoxygenation treatments. results indicated that color parameters, 
including pigments resistant to so2 bleaching and the wine colour density, were the 
most affected by microoxygenation. no firm trend in the development of the total tan-
nins and individual phenolic compounds was observed. however, there was an initial 
increase in the pigments resistant to so2 bleaching for all treatments, followed by a 
decrease in these pigments and in color density, with the rise and subsequent decline 
most marked in the higher oxygenation treatments, suggesting a complex interplay of 
polyphenol oxidation processes. Wine in the polyethylene flextanks showed a consistent 
increase in the pigments resistant to so2 with levels at most data points significantly 
higher (p < 0.05) than those of the control. future work includes analyses of aroma 
compounds to evaluate the overall effect of the microoxygenation treatments.

Bold type indicates presenting author

Wednesday Oral Abstracts (Research Reports)
2009 Technical absTracTs cOnTinUeD 



j u n e  2 3 r d  –  2 6 t h ,  2 0 0 9  —  n a p a ,  c a l i f o r n i a 69
table of contents       list of authors

*indicates corresponding author

Wednesday Oral Abstracts (Research Reports)
2009 Technical absTracTs cOnTinUeD

effects of aging on the composition and Physicochemical Properties  
of red Wine Tannin Fractions

Paul A. Smith,* stella Kassara, david jeffery, and robert G. dambergs
*australian Wine research institute, Glen osmond sa 5064, australia  (paul.smith@awri.com.au)

a new spe method to isolate polymeric polyphenols from red wines, based on a  
copolymer oasis hlB cartridge, has been developed and validated. The method affords 
a wash fraction (f1) containing the majority of the nonpolymeric material present in a 
red wine and yields the polymeric species as two distinct fractions (f2 and f3) which 
possess different physicochemical properties. There appears to be a relationship between 
the amount of material found in each polymeric fraction and wine age. The differ-
ences observed between the two polymeric fractions obtained from red wines using this 
method have been further investigated in terms of the structural characterization and 
the effects that aging has on the two fractions. f2 and f3 were isolated from selected 
years within a 50-year vertical series of cabernet sauvignon wines. The difference in 
hydrophobicity between the fractions was measured and the hydrophobicity was shown 
to generally increase with age. somers color measurements were also performed and, 
with age, the proportion of ionizable color and nonbleachable pigments of f2 relative 
to f3 diverged. f2 contained less ionizable color, nonbleachable pigments, and total 
phenolics than f3. f2 and f3 from a 30-year vertical series of shiraz and cabernet 
sauvignon were also isolated and showed similar trends, with some differences observed 
for the behavior of the tannin fractions from shiraz, which generally were more similar 
in properties. These findings have implications for the oxidation and development of 
red wine tannin during aging.

Funding support: Grape and Wine research and development corporation, with 
matching funds from the australian Government.
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sugar accumulation Disorder May be able to spread from affected  
Tissue to healthy Tissue

Mark Krasnow,* Mark Matthews, and Ken shackel
*department of Viticulture & enology, university of california, davis, ca 95616 
(mnkrasnow@ucdavis.edu)

sugar accumulation disorder (sad, formerly known as berry shrivel) is a ripening 
disorder of unknown cause that occurs in the north coast of california. afflicted fruit 
has low Brix, poor anthocyanin accumulation in red varieties, low ph, and a shriveled, 
puckered appearance. sad fruit is usually removed from the vineyard before harvest. 
in 2003, duplicate chip buds were taken from five vines that historically exhibited sad 
symptoms (sad wood sources) and from five vines that did not exhibit such symptoms 
(healthy wood sources) and budded onto healthy rootstock at the uc davis oakville 
experimental Vineyard. Vines propagated from sad sources had fruit of lower Brix 
than vines propagated from healthy wood sources. This trend has been true since 2006, 
the first year these vines had fruit. in 2007, chip-budding experiments were carried out 
on these vines and other vines in the same block. The limited fruit available in the 2008 
season indicated that when sad scion material was grafted onto a healthy vine, the 
Brix of the fruit from the sad bud was similar to the Brix from the native fruit on the 
vine, and lower than fruit from an ungrafted vine. conversely, when healthy buds were 
grafted onto sad vines, the Brix of the fruit from the healthy buds was similar to the 
native sad fruit from these vines. These preliminary data suggest that whatever causes 
sad can spread to healthy tissue. This suggests a pathogenic cause of the disorder at 
this site, although the vines have tested negative for all known grapevine pathogens.

Managing Vineyard cover crop to influence Vine Vigor and Fruit  
Quality of Pinot noir in Oregon’s Willamette Valley

Patricia A. Skinkis*
*department of horticulture, oregon state university, corvallis, or 97331   
(skinkisp@hort.oregonstate.edu)

The Willamette Valley of oregon receives ~1000 mm of rain per year, from october to 
june, resulting in high soil moisture from budbreak to bloom. This is followed by a dry 
summer from fruit set to ripening. to best manage vine vigor early while conserving soil 
moisture later in the season, a cover-crop study was conducted using alleyway manage-
ment regimes: clean cultivated, alternate row tillage and solid cover of an established 
perennial grass cover crop. The study was conducted in two commercial pinot noir 
vineyards in the Willamette Valley during 2007–2008. Vegetative growth was not sig-
nificantly impacted by alleyway management in year one of the study; however, by the 
second year, vines had reduced canopy growth and pruning weights with the solid sod 
cover. although there was a reduction in vine canopy density and vine size, as evidenced 
by sunfleck analysis and pruning weights, water stress was not reached in the vines with 
any treatment during the first or second season of the study. cover-crop management 
method did not significantly impact soil moisture within the vine row. fruit maturity, 
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berry weight, and yield were not affected by cover-crop management treatments. how-
ever, harvested fruit differed in concentrations of anthocyanins, total phenolics, and 
yeast assimilable nitrogen with alleyway management. yeast assimilable nitrogen con-
centration was lower in solid sod cover treatments and was below the sufficiency level 
for healthy fermentations while other treatments were within sufficient levels. however, 
the solid cover treatment resulted in higher anthocyanins and total phenolics.

Funding support: oregon Wine Board.

effect of ripeness level and Variability on Fruit and Wine  
composition of Pinot noir

M. Carmo Vasconcelos,* francesco penazzi, and emma sherman
*plant and food research institute of new Zealand, Marlborough Wine research center,  
Blenheim 7240, new Zealand  (carmo@hortresearch.co.nz)

The flowering process in grapevines spreads over two seasons and the interactions 
among genotype, environment, and management practices give rise to considerable 
variability, resulting in asynchronous development of individual flowers. This variabil-
ity will then be reflected in the resulting population of berries used for winemaking. 
although uniformity or synchrony of development is perceived as advantageous, there 
is no experimental evidence linking variability in ripeness with wine composition and 
sensory properties. pinot noir fruit was harvested at an average of 25 Brix, was hand 
destemmed, and individual berries were segregated into five discrete levels of soluble 
solids ranging from <23 Brix to >26.5 Brix using sucrose solutions. histograms of the 
original population distribution were used to reconstruct the “control” fruit. Berry 
samples from each ripeness level and control were used to characterize berry architecture 
and composition. The fruit groups were fermented in three replicates. seed number was 
less abundant and berry size was smaller the higher the ripeness level attained, indicat-
ing that conditions during ovule fertilization play a role in the berry sugar metabolism. 
seed number and fresh weight per berry showed the highest variability (cv = 20%) and 
explained 94% of the variation in berry weight. Wine total anthocyanins and phenols 
increased with the level of ripeness while malate and tartarate decreased. all wines com-
pleted alcohol and malolactic fermentations except the ripest level (>26.5 Brix), where 
malate was not metabolized and residual sugar reached 16 g/l.

Funding support: new Zealand frst grant co6X0707.
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influence of soil Properties and Fertilization on leaf and Petiole nutrient  
levels in a Paso robles, california cabernet Vineyard

Jean-Jacques Lambert,* randy dahlgren, Mark Battany, andrew Mcelrone,  
and james a. Wolpert
*department of Viticulture & enology, university of california, davis ca 95616 
(jjlambert@ucdavis.edu)

soil physical and chemical properties affect vine nutrition, as indicated by leaf and 
petiole nutrient content, in a way that may directly impact wine properties. There is 
renewed interest in the effect of soil nutrients, as influenced by soil type and soil min-
eralogy, on fruit and wine characteristics. This study examined leaf and petiole nutrient 
levels and fruit and juice characteristics of own-rooted cabernet sauvignon vines grown 
on four distinct soil types in the same paso robles vineyard. The soils were classified 
as palexeralfs, haploxeralfs, haploxerolls, and haploxererts and exhibited important 
morphological differences in color, coarse fragment content, texture, water-holding 
capacity, and hydraulic conductivity. The soils also showed important differences in 
chemical characteristics and nutrient availability. The soils covered contiguous vineyard 
patches planted with the same cultivar, on its own roots. The vineyard was irrigated and 
fertilized. Mesoclimatic conditions and slope aspect were similar. soils were analyzed for 
physical and chemical differences to determine the influence of the four contrasting soil 
types on differences in vine growth, water stress, and plant nutrient levels. differences 
in cation exchange capacity and cationic balance in the soil solution appeared to affect 
nutrient availability to the vines and likely contributed to the observed differences in the 
plant and fruit characteristics. Berries harvested on the four blocks exhibited different 
sensory attributes, as determined by a tasting panel.

Funding support: american Vineyard foundation.
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Global Profiling of the bacterial and Yeast ecology in Wine Production

anglela Marcobal, chin-feng hwang, and David Mills*
*department of Viticulture & enology, university of california, davis ca 95616 
(damills@ucdavis.edu)

Winemakers require rapid and comprehensive monitoring of microbes at all stages in 
wine production. since culture-dependent methods for microbial identification are 
laborious and time-consuming, numerous culture-independent assays have been devel-
oped. These include methods, such as real-time pcr, which are now routinely used by 
wineries and wine service laboratories to enumerate specific microbial species or genera. 
however, global profiling techniques—such as pcr-denaturing gradient gel electro-
phoresis—which identify all the microbial contents in a single analysis have found little 
commercial utility, mostly because they are technically problematic and low through-
put. to surmount this we adapted terminal restriction fragment length polymorphism 
(t-rflp) analysis for high throughput determination of the microbial composition of 
musts and wines. We generated t-rflp databases of wine-related yeast and bacteria 
and tested them empirically on numerous wine-related yeast and bacteria to validate 
the predicted terminal restriction fragment lengths and assess strain-to-strain variability. 
t-rflp was then used to profile numerous finished wines and fermentation samples. 
our study suggests that t-rflp analysis is a relatively simple tool for high through-
put determination of the dominant microbial diversity present in wine production. in 
addition, by providing a global profile, t-rflp nicely complements targeted microbial 
enumeration by real-time pcr analyses.

selection of Wine Yeast for Making White Wine with a high level  
of aromas from Koshu Grapes

Michikatsu Sato,* akiko nakagawa, Masashi hisamoto, tohru okuda,  
and fujitoshi yanagida
*institute of enology and Viticulture, university of yamanashi, Kofu, yamanashi 400-0005, japan  
(masatoh@yamanashi.ac.jp)

Koshu is a traditional, japan-specific Vitis vinifera grape, and the wine is gaining at-
tention because of its good pairing with japanese foods. however, Koshu wine has 
relatively high levels of phenolics and a relatively flat taste. at times, Koshu wine ex-
hibits phenolic off-flavors because of the phenolics. We had developed the Koshu wine 
made by the sur lees method, and could overcome the flatness. This time, we challenged 
another style of Koshu wine by screening wine yeasts without producing phenolic off-
flavors from commercially available yeast strains mainly provided by sceti company, 
japan, and lallemand. of 48 strains tested, eight strains did not produce both 4-vinyl 
phenol and 4-vinyl guaiacol by high-sensitive hplc with a fluorescent detector. of 
eight strains, one strain (lycc52 dGi 288) gave a Koshu wine with high levels of aro-
mas such as isoamyl acetate, ethy hexanoate, hexyl acetate, ethyl lactate, ethyl octanoate, 
ethyl decanoate, diethyl succinate, and 2-phenylethyl acetate, and levels were much 
higher than in wines made with ec1118 or W3 strains. The flavor was determined 
as similar to sauvignon blanc. The strain 228 produced a quality wine by fermenting 
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at a temperature below 18°c. The aromas were analyzed by Gc-Ms with 1000-fold 
condensation, but 3-mercaptohexanol and s-containing aromas were not found. The 
sauvignon blanc-like flavor might be derived from the high levels of various ethyl esters 
and hexanol because of its greenish aroma.

impact of Saccharomyces and non-Saccharomyces Yeast on the Flavor and 
aroma of Pinot noir

David G. Takush and james p. osborne*
*department of food science and technology, oregon state university, corvallis, or 97331 
(james.osborne@oregonstate.edu)

yeast present on grapes or winery equipment and yeast deliberately inoculated into 
must play an important role in the development of wine flavor and aroma. however, 
it is not well understood what impact the growth of a specific yeast strain has on a 
wine’s sensory profile, especially relative to cultivar-specific aromas. previous research 
investigating the impact of yeast on red wine production has relied on the inoculation 
of a large population of a selected yeast strain. however, this makes it difficult to draw 
any conclusions on the contribution of individual yeast strain, as indigenous yeast and 
bacteria present on the grapes have been shown to contribute to the final aroma and 
flavor of a wine. although a technique such as heat could be used to kill microorgan-
isms present on the grapes, it may result in changes in grape flavor compounds and/
or introduce new flavor components. in order to overcome this problem, the use of 
high hydrostatic pressure (hhp) to eliminate yeast and bacteria from grapes prior to 
inoculation was investigated. hhp has been shown to have minimal impact on flavor 
and aroma compounds when applied in other food systems. initial experiments were 
performed to determine the ability of hhp to kill common wine microorganisms such 
as Saccharomyces cerevisiae, Acetobacter, Brettanomyces, and Oenococcus oeni in grape must. 
results showed that hhp eliminated all of the microorganisms to below detectable 
limits. Microscale red wine fermentation vessels that could be sterilized by autoclave 
were constructed and used in conjunction with hhp. The influence of four S. cerevisiae 
strains and Kluyveromyces thermotolerans on pinot noir was investigated by producing 
wines from hhp treated pinot noir grapes. sensory analysis of the wines using a trained 
panel was conducted.

Funding support: oregon Wine Board.
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analysis of lipid compositional changes during Fermentation in Two Wine 
Yeast strains with Varying ethanol Tolerance

Clark M. Henderson, Marjorie l. longo, and david e. Block*
*department of Viticulture & enology, university of california, davis, ca 95616 
(deblock@ucdavis.edu)

pertubations to the yeast biomembrane because of ethanol and other fermentation prod-
ucts have previously been implicated in stuck and sluggish fermentations, a pervasive 
problem in the wine industry that has significant economic consequences. numerous 
studies have reported that the yeast Saccharomyces sp. undergoes variations in phospho-
lipid composition because of increasing ethanol concentration during fermentation. 
however, it remains to be determined how critical the membrane composition is in 
completing a successful wine fermentation. small-scale fermentations were carried out 
with two commercial wine yeast strains that previously exhibited markedly different 
sugar utilization and ethanol tolerance characteristics in defined, synthetic grape juice at 
high Brix levels. polar lipids were extracted from yeast using a modified folch method 
developed by our group. identification of phospholipid classes were preliminarily 
determined using a novel liquid chromatography–mass spectrometer (lc-Ms) method. 
Verification of phospholipid classes and structures were performed using tandem mass 
spectroscopy, data mining, and chemometric tools. differences in membrane composi-
tion of the two strains were determined, together with how these differences may be 
related to ethanol tolerance. The lc-Ms method developed is currently being applied 
to 30 yeast strains (from wine and other sources) at various time points during fermen-
tation. The data will be used to elucidate any correlations between lipid composition 
and successful completion of fermentation—information that will be used subsequently 
to introduce greater ethanol tolerance into wine strains with other desirable flavor or 
quality attributes.

Funding support: usda-crees, american Vineyard foundation, and california com-
petitive Grant program for research in Viticulture and enology.

Kinetics and Genetics: 2,4,6-Trichloroanisole Production in Streptomyces

Paula A. Mara and linda f. Bisson*
*department of Viticulture & enology, university of california, davis, ca 95616 
(lfbisson@ucdavis.edu)

Streptomyces, spore-forming, filamentous, Gram-positive bacteria, are ubiquitous in soil 
and other environments similar to those inhabited by fungi and, like fungi, produce 
musty odor compounds. previously, Streptomyces wine cellar isolates were shown to  
o-methylate 2,4,6-trichlorophenol (tcp) to 2,4,6-trichloroanisole (tca). in the cur-
rent study, whole-cell cultures of additional Streptomyces strains were analyzed to deter-
mine how widespread tca production may be. Streptomyces coelicolor a(3)2, S. avermiti-
lis, and S. griseus subsp. griseus (sequenced) were also tested. next, cell extracts prepared 
from S. coelicolor a(3)2 were used to characterize the o-methylation of tcp to tca for 
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a range of levels of substrates, cofactors, inhibitors, times, and temperatures. formation 
of tca was found to be extremely rapid and did not require induction by preexposure 
to tcp. finally, a set of known and probable o-methyltransferase candidate genes in S. 
coelicolor was identified, amplified, cloned into a set of expression vectors, and tested for 
the ability to o-methylate tcp to produce tca. several of these genes have previously 
been shown to o-methylate other small phenolic compounds. results from all three 
parts of this study provide new insights into conditions favoring tca formation in 
Streptomyces and underscore the importance of preventing the establishment of patches 
of microbial growth in environments where food, wine, or consumer products are 
stored or shipped.

effect of alcoholic and Malolactic Fermentation Parameters  
on acetaldehyde in Wine

Nick Jackowetz and ramón Mira de orduña*
*department of food science and technology, new york state agricultural experiment station, 
cornell university, Geneva, ny 14456  (rm369@cornell.edu)

acetaldehyde is the most important carbonyl compound formed during vinification 
and the major so2 binding factor in most wines. The main sources of acetaldehyde 
are yeast metabolism and the chemical oxidation of ethanol. a major reduction of 
acetaldehyde can be achieved by wine lactic acid bacteria (laB) during malolactic 
fermentation. With the overall objective of reducing the levels of the wine preservative 
so2, the formation and degradation of the so2 binder acetaldehyde by yeast and wine 
laB during pilot vinifications was studied. a preliminary survey of acetaldehyde levels 
in 125 commercial new york state wines revealed mean acetaldehyde concentrations of 
43 mg/l and 24 mg/l for white and red wine, respectively, and the maximum level de-
termined was 193 mg/l. The effect of several vinification parameters (yeast strain, grape 
variety, so2 and nutrient additions, temperature, and ph adjustments) on acetaldehyde 
formation and reuptake during alcoholic fermentation was investigated. Multifacto-
rial analysis demonstrated a statistically significant correlation between so2 additions, 
fermentation temperature and grape variety and the production of acetaldehyde during 
alcoholic fermentation. under the conditions chosen, no significant results were found 
for other vinification parameters. The acetaldehyde and malic acid degradation kinetics 
of 12 commercial wine laB were investigated in wines of two different grape variet-
ies. overall, the degradation kinetics of malic acid and acetaldehyde were similar and 
acetaldehyde was depleted 0 to 10 days after the completion of malolactic fermentation. 
results demonstrate that new york state wines show room for the reduction of acetal-
dehyde and hence, so2 levels, and that different vinification parameters can be adjusted 
to reduce final acetaldehyde levels.

 Wine Microbiology – c O n T i n U e D
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evaluation of rootstock Performance with Pinot noir on a  
high Magnesium soil

Mark C. Battany* and erin amaral
*university of california cooperative extension, san luis obispo, ca 93401 
(mcbattany@ucdavis.edu)

relatively little information is available regarding the viticultural performance of 
common rootstocks on high magnesium soils. The goal of this project was to evaluate 
the performance of eight rootstocks with pinot noir clone 667 across a range of soil 
exchangeable magnesium levels. Vines were planted in 1998 in a commercial vineyard 
located in the edna Valley south of san luis obispo with the rootstocks 110 richter 
(110r), 44-53 Malègue, freedom, 1103 paulson (1103p), 5 c teleki (5c), st. George, 
1616 couderc (1616c), and Millardet et de Grasset 101-14 (101-14 Mgt). The soil 
exchangeable magnesium content ranged from 25% to >65% of the total soil cation 
exchange capacity. The planting was evaluated annually over four consecutive seasons 
from 2005 through 2008. among the rootstocks, freedom and st. George had con-
sistently lower fruit yields. freedom tended to have a lower average number of clusters 
per vine, while st. George had lower average cluster weights. 101-14 Mgt generally had 
the highest juice soluble solids at harvest, while freedom generally had the lowest juice 
soluble solids. no significant differences were observed in berry weight, juice ph, titrat-
able acidity, or juice potassium concentration among any of the rootstocks. freedom, 
st. George, and 1103p generally had the highest winter pruning weights, while 44-53 
Malègue and 1616c had the lowest. significant differences were observed in bloom 
tissue nutrient contents, but yearly patterns were inconsistent. With increasing soil mag-
nesium level, the berry weight tended to increase, while the cluster number, titratable 
acidity, and pruning weight tended to decrease.

Funding support: pacific Vineyard company.

breeding for salinity Tolerance in Vitis

Kevin P. Fort and M. andrew Walker*
*department of Viticulture & enology, university of california, davis, ca 95616 
(awalker@ucdavis.edu)

soil salinity is becoming increasingly problematic in california vineyard soils and is 
accentuated by drought and the inability to leach salts from the rooting profile. as 
early as 1968, field studies reported as much as a five-fold difference in foliar chloride 
accumulation when Vitis vinifera cultivars are grafted onto non-vinifera rootstocks. The 
rootstock ramsey (V. champinii) exhibited the most consistent nacl tolerance in these 
trials. however, ramsey often induces excessive vigor in the grafted scion and can lead 
to dense canopies, poor quality fruit, and reduced bud fruitfulness. efficient breeding of 
grapevine rootstocks for both salt tolerance and scion devigoration requires a green-
house-based assay capable of evaluating numerous test plants in a short period of time. 
attempts to develop such a screen over the past 40 years have resulted in data that is 
comparable to field data, but for unknown reasons results in relatively small differences 
in chloride uptake; that is not significantly different between rootstocks and V. vinifera; 
or that is opposite to phenotypes observed in the field. We therefore developed and 
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tested three separate assays to define the relative merit of a high input, low throughput 
system (hydroponics), a moderate input, moderate throughput system (greenhouse-
based ebb and flow), and a low input, high throughput system (shadehouse-based ebb 
and flow). projects for 2009 are designed to uncover physiological artifacts that appear 
to have confounded previous grapevine salinity screening projects.

Funding support: california Grape rootstock improvement commission, california 
Grapevine rootstock research foundation, american Vineyard foundation, cdfa 
fruit tree, nut tree and Grapevine improvement advisory Board, california table 
Grape commission, and the louis p. Martini endowed chair.

breeding Grape rootstocks for lime and Drought Tolerance

Laszlo Kocsis,* Gizella jahnke, erik tarczal, Gitta Molnar Kocsisne, and janos Majer
*department of horticulture, university of pannonia, Georgikon faculty, Keszthely, hungary 
(kocsis-l@georgikon.hu)

Grapevine rootstock breeding commenced in the 1970s at the Georgikon faculty 
of pannon university by using genetic resources from a collection of 118 rootstock 
genotypes. The main aim was to develop highly lime tolerant rootstocks, because ap-
proximately one-half of hungary’s grape regions suffer from lime-induced chlorosis. The 
lime content in some of these soils even precludes the use of the teleki rootstocks. to 
begin the program the rootstock collection was characterized by morphological traits 
and analysis of dna. next, parents were chosen to accentuate lime tolerance and ease 
of propagation. as the program progressed drought tolerance was also added to the suite 
of breeding goals. seedling populations were made in the mid-1990s after parents had 
been characterized and selected. Their evaluation continues. after initial morphological 
evaluation, 96 genotypes (93 rootstocks and 3 Vitis vinifera l. cultivars) were evaluated 
with 19 ssr primers. The primers were chosen from each chromosome to give well-
defined heterozygosis and to begin the process of developing a genetic linkage map on 
which lime and drought tolerance could be mapped. The results of this preliminary ssr 
analysis show high heterozygosity and polymorphism among the genotypes and a broad 
range of diverse ssr alleles among the rootstocks and V. vinifera cultivars.

Funding support: hungarian scientific research fund (project no. K 73708).

rootstock influence on cabernet sauvignon and Merlot Vine  
Performance in california’s central coast

Yannis Toutountzis,* sharon Benes, and larry Williams
*department of plant science, california state university, fresno, ca 93740   
(yannis@csufresno.edu)

a two-year study was conducted in an irrigated vineyard near paso robles, califor-
nia to evaluate the effects of six extensively used rootstocks—5c teleki (5c), so4, 
3309 couderc (3309c), 140 ruggeri (140r), 110 richter (110r), and 1103 paulsen 
(1103p)—on the viticultural and enological performance of cabernet sauvignon (clone 
7) and Merlot (clone 3) grapevines (Vitis vinifera l.). The experimental design was a 
randomized complete block design with each block of six rootstocks on one cultivar 

 rootstocks and Water – c O n T i n U e D

Bold type indicates presenting author

Thursday Oral Abstracts (Research Reports)
2009 Technical absTracTs cOnTinUeD 



j u n e  2 3 r d  –  2 6 t h ,  2 0 0 9  —  n a p a ,  c a l i f o r n i a 79
table of contents       list of authors

*indicates corresponding author

Thursday Oral Abstracts (Research Reports)
2009 Technical absTracTs cOnTinUeD

 rootstocks and Water – c O n T i n U e D

replicated six times. Viticultural performance measurements during the two seasons 
(2007 and 2008) included vine vegetative growth (shoot number per vine prior to shoot 
thinning and pruning weights), vine yield components (cluster number per vine prior 
to shoot thinning, cluster number at harvest, yield per vine, cluster weight, number of 
berries per cluster, and berry weight), seasonal vine nutrient status (total n, no3-n, p, 
and K concentration in petioles/blades at bloom, veraison, and harvest), and leaf water 
potential (midday Ψl measurements prior to irrigation events). enological performance 
measurements during the same two seasons included grape must composition for 
grapes harvested at the same soluble solids levels (ph, titratable acidity, yeast assimilable 
nitrogen, ammonia, and potassium) and wine phenolic composition (tannins, total 
anthocyanins, polymeric anthocyanins, and catechin). preliminary results indicated 
significant differences among the rootstocks on vegetative growth measurements (prun-
ing weights/ravaz index) and yield components (yield per vine and cluster weight). 
Grape must composition also varied significantly among the treatments. although vine 
seasonal nutrient status was not significantly affected by rootstock selection.

Funding support: aseV scholarship, california state university, fresno, j. lohr Vine-
yards and Wines, and Kearney agricultural center.

location and rootstock effect on Free amino acid and Phenolic  
composition of Grape cultivars

Daniel M. Person and douglas o. adams*
*department of Viticulture & enology, university of california, davis, ca 95616   
(doadams@ucdavis.edu)

it was previously shown that Merlot fruit from the oakville experimental station in 
napa Valley grown on 1103p accumulated 1.7 times as much free amino acids as fruit 
from 101-14 Mgt with no significant effect on tannin, iron-reactive phenolics, or antho-
cyanin. Berries sampled at commercial maturity were frozen, the skin was removed, and 
the seeds separated from mesocarp tissue. components were ground in liquid nitrogen 
and extracted with 80% etoh for amino acid analysis or 70% acetone for phenolic 
analysis. free amino acids were determined by hplc. protein precipitated tannin and 
iron-reactive phenolics were measured using ferric chloride, and anthocyanins were as-
sayed by ph change. This study confirmed the observation with Merlot at the oakville 
site and showed the rootstock effect on amino acid accumulation in the fruit to be 
reproducible between years. samples of pinot noir (san louis obispo) and sauvignon 
blanc (Monterey county) showed a similar effect, but cabernet sauvignon (oakville 
station), syrah (Washington state), and chardonnay (Washington state) showed the 
opposite effect, that is, greater accumulation of amino acids in fruit from 101-14 Mgt 
grafted vines. chardonnay grown in Monterey county showed no appreciable rootstock 
effect on free amino acid content. The effect of rootstock on amino acid accumulation in 
the fruit appears to be variable and perhaps dependent on rootstock-soil interactions. We 
also observed a small but consistent increase in phenolic composition (expressed as per 
gram berry fresh weight) in fruit grown on 101-14 Mgt across locations, not observed 
in the previous study.

Funding support: american Vineyard foundation and the Viticulture consortium.
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Use of carbon isotope Discrimination on Grape sugar as a Tool  
for Practical Vineyard Management

Cornelis van Leeuwen,* olivier trégoat, david pernet, jean-philippe roby, nicolas 
cellié, and jean-pierre Gaudillère
*enita de Bordeaux, isVV, université de Bordeaux, 33175 Gradignan, france 
(k-van-leeuwen@enitab.fr) ¡

Vine water status has a major impact on grape composition and wine sensory attributes. 
Many techniques have been developed over the years to assess vine water status. Most 
of them need extensive field measurements, which limit their practical use for vine-
yard management. carbon isotope discrimination (13c/12c ratio, or δ13c) measured 
on grape sugar at harvest time is an integrative indicator of vine water status. it can be 
measured by mass spectrometry on grape juice and it does not need any intervention 
in the field other than grape sampling at harvest. hence, many measurements can be 
carried out at a reasonable cost, making this method available for vineyard management 
purposes. in irrigated vineyards, high-quality fruit is produced with fine-tuned deficit 
irrigation. δ13c measurements on grape sugar allow validating irrigation strategies by 
showing which plots received too little or too much irrigation water. δ13c measurement 
provides wineries that purchase grapes with a practical tool to assess if deficit irriga-
tion was implemented in the vineyard. Grape quality for red wine production is closely 
related to the level of water deficit the vines have been subject to during the growing 
cycle. δ13c could be used as an indexation tool for establishing the price of the grapes. 
in dry-farmed vineyards, δ13c values are closely related to the water-holding capacity 
of the soil, canopy architecture, and the climate of the vintage. Vine water status is a 
major component of terroir expression. Because many measurements can be carried out 
at a reasonable cost, δ13c is a powerful tool to map vine water uptake conditions and 
can thus be used in terroir zoning studies. Vine water deficit promotes shoot-growth 
slackening, reduces berry size, and increases grape anthocyanin content. hence, these 
parameters are well-correlated with grape δ13c measured at ripeness.
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evaluation of Potassium during commercial-scale red Wine  
Fermentations and Model Wine extractions

James F. Harbertson* and eric harwood
*school of food science, Washington state university, prosser, Wa 99350 (jfharbertson@wsu.edu)

potassium is the most abundant inorganic element found in wine and is present in the 
skins, seeds, and pulp of the grape. potassium forms soluble and insoluble salts with the 
major organic acids found in grapes and plays a significant role in determining wine 
ph. it is generally thought that potassium is extracted from the various tissues during 
fermentation, although little data exists to support this assumption. commercial-scale 
fermentations were carried out that varied contact time and finished alcohol content. 
comparison of treatments showed the control had statistically greater potassium 
concentration than the high ethanol and extended maceration treatments. potassium 
was measured throughout the fermentations and peaked after crushing, diminished 
during the period of skin contact, and thereafter remained constant (up to 161 days). 
comparison of grape and pomace potassium contents revealed that a small amount of 
potassium is extracted from the seed during fermentation, whereas skins showed adsorp-
tion of potassium during the same period. Model wine extractions from grape skins 
showed that potassium extraction increased by lowering ph, suggesting that negatively 
charged polysaccharides in the grape skins may be forming ionic bonds with potassium. 
Model wine extractions of grape skin showed that the combined effect of ethanol and 
potassium concentration both limited the extraction of skin potassium and increased 
potassium adsorbed to the skin than in original fruit. The model solution work demon-
strated that the key factors in retaining and adsorbing potassium in skins were ethanol 
and potassium concentration in must/wine or model solution.

Funding support: Washington Wine Grape funds.

naturally Occurring spatial Variability in canopy biomass impacts  
Flavor and aroma compounds in riesling

James M. Meyers,* Gavin l. sacks, and justine e. Vanden heuvel
*field of horticulture, cornell university, ithaca, ny 14853  (jmm533@cornell.edu)

naturally occurring spatial variation within vines can create localized variability in 
canopy biomass distribution and microclimate even among neighboring vines that are 
subjected to the same trellising, training, and cultural practices. to investigate the influ-
ence of this “nanoclimatic” variability on fruit chemistry, we selected 12 panels from 
each of three blocks of commercially managed riesling in the new york finger lakes. 
canopy architecture and biomass distribution were measured using the recently devel-
oped methods of enhanced point quadrat analysis and calibrated exposure mapping for 
all panels at veraison. The fruit from each panel was individually harvested and pressed. 
panel juice samples were blended to create treatments of low, medium, and high average 
cluster exposure (22%, 34%, and 40% ambient sunlight, respectively). The resulting 
juice was quantitatively analyzed by Gc-Ms to measure levels of free and bound aroma 
compounds, including cis-3-hexen-1-ol, linalool, α-terpineol, β-damascenone, geraniol, 
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and phenylethyl alcohol. results revealed substantial variability in panel-level aver-
age cluster exposure within the same block (mean 32% of ambient light, ±8%, range 
15–46%). analysis revealed correlations between increasing average cluster exposure in 
the blended juice treatments and concentrations of both cis-3-hexen-1-ol (-55%, p < 
0.05, r = 0.66) and α-terpineol (-12%, p < 0.01, r = 0.65). The quantitative nature of 
the results has implications for improved precision and economic efficiency of cultural 
practices aimed at influencing fruit quality.

effect of Yeast composition and Vinification strategy on sensory  
Perception and Flavor composition

Stephan Sommer,* sandra Morsch, Miriam essers, hans-Georg schmarr,  
and ulrich fischer
*state education and research center for Viticulture & horticulture (dlr–rheinpfalz),  
department of Viticulture & enology, neustadt/Weinstraße, Germany  
(stephan.sommer@dlr.rlp.de)

The aim of this study was to clarify the correlation between terroir and the correspond-
ing yeast composition naturally occurring in the vineyard. almost the same factors 
influence the character of wine and the survival and composition of yeast, for example 
microclimate, soil, and green-cover. in cooperation with different wineries, six terroir 
sites were selected and hand-harvested separately under sterile conditions. some of the 
grapes were spontaneously fermented in the wineries, including natural yeast flora from 
the vineyard and established “cellar yeast” found on tanks and working material. other 
grapes were processed under sterile conditions to exclude other microorganisms than 
those from the vineyards. The different yeast genera were identified by pcr and dGGe 
to find differences depending on their origin. analytical “fingerprints” of the wines 
were produced by GcxGc and Ms detection to find differences in flavor composition 
that could be related to yeast composition and activity. results show that fermentation 
strategy and cellar strains are of greater importance to the outcome of fermentation 
than the differences in yeast composition in the vineyards. it also became obvious that 
there is a connection between fermentation time and flavor perception in spontaneously 
fermented wines. on a sensory and analytical basis, wines produced by traditional fer-
mentation strategies like pied de cuve could not be distinguished from those fermented 
by dried active yeast. The results lead to optimized procedures for spontaneous fermen-
tation that combine rich flavor composition from different yeast genera with a higher 
fermentation safety.
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role of Yeast sulfur Metabolism in the Formation of hydrogen sulfide from 
elemental sulfur

Yeun Hong and linda f. Bisson*
*department of Viticulture & enology, university of california, davis, ca 95616 
(lfbisson@ucdavis.edu)

The presence of elemental sulfur in grape must is generally believed to result in the 
production of h2s during the primary fermentation due to the reductive conditions 
created by yeast metabolism. Quantification of the amounts of h2s formed from 
elemental sulfur is difficult because yeast sulfur metabolism also contributes to the ap-
pearance of h2s. The goal of this study was to evaluate the impact of elemental sulfur 
addition on strains with differing abilities to reduce sulfate to sulfide. strains deficient 
in sulfite reductase were generated and tested for the appearance of h2s in synthetic and 
natural juices directly spiked with elemental sulfur. These media contained sufficient 
natural levels of methionine to allow equivalent growth and fermentation of the strains. 
derivatives of ucd522 carrying single gene modifications at the MET10 locus were 
used: 117 (met10∆/met10∆), 146 (met10∆/MET10-932), 144 (met10∆/MET10-522), 
145 (met10∆/MET10-288), and ucd522 (MET10-522/MET10-522). strain 117 does 
not contain a functional sulfite reductase and strain 146 contains an allele of sulfite 
reductase that does not lead to sulfide release. These strains behaved very similarly: trace 
amounts of h2s were formed at the lowest level of inorganic sulfur with higher detect-
able levels produced as the level of elemental sulfur increased. The other three strains 
produced much higher h2s levels under all conditions and there appeared to be only a 
modest impact of the presence of inorganic sulfur. This study confirms the production 
of hydrogen sulfide in the absence of yeast sulfur metabolism, but at low levels.

Funding support: american Vineyard foundation and the california competitive Grant 
program for research in Viticulture and enology.
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Updated analysis of climate-Viticulture structure and suitability  
in the Western United states

Gregory V. Jones*
*department of environmental studies, southern oregon university, ashland, oregon 97520 
(gjones@sou.edu)

While tremendous advances have occurred in spatial climate data products, no large-
scale update to our understanding of climate-viticulture structure and suitability for the 
western united states has been done in the last three decades. The goal of this research 
is to better document the climate structure in wine-producing regions throughout 
california, oregon, Washington, and idaho, making comparisons between regions in 
the u.s. and elsewhere in the world more realistic. The research uses the 1971-2000 
prisM 400m climate grids to assess four climate parameters commonly used to charac-
terize climate suitability for viticulture and wine production: the Winkler index (degree-
days), the huglin index, the biologically effective degree-day index, and average growing 
season temperatures. The data are assessed and depicted as spatial averages of the climate 
parameters over 135 american Viticultural areas in the western u.s. The method takes 
into account the entire region (not individual stations) and the relative relief of the 
growing regions to provide a much better representation of the spatial climate suitability 
in each region. The research also provides the first comprehensive comparison of the 
huglin index in the u.s. and develops greater latitudinal adjustment factor for calculat-
ing the index that can be applied elsewhere. The methods developed in this work are 
also being applied to other wine regions throughout the world (europe, australia, new 
Zealand, south africa, and south america) with the goal of producing a worldwide set 
of similar data in which to make appropriate climate comparisons. 

Weather, climate, characteristics, and Prices of california Winegrapes

Calanit Bar-Am* and daniel a. sumner
*agricultural issues center, university of california, davis, ca 95616  (cebaram@ucdavis.edu)

prices of winegrapes grown in california differ dramatically across climatic regions and 
varieties. surprisingly there are only few studies that empirically estimate relationships 
among climate, weather, fruit composition, and price. a biophysical relationship be-
tween weather and harvest Brix is known to exist, although the relationship varies across 
varieties, soil, and topography and may be controlled to some extent by winegrowing 
practices. in some cases prices are determined before weather and specific characteristics 
of grapes are known. climate affects the price of winegrapes mainly through long-term 
reputation, and weather affects vintage-to-vintage spot prices. We use time-series cross 
sections of weather and winegrape data over several decades to model and document 
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the effect of weather and climate on characteristics and prices of winegrapes grown in 
17 crush districts in california. estimation is divided to three parts: weather and Brix 
relationship, Brix and price relationship, and weather, climate, and price relationship. 
each crush district is considered a separate market. nonetheless, grapes grown in dif-
ferent crush districts in california are in direct competition and their price is jointly 
determined. Therefore weather, climate, and grower adaptation to weather and climate 
in each region affect the price of winegrapes grown in competing regions. We use these 
historical relationships to simulate the potential effects of climate change on california 
winegrape industry. 

Vineyard-scale climate Variability, Vine light intensity, and Pinot noir Phenolic 
composition

Kimberly Nicholas Cahill,* Mark a. Matthews, christopher B. field,  
and david B. lobell
*department of Viticulture & enology, university of california, davis ca 95616  
(kncahill@ucdavis.edu)

We conducted a three-year field study to correlate tannin, anthocyanin, and iron-
reactive phenolic concentrations from commercial pinot noir vineyards in the carneros 
and sonoma Valley appellations with climate statistics derived from hourly temperature 
measures from each vineyard site. We used several statistical approaches to identify key 
phenologically based periods influencing phenolic concentration at maturity, including 
correlation and regression trees, factor screening, principal components analysis, and 
pairwise correlations. The results from these statistical models suggested that cool condi-
tions in the fall the year before harvest, warm temperatures from budburst to bloom, 
and cool temperatures from bloom to veraison were positively correlated with concen-
trations of all three classes of phenolics, although not all trends were significant. antho-
cyanins were positively correlated with moderate temperatures from veraison to harvest. 
tannins were also significantly increased by warm nights preceding budburst and warm 
days from budburst to bloom. We measured relatively high levels of light interception 
(for n = 561 vines, the mean interception of photosynthetically active radiation was 
36%) and found that increased light levels were significantly correlated with lower levels 
of all three classes of phenolic compounds in this study.

Funding support: david and lucile packard foundation stanford Graduate fellowship 
and the school of earth sciences, stanford university.
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Gas exchange of Field-Grown cool, Warm, and hot climate Grapevine  
Varieties in West Texas

Thayne Montague,* ed hellman, and Mike Krawitzky
*department of plant and soil science, texas tech university, lubbock, tX 79409  
(thayne.montague@ttu.edu)

Throughout growing seasons in west texas, grapevines are subjected to a variety of 
temperature extremes. Therefore, to assist growers when selecting adapted varieties, 
evaluations must be conducted under climatic conditions found in the region. This 
research evaluated gas exchange of field-grown (planted spring 2006) Vitis vinifera 
varieties subjected to variable leaf temperatures. cool climate (pinot noir), warm 
climate (cabernet sauvignon and Merlot), and hot climate (Grenache and Mourvedre) 
varieties grafted to 110r rootstocks were arranged in a randomized complete block de-
sign with four blocks and five vines of each variety within each block. on seven dates 
during the 2008 growing season, midday photosynthetic rate, stomatal conductance, 
and leaf-to-air vapor pressure deficit were measured with a li-cor 6400 on two leaves 
from three vines within each block. Measurements were made at leaf temperatures 
ranging from 24 to 40°c. leaf chamber light levels were maintained near 2,000 par. 
Gas exchange measurements at low leaf temperatures indicate Grenache and Mourvedre 
(hot climate varieties) had lower gas exchange rates when compared to other variet-
ies. however, our data suggest at greater leaf temperatures cabernet sauvignon (warm 
climate variety) generally maintained gas exchange at the greatest rate. in addition, gas 
exchange levels for Mourvedre at high leaf temperatures were less when compared with 
other varieties. additional research through the 2009 growing season will give further 
insight to the adaptability of these varieties to the west texas climate.
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effects of Pulsed energy Field Treatments on White Winegrapes

Mauri Anderson, dan singleton, jason sanders, Martin Gundersen,  

and andrew Waterhouse*
*department of Viticulture & enology, university of california, davis, ca 95616 
(alwaterhouse@ucdavis.edu)

The effects of pulsed electric field (pef) treatments on chardonnay (carneros aVa), 
sauvignon blanc (carneros aVa), and trebbiano toscano (oakville aVa) were studied 
in 2008. electroporation of the cell membrane via pef has been demonstrated in 
grapes. in this study an electrical field was generated which was applied to grapes after 
gentle crushing. Three main treatment types were performed using three different pulse 
durations of 12 ns, 200 ns, and 2000 ns. further, the number of pulses administered for 
each pulse length was varied by using 100, 200, and 800 pulses. application of pef was 
shown to increase juice yield 30% in chardonnay, 35% in sauvignon blanc, and 20% 
in trebbiano toscano. interestingly, the pef treatment that attained maximum juice 
yield was different for each variety. spectral measurements on juice at 280 nm (total 
phenols) and 420 nm (browning) were recorded and individual phenolic compounds 
were analyzed by hplc. Most treatments generally reduced browning with statistical 
significance compared to the control. This was confirmed by visual observation. While 
browning was reduced, phenolic content measured by uV absorption at 280 nm and 
several individual phenolic compounds quantified by hplc were significantly in-
creased. in this study the application of pef demonstrated significant impacts on juice 
yield and quality. presently, pef technology is used for various functions in the food 
industry. Benefits to the wine industry, including economic, are foreseen.

inhibition of Powdery Mildew by improved Vineyard sunlight exposure

Craig N. Austin,* alan n. lakso, robert c. seem, duane a. riegel,  
and Wayne f. Wilcox
*cornell university, nysaes, Geneva, ny 14456  (cna8@cornell.edu)

it is commonly observed that severity of grapevine powdery mildew, caused by Erysiphe 
(Uncinula) necator, is lower on tissues exposed to full sunlight than those in the shade. 
however, the magnitude of this effect and its causes has received little study. We have 
decreased the severity of powdery mildew on fruit by up to 50% and on leaves by up to 
87% compared to those in shaded conditions by manipulating the vineyard canopy to 
promote sunlight exposure. environmental monitoring of the mesoclimate showed no 
differences in ambient air temperature or relative humidity in the sunny versus shaded 
portions of the canopy. however, the midday surface temperatures of fully exposed 
leaves were 5 to 15°c higher than those of shaded leaves and frequently in a range det-
rimental to fungal development or survival. furthermore, ultraviolet radiation (uV-B) 
levels in the shaded areas averaged 90% less than in the direct sun. in subsequent experi-
ments, a uV-filtering material was placed over sun-exposed vines to provide tissues that 
were heated by the sun but protected from uV radiation. on these vines, disease severi-
ties on leaves and clusters were intermediate between the shaded (most severe) and sun-
exposed (least severe) vines, suggesting that sunlight limits disease development through 
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at least two different mechanisms harmful to E. necator—high substrate temperature 
and exposure to uV radiation. increasing sunlight exposure of fruit via leaf removal at 
fruit set and using a vertical shoot-positioned training system reduced disease severity by 
35% relative to umbrella-Kniffen trained vines without leaf removal.

effect of aba on Vine Physiology and Grape Quality of  
cabernet sauvignon in a cool-climate area

Gabriel Balint* and andrew reynolds
*Brock university, cool climate oenology & Viticulture institute, st catharines, on l2s 3a1, 
canada  (gb05ou@brocku.ca)

The niagara region, where most of the canadian wine industry is located, has to deal 
with high climate variability. in cool years, veraison occurs later and grape ripen-
ing problems occur. recently, abscisic acid (aBa) has been associated with the main 
biochemical processes during grape berry ripening. one of our hypotheses was that by 
applying externally aBa, we can hasten veraison and improve grape quality. two experi-two experi-
ments were set up in one cabernet sauvignon block, located on niagara on the lake, 
ontario, canada. The first experiment had four treatments consisting of full canopy, 
clusters, and leaves sprayed plus an untreated control. The second experiment had three 
treatments represented by rates of 150 and 300 ppm and untreated control. Three rep-
licates were assigned per treatment for each experiment. in each row replicate, the treat-
ments were randomly assigned and equally distributed. Berries and leaf samples were 
collected after each treatment. transpiration and water leaf potential were also recorded. 
at harvesting, yield components and berry composition were analyzed. after four weeks 
from experiment initiation, clusters from control still had 20% green berries. The aBa 
application hastened the onset of veraison, having almost the same effect in all treat-
ments. however, the magnitude of physiological effects varied with aBa concentration 
and its uptake rate in the vine. The highest uptake rate of aBa was found on leaves and 
the lowest on berries. lower rate of aBa applied on whole canopy had a better effect on 
fruit quality then high rate applied only on clusters.

Greenhouse Testing conditions can alter expression of Pierce’s  
Disease resistance

Jeremiah E. Baumgartel and M. andrew Walker*
*department of Viticulture & enology, university of california, davis, ca 95616 
(awalker@ucdavis.edu)

The long-term solution to pierce’s disease (pd) is resistant cultivars. a pd-resistance 
breeding program has been underway for many years at uc davis. This program de-
pends on a very specific greenhouse-based evaluation for resistance, which can be greatly 
influenced by environmental conditions. a series of three experiments was carried out 
to examine alterations in the expression of pd resistance under greenhouse conditions, 
which included the effects of pot size (6-cm sub-irrigated and 10.5-cm drip-irrigated), 
bacterial inoculation level (104, 105, 106, and 2.5 x 106 cfu/ml cell suspension), and 
length of postinoculation period (7, 10, and 13 weeks) on symptom development, and 
pathogen populations. The impact of cutting back the shoots prior to inoculation was 
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also tested. a second experiment used three pot sizes (including an intermediate size). 
The vertical height and spacing of the vines were also altered to assess the role of leaf area 
and plant density resistance expression. a third experiment tested the effects of shading 
and light availability on pathogen populations. results showed a significant effect of 
cutting back before inoculation, length of postinoculation period, pot size, plant density, 
and light level on pathogen populations in stem tissue of resistant genotypes. inoculation 
level had no effect above a threshold inoculum level of 105 cfu/ml (2,000 cells).

Funding support: cdfa pierce’s disease Board, american Vineyard foundation, and 
louis p. Martini endowed chair.

Phytotoxicity of 2,4-D spray Drift to Grapevine: symptomatology,  
Micromorphology, and cytology

Bhaskar Bondada* and Markus Keller
*department of horticulture & landscape architecture, Washington state university, richland, 
Wa 99354  (bbondada@wsu.edu)

The auxin hormone mimic 2,4-d (2,4-dichlorophenoxy acetic acid) is generally not 
used in grape production due to its herbicidal properties specific to plants with broad 
leaves; however, grapevines are injured by 2,4-d, which enter the vines through spray 
drift and vapors. The objective of this study was to elucidate the symptomatological, cy-
tological, and micromorphological characteristics of 2,4-d injury to grapevine. shoots 
with phytotoxicity symptoms of 2,4-d displaying zigzag internode growth were identi-
fied from a vineyard. tissues from injured leaves were prepared for examination with 
light and electron microscopy. The leaves affected by 2,4-d were grotesque, ranging 
from fan to funnel shape with thick fasciated bleached veins and pointed leaf margins. 
leaves were puckered with raised areoles on the adaxial surface and correspondingly 
deep grooves on the abaxial surfaces. The trichomes, petioles, and the compound buds 
in its axil appeared to be healthy. The adaxial epidermal cells were enlarged; some of 
them underwent periclinal and tangential divisions. The abaxial surface developed 
unevenly because of excessive proliferation of cells. Within an areole there existed a 
malformed palisade parenchyma as tightly packed oval-shaped cells with no air spaces. 
The stomatal morphology and its position were altered; they were not coplanar to the 
epidermal surface and an irregular growth extended from the upper rim of the stomatal 
pore. Grapegrowers and winemakers can use the knowledge of morphological and 
cellular modifications as a diagnostic tool to identify 2,4-d injury and rectify it using 
appropriate measures.

chelating agents: a new Tool in Preventing Wine Oxidation

Annegret Cantú, adrianna Gozza, ryan j. elias, and andrew l. Waterhouse*
*department of Viticulture & enology, university of california, davis, ca 95616 
(alwaterhouse@ucdavis.edu)

oxidation affects the stability and sensory proprieties of wines, and thus, it is a major 
concern in the winemaking process. The chemical bases of wine oxidation are still not 
completely understood. The knowledge of the mechanisms underlying wine oxidation 
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will potentially help with reducing wine deterioration and achieving better results when 
a moderate wine oxidation is desired in order to stabilize color and reduce astringency. 
our research focuses on the role of oxygen and metal catalysts in wine oxidation. trace 
metals are present in wine and have been proven to initiate chemical oxidation of wine 
components. We hypothesize that the addition of chelating agents to wine will inhibit 
oxidation by sequestering metal catalysts. results in our laboratory confirmed that the 
presence of iron (5 mg/l) and copper (0.15 mg/l) accelerated acetaldehyde formation 
and oxygen depletion, markers of oxidative processes in model wine solutions. We re-
port the effect of a number of different metal chelators (e.g., ethylenediaminetetraacetic 
acid, ferrozine, and phytic acid) on wine oxidation. a decrease in oxygen concentration 
is used as a marker for oxidation. Both model wine solution and red wine containing 
chelator and catalytic trace metal concentrations were monitored for oxygen depletion 
using fluorescent sensor dots. The goal of this research is to provide winemakers with 
effective tools for controlling wine oxidation.
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impact of heat, ethanol, and acid Preadaptation on Viability  
of Saccharomyces cerevisiae after Drying

Son Chu-Ky,* ha-hai nguyen, chi-dung nguyen, and Thanh-Mai le
*institute for Biological and food technology, hanoi university of technology, hanoi, Vietnam 
(chukyson-ibft@mail.hut.edu.vn)

This study was aimed at improving viability of winemaking yeast Saccharomyces cer-
evisiae after spray and freeze-drying processes by preadapting yeast to moderate heat, 
ethanol, and acid stresses. Saccharomyces cerevisiae up3oy5 strain was harvested in 
the middle of stationary phase and spray dried at an inlet temperature of 130°c and 
an outlet temperature of 60°c with carriers such as skimmed milk, maltodextrine, and 
sucrose. use of 10% (v/v) skimmed milk as a carrier gave the highest viability (8%) of 
the three treatments of nonadapted cells. Before yeast cells were spray dried, long-term 
adaptation was performed by cultivating yeast in the presence of 8% ethanol (v/v) or at 
acid ph (3.5) and short-term adaptation was performed by shocking yeast at 45°c for 
60 min. adaptation to ethanol appeared to be most effective in improving yeast viabil-
ity. The viability of ethanol-adapted yeast was five-fold higher than that of nonadapted 
yeast after spray drying with maltodextrine as a carrier but remained low (only 16% of 
viability recovered after spray drying versus 3.0% without adaptation). Therefore, spray 
drying did not seem effective as a dehydrating method. The same adaptations were used 
before freeze-drying yeast in order to increase yeast viability. The influence of heat, etha-
nol, and acid preadaptation on changes in membrane composition was also investigated. 
fatty acid profiles of the membranes of adapted yeasts were analyzed by gas chromatog-
raphy and the membrane physical state was assessed by differential scanning calorimetry.

Funding support: international foundation for science (sweden) and Ministry of  
education and training (Vietnam).

Brettanomyces bruxellensis incidence and Diversity in italian Wines  
as Determined by Molecular Methods

simona campolongo, Kalliopi rantsiou, Manuela Giordano, Vincenzo Gerbi,  
and Luca Cocolin*
*university of turin, 10095 Grugliasco, turin, italy  (lucasimone.cocolin@unito.it)

The yeast Brettanomyces produces volatile phenols and acetic acid. The uncontrolled 
accumulation of these molecules in wine leads to sensorial defects that compromise 
wine quality. in this work we present a multidisciplinary approach for the investigation 
of Brettanomyces bruxellensis presence in wine and the correlation between ethyl phenols 
content and Brettanomyces ecology. for the detection and quantification of B. bruxel-
lensis in 87 different wines from liguria and piedmont regions in northwest italy, we 
have applied qpcr directly in the wine, as a culture independent method, as well as 
a traditional culture dependent method to define the incidence of B. bruxellensis. fur-
thermore, headspace solid-phase microextraction was used to quantify ethyl and vinyl 
phenol in wines. finally, molecular characterization of the 217 B. bruxellensis isolated 
strains was performed for a better knowledge of strain biodiversity. The combination of 
these methods led us to the conclusion that an increase in the B. bruxellensis population 
is not directly correlated to an increase in vinyl and ethyl phenol content.
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effect of interaction between Yeast and Malolactic bacteria  
during simultaneous inoculation in Must

Giuseppe Comi,* Marco Vendrame, lucilla iacumin, Marisa Manzano,  
albano Vason, and enrico Bocca
*department of food science, agraria faculty, university of udine, udine, italy  
(giuseppe.comi@uniud.it)

Malolactic fermentation (Mlf) can be indispensable for the production of red and 
white cool-climate wine. it leads to a deacidification and to aroma modification, and 
consequently improves the sensory quality of wines. for these reasons it is encouraged 
either during the final phase of alcoholic fermentation or after its conclusion. Malolac-
tic bacteria (MlB) can be added after completion of alcoholic fermentation (af) of 
yeasts or in simultaneous inoculation. The use of simultaneous inoculation could lead 
to stuck af, to the increasing of acetic acid concentration because of the yeast/bacteria 
competition in the must; in contrast, the inoculation of MlB after the af could remain 
difficult to achieve because of the inhibitory effect of ethanol and acidity of wines. 
considering that the simultaneous inoculation of yeast and MlB in must remains 
controversial, the aim of our work was to evaluate its effects on fermentation kinetics 
and key wine parameters (ethanol, acetaldehyde, glycerol, lactic and acetic acids) of 
Moscato must. four commercial yeast and four MlB were tested in 16 combinations in 
Moscato must. results demonstrated that the simultaneous af/Mlf did not have any 
negative impact on fermentation kinetics and success or on final key wine parameters. 
acetic acid concentration was low in all the combinations and the fermented products 
obtained were acceptable for consumption. significant differences were found with 
regard to the yeast/bacteria growth, final ph, total acidity, and ethanol, lactic acid, and 
glycerol concentrations among the yeast/bacteria combinations.

effect of aging on the sensory Properties of Pinot noir Wines

Alexandra Farber, Valerie arechiga, Ming-jen tsay, and jean-Xavier Guinard*
*department of food science and technology, university of california, davis, ca 95616 
(jxguinard@ucdavis.edu)

twenty commercial pinot noir wines from the 2001, 2002, 2003, and 2004 vintages 
were evaluated by descriptive analysis by trained panels, first when they were released 
on the market (in 2005) and then four years later (in 2009). The basic composition 
of the wines (e.g., residual sugar, ph, titratable acidity, ethanol, tannins, color) was 
also measured by instrumental means. The matrices of mean attribute intensity ratings 
across the wines were analyzed by cluster analysis (ca), principal component ananlysis 
(pca), and canonical variate analysis (cVa), and the relation between the instrumental 
and sensory measures was investigated with partial least square (pls) regression. We 
also used regression techniques to find predictors of aging patterns among the origi-
nal instrumental and sensory measures. The number of sensory attributes evaluated 
increased from 17 in the original descriptive analysis to 25 for the aged wine evalua-
tion, indicative of the new sensory qualities that emerged upon aging. overall, fruity 
characteristics, astringency, and red color subsided with aging and were replaced with 
attributes indicative of phenol polymerization or, for a number of wines, oxidation. The 
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off-flavors found in some of the original wines increased upon aging. for the most part, 
the wine cluster structure derived from the cluster analysis was retained upon aging. 
Those wines with sound sensory, chemical, and microbiological bases of fruity attri-
butes, high phenols, and no bacterial or yeast contamination at release proved to have 
the most desirable sensory profiles upon aging.

White Grape extended skin contact Winemaking Technique

Roberto Ferrarini,* enrico M. casarotti, Gianmaria Zanella, and fulvio Mattivi
*disteMeV, università di Verona, san floriano (Vr), italy  (roberto.ferrarini@univr.it)

traditional white wine vinification involves pressing before fermentation. in some cases, 
prefermentative maceration is performed and it rarely continues during fermentation. 
in this work, an extended maceration was conducted in order to produce diversified 
white wines. in recent years different tests with three vinification protocols using Gar-
ganega grapes in Verona (italy) were performed. The maceration period was protracted 
up to 4 months without adding adjuvant products. Wine was chemically analyzed dur-
ing vinification and aging. sensory analysis was performed, comparing extended skin 
contact with a standard white test wine produced from the same grapes. Wine, during 
maceration, must be kept in a reductive environment to avoid polyphenol monomer 
oxidation. in addition, the cap, which is easily oxidizable, must be gently treated (few 
and low volume pumpovers) and the environment must be periodically flushed with an 
inert gas, nitrogen or argon, after fermentation. The use of the extended skin contact 
technique yields wines with different chemical and sensory profiles and, even if the high 
polyphenol content makes the wine sensitive to oxidation, results in interesting complex 
flavor and structure.

First crushing experiences in an inert environment

Roberto Ferrarini,* enrico nicolis, emiliano furlan, Gianmaria Zanella,  
and fulvio Mattivi
*disteMeV, università di Verona, san floriano, italy  (roberto.ferrarini@univr.it)

among prefermentative processes used with white wines, the extraction and the separa-
tion of juice are critical phases. during the time interval between the berry breaking 
(crushing or pressing bunch grapes) and the start of alcoholic fermentation, the juice 
undergoes deep modification because of the action of endogenous and exogenous 
enzymes. enzymatic activity oxidizes not only the phenolic fraction but also the 
aromatic compounds, thereby limiting the varietal expression of wine. conventional 
intervention uses sulfur dioxide, inert gas, and the drop of temperature of either the 
grapes and/or of crushing and/or juice temperature. The use of sulfur dioxide and/or 
ascorbic acid partially resolves the problem with oxidation. use of nitrogen or other 
inert gas for flushing presses reduces must oxygen content. in this research a pilot crush 
and destemmer (Kappa neutral) was used; it was flushed with nitrogen and fed with a 
protected conveyor belt. flushing with an inert gas takes the crushing chamber oxygen 
value to 3.5%. Three vinification protocols, using sulfur dioxide and ascorbic acid, as 
sole addition and mixed together, were tested. a reduction in dissolved oxygen content 
in the inert gas flushed control compared with the nonflushed conventional crushing 
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was observed. analytical data confirmed the higher oxidation in the traditional process; 
while in the inert system, a higher protection of polyphenolic compounds was observed. 
less oxidation was also observed for the most oxidizable components, like hydroxycin-
namoyl tartaric acid and catechins.

Botrytis cinerea noble Form induction on Grapes during Withering

Roberto Ferrarini,* enrico M. casarotti, Gianmaria Zanella, and enrico nicolis
*disteMeV, università di Verona, san floriano (Vr), italy  (roberto.ferrarini@univr.it)

Botrytized wines are very important for their complex and distinct aroma. These wines 
usually come from overripened grapes. Grapes can be overripened on the plant or in 
proper drying rooms. Botrytis cinerea grows in noble form only in specific conditions 
which are not present in every environment. environmental temperature and humid-
ity are changing. also in the Venetian area (italy) drying rooms, the incidence of noble 
Botrytis is less than it was 20 years ago because of climatic changes and less foggy humid 
days during the withering process. in this research Botrytis cinerea noble form was 
induced by setting proper wetting, humidity, and temperature conditions in drying 
rooms. in this way, it is possible to produce botrytized wines from dried grapes in tra-
ditional areas and also in new zones where climatic conditions do not allow the natural 
Botrytis infection.

effect of Viscosity on the Perception of sweet, sour, bitter, ethanol,  
and Viscous Mouthfeel

Scott Frost and hildegarde heymann*
*department of Viticulture & enology, university of california, davis, ca 95616 
(hheymann@ucdavis.edu)

a system of model wines was used to study the interaction of instrumental viscosity 
on the perception of ethanol, acidity, and viscous mouthfeel. two levels of tartaric acid 
(3.5 g/l), two levels of ethanol (10%, 13% v/v), and three levels of measured viscos-
ity (1.6, 1.8, 2.0 cp at 20°c) were selected to create 12 model wines. using standard 
sensory methods, a panel of 12 judges rated each model wine, in triplicate, for sweet, 
sour, bitter, perceived ethanol, and viscous mouthfeel. The results from the sensory 
analysis were analyzed using principal component analysis (pca) and means separation. 
The pca explained a total of 91% of the variation within the first two components. 
The first component accounted for 52% of the variation and separated the model wines 
in the positive direction by ethanol and bitter and in the negative direction by viscous 
mouthfeel and sweet. The second component accounted for 39% of the variation and 
was driven by sour in the negative direction. overall, increasing the instrumental viscos-
ity decreased the perception of sour, bitter, and ethanol, while increasing the perception 
of sweetness and viscous mouthfeel.

Funding support: aseV, Wine spectator scholarship, henry a. jastro and  
peter j. shields research scholarship award.
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Prevention of Grapevine Disease Using antagonistic Microbes

Seiichi Furuya, shunji suzuki,* and tsutomu takayanagi
*laboratory of fruit Genetic engineering, institute of enology and Viticulture, university of 
yamanashi, Kofu, yamanashi 400-0005, japan  (suzukis@yamanashi.ac.jp)

Bacteria with antagonistic activity against Botrytis cinerea, the pathogen responsible for 
gray mold, were isolated from grape berry skins. We evaluated the effectiveness of these 
isolates as biological control agents against several types of grapevine disease. Ks1 was 
identified as a new strain of Bacillus subtilis according to analysis of its morphologi-
cal, physiological, and genetic features. Ks1 suppressed the growth of B. cinerea and 
also Colletotrichum gloeosporioides, a pathogen responsible for grapevine ripe rot. The 
Ks1 isolate was also tested on leaves of Vitis vinifera l. cv. Koshu in an experimental 
vineyard. application of the isolate resulted in a decrease in the frequency and area of 
grapevine downy mildew caused by Plasmopara viticola. in addition to the isolate adapt-
ing well to grapevines, our results suggest that Ks1 has an advantage over commercial 
biological pesticides in that it prevents a broad range of grapevine diseases in vineyards, 
whereas commercial products are effective against only B. cinerea. Therefore, we propose 
that the use of these antagonistic microbes would contribute to the further improve-
ment of integrated pest management systems against grapevine diseases and potentially 
to reducing the amount of agricultural chemicals required for vineyard treatment.

Optimization of Wine Flavor by Masking and enhancing  
Target Flavor compounds

Heleen P. Goorissen, catrienus de jong,* liesbeth pepin,  
and damien lemaire
*niZo food research B.V., 6710 Ba ede, The netherlands  (catrienus.de.jong@nizo.nl)

The presence as well as the absence (in case of off-flavor) of particular aroma com-
pounds in a well-balanced manner modulates the final overall perception and appre-
ciation of alcoholic drinks. typically, in alcoholic beverages these aroma compounds 
are formed during complex fermentation processes and can be analyzed using specific 
chemical techniques. Both the static release (orthonasal perception) and the dynamic 
release (retronasal perception) of aroma compounds are essential. in vivo techniques 
such as olfactometry, gustometry, olfactoscan, Ms-nose and Gc-o can be used to 
study these phenomena in an in vivo manner. We hypothesize that, if you are able to 
understand the aroma-aroma, aroma-taste, and aroma-texture interaction during con-
sumption of wine, it is possible to optimize its flavor by making use of selected starters. 
an in vivo analytical technique (olfactoscan) is used to study aroma-aroma interactions 
in a white wine to mask an off-flavor. a microscale alcoholic fermentation setting in a 
real product matrix is shown for the selection of starters, which are able to produce the 
necessary masking compound. This approach will allow a very selective optimization  
of wines.
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influence of berry Dehydration on berry Fresh Weight and Fruit  
composition during hang Time in cabernet sauvignon Grapes  
in a Warmer region

Sanliang Gu,* yulin fang, Guoqiang du, erik Mallea, sean jacobs,  
and robert Wample
*Viticulture and enology research center, california state university, fresno, ca 93740 
(sanliang@csufresno.edu)

hang time has been practiced by some in recent years as a means to obtain more fully 
developed flavors to enhance wine quality. higher Brix, lower yield, and berry shrivel-
ing are usually observed with later harvest and hang time in warm regions. Berries of 
cabernet sauvignon, grown using conventional drip irrigation and preveraison regu-
lated deficit irrigation in fresno, ca, were sampled with no, slight, medium, or severe 
shriveling in 2007 and 2008 to investigate the impact of berry dehydration on berry 
weight and fruit composition. Berries without visual shriveling did not change much in 
their weight and composition during hang time. irrigation, sampling dates, and cluster 
location in the canopy had only minor influence. however, berry dehydration associ-
ated with visual shriveling had profound impact on berry weight and fruit composi-
tions. increasing degree of berry dehydration resulted in higher Brix, ta, and ph, but 
reduced fruit fresh weight and total anthocyanin content approximately two-fold. Wine 
extractable anthocyanins, phenolics, and tannins were reduced 28-, 3-, and 8-fold, 
respectively, when berry water content decreased from 68% to 52 or 32%. The number 
of dead pedicels increased from 1 to 2% for berries without any shriveling up to 100% 
when berries were dried to raisins. hang time resulting in Brix higher than 26 seemed 
to reduce yield and fruit quality while concentrating sugars and acids. This most likely 
will affect wine quality negatively and should be avoided in warm regions.

Funding support: california state university, agricultural research initiative Grants 
program.

effect of aba application to enhance Fruit color on Vine Vigor,  
Yield components, and Fruit composition in cabernet sauvignon Grapes  
in a Warm region

Sanliang Gu,* erik Mallea, yulin fang, sean jacobs, Guoqiang du,  
and robert Wample
*Viticulture and enology research center, california state university, fresno, ca 93740 
(sanliang@csufresno.edu)

it is well established that aBa application improves fruit color in grapevines. recent 
research reports have demonstrated up to 100% increase in fruit anthocyanin concentra-
tion when clusters were sprayed with aBa to runoff in warm regions. experiments were 
conducted in 2006–2008 to determine the effect of aBa on vine vigor, yield components, 
and fruit composition when applied to enhance fruit and wine color in cabernet sauvi-
gnon in the san joaquin Valley of california. no phytotoxicity symptoms were observed 
from aBa application up to 1200 mg/l. shoot number, fruit set, cluster number, cluster 
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weight, yield, and pruning weight were not affected by aBa applications. Berry fresh 
weight was increased by some aBa treatments but only at a small magnitude. earlier 
aBa application at the beginning of berry softening or coloring resulted in a sharp Brix 
increase during 4 weeks after treatment as well as lower ta and higher ph at harvest in 
2006. however, fruit Brix, ta, and ph were not affected when aBa was applied at fruit 
coloring or later in 2007 and 2008. previous reports suggested greater color enhance-
ment in fruit and wine when aBa was applied at 30% berry coloring or later. The results 
indicate that aBa applications should have no or only very limited influence on vine 
vigor, yield components, and fruit composition when it is applied to improve fruit and 
wine color.

Funding support: california state university, agricultural research initiative Grants 
program, constellation Wines us, and Valent Biosciences corporation.

Phenological resistance of Grapes to Green June beetle Damage

Derrick L. Hammons,* s. Kaan Kurtural, and daniel a. potter
*department of entomology, university of Kentucky, lexington, Ky 40546 
(derrick.hammons@uky.edu)

The green june beetle (GjB), Cotinis nitida l., is a native insect pest that aggregates and 
feeds on ripe grapes. The flight period of the GjB peaks in midsummer, when early-
season grape cultivars are harvested and midseason cultivars are in the later stages of 
fruit ripening. The goal of this research is to evaluate phenological resistance; that is, the 
planting of grape cultivars that ripen outside of the window of peak pest activity as a 
sustainable strategy for reducing beetle injury to ripe clusters close to harvest. six culti-
vars of grapes were evaluated, early-season ripening foch and jupiter, midseason chan-
cellor and st. croix, and late-season norton and chambourcin. By the first harvest date 
on 7 aug, nearly all clusters (95%) on foch, jupiter, and st. croix had been entirely 
consumed by GjB. chancellor grapes were harvested on 14 aug and received only 27% 
crop loss. The late-season ripening cultivars chambourcin and norton had very little 
(5%) or no (0%) damage, respectively. reduced susceptibility of grape cultivars to GjB 
feeding is based on phenological asynchrony. Grapes with berries that ripen outside 
of peak GjB activity are less susceptible to attack and therefore require minimal or no 
insecticidal control of this pest. our data indicate that GjB can completely destroy an 
entire harvest of early-season ripening cultivars of grapes grown in Kentucky if the crop 
is not protected with sprays. Growers of highly susceptible cultivars should be aware of 
the limited chemical control options available for near-harvest use.

Funding support: new crop opportunities center–university of Kentucky (usda 
special Grant) and usda–southern region sustainable agriculture research and 
education Grant.

 enology and Viticulture – c O n T i n U e D



a M e r i c a n  s o c i e t y  f o r  e n o l o G y  a n d  V i t i c u l t u r e98
table of contents       list of authors

hPlc analysis of Methanol in Wines and spirits from  
Finger lakes Grapes

Yong D. Hang* and edward e. Woodams
*department of food science and technology, cornell university, Geneva, new york 14456 
(ydh1@cornell.edu)

This research was undertaken to analyze the content of methanol in wines and dis-
tilled grape spirits made from a variety of american Vitis labrusca and french hybrid 
winegrapes by high-performance liquid chromatography with a Bio-rad aminex hpX 
87h column and a refractive index detector. Three american Vitis labrusca varieties 
(concord, catawba, and niagara) and three french hybrid varieties (new york Muscat, 
Vidal, and Vignoles) grown in the finger lakes wine region of new york state were 
used. each winegrape variety was destemmed, mashed, and fermented under anaerobic 
conditions with red star active dry wine yeast (Saccharomyces cerevisiae Montrachet). 
The concentrations of methanol in the wines varied from 160 mg/l to <350 mg/l, 
depending on the variety of winegrape fermented. The distilled grape spirits produced 
by distillation of the six varietal wines were found to have concentrations of methanol 
ranging from <30 mg to 110 mg per 100 ml 40% ethanol. use of a commercial pectic 
enzyme preparation in the wine production process caused a significant increase in the 
methanol content of the varietal wines and the distilled grape spirits. results indicate 
that the concentrations of methanol found in the distilled grape spirits produced from 
the six finger lakes grape varieties were significantly below the u.s. legal limit of 0.35 
volume percent methanol for brandy.

rootstock and scion influences on Grape and Wine composition

James F. Harbertson,* sandra Wran, Maria Mireles, and Markus Keller
*school of food science, iarec, Washington state university, pullman, Wa 99350 
(jfharbertson@wsu.edu)

although phylloxera is not an immediate threat to vineyards in eastern Washington 
where vines continue to be own-rooted, it still remains a significant threat. our objec-
tive was to determine the effects of rootstock and scion combinations on fruit and wine 
composition. a field experiment was conducted with three winegrape varieties (Merlot, 
syrah, chardonnay) that were either grown on their own roots or grafted to five differ-
ent rootstocks (1103p, 5c, 3309, 101-14 Mgt, 140ru; n = 10). small-lot wines were 
made from the corresponding fruit (n = 5). own-rooted chardonnay wines had the 
highest ph and lowest titratable acidity. Merlot wines showed no differences, except 
1103p and 140ru had significantly greater titratable acidity. own-rooted syrah had the 
highest ph and second highest titratable acidity while syrah grafted to 3309 had the 
lowest ph and highest titratable acidity. all rootstock scion combinations were high in 
proline and low in arginine. only syrah had significant amounts of arginine and had 
relatively lower amounts of proline than the other two varieties. no observed differences 
in alcohol concentration were found for wines within a variety. all of the red wines were 
evaluated for tannin, anthocyanin, and total iron reactive phenolic content at pressing. 
The results show that for Merlot there were no significant differences between any of the 
phenolic components. for syrah there were no significant differences for the tannins 
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and total phenolics; however, some small detectable differences were found for antho-
cyanins. The rootstocks 101-14 Mgt, 1103p, and 5c had significantly greater anthocya-
nins than the other rootstocks and own-rooted vines.

Funding support: northwest center for small fruits.

effect of Deficit irrigation on Tannin and anthocyanin concentration of  
cabernet sauvignon Grapes and Wines from Washington state

James F. Harbertson,* Kerry ringer, William r. riley, and russell smithyman
*school of food science, iarec, Washington state university, prosser, Wa 99350 
(jfharbertson@wsu.edu)

regulated deficit irrigation is considered one of the most important viticultural tools for 
the production of quality grapes and wines. no evidence has been collected in Washing-
ton to date about its effect on the important phenolic classes of tannins and anthocya-
nins, which are responsible for wine astringency and color, respectively. deficit timing 
is an important factor because of the timing of biosynthesis for each of the classes of 
compounds. four experimental deficits were applied: early season, veraison, full season, 
and control. The experiment was carried out in a 27-year-old own-rooted cabernet sau-
vignon block near Mattawa, Washington, in a randomized complete block using north-
south row orientation with four repetitions of each treatment. two-hundred berry 
samples were taken during the season at regular intervals finishing at commercial har-
vest. leaf water potentials were taken throughout ripening. at harvest the full and early 
season deficits had a 10% lower berry weight than the control and veraison treatments 
but were not different in ta, ph, or Brix. The full and early season deficit treatments 
had significantly greater skin tannins and anthocyanins on both a berry and weight basis 
than the veraison treatment and the control. however, on a weight basis the full and 
early season deficit treatments had significantly greater seed tannins. Wines made from 
the various treatments (n = 2) show similar results, although the full-season deficit had 
significantly greater tannins and anthocyanins than the early-season treatment.

Funding support: Washington Wine Grape funds.

Determination of 4-Vinylcatechol in Wine by hPlc-DaD coupled  
with Fluorescence Detection

Masashi Hisamoto,* tohru okuda, shoji nishimoto, Kazue tani,  
Masaki tachibana, hitoshi Koizumi, nobutoshi Kiba, and Koki yokotsuka
*institute of enology and Viticulture, university of yamanashi, Kofu, yamanashi  
(hisamoto@yamanashi.ac.jp)

The yeasts of the genus Brettanomyces/Dekkera are described as the most serious spoilage 
yeasts in wine because of their ability to produce high amounts of volatile phenols. 
These compounds, including 4-vinylphenol, 4-vinylguaiacol, 4-ethylphenol, 4-ethyl-
guaiacol, and 4-ethylcatechol, are the cause of one of the most significant problems in 
winemaking, namely wine off-flavor, which is likened to the smell of wet animal, horse 
sweat, medicine, barnyard, and leather. We have developed a method that employs 
hplc-diode array detection (dad) with a fluorescence detector to analyze volatile 
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phenols, including 4-vinylcatechol (3,4-dihydroxystyrene), in wine. The proposed 
method accomplishes chromatographic separation in a short time. The method was 
validated and the detection limit was 20 g/l for 4-vinylcatechol. Then, we applied the 
method to the evaluation of 4-vinylcatechol concentration in commercial japanese 
wines. 4-Vinylcatechol has a phenolic, pharmaceutical, and smoky odor, and its olfac-
tory threshold in water is 1500 g/l.

effect of Winemaking conditions on the Formation of sulfur Taints  
during sur lie aging

Yeun Hong, julian herszage, susan e. ebeler, and linda f. Bisson*
*department of Viticulture & enology, university of california, davis, ca 95616 
(lfbisson@ucdavis.edu)

sur lie aging contributes positive characteristics to wine, however, sulfur containing 
off-odors (sulfur taints) may also be produced at the same time, negatively impacting 
wine perception. The role of juice ph and grape solids content during the primary 
fermentation on the formation of both h2s and sulfur taints during sur lie aging was 
evaluated using a clarified chardonnay juice. five yeast strains with different abilities 
for h2s production were used to additionally assess the impact of strain background. 
Wines were aged with and without yeast lees in 750-ml bottles and s-volatile com-
pounds were analyzed by Gc. juice ph had no significant effect on the appearance of 
s-compounds. The presence of grape solids during the primary fermentation resulted in 
elevated h2s production in all five strains. The wines produced from juices with higher 
solids content aged in the presence of yeast lees consistently showed higher levels of s-
volatiles: carbon disulfide and ethanethiol. These compounds were generally present at 
levels below their limit of detection, confirmed by compound dosing experiments in the 
control wine. however, some of the wine samples displayed the canned or overcooked 
vegetal notes characteristic of the proposed sulfur taint families. These observations sug-
gest that conditions of the primary fermentation can impact the characters derived sur 
lie. further, although odors characteristic of s-compounds were found in the wines, the 
compounds believed to be responsible for those odors were not present at high enough 
levels to generate the odor, suggesting more complex forces contribute to the off-odor 
formation sur lie.

Funding Support: american Vineyard foundation and california competitive Grant 
program for research in Viticulture and enology.
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evaluation of an enhanced Modified cash still for the Determination of  
Volatile acidity in Wine

Patricia Howe,* susan e. ebeler, and david e. Block
*patricia howe Wines, napa, ca 94581  (pathowe@patriciahowewines.com)

The addition of a Vigreux condenser as an enhancement to the commonly used cash 
Volatile acidity still was tested to evaluate the reduction in lactic acid interference in 
the determination of volatile acidity in wine. use of a modified cash steam still for the 
determination of volatile acidity in wines is an aoac standard method and is used by 
the ttB as a reference method. aoac validation studies beginning in 1939 found that 
lactic acid carryover and several other factors could significantly affect results, but early 
researchers did not quantify these effects. We have previously determined that results 
reported using the modified cash steam still (standard industrywide glassware) were 
frequently the sum of a series of interferences, with little relationship to the actual acetic 
acid levels in the samples. The addition of a Vigreux column was proposed over 60 years 
ago as means to remove lactic acid interference, but was neither tested nor adopted in 
the united states. although the aoac wine analysis committee considered it a worthy 
avenue to pursue, there was little interest because of the lack of widespread malolactic 
fermentation in the wines of that period. in a single laboratory validation of the refer-
ence method using the new enhanced glassware, we tested not only variables existing 
within the sample (such as acetic, lactic, succinic, sorbic, carbonic, and sulfurous acid, 
in addition to the actual ph of the sample) but also variables in performing the test 
(sample volume, distillate volume, condenser/distillate temperature, and boiling rate).

Funding support: constellation Wines usa.
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influence of rootstocks on Growth, Yield, and Fruit composition of Thompson 
seedless Grown in india

Satisha Jogaiah,* jagdev sharma, ramhari G. somkuwar,  
and ajay Kumar upadhyay
*institute for continental climate Viticulture & enology, university of Missouri, columbia, Mo 
65211  (jogaiahs@missouri.edu)

Thompson seedless is the commercial cultivar grown for fresh grape and raisin con-
sumption in india. dog ridge was the only rootstock used by grapegrowers before the 
late 1990s. however, dog ridge induced increased vigor to scions, resulting in reduced 
fruitfulness and fruit yield. to identify alternate rootstocks suitable for this cultivar, a 
study was initiated at national research center for Grapes during 2000. treatments 
included own-rooted Thompson seedless and Thompson seedless grafted on dog 
ridge, 110r, 1103 p, 99r, and st. George rootstock. during initial years, Thompson 
seedless grafted on dog ridge produced the highest yield with acceptable fruit quality. 
however, as the experiment progressed we observed uneven bud sprouting, blank areas 
on cordons, and reduced yield in vines grafted on dog ridge. conversely, Thompson 
seedless grafted on 110r performed well, with moderate vigor, increased fruitfulness, 
and consistently higher yield. Vines grafted on dog ridge and st. George produced 
lower yield owing to increased vigor measured in terms of pruning weight, total shoot 
length, and cane diameter. no significant influence of rootstock was observed for most 
fruit composition parameters. Berry size and appearance was improved by grafting on 
dog ridge and 110r rootstock. own-rooted vines exhibited the smallest berry size. 
Based on the results of this study, the use of 110r rootstock was recommended for 
Thompson seedless grapes.

applying new Methods for Measuring aboveground Vineyard  
Perennial biomass

Keir Keightley*
*Geography department, university of california, davis, ca 95616  (keight@ucdavis.edu)

efforts to characterize the carbon footprint of viticulture are becoming common due to 
increasing interest in the role of various industries in the fate of carbon. Viticulture, like 
arboriculture, is the farming of perennial plantings that accumulate carbon in perma-
nent biomass over one or more decades. in this project, aboveground vine perennial 
biomass was measured across a 20 acre vineyard with the intent of providing a spatially 
informed estimate of standing perennial biomass. spatial variation in these values is il-
lustrated with the use of remotely sensed and destructive harvest techniques. data were 
collected on sampled vines using optical remote sensing, two forms of lidar remote 
sensing and ultimately using destructive harvest. Vine biomass samples ranged between 
0.58 and 4.24 kg and were correlated among three nondestructive biomass estimation 
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techniques. These values provide a basis for the estimation of the total biomass in the 
standing perennial wood. although not part of this study, combining these data with 
commonly recorded harvest and pruning weights provides estimates of total above 
ground biomass as it fluctuates on an annual basis.

Funding support: aseV and the united states Geospatial intelligence foundation.
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effects of conventional and Mechanical canopy Management  
on Performance of cabernet sauvignon

S. Kaan Kurtural* and robert l. Wample
*department of Viticulture and enology, california state university, fresno, ca 93740 
(kkurtural@csufresno.edu)

This study was conducted to evaluate the effects of conventional and mechanical canopy 
management (cM) practices on canopy architecture, yield components, fruit composi-
tion, and their economic benefit on cabernet sauvignon/freedom grapevines. The cM 
treatments included hand dormant-pruned (hp) vines retaining 32 to 40 buds per vine 
with no further cM (control); machine dormant-pruned vines to achieve an estimated 
200% of the desired yield level then hand-pruned (Mp+hp) to a density of 32 to 40 
shoots per vine; and machine-pruned and shoot-thinned vines to achieve an estimated 
130 to 140% of the desired yield when shoots were 10 to 20 cm and machine fruit-
thinned (Mp+Mt). all vines were trained to a bilateral cordon with a foliage support 
wire on a two-wire vertical trellis. The number of count shoots per 30 cm of cordon 
was not affected. however, the number of noncount shoots per 30 cm of cordon for the 
Mp+Mt was 38% higher than the hp and the Mp+hp. regardless of cM method, 
the density of shoots per 30 cm of cordon was 26% and 32% higher at the head and 
the apical end of the cordon, respectively. The midday stem water potential of hp and 
Mp+hp was 10% higher than Mp+Mt after veraison. yield components were not af-
fected by cM. There was no effect of cM on total soluble solids or juice ph. however, 
must anthocyanin of hp and Mp+hp was 20%, 9% higher than Mp+Mt. The labor 
savings of Mp+Mt was 42% and 31% higher than hp and Mp+hp, respectively. This 
study provides valuable information for growers that mechanical cM makes incremen-
tal adjustments for fine-tuning the canopy density and crop level a reality and is more 
cost and time effective.

Funding support: in-kind and cash-in-hand support from oxbo-Korvan corporation.

Understanding Wine scores through sensory Descriptive analysis

Beatriz Machado,* antonio Graca, and hildegarde heymann
*department of Viticulture & enology, university of california, davis, ca 95616 
(bpmachado@ucdavis.edu)

eleven dry red wines from france, the united states, chile, argentina, australia, and 
portugal were selected based on their scores given by a wine magazine (higher than 
90/100 points). With the price per bottle ranging from $40 to $192 and the scores 
from 90 to 96, no conclusive correlation between these two variables could be found. 
since the critics evaluate the wines by appearance, odor, and flavor notes, we aimed 
to perform a plsr (partial least squares regression) analysis to model the magazine 
scores for a given red wine based on sensory descriptive data (aroma/flavor, mouthfeel/
taste, and color) generated by 22 trained judges. The strategy was three-fold: to create 
a groundwork by selecting and training a reliable panel that could discriminate among 
wines; to create a flavor/mouthfeel and color fingerprint of the wines by descriptive 
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analysis (da) and correspondence analysis (ca), respectively; and to use the sensory 
data (from da and ca) to model the magazine scores by plsr and understand which 
attributes are driving the scores. a full cross validation was carried out to estimate the 
prediction ability of the model for a new set of wines. preliminary data shows that there 
are no significant differences between the obtained scores and the predicted scores, 
when performing a multiple pairwise comparison, at a Bonferroni corrected significance 
level of 0.0002.
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effect of canopy Management, Plastic cover, and calcium on berry splitting of 
the Grape cv. Flame seedless

Gerardo Martínez* and arnulfo Marquez
*instituto nacional de investigaciones forestales, agrícolas y pecuarias, campo experimental 
costa de hermosillo, hermosillo, sonora, México  (germadz@hotmail.com)

Berry splitting reduces the quality of table grapes in sonora, México, especially when 
high humidity is present after veraison. The objective of this study was to evaluate the 
effect of canopy management, polyethylene plastic cover on soil and calcium ap-
plications on berry splitting. The experiment was conducted in 2008, in la costa de 
hermosillo, sonora. canopy management consisted of positioning the shoots over the 
wires (“overwire”) of the pergola and exposing the clusters to the direct applications 
of regulators and chemicals or leaving the shoots to fall down (“downward”) and thus 
protecting the clusters from direct spraying of the chemicals. Black plastic covering was 
compared to the absence of the cover and calcium chloride (360 gr/ha) was applied 
three times during the application of gibberellic acid for sizing or was not applied. The 
treatments were distributed in a completely randomized block design with four replica-
tions and the experimental unit was a grapevine row with 20 plants. The percentage of 
clusters with more than four split berries was 3.75% for the overwire shoot treatment 
and 0.62% for the downward shoot treatment (significantly different, p < 0.05). Berry 
diameter was 1.95 cm for the overwire shoot treatment and significantly different (p <0 
.05) from the downward shoot treatment (1.88 cm). sugar content and berry color were 
not affected by the canopy management. splitting, size, sugar content, and color of the 
berries were not affected by the plastic cover and chloride applications. finally, there 
were no interactions among the factors in this study.

Polyethylene Plastic Tunnels Delay budbreak of Table Grapes  
in the sonoran Desert

Gerardo Martínez* and arnulfo Marquez 
*instituto nacional de investigaciones forestales, agrícolas y pecuarias, campo experimental 
costa de hermosillo, hermosillo, sonora, México  (germadz@hotmail.com)

table grapes produced in sonora, Mexico, are mainly commercialized in May and 
june. to achieve this objective the plants are pruned and induced to break early in the 
season, which exposes shoots and inflorescences to temperatures below optimum for 
their growth. The aim of this work was to evaluate the effect of plastic covers on the soil 
and tunnels on budbreak and yield of the grape cv. perlette. There were four treatments: 
polyethylene black plastic cover on the soil, polyethylene black plastic cover on the soil 
plus plastic tunnel, plastic tunnel, and control. The treatments were distributed in a 
completely randomized block design with three replications and the experimental unit 
was a row of seven plants. Grapevines were pruned on 19 dec 2007 and applied with 
hydrogen cyanamide 2.5%. The plastic covers and tunnels were installed on 10 jan 
2008 and only the tunnels were removed on 5 feb. Budbreak on 28 jan under the plas-
tic cover plus plastic tunnel and the plastic tunnel was 7 and 15%, respectively, which 
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was lower than the control (100%) and the plastic cover (83%) (p < 0.05). Budbreak 
increased after the removal of the tunnels, and it was 85 and 95% under the plastic 
cover plus tunnel and the tunnel alone, respectively, with respect to the control, on 13 
feb. however, before thinning the number of clusters per plant were similar and were 
27, 26, and 25 under the plastic cover plus tunnel, the tunnel alone, and the control, 
respectively (p < 0.5). yield was not affected by the treatments.

Do Plant-based Measurements of Vine Water status accurately reflect soil 
Moisture content?

Martin Mendez-Costabel* and nick dokoozlian
*e&j Gallo Winery, Modesto, ca 95358  (martin.mendez@ejgallo.com)

a study was conducted during the 2008 season to examine the relation between soil 
moisture and plant-based measurements of vine water status while following an etc-
based irrigation scheduling model. two irrigation strategies were implemented in a Mer-
lot vineyard in the central Valley—a controlled deficit irrigation at 70% of crop evapo-
transpiration (etc) and a nondeficit treatment at 100% of etc—with both treatments 
applied during the entire growing season. irrigation started in both treatments when 
vines reached -10 bars of midday leaf water potential. soil moisture was assessed weekly 
by using watermark sensors installed at depths of 1, 2.5, and 4 feet. Midday leaf water 
potential and leaf stomatal conductance were also assessed at the same time using a pres-
sure chamber and a leaf portable porometer. soil moisture for the 100% etc treatment 
remained fairly constant during the season. however, soil moisture declined steadily for 
the 70% etc treatment until mid-august, and then increased gradually thereafter. The 
treatments maintained significant differences in midday leaf water potential and leaf-
stomatal conductance for most of the season, but these parameters were more strongly 
linked to air temperature and vapor pressure deficit than to soil moisture. The results 
question the efficacy of using vine physiology-based parameters to schedule irrigation 
and suggest that a combined model, using a soil moisture threshold to apply the season’s 
first irrigation and an etc-based irrigation schedule after that, might improve water use 
efficiency. This model will be tested during the 2009 season.

analyzing natural Diversity of arbuscular Mycorrhizal Fungi  
in conventional and Organic Vineyards of central chile

eduardo von Bennewitz* and Claudio Fredes Monsalve
*department of agronomy, universidad católica del Maule, curicó, chile  (evon@ucm.cl)

The study and management of microbial interactions in the soil-plant interfaces play 
a key role in low-input-based viticulture. The objectives of this study were to study 
and characterize indigenous arbuscular mycorrhizal (aM) fungal communities in six 
conventional and organic vineyards in central chile. The study was carried out between 
2007 and 2008 at three localities: cauquenes (35°54’s; 72°04’W), sagrada familia s 
(35°02’s; 71°16’W), and chimbarongo (34°43’s; 71°02’W). Winegrape cultivars caber-
net sauvignon, chardonnay, país, carménère, and torontel were used. rhizosphere soil 
and roots were sampled and analyzed in december 2007 and april and october 2008. 
spores were extracted using centrifugation methods. Mycorrhizal root colonization and 
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soil chemical analysis were conducted. none of the vineyards surveyed lacked spores, but 
genus composition differed among the vineyards. Most of the fungi were in the genus 
Glomus, Acaulospora, and Scutellospora. spore diversity and quantity and mycorrhizal root 
colonization were greater in organic than in conventional vineyards.

Funding support: research project no. 81927, financed by the universidad católica del 
Maule, chile.

evolution of the color of seeds during ripening in  
carménère Grapevines

Claudio Fredes Monsalve,* eduardo Von Bennewitz, eduardo holzapfel,  
and felipe saavedra
*escuela de agronomía, universidad católica del Maule, chile (cfredes@ucm.cl)

carménère has high concentrations of phenols and methoxypyrazines; hence, winemak-
ers must delay the harvest until this content declines in grapes. sensory evaluation of 
grapes plays a key role to determine the harvest date in the later stages of berry ripening. 
during 2007–2008 season, the appearance evolution of carménère seeds was evalu-
ated as a harvest criterion and compared with the chemical and phenolic ripening. The 
samples were obtained from an organic vineyard located in curicó Valley (chile). after 
verasion, 100 berry seeds samples were collected weekly from medium vigor vines in or-
der to register photographically the ventral and dorsal sides of each seed. seed phenols, 
skin anthocyanins, and total phenols (determined by Glories method), titratable acidity, 
soluble solids, and ph were registered. a seed coat color chart with 12 colors was pro-
posed for this cultivar. When the color number was higher than 10 (very dark brown), 
the soluble solids had reached 24 Brix one month previously, but skin anthocyanins and 
seed phenols presented a maximum and minimum, respectively. an inverse correlation 
between seed coat color and seed phenols was found from verasion until harvest time. 
This moment occurred 170 days postflowering, supporting the winemarkers’ decision to 
wait for harvesting at the right time. seed color can be a reliable, simple, and low-cost 
parameter to determine the correct ripeness of phenols in carménère grapevines.

Grapevine clones selected in chile

Claudio Fredes Monsalve, claudio lillo,* jorge pérez,  
and consuelo ceppi de lecho
*departamento de fruticultura y enología, pontificia universidad católica de chile  (clillo@uc.cl)

clonal selections of seven cultivars of Vitis vinifera were collected from the central 
Valley of chile. plant identity and purity were determined by ampelographic and 
pcr-based molecular markers. only virus-free vines were planted directly in the soil in 
copeVal s.a. research station located in colchagua Valley at 1.0 x 2.0 m spacing 
and trained in unilateral Guyot. The vineyard system consisted of a randomized com-
plete block design with three replications of 16 vines in each clone. Thirteen clones of cv. 
cabernet sauvignon, six of carménère, four of Merlot, three of cot, six of pinot noir, 
five of sauvignon vert, and two of semillon were compared in yield, vegetative growth, 
vine phenology, berry composition at harvest, sensory characteristics, and chemical 

Bold type indicates presenting author

 enology and Viticulture – c O n T i n U e D

Wednesday & Thursday Poster Abstracts (Research Reports)
2009 Technical absTracTs cOnTinUeD 



j u n e  2 3 r d  –  2 6 t h ,  2 0 0 9  —  n a p a ,  c a l i f o r n i a 109
table of contents       list of authors

*indicates corresponding author

Wednesday & Thursday Poster Abstracts (Research Reports) 
2009 Technical absTracTs cOnTinUeD

composition of wines. The results of statistical analysis during four seasons (2002–2006) 
identified the outstanding clones: cabernet sauvignon clone 060108 in yield, soluble 
solids, and anthocyanin content at harvest; carménère clone 080309 in wine quality; 
Merlot clone 090104 in sensory attributes (fresh fruit); cot clone 040213 in wine color; 
pinot noir clone 100109 in wine quality; sauvignon vert clone 010201 in early ripeness 
and wine quality. The cultivar semillon clones did not show significant differences. fur-
ther research is needed in order to study these grapevine clones at an older stage.

effects of horticultural Oil on carbon assimilation and Fruit set  
on Winegrapes

William R. Nail*
*connecticut agricultural experiment station, new haven, ct 06504   
(William.nail@po.state.ct.us)

The effects of horticultural oil on carbon assimilation and fruit set were examined. jMs 
stylet oil was applied at trace bloom to pinot gris grapevines in three consecutive grow-
ing seasons at 1% and 2% concentrations (v/v) plus a water control. single leaf carbon 
assimilation (A) on leaves opposite basal clusters decreased the day after application 
at both application rates in each year, although the results varied among years. in year 
one, there were no differences in A between application rates. Both treatments returned 
to control rates of A within 12 days. in year two, there was a greater reduction in A at 
the 2% rate relative to the 1% rate. A in vines receiving the 2% concentration did not 
recover to control rates, while the vines receiving the 1% rate returned to control A 
rates within 16 days. in year three, the 2% application rate also reduced A more than 
the 1% rate. A in vines receiving the 1% concentration returned to control levels within 
nine days versus ≈four weeks at the 2% rate. treated vines had reduced fruit set and, 
consequently, looser clusters in years one and two. There were no significant differences 
in fruit set in year three.

Production of sO2 and sO2 binding compounds by Saccharomyces  
during alcoholic Fermentation and impact on Wine lactic acid bacteria

Allison O’Neil and james p. osborne*
*department of food science and technology, oregon state university, corvallis, or 97331 
(james.osborne@oregonstate.edu)

Malolactic fermentation (Mlf) is important in the production of wines and is com-
monly induced using commercial cultures. successful Mlf can be difficult because of 
yeast antagonism of the bacterium responsible for the secondary fermentation (Oenococ-
cus oeni). in particular, yeast-produced so2 has been implicated in causing problematic 
Mlf. so2 is commonly bound to acetaldehyde, pyruvic acid, and keto-glutaric acid in 
wine, compounds produced by yeast. however, little is known regarding the toxicity 
of the different forms of bound so2. Therefore, the purpose of this research was to 
investigate the production of so2, acetaldehyde, pyruvic acid, and keto-glutaric acid by 
various commercial wine yeast strains and the impact these have on the Mlf. fermen-
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tations were conducted in a synthetic grape juice where viable yeast cell growth, so2, 
acetaldehyde, pyruvic acid, and keto-glutaric acid were measured during the alcoholic 
fermentation. at weekly intervals 100 ml samples were taken from the fermentations, 
sterile-filtered to remove the yeast, and inoculated with O. oeni to induce Mlf. Mlf 
was monitored by measuring malic acid and bacterial viable cell counts. all of the 12 
yeast strains tested produced different amounts of so2, acetaldehyde, pyruvic acid, 
and keto-glutaric acid. some yeast strains produced significantly more so2, and O. 
oeni viability decreased rapidly when inoculated into these wines. Very little if any free 
so2 was measured, indicating that bound so2 was responsible for the inhibition. in 
fall 2008, fermentations conducted in a pinot gris grape juice confirmed the findings 
from the synthetic grape juice model system. yeast produced varying amounts of so2, 
acetaldehyde, pyruvic acid, and keto-glutaric acid and Mlf was inhibited in wines con-
taining the highest concentration of so2. as yet, there appears to be no clear interaction 
between the amount of acetaldehyde, pyruvic acid, or keto-glutaric acid produced by 
the yeast and bacterial inhibition.

Yeast Population Dynamics in natural and inoculated sweet Wine  
Fermentations

Kalliopi Rantsiou,* simona campolongo, luca rolle, and luca cocolin
*diVapra, university of turin, 10095 Grugliasco, turin, italy  (kalliopi.rantsiou@unito.it)

The erbaluce di caluso sweet wine is produced in piedmont (italy) from grapes of the 
homonymous variety that are naturally dried. alcoholic fermentation is carried out 
by autochthonous yeasts or inoculated starters. in the present study we compared the 
yeast population dynamics and the evolution of the main chemical components in a 
natural and an inoculated fermentation. We used culture-dependent and independent 
molecular approaches to describe the yeast populations. as expected, in the case of the 
inoculated fermentation, Saccharomyces cerevisiae was the main population throughout 
the course of the investigation. on the other hand, increased biodiversity was detected 
in the natural fermentation. after the initial days of fermentation, characterized by the 
presence of different mold species and of Candida zemplinina, which also persisted later 
in the fermentation, at the dna level we mainly detected S. cerevisiae. When rna, 
an indicator of viability and possibly metabolic activity, was taken into consideration, 
Torulaspora delbrueckii and C. zemplinina were also detected. surprisingly, by culture-
dependent methods T. delbrueckii was not detected while Kluyveromyces thermotolerans 
and S. cerevisiae, together with Hanseniaspora uvarum and Metschnikowia fructicola, 
were the main populations identified. from the chemical analysis performed, it can be 
concluded that the natural fermentation, in terms of sugars consumption as well as al-
cohol and glycerol production, was superior to the inoculated. This work underlines the 
importance and perhaps the superiority of the autochthonous microflora in conducting 
the alcoholic fermentation for the production of this wine.

Bold type indicates presenting author
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comparing conventional and Modified Methods for initiating Malolactic  
Fermentations in apple cider

Rachel Reuss, jayne stratton, durward smith,* paul read, susan cuppett,  
and anne parkhurst
*food science & technology, university of nebraska, lincoln, ne 68583  (dsmith6@unl.edu)

Malolactic fermentation is a valuable deacidification technique that can be used to 
increase the quality of hard apple cider. The characteristics of the organism used to 
initiate the fermentation along with other factors such as sulfur dioxide and ethanol can 
affect the efficiency of the fermentation. conventional fermentation methods consist of 
inoculating apple cider with the yeast Saccharomyces cerevisiae Montrachet to initiate the 
primary fermentation followed by inoculation with the lactic acid bacterium Oenococ-
cus oeni McW to initiate the malolactic fermentation. This method was compared to 
a modified method using a genetically modified yeast, Saccharomyces cerevisiae Ml01, 
which has been engineered for wine production and performs both the primary fer-
mentation and malolactic fermentation simultaneously without the addition of lactic 
acid bacteria. The effect of sulfur dioxide (50 and 80 ppm) and ethanol (6, 7, 9, and 
11% [v/v]) on the efficiency of the malolactic fermentations using both fermentation 
methods was also evaluated. parameters monitored during the fermentation included 
organic acid content, titratable acidity, color, ph, ethanol production, and sugar utiliza-
tion. There was no effect of sulfur dioxide or ethanol on the fermentations initiated by 
S. cerevisiae Ml01. Saccharomyces cerevisiae Ml01 was also able to complete the primary 
fermentation and malolactic fermentation simultaneously, thus increasing efficiency 
by shortening the fermentation time. sulfur dioxide had no effect on the malolactic 
fermentation initiated by O. oeni McW. however, as ethanol levels increased the 
malolactic fermentation was inhibited.

effect of ethanol and Glucose on aroma compound Partitioning  
between the headspace and Wine Matrix

Anthony Robinson,* susan e. ebeler, hildegarde heymann, and robert trengove
*separation science laboratory, Murdoch university, Murdoch, Wa 6150, australia 
(t.robinson@iinet.net.au)

This study investigates how wine macromolecules contribute to partitioning of potent 
volatile compounds into the headspace. a headspace solid-phase microextraction 
(hs-spMe) method was optimized to establish equilibrium between the spMe fiber 
and the headspace above a model wine solution, thus reflecting the “true” headspace 
concentration. This optimized method was then used to study the influence of ethanol 
and glucose at varied concentrations that would be found in an actual juice or wine on 
the release of 20 volatile compounds considered to play a role in wine aroma. Varied 
concentrations of ethanol showed significant differences for all volatile compounds with 
the exception of limonene; however, there was no significant influence of varied glucose 
concentrations. two white and two red wines were analyzed to observe the effect of 
diluting the wines with water and ethanol. responses were similar to that observed in 
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the model experiments. analytes from the wines were grouped using hierarchal cluster-
ing and analyzed using a one-way analysis of variance to determine the significance of 
dilution compared to modification of ethanol concentration. The results of this study 
identify ethanol and glucose as having a significant influence on volatile compound 
partitioning between the liquid matrix and the headspace. These results also help to 
explain sensory research observations that indicate that ethanol can suppress the fruit 
aroma attributes in wine. further sensory analysis is warranted to better understand the 
influence of ethanol on aroma perception given the gradual shift toward higher alcohol 
wines in recent years.

comparison of combined Titrametric analysis of Ta and Yan  
with Traditional Measurements

Brittany Rossi, Barry h. Gump,* and Kenneth c. fugelsang
*department of hospitality and tourism Management, florida international university,  
north Miami, fl 33181  (bgump@fiu.edu)

yeast assimilable nitrogen (yan) by formol analysis was combined with titratable acidity 
(ta) into a two-part procedure using commercial white and red grape juice. initially, 
ta was determined by direct titration of a 5.0 ml juice sample to ph 8.2 in a 30-ml 
beaker. subsequently, 2.0 ml of formaldehyde (ph 8.2–8.4) was added to the sample, 
which was then titrated to ph 8.2. The corresponding volumes of standardized naoh 
were then used to calculate ta and yan. results using combined ta/formol analysis 
were compared with corresponding results using ta and formol titrations separately. 
ta results for combined methods using white juice (n = 10) and red juice (n = 10) were 
5.7 g/l ± 0.1 and 6.5 g/l ± 0.1, respectively. yan results for the same two lots were 209 
mg/l ± 1 and 240 mg/l ± 13. By comparison, ta and yan for the same juices analyzed 
separately yielded ta and yan values of 5.6 g/l ± 0.1 and 6.4 g/l ± 0.1 and 204 mg/l 
± 9 and 234 mg/l ± 9. Given the anticipated repeatability of these analytical methods in 
a practical winery situation, there are no significant differences in the results produced 
by the combined procedure, compared to the traditional procedures. There are some 
significant savings in operational time.

inhibitory effect of chitinases isolated from semillon Grapes  
on Growth of Grapevine Pathogens

Seiya Saito,* shunji suzuki, and tsutomu takayanagi
*laboratory of fruit Genetic engineering, institute of enology and Viticulture, university of 
yamanashi, Kofu, yamanashi 400-0005, japan  (g07de003@yamanashi.ac.jp)

We investigated the characteristics and antifungal activity of chitinases isolated from 
semillon grapes. chitinase proteins were effectively isolated from the juice of semillon 
grapes by chitin affinity chromatography. native and sds-paGe analyses of the fraction 
showing chitin affinity demonstrated only the presence of protein bands from chitinases. 
The fraction showing chitin affinity contained three types of class iV chitinases with 
isoelectric points of 4.73, 4.60, and 7.87. These chitinases actively hydrolyzed chitin 
under acidic conditions (ph 4.0 to 4.5). The active fraction was found to inhibit myce-
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lial growth of Botrytis cinerea; the inhibitory effect was due to the activity of chitinases. 
however, when the active fraction was tested on Glomerella cingulata, the growth 
inhibition observed was markedly less than that seen on B. cinerea. The synergistic effect 
of chitinases and sugars (glucose and fructose) was observed clearly in media containing 
greater than 20% sugars, but not in media with less than 15% sugar. twenty strains of 
B. cinerea were collected from the experimental vineyard and examined for sensitivity to 
the fraction showing chitin affinity. This fraction inhibited the growth of all 20 strains.

impact of basal leaf removal on Methoxypyrazine concentration  
in cabernet franc and Merlot Grapes

Justin Scheiner,* Gavin sacks, Bruce pan, libby tarleton, alice Wise,  
and justine Vanden heuvel
*field of horticulture, cornell university, ithaca, ny 14853  (jjs365@cornell.edu)

The methoxypyrazines are a class of potent aroma compounds associated with the green, 
bell pepper aroma of cabernet franc, Merlot, and other Bordeaux winegrape cultivars. 
Because vinification and cellaring practices cannot selectively remove methoxypyrazines 
from wine, control should begin in the vineyard. field studies were conducted on cab-
ernet franc and Merlot to evaluate the effects of basal leaf removal timing and severity 
on methoxypyrazine concentration in grape berries. treatments consisted of removing 
either 3 or 5 leaves from the first five nodes from each shoot at berry set, 30 days after 
berry set, and 50 days after berry set. Berry samples were taken 5 days after each treat-
ment timing and at harvest. in 2007, all leaf removal treatments significantly reduced 
methoxypyrazine concentrations (47 to 88%) in mature cabernet franc berries. in 
2008, no significant differences in methoxypyrazine concentration were observed across 
treatments in mature cabernet franc berries, and all leaf removal treatments signifi-
cantly reduced methoxypyrazine concentrations (38 to 52%) in mature Merlot berries. 
reductions in methoxypyrazine concentrations were also observed among treatments 
before veraison. results suggest that early season basal leaf removal could be an effective 
management strategy to control methoxypyrazine concentration in grape berries.

evaluation of a new Tool to aid in Viticultural Decision Making based  
on Desired Wine characteristics

Kerry Shiels and david Block*
*department of Viticulture &  enology, university of california, davis, ca 95616 
(deblock@ucdavis.edu)

There are a multitude of vineyard practices that can be manipulated in order to affect 
changes in the final chemical and sensory characteristics of a wine. Given the complex 
relationship between viticultural practices and wine characteristics, it is often difficult 
to predict the outcome and optimize growing conditions for key target attributes in 
wine (e.g., specific aromas, flavors, or phenolic profiles). neural networks can be used 
as a tool for evaluating complex nonlinear relationships among a high number of input 
variables. for this reason, neural network methodologies have been used to model 
viticultural effects on the chemical profile of wines. in any viticulture trial, a long-term 
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validation process is needed in order to evaluate the efficacy of any technique. data 
collected from the 2000–2003 vintages in experimental vineyards in oakville were used 
in this study to identify combinations of viticultural practices that have the most impact 
on the chemical characteristics of these cabernet sauvignon wines. The identified 
combinations of practices, together with data from the associated wines, were used to 
train neural network models. in 2008, cabernet sauvignon grapes were grown with five 
different viticultural treatments. These were subsequently made into wine in order to 
examine how well our models predicted the outcome of new combinations of viticul-
tural practices. treatments were purposely chosen to represent a wide range of predicted 
chemical profiles for these wines.

Funding support: Viticulture consortium, aseV.

Detection of Volatile compounds released in Vine canopies for Use  
in Field Measures of Fruit Maturity

Kirsten Skogerson,* Gert Wohlgemuth, and oliver fiehn
*Genome center, university of california, davis, ca 95616  (skogerson@ucdavis.edu)

plants communicate using visual and aromatic signals. colors and aromas in flowers 
and fruits attract pollinators and animals for seed dispersal, while other volatile signals 
report stress from biotic and abiotic sources. despite our understanding of the strong 
correlation between plant status and volatile compound emissions, little work has been 
performed to investigate the identity of such compounds in Vitis vinifera. By measuring 
and identifying compounds present in vineyards and correlating them to vine or fruit 
states (healthy, diseased, underripe, mature, water stressed, etc.), we intend to discover 
key marker compounds that could inform viticulturists about the status of a particular 
vine or vineyard and, more specifically, about the best time points for harvest. to date, 
methods have been established for trapping canopy volatiles in the vineyard and the 
subsequent analysis of these complex mixtures in the lab using gas chromatography-
coupled time-of-flight mass spectrometry (Gc-tof-Ms). ongoing work includes data-
base development for chromatogram annotation and volatile compound tracking. initial 
analysis of data collected during the 2008 harvest season in three cabernet sauvignon 
blocks has identified correlations between volatile compounds captured in the canopies 
and berry Brix, ph, and ta values. More refined analysis is currently in progress to 
identify these compounds.

cytonomics: an innovative Fermentation control system based  
on Flow cytometry

Stephan Sommer,* annett rosenberger, and Karl-josef hutter
*state education and research center for Viticulture & horticulture (dlr–rheinpfalz),  
department of Viticulture and enology, 67435 neustadt/Weinstraße, Germany 
(stephan.sommer@dlr.rlp.de)

The aim of this application study was to present methods that provide deeper insight 
into yeast life and can therefore be used as a fermentation control system. The whole 
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process control combines conventional data and physiological measurements using 
flow cytometry. The methods were practically tested in a brewery, as beer is produced 
throughout the year and fermentation time tends to be shorter. The measurements, 
which can be combined depending on the goal of research, are cell size and cell shape, 
cell cycle, viability, stored glycogen, trehalose content, intracellular neutral lipids, 
protease activity, apoptosis, number of bud scars, mitochondria activity, oxygen radicals, 
membrane potential, intracellular ph value, and biological contamination of the media. 
considering all the different results, the system provides comprehensive information 
about the yeast cell using only one instrument. in every stage of fermentation from 
inoculation to cell death, monitoring viability and functionality parameters allows the 
operator to find the best inoculation time and to see stress reactions before fermentation 
problems occur. This might help to guarantee best possible viability of the culture and 
prevent sluggish or stuck fermentation. even the progression of cell death and autolysis 
and the reasons for that can be monitored with a selection of the available parameters. 
if applied correctly, flow cytometry is an extremely flexible tool to analyze intracellular 
activity and metabolite inside yeast cells. its use as a yeast control instrument in research 
and industry might help to better understand and influence the fermentation process.
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rootstock-scion interactions and correlations between Vine Vigor  
and Grape Quality

Erik Tarczal, Miklós Kállay, Zoltan Varga, peter taksonyi, and laszlo Kocsis*
*department of horticulture, university of pannonia, Georgikon faculty, Keszthely, hungary 
(kocsis-l@georgikon.hu)

a good rootstock-scion combination is necessary for optimum vine growth and fruit 
quality in each region. experiments were conducted at the experimental vineyards 
of the university of pannonia Georgikon faculty of agriculture in cserszegtomaj 
(46°49’45”n; 17°15’16”e) using Vitis vinifera cvs. Kékfrankos and cabernet sau-
vignon. These were grafted on the following rootstock: teleki fuhr so4, fercal, 
Georgikon 28, teleki-Kober 5BB, and teleki 5c. The main effect of the rootstock was 
manifested in the vegetative vigor and yields of the vines. rootstock impacts on soluble 
solids and acid content of berries was much more limited. The experiment design 
consisted of five 8-vine replicates of each rootstock-scion combination planted in 2004 
using 2.9 x 1 m (row x vine) spacing. The vines were trained to a single cordon at 0.6 m 
and balance-pruned. The following data was taken: pruning weight, crop yield, yield/
pruning weight ratio, and juice soluble solid and acid content. regressions were calcu-
lated between the acid and soluble solid values versus yield/pruning weight ratios. The 
rootstocks had an impact on each parameter. The greatest impact was on yield/pruning 
weight ratios and crop yields. The yields differed by 30 and 33.5% between the lowest 
and highest production with Kékfrankos and cabernet sauvignon, respectively. The 
volume of the grape berry skin was also influenced by rootstocks and correlated with 
color intensity.

Funding support: hungarian scientific research fund (project no. K 73708).

inheritance of Xiphinema index resistance Derived from Vitis arizonica

Sonet Van Zyl, Melane a. Vivier, and M. andrew Walker*
*department of Viticulture & enology, university of california, davis, ca 95616 
(awalker@ucdavis.edu)

resistance to Xiphinema index, the dagger nematode vector of grapevine fanleaf virus 
(GflV), is key to the development of rootstocks capable of resisting fanleaf degen-
eration. a breeding program to develop rootstock with resistance to fanleaf has been 
underway for many years at uc davis. in 2007 controlled crosses were made to 
study the inheritance of X. index resistance, originating from b40-14, a form of Vitis 
arizonica from loreto, Baja california. previous studies found that X. index resistance 
is controlled by a single homozygous resistant locus. seeds from these crosses were 
germinated and grown in a greenhouse. The dna of all plants was screened with ssr 
markers to eliminate off-types. in total, 296 plants from three populations (0701, 0704, 
and 0705) were transferred to the field in 2008. These plants were used to create subsets 
of four replicates, which were inoculated with X. index-infested soil under greenhouse 
conditions. positive and negative controls, as well as the parent plants, were included 
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in this greenhouse study. after four to five weeks in the infested soils, the roots of each 
population were evaluated for galling. leaf tissue samples were harvested and dna was 
extracted in preparation of developing an ssr-based marker genetic linkage map so 
that ssr markers linked to this excellent source of X. index resistance could be used in 
marker-assisted selection to expedite rootstock breeding.

Funding support: south african table Grape industry, california Grape rootstock im-
provement commission, california Grapevine rootstock research foundation, cdfa 
fruit tree, nut tree and Grapevine improvement advisory Board, california table 
Grape commission, and louis p. Martini endowed chair funds.

evaluation of the susceptibility of rootstock Varieties against  
Phomopsis viticola (sacc.)

Zoltan Varga, laszlo Kocsis,* Geza fischl, and erik tarczal
*department of horticulture, university of pannonia, Georgikon faculty, Keszthely, hungary 
(kocsis-l@georgikon.hu)

one of the most important factors for economically successful viticulture is to have a 
healthy, complete vineyard without missing plants. however, vines frequently die before 
they have reached the end of the vineyard’s lifespan. in hungary, a survey found that 
about half of the vineyards had greater than 6% of vines missing.  These losses are often 
due to vine decline caused by a group of parasitic fungi that attach to the vine’s xylem 
tissue. More than 80 species of fungi have been listed as responsible casual agents of 
vine decline in the international literature. however, very little information is available 
regarding the types of fungi involved in the vine decline of grape rootstocks. rootstock 
mothervines are regarded as one of the important sources of vine decline in vineyards. 
Thus, our goals were to compare the susceptibility of currently used grape rootstock 
varieties and to test the susceptibility of newly bred hungarian rootstock selections. 
The rootstocks originated from the experimental plot of the university of pannonia 
Georgikon faculty, in cserszegtomaj (46°48’22’’n; 17°13’52’’e). twenty different va-
rieties were tested by inoculating with the fungus Phomopsis viticola (sacc.). at the end 
of the experiment the degree of the tissue discoloration was measured, and the growth 
rate of the varieties was compared. We were able to reisolate the fungus from 76% of 
the inoculated vines, and the length and degree of discoloration varied widely. These 
results can help growers avoid rootstocks that are susceptible to vine decline fungi. They 
also suggest that it will be possible to breed a rootstock variety that is resistant to vine 
decline pathogens.

Funding support: Bayer cropscience, hungary ltd. and the hungarian scientific  
research fund (project no. K 73708).
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effect of simulated shipping conditions on sensory attributes  
and Volatile compounds in six Wines

Martha Wicks, anthony l. robinson, and hildegarde heymann*
*department of Viticulture & enology, university of california, davis, ca 95616 
(hheymann@ucdavis.edu)

a major concern in shipping wine is receiving wine at its destination in the same condi-
tion as it left. in this study, the effects of shipping conditions on six varietal wines were 
explored. four white wines and four red wines were exposed to four different storage 
conditions to create 32 treatments. The white wines used in the study were from one 
producer and of the same vintage, and included riesling, chardonnay, Gewürztraminer, 
and sauvignon blanc. The red wines included two Merlot and two cabernet sauvi-
gnon. storage conditions were 20°c, 40°c, 20/40°c (reflecting diurnal variation in 
temperatures), and a sample which traveled in the trunk of a car, for three weeks. The 
32 wines were evaluated using sensory descriptive analysis. twelve judges for whites 
and 14 judges for reds rated the wines for 14 and 19 attributes, respectively. Volatiles 
were analyzed using hs-spMe Gc-Ms. Both the sensory and analytical results of the 
study showed significant differences between the wines stored at the higher temperature 
conditions. differences were noted for a number of compounds including tdn and 
vitispirane, which are both characteristic of aged wines. This is the first study that has 
assessed sensory changes in wines under conditions that could be experienced by a wine 
in transit.

effect of Pectinase and extended Maceration on the extraction  
of Tannins in norton Wine

Karl L. Wilker*
*department of agriculture, Missouri state university, Mountain Grove, Mo, 65711 
(KarlWilker@missouristate.edu)

Wines made from norton grapes tend to be deficient in tannin while having high 
anthocyanin levels. There is an interest by winemakers in optimizing tannin extraction 
during the production of these wines. tannin is needed in red wines as it improves 
color stability by the formation of polymeric pigments comprised of tannin and 
anthocyanin molecules. tannin, within limits, can also have a positive impact on the 
sensory characteristics of a wine. two enological procedures (addition of pectinase and 
extended maceration) were evaluated for their impact on tannin and anthocyanin levels 
in norton wine. a control treatment without enzyme addition was compared with two 
treatments having the same level of pectinase added. The control treatment and one 
of the enzyme treatments had a maceration period of one week (during fermentation). 
The other enzyme treatment had an extended maceration period of three weeks after 
the initial one-week fermentation. The use of pectinase resulted in wines with signifi-
cantly higher levels of tannin, polymeric pigment (small, large, and total), total red 
pigment, total phenolics, and color (absorbance at 420, 520, and 620 nm). extended 
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maceration resulted in significant reductions in all of these parameters. The increases in 
phenolic compounds observed when using pectinase were lost during the course of the 
three-week extended maceration. tannin, total red pigment, and total phenolic levels 
peaked in all of the wines three days after the start of the fermentations. early pressing 
improved tannin retention.

nitrogen and Yeast strain effects on low Molecular Weight alcohol Production

Shoshana R. Wolff, linda f. Bisson, and susan e. ebeler*
*department of Viticulture & enology, university of california, davis, ca 95616 
(seebeler@ucdavis.edu)

Volatile, low molecular weight alcohols are produced during yeast fermentation. They 
include straight-chain, branched-chain, and cyclic molecules. Methanol is present in 
grape must and is not affected by fermentation. low molecular weight alcohols affect 
wine quality and are precursors to esters. ester productivity is an inherent characteristic 
of yeast, but low molecular weight alcohol production is not necessarily yeast strain de-
pendent. nitrogen availability affects the development of both compounds; high levels 
of must nitrogen produce wines high in esters but low in volatile alcohols. furthermore, 
some amino acids are direct precursors to low molecular weight alcohols. The present 
study used a gas chromatographic method coupled with headspace solid-phase microex-
traction (hs-spMe-Gc) to evaluate the production of low molecular weight alcohols 
by three yeast strains of varying ester productivity. a nitrogen poor chardonnay must 
was used; additions of nitrogen from dap or amino acids were tested. eight alcohols, 
one ester, and nitrogen utilization were monitored. The yeast strain affected 2-methyl-
1-butanol, 1-propanol, and ethyl acetate concentrations. The high ester producing yeast 
evolved higher levels of 1-propanol and ethyl acetate, but not 2-methyl-1-butanol. 
nitrogen supplementation affected 2-methyl-1-butanol and phenylethanol concentra-
tions. utilization of amino acid precursors increased upon the addition of either form 
of nitrogen. This research indicates that adding a moderate amount of nitrogen to a 
nitrogen-poor must does not significantly affect the production of low molecular weight 
alcohols. furthermore, ester productivity does not significantly affect a yeast strain’s 
ability to produce low molecular weight alcohols.

Funding support: american Vineyard foundation and the california competitive 
Grants program for research in Viticulture and enology.
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effect of seaweed extract on cluster architecture and set  
of Pinot noir Winegrapes

d. holden, M. ocafrain, Holly Little,* and j. norrie
*acadian agritech (a division of acadian seaplants), dartmouth, ns B3B1X8, canada 
(hjohnson@acadian.ca)

a three-year trial, initiated in 2006 on pinot noir wine grapes in california’s central 
coast was implemented to test the hypothesis that applications of seaweed extract 
will increase set and improve cluster architecture. This vineyard has historically had a 
problem with shatter, the loss of berries shortly after bloom. Because of soil applica-
tions, a strip design was used, and the same vines received similar treatments each year. 
treated clusters reached a greater percentage of their final weight earlier in the season 
than the control. More uniformity in ripening was also exhibited with seaweed treat-
ment. in each year, cluster length was increased 8 to 15% at veraison. set was increased 
9 to 22%. no significant differences in ph, Brix, or titratable acidity were detected 
between treatments. composite juice samples indicate little to no differences in juice 
quality. These results indicate that acadian lsc is a viable option to help reduce shatter, 
increase rachis stretch, and overall yield, grape, and bunch uniformity, in pinot noir 
winegrapes, while still producing quality juice.

Permeation of Taint compounds through Different closures  
in Wine bottles

Paulo Lopes,* tânia lopes, joana sampaio, josé lino, Maria pimenta,  
joaquim coelho, stefan dahl, adélio Mendes, and Miguel cabral
*amorim & irmãos, faculdade de engenharia, universidade de porto, Mozelos 4536-902,  
portugal  (pdl@net.sapo.pt)

The oxygen barrier properties of closures play an important role in wine develop-
ment after bottling, but also on its protection against the external environment. This 
presentation outlines the results from an ongoing investigation to find evidence that 
the different oxygen barrier properties of closures affect the permeation of exogenous 
compounds when bottled wine is stored in a contaminated environment. The study was 
conducted to determine whether “taint” compounds from external environment could 
migrate through different commercial closures and contaminate wines after bottling. 
The bottled wine was sealed with a natural cork stopper, a microagglomerate cork stop-
per, and a synthetic closure and stored under contaminated environment. The storage 
atmosphere was artificially contaminated with two deuterium-labeled compounds, (d5)-
2,4,6-trichloroanisole (tca) and (13c6)-2,4,6-trichlorophenol (tcp). Wines and clo-
sure fractions (outer, middle, and inner) were assessed over time for the concentration 
of (d5)-2,4,6-trichloroanisol and (13c6)-2,4,6-trichlorophenol by spMe-Gc-Ms. The 
results collected throughout the first 12 months of experiment showed strong correla-
tions between the oxygen barrier properties of closures and the migration of deuterium 
compounds. under the conditions of this experiment, the natural and microagglomer-
ate cork stoppers were effective barriers to the transmission of exogenous contaminants. 
conversely, (d5)-tca and (13c6)-tcp penetrated throughout synthetic closures and 
contaminated the wine.
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Dry soak sensory screening for large-Format corks and its  
correlation to releasable Tca analysis

Carlos Macku,* lesa Gonzalez, christiane schleussner, ana cristina Mesquita, james 
W. herwatt, leonard c. Kirch, and rob j. schwartz
*cork supply usa, Benicia, ca 94510  (cmacku@corksupplyusa.com)

a sensory evaluation method has been implemented to ensure that most tested corks 
will not compromise the wine that these closures protect inside the glass bottle. This 
method was named “dry soak screening.” large-format natural corks were assessed for 
tca taint and other noncharacteristic aromas by individually placing them with a few 
drops of water inside sealed glass jars. The closures were “sniffed” by an expert panel 
after 24-hr equilibration. from a population of 2,296 corks, 138 specimens (6% of total 
population) were retained due to resenting odors, ranging from mild to severe. all re-
tained corks were analyzed for releasable tca by spMe Gc-Ms. results indicated that 
95 retained corks had concentrations of 1.0 ppt or less. Most of these corks had very 
mild noncharacteristic aromas and very few tca sensory remarks. Thirty retained corks 
(1.3%) had concentrations between 1.0 and 5.0 ppt. Most of these corks had nontypi-
cal tca aromas described as ashtray, musty, moldy, dirty, and wet cardboard. Thirteen 
retained corks (0.56%) had concentrations higher than 5.0 ppt and mostly displayed 
the typical tca aroma. The number of tca sensory remarks correlated fairly well with 
the analytical results. other unusual noncharacteristic aromas were also tallied and 
explained. dry soak screening has been used by our organization with great success. it is 
a clean, rapid, and, most importantly, nondestructive method ideal for the identification 
of off-aromas in individual large-format natural corks.

solid-Phase extraction sample Preparation application for low  
concentration Wine compounds

Jennifer J. Heitkamp,* tom W. Martin, and del r. lawson
*cuno, st. paul, Mn 55144 (jjheitkamp@mmm.com)

use of pesticides in agriculture is widespread and pesticides are prevalent in the envi-
ronment. pesticide residues can contaminate soil and water sources from many miles 
distance from the source. phenoxy acid herbicides (2,4-dichlorophenoxy-acetic acid) 
have been widely used for a variety of applications. Their affect on human health is still 
being debated even though they have been in use for decades. There is a need for quick, 
simple, and easy to perform analysis methods of wine to ensure that the consumer is not 
exposed to harmful amounts of this type of pesticide. solid-phase extraction (spe) is 
one of the most widely used methods for concentration and sample purification during 
pesticide residue analysis. The wine matrix can be difficult to work with when using 
traditional reverse-phase sorbents for spe methods because the presence of alcohol in 
the samples can result in the decreased retention of many analytes. empore disks work 
very well for liquid samples, and different varieties of sorbent activities can be used to 
selectively isolate specific classes of compounds. The presented method for the analysis 
of pesticide residue in wine is simple, fast, and uses minimal amounts of solvent and 
readily available equipment.
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effects of Postbottling Oxygen Management on chardonnay Wines

Bruce L. Currie, Mauri anderson, alex chassy, stephane Vidal,  
jean-Baptiste dieval, olav aagaard, and andrew l. Waterhouse*
*department of Viticulture & enology, university of california, davis, ca 95616 
(alwaterhouse@ucdavis.edu)

The purpose of this study was to measure the chemical changes in a chardonnay wine 
over time that could be influenced by oxygen management postbottling. The availability 
of oxygen to a wine after bottling can have both beneficial and detrimental effects over 
time. a chardonnay wine was divided into four treatments: aged in stainless steel with 
and without lees and aged in oak barrels with and without lees. Wines from each of 
the four treatments after 6 months of aging were then bottled in 375-ml bottles. The 
bottles were closed with nomacorc closures and stored vertically at about 15°c. four 
different closures were used with different oxygen transfer rates. The combinations of 
aging and oxygen storage conditions produced 16 different wines. dissolved oxygen in 
the wine and in the headspace of the bottles was measured with presens technology over 
time for each of the 16 wines, providing dynamic monitoring of consumed oxygen. to-
tal/free so2, % etoh, ph, 280 and 420 nm, phenols, esters, acetaldehyde, and organic 
acids were measured periodically over 10 months.

Funding support: nomacorc.
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sensory evaluation of Postbottling Oxygen Management  
on chardonnay Wines

Scott Frost, Bruce l. currie, Mauri anderson, alex chassy, stephane Vidal,  
jean-Baptiste dieval, olav aagaard, hildegarde heymann, and andrew l. Waterhouse*
*department of Viticulture & enology, university of california, davis, ca 95616
(alwaterhouse@ucdavis.edu)

The effects of postbottling oxygen management on the sensory characteristics of a 
chardonnay wine were explored. postfermentation, a chardonnay wine was aged using 
a combination of either stainless steel or oak barrels, and with or without lees contact 
to give four wines. after 6 months of aging the four wines were bottled into 375-ml 
bottles. The bottles were closed with nomacorc closures and then submitted to four dif-
ferent storage conditions each with a different level of oxygen availability. The combina-
tion of aging and storage conditions produced the 16 wines. using standard sensory 
methods the 16 wines were rated for 13 attributes by 14 judges in triplicate. The results 
from the sensory analysis were analyzed using principal component analysis (pca) and 
means separation. eight of the 13 attributes were determined as significant to discrimi-
nate the 16 wines. The pca explained 96% of the variation within the first two compo-
nents. The first component accounted for 81% of the variation and separated the wines 
in the positive direction by vanilla and oak aroma and in the negative direction by citrus 
and fresh vegetative aroma. The second component accounted for 15% of the variation 
and was driven by oxidative aroma in the positive direction. This sensory evaluation was 
performed at the conclusion of a 10-month chemical study. partial least squares and 
multifactor analysis were used to show relationships between the sensory and chemistry 
of the 16 wines.

Funding support: nomacorc.

inert atmosphere Grape Processing Kappa neutral and neutral 2  
for high-Quality White Wines

danilo Bettoli* and emiliano furlan, and Fabio Zani
*diemme s.p.a., 48022 lugo, ra, italy  (winediv@diemme-spa.com)

White wine production in an atmosphere without oxygen has until now considered 
only the protection of juice from the pressing phase to bottling. diemme’s neutral line 
now allows the creation and the preservation of an inert atmosphere during all phases 
before fermentation, avoiding oxidation starting with the breaking of the berry and pro-
tecting sensitive products from oxidation in all processing phases. The coupling of the 
no-oxygen Kappa neutral destemmer-crusher and membrane press neutral 2 system 
results in juices that preserve the intrinsic sensory features of the grapes and carry over 
to the finished wines. in juices obtained with neutral technology, we found dissolved 
oxygen values at the Kappa neutral destemmer-crusher outlet from 4 to 6 times lower 
than those obtained using a normal destemmer-crusher. The neutral 2 membrane press 
system yields free run and pressed juice with minimal oxygen contact. The neutral tech-
nology for destemmer-crushers and membrane presses opens up interesting prospects 
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in the phase before fermentation for processing grapes especially rich in polyphenolic 
substances and for the production of high-quality aromatic wines. system neutral pro-
cessed wines obtained from Verdicchio grapes harvested at the beginning and at the end 
of the 2008 harvest have been particularly appreciated.

increasing Winery eco-efficiency with a natural alternative  
for Tartrate stabilization

erik Van dam, Willem jan Bosma, Willem ruster, and Marsha Cummings*
*dsM food specialties usa, inc., parsippany, nj 07054  (marsha.cummings@dsm.com)

research by dsM food specialties has lead to greater understanding of the biochemis-
try of mannoproteins and their effects on tartrate stabilization of wine. although man-
noproteins are natural components of yeast and therefore naturally present in wines, 
they represent a wide diversity of molecules. dsM has identified the optimal manno-
protein fraction for tartrate stabilization and developed a process for its selective extrac-
tion from yeast. These mannoproteins available under the brand name claristar are a 
natural alternative for the currently used technologies for preventing the apparition of 
crystals in wine bottles. effective at preventing tartrate precipitation without impacting 
wine turbidity, sensory attributes, or composition, these specific liquid mannoproteins, 
in addition to their performances and ease of use, have a superior eco-efficiency over 
other tartrate stabilization alternatives: cold stabilization and electrodialysis. The use of 
these specific mannoproteins eliminates the water and energy usage in tartrate stabiliza-
tion at the winery. Moreover, in comparison to existing solutions for tartrate stabiliza-
tion, claristar significantly reduces the ecological footprint from the perspective of the 
value chain as a whole: water use is reduced with 26 to 52% and energy use and carbon 
footprint with 45 to 70%, depending on the scale and efficiency of the winery. The 
emissions to water are reduced with 65%. an eco-efficient solution for tartrate stabiliza-
tion fits with increasing market sensitivity to sustainability in the wine industry.

smoke Taint in Grapes and Wines

Eric D. Hervé,* steven f. price, and Gordon Burns
*ets laboratories, st. helena, ca 94574  (eherve@etslabs.com)

The california wildfires of 2008, with over 1,700 individual fires at their peak, exposed 
vines to smoke in various viticulture areas. smoke compounds absorbed by vines can 
cause an objectionable character in finished wines known as “smoke taint.” in aus-
tralia, two volatile phenols, guaiacol and 4-methylguaiacol, have been identified as 
useful markers for smoke taint. With hundreds of grape samples and over 1,000 wines 
analyzed, data obtained from california’s harvest 2008 provided new information and 
confirmed many of the observations reported elsewhere. levels of guaiacol in grapes 
not exposed to smoke seldom exceeded 0.3 g/kg. samples from areas exposed to heavy 
smoke were found as high as 55 g/kg. The guaiacol/4-methylguaiacol ratio averaged 
3.7:1. levels in juice obtained from freshly pressed smoke-exposed berries were lower 
than levels measured in ground whole berries, confirming that a significant part of 
smoke compounds is located in skins. Maceration of popped berries further increased 
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measured smoke markers. as reported in australia, it appears that smoke taint com-
pounds may be liberated from nonvolatile precursors. Guaiacol concentrations increased 
during the alcoholic fermentation and were typically three times higher in white/rose 
wines than in juice before fermentation. With red wines, final levels were approxi-
mately five times higher than originally measured in corresponding grapes. smoke taint 
could be identified sensorially in wines with guaiacol levels as low as 5 g/l, but sulfides 
appeared to possess a strong masking effect. trials regarding the removal of smoke com-
pounds from wines are currently being conducted.

Flavonol Precipitates in sangiovese Wines

Steven F. Price,* Gordon Burns, and eric hervé
*ets laboratories, st. helena, ca 94574  (sprice@etslabs.com)

Quercetin, a flavonol aglycone, is the most common precipitate found in commercial 
bottling of california sangiovese. flavonol glycosides are present in high concentrations 
in sangiovese grape skins and are extracted during fermentation. cleavage of the glyco-
side moiety occurs during fermentation, barrel storage, and bottle aging. The resulting 
aglycone is much less soluble in wine than the glycosides. flavonol aglycone solubility is 
increased due to the formation of protective colloids formed with anthocyanins and tan-
nins. in the case of quercetin, solubility can be increased more than 10-fold by addition 
of anthocyanins in model wines. The interaction appears to be related to copigmentation, 
as red color of the anthocyanin-containing model wines was enhanced by the quercetin 
addition. postbottling, quercetin glycosides continue to hydrolyze, increasing aglycone 
concentrations. simultaneously, anthocyanin concentrations decrease. in a sangiovese 
wine aging study, quercetin increased from 14 to 33 mg/l while anthocyanins decreased 
from 320 to 26 mg/l over five years. When the aglycone concentration exceeds solubil-
ity limits, hairlike yellowish quercetin crystals form which combine to form gelatinous 
lumps. Quercetin is often supersaturated in sangiovese wine and seeding with powdered 
quercetin can result in a 20% reduction of quercetin concentrations in solution. sangio-
vese appears to be particularly prone to quercetin precipitates due to exceptionally high 
flavonol concentrations along with low concentrations of anthocyanins and tannins.

a novel screwcap liner with Variable OTr and the effects  
of its components on OTr

Jim Peck,* john cunningham, and richard edmond
*G3 enterprises, Modesto, ca 95354  (jim.peck@g3enterprises.com)

a novel liner for roll-on tamper-evident (rote) screwcaps is being developed for the 
wine industry. This liner will allow the winemaker to choose a rote cap that provides 
an optimal oxygen transmission rate (otr) for their product. data from design-of-
experiment (doe) trials gives resulting predictive equations. The goal of this work is 
to provide the wine industry with screwcaps having otrs specifically targeted for the 
needs of various wines. currently there are only two cap liners widely used in the wine 
industry. one liner employs saran and the other tin foil as the primary oxygen barrier. 
to develop baseline data, Mocon oxtran tests were conducted to determine the otr of 

*indicates corresponding author
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packages finished with natural cork and rote caps utilizing these two lining materi-
als. The natural cork finished package—stored inverted—had an otr of ≈0.0005 cc 
o2/day, the saran-lined cap had an otr of ≈0.001 cc o2/day, and the foil-lined cap 
had an otr of 0.00001 cc o2/day. By properly selecting and physically modifying the 
components of the novel liner, cap-finished package otrs can be made to match that 
of a quality natural cork. The otrs can also be adjusted to range anywhere between the 
saran- and foil-lined caps. Mathematical models developed using the doe approach 
will allow the prediction of otrs based on the liner design, bottle characteristics, and 
capper set-up.

Funding support: G3 enterprises.

comparison of a leaf Porometer and a Pressure chamber for assessing Vine 
Water status in chardonnay and Zinfandel Grapes

Lowell Zelinski and Greg Melikian*
*precision ag inc., paso robles, ca 93446  (greg@precisionaginc.com)

our work in progress compares a leaf porometer (decagon devices) and a pressure 
chamber (pMs instruments) for assessing vine water status in chardonnay and Zin-
fandel winegrapes in the paso robles area of california. treatments were both varietals 
watered at 100%, 50%, and 0% of amounts recommended by soil moisture monitor-
ing sites located near the plots. The plots consisted of five vines where there were two 
0.5 gph emitters (100%), one 0.5 gph emitter (50%), or no emitter (0%). treatments 
were initiated on 1 july 2008 and continued through harvest. Measurement of stomatal 
resistance was made by selecting the most recently mature fully expanded sunlight leaf 
along a cane and placing the sensor head immediately to the left or right of the petiole-
blade attachment point. The sensor was attached for 30 sec, at which time the stomatal 
resistance was recorded. This same leaf was then removed and used to determine leaf 
water potential in the pressure chamber using standard techniques. simple linear regres-
sion of all the comparisons showed no correlation between stomatal resistance and leaf 
water potential (adj. r2 = -0.00369). This was also true for both varieties individually. 
stomatal resistance was linearly related to days since the last irrigation (p = 0.0495) but 
leaf water potential was not (p = 0.5237).
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influence of Malolactic Fermentation on Wine sensory and  
chemical characteristics in cabernet sauvignon Wines

peter costello, Eveline Bartowsky,* sibylle Krieger-Weber, andrew Markides,  
leigh francis, and Brooke travis
*australian Wine research institute, Glen osmond, sa 5064, australia 
(eveline.Bartowsky@awri.com.au)

The effects of malolactic fermentation (Mlf) on wine aroma profile and chemical 
properties of australian cabernet sauvignon wine over two vintages were explored by 
inoculation with up to seven different commercial malolactic starter culture prepara-
tions of Oenococcus oeni. The effects of initial wine ph on the sensory and chemical 
changes arising from the Mlf treatments were investigated by adjustment of cabernet 
sauvignon wines to ph 3.3 or ph 3.7 prior to Mlf induction. The time required 
for each malolactic culture to complete Mlf ranged from 12 days in a lighter style 
cabernet sauvignon wine (13.7% v/v alcohol, initial ph 3.7) to 80 days in the more 
complex style cabernet sauvignon wine (14.8% v/v alcohol, initial ph 3.3). sensory 
properties of the wines were investigated by descriptive sensory analysis, using a trained 
panel. in support of the sensory data, chemical properties of each wine were determined 
including phenolics and tannin composition, volatile aroma compounds, and organic 
acids. significant sensory and compositional differences occurred as a result of the dif-
ferent Mlf treatments, including differences in intensity of perceived fruit flavor. strain 
dependent changes in the volatile aroma compounds, including the ester profile, were 
observed. relative changes in spectral color and tannin properties were dependent upon 
Ml strain and pre-Mlf ph.

*indicates corresponding author
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