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Everyone knows it: As the yield increases, qualigglines. The quantity-quality-law is not at all a
new discovery. Nevertheless, some producers havsight of its real meaning. Otherwise it is im-
possible to explain how in particular cases wediralO tons per acre are still harvested. In mamyco
tries, the wine can be marketed as “Quality” winigis accepted as fault-free by a tasting autiyar

if some legally defined minimum Brix has been restiSugar content carries with it a mythical im-
portance.

It is out of the question that products from laygevercropped harvests can be convincing as a bever
age for pleasure and culture. They cannot be nhareanonymous, interchangeable consumer or
“processed” wines because they lack essential ibogsts making up the inner, sensorially transfer-
able quality. Wine is more than an aqueous soludfacohol, sugar, and acids. Ripeness in theesens
of sugar content and extracts alone does not giggranpleasurable experience. Yet it is still aewid
spread erroneous belief that quality can be deterdsolely by sugar content. Modern winemakers
claim that they don't depend on numbers, but itss@ one who does not rely on sugar, pH, or acidit
reading when it comes to determine whether theggrape ripe to pick.

Sugar content of the grapes defines exclusivelyhaliic ripeness, i. e. the potential alcohol cotten
Beyond that one can also recognize a physiologigahess, comprising aromatic and phenolic matur-
ity. It is not directly bound to the alcoholic ripess. At least not anymore, and even less as global
climate change progresses. Therefore one can dimghletely unimpressive and one-dimensional high
Brix wines.

Aromatic ripeness

Ripeness and yield are interdependent. During myggmore is happening than merely an increase of
sugar and a decrease of acidity. These two parasrsttend nevertheless in the foreground during the
measurement of maturity because they are easgés@by simple technical means. The concept of
“Aromatic Ripeness” is thereby ignored. Long aftex increase of sugar content has stopped, the syn-
thesis of aromatic compounds continues. Theseéharedmpounds which, at comparable macro-
analytical parameters, allow us to differentiatergen wines, especially between a cheap table wine
and a complex late harvest wine. Otherwise winerigsn would be reduced to a monotonous repe-
tition of the four basic tastes - sweet, sourgbjthnd salty.

Not only high yield, but also global climate chamgay explain why aromatic ripeness does not run
proportional to alcoholic ripeness. Under dry riipgnconditions, aroma synthesis is retarded, disen
case of excessive application of fungicides. Rased by fungus can bring the development of ripe
aromas to a complete standstill. In extreme cakascan cause a wine from grapes of 25 Brix or
more to remind one of an aroma profile of 17 Briges.

Deficiency of aromatic ripeness might be expressedree ways:
- The absence of any aroma.

- The appearance of antypical aging (ATA) flavor in white wines. The olfactory faae of those
wines reminds the smell of mothballs, wardrobeyntiry, soap, lemon blossom, etc. Even though
ATA is a widespread quality defect frequently octg in young white wines soon after primary
fermentation, it is often badly identified. Its @in is a hormonal stress in the vines as it mighinb
duced by overcropping. Details will be discussegwhere.

- Vegy-green aromas, the distinguishing mark ofpengrapes and deriving from a group of com-
pounds called methoxypyrazines.

Green-vegy aroma caused by methoxypyrazines

The green-vegy or herbaceous fraction of wine arismeminiscent of the smell of crushed blades of
green grass, freshly mown lawn or raw potatoesrybealy is familiar with this kind of smell from
his daily life experience, but optimistic expectaand the emotional approach many producers have
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to their own wines prevent them from expectingrdgiag, or identifying it in them. It can be so in-
tensive that it eventually dominates overall ardma way that one cannot recognize any more the
desired, pleasurable aroma attributes like ripgsfrélowers, or minerals. Beside the smell, mdei
and texture are also adversely affected by serssogrgisms. The acidity seems more than the wine
actually has. The tannin of red wines appears baisid more astringent.

By many wine growers around the world, the arontéepaof that kind is not identified as what it

really is, but confounded with common aroma defetisenological origin which might be removed

by some dubious fining procedure. Nevertheledgstto be stated that an herbaceous aroma reminis-
cent of green grass represents a deficient aromiptioess which cannot be corrected for by any-tech
nical means.

Earliest research upon the occurrence of green-flagyr explained its origin in higher aldehydes of
the C6-series like hexanal and hexen-2-al whicltpesduced, respectively, by enzymatic oxidation of
linoleic and linolenic acid during grape processimghe meantime, there is evidence that the sgnso
impact of these molecules is insignificant compaxét that of methoxypyrazines. The latter ones are
constituents of all green tissues including thdsh® grapes. They are extracted during vinifiqatio
and dissolved in the wine where they generally pattraces of a few 10 ng/L. The most important
representatives of this group of compounds ar@grapyl-2-methoxypyrazine, 3-butyl-2-
methoxypyrazine, and 3-isobutyl-2-methoxypyrazifiee latter one is more abundant in quantity,
while the first one reveals highest smell intenéity).

Methoxyparazines are the primary cause of the gvegy aroma flavor of unripe wines. In some
cultivars like Sauvignon Blanc, Cabernet Sauvigr@abhernet Franc, and probably Dornfelder too,
they participate in varietal flavor so far as thmincentration does not exceed a certain limitthaot
contribution to total aroma is in balance with stheomatic compounds (1). If there is not suchla ba
ance, methoxypyrazines dominate the flavor by tipesen-vegy characteristics.

Methoxypyrazines are stored in the grapes befar@san, and their synthesis is accelerated under
humid growing conditions. After crossing a concatitm peak, they decrease continuously during
ripening. This decrease is to be explained byripact of sunlight and correlates with the breakdown
of malic acid. All viticultural factors contributgndirectly or indirectly to a better exposure o th
grapes to sunlight, including leaf removal, accdkethis decrease. Regardless of the photo-
degradation induced by sun exposure, high tempesatluring ripening act in the same way. High
yield and humid climate act inversely. Leaf remosadl cluster thinning are more effective means for
decreasing methoxypyrazines than a low number @ lburing pruning. Fungi attack of unripe
grapes yields higher concentrations not only bez#usompels early harvest, but also by promoting
their extraction from the prematurely destroyechgilgsue (3, 13).

Skins, seeds, and stems contain more methoxypygsa#ian the respective juice fraction. They are
highly soluble and easily carried over from grajpés the wine. During grape processing, they reach
their maximum concentration in the liquid phaserfine day of skin contact. However, the presence
of leaves and stems during skin contact of redega@an contribute to further enhancement. In white
wine vinification, harsh mechanical grape procegike excessive pumping and pressing gives rise
to another enhancement, while removal of the leestgings may lower the concentration (13). In
juices just pressed, a certain amount of the mghoazines is bound to solids. Thus, a proper juice
clarification may contribute to a further decref®e However, none of these treatments is able to
avoid the appearance of a green-vegy flavor ifighemn intrinsic feature of fruit quality.

Chemically, methoxypyrazines are quite stable mgésrand resistant against changes of the redox
balance of wine. Thus, the common wine treatmesitgad to oxidation or reduction during vinifica-
tion, stabilization, and aging hardly affect the@ncentration. However, there seems to be a slodr bi
ing to tannins in red wine when these are undeggpolymerization under semi-oxidative conditions
like those occurring during micro-oxygenation. Taek of any reactions with absorbing materials is
responsible for their stability against fining atgeand filtration media. Their most important réarct

is their photo-degradation mentioned above, i@r threakdown under the influence of light. This
reaction may occur in the bottle, too. Wines bdttlewhite glass are undergoing a slow decrease of
their green-vegy character, while those bottlecolored glass preserve it from decay. Current gtora
conditions in the dark do not allow for any declofe¢he herbaceous flavor.
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Due to the solubility and chemical stability of mmexypyrazines, enological means of reducing their
content are more than limited. Therefore, the digedgticultural tools for lowering their amount du
ing grape ripening are of considerable importaige (

Overcropped vineyard

Short-lived fermentation aromas

Clearly, different factors play a part in the fotroa of the total aromas perceived in wine. During
alcoholic fermentation, the yeast produces a largey of volatile secondary metabolites acting as
aroma compounds and used technically to completherdrape-derived aromatics. Having this back-
ground in mind, the winery supply industry propoadarge number of active dry yeast strains aiming
to drive the sensory profile of the wine in oneanother direction. As an alternative, some winemak-
ers utilize spontaneous fermentation in order fparhmore complexity and flavor individuality to
their wines.

For the synthesis of aroma, the yeast uses suppabteirsors available in the juice, essentiallynaiss
lable nitrogen (14). However, juices obtained framnipe grapes lack nitrogen. Correspondingly, the
sensory result is modest. Unripe wines remain enrip

All aroma compounds which are produced throughdaurthg alcoholic fermentation have a relative
short live span. Because of their volatility, tresaporate, if in the course of stressful wine hizugd|

the wine is moved too frequently, racked in on@far another, or exposed to a static or turbulent
liquid surface (19). Beyond that, they decomposelysthrough the effects of oxidation and acidic
hydrolysis at wine pH. The breakdown is acceleratgdificantly by heat (8). That is the typical pro
lem of warm cellars and bottle storage areastdfpfan identical juice, wines are produced with dif
ferent aroma profiles by means of different ferraioh procedures and yeast strains, these differ-
ences can only be observed while the wine is yonagely when the sensory effects of fermentation
measures are most often evaluated (18). During@goithe differences between the lots tend to disap
pear. After approximately one to two years, andhwitproper wine handling or storage significantly
faster, hardly any differences can be discerned.arbma at the end of this stage which is stilceps
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tible results overwhelmingly from the grape-deria@dma compounds. In the case of an unripe har-
vest, green aromas remain if they are not maskesbime kind of aging flavor. If grapes from an ex-
cessive yield are used, no aroma remains at diltit of ATA as the only possible exception. With-
out any doubt, aromas derived from yeast metabaisshort-lived and can in young wines simulate
a quality which the wine does not retain for loag)( By contrast, primary aromas arising from the
grapes are much more stable over time. They vamgrdmg to the cultivar. The aroma potential of the
grapes takes a decisive importance.

Analytical evaluation of aromatic ripeness

Since Brix as the sole quality criterion has becamgatisfactory and obsolete, there has been ko lac
of thought to replace the measurement of sugaeobbly a direct determination of aroma potential
(21). In particular Australian research groups hdigénguished themselves in this field of research
One analytical approach led to the determinatiothefso-called glycosyl-glucose content in grapes
(20). The starting point of this considerationhattthe primary aroma constituents contained ipega
and juice belongs to various groups of chemicalmmmds. In part they are yet unknown and cannot,
because of their diversity, be embraced in ondesimgasurement. Thus, an analytical breakdown
followed by simple addition of their individual coentrations is not feasible for determining aromati
maturity.

In addition, the volatile aroma constituents inggrg are present to only a limited extent in the fre

form which is directly accessible to the senseneéls The far greater proportion is bound as gly-
cosides to sugars and sensorially neutral. Aftesting the grapes and during storage of the wie, t
sugar is split and the glycosidically bound arormenpounds are set free, whereby they become senso-
rially active. The splitting of the glycosides immoted by the low pH of wine or catalyzed enzymati
cally. Heat accelerates the reaction as well agreez derived from yeast or added in winemaking
practice as commercially available aroma enhaneireymes (2, 6).

The sugars to which the grape-derived aroma congsoare bound can be of various types; neverthe-
less one molecule of glucose is required per médeafuaroma precursor. In contrast to the heteroge-
neous mixture of aroma compounds, this glucosasgyemeasured. The assumption is that it is com-
pletely split from the glycosides. Thereby one oistdhe glycosyl-glucose. Its amount is proportlona
to the bound aroma compounds, i.e. the potentialgry aroma able to be set free during the wine-
making process. The technical procedure for meag@omprises the isolation of the aroma gly-
cosides from a juice sample, its acidic hydrolysiseat, and the measurement of the freed glucose.
This glycosyl-glucose (in mg/L) is the quality indeoked for.

Investigations in various countries have shown ti@tglycosyl-glucose has a tendency to increase
with the degree of ripeness and to decline witihdasing crop load. In some way and in most culti-
vars, it is correlated with the aroma intensitytted wine. The disadvantage of this technique is tha
only the bound and therefore sensorially inactiracprsors of grape-derived aromas are measured,
while the aromas already present in the free fanthapable of being smelled are ignored. Further-
more, the use of this measurement implies thatiotiadity of bound aroma compounds actually be-
come unbound from sugar and sensorially activendufie winemaking process. In practice, this reac-
tion commences from the time of crushing the grabesvever, one question remains: How much of
the aroma potential measured as glycosyl-glucosmlleis converted into sensorially active aroma
compounds?

This consideration encouraged the developmentahan method of determining the aromatic ripe-
ness. Proceeding from the fact that the primarynasoof most grape varieties consist overwhelmingly
of terpenes, these are distilled off and quantifiethe distillate by means of a colorimetric réat

One thereby gets the free terpenes which are jireotessible to the smell. After acidificationtbé
sample, the glycosidically bound terpenols aredii@ed captured through a second distillation. Both
fractions — free and bound terpenes — are exprassed/L of a reference terpene, for example li-
nalool (7). In some grape varieties like those bgilog to the Muscat family, there is a very close
correlation between terpene concentration and amteasity, while in other ones characterized by
non-terpene aromatics like Sauvignon blanc, thermicorrelation at all.



Phenolic ripeness

Beyond aromatic ripeness, phenolic maturity erdsra further parameter in the quality of red grapes
Phenols are the building units of all tannins aold@d pigments. The grapes must contain them in
sufficient quantity and quality if one wants to guce a serious red wine. There are analytical ap-
proaches for determining the extractable phendtemtial (4, 5, 10, 12, 16). Unfortunately, their
practical use is yet limited because results oivdreus methods are difficult to compare.

Grapes which are phenolically unripe contain higtoants of extractable, strongly astringent tannin
in their seeds. As ripeness progresses, the exinaattless aggressive tannins from the skins smes
(11, 15). Small tannin molecules of a low degrepalymerization, like those obtained from unripe
grapes or too short a skin contact time, tasteausrand sour, even at low total acidity and high pH
Differences in phenolic ripeness explain why theta from unripe grapes can simulate up to 1.5 g/L
total acidity while ripe tannin can impart a ligh#weet taste.

Tannins form complexes with colloids of a non-pHenoature, in particular polysaccharides and
proteins. Depending on the kind and concentratidheproteins and polysaccharides, the same tan-
nin molecules can be sensorially perceived as “gootbad” tannin. Complexation with acidic poly-
saccharides increases their astringency. Neuthgd@ocharides like mannoproteins diminish their
astringency (9).

A part of the tannins complexes with colloids isregted from the grape skins. Such tannins associ-
ated to proteins or polysaccharides taste softdreaghenolic ripeness of the grapes advances. They
impart to the red wine mouthfeel and weight. Intcast, the tannins from the seeds show a lower
degree of polymerization without colloidal complaga. They are highly astringent, explaining thus
why some red wine maceration processes use seedakranripe tannins can only partially be im-
proved during aging with the oenological toolsarfriin management.

Sensory evaluation of physiological ripeness

For the evaluation of ripeness, Brix is losingsitgificance, while the practical application obiii-

cal assessments of aromatic and phenolic matgritgirowly limited. Most often, the size too small
of grape lots precludes the routine use of theperesive procedures. Therefore, the sensory evalua-
tion (16) of physiological ripeness is of increasimportance. Such an evaluation uses the human
senses of touch, taste, and sight. It includes:

- The visual assessment of the grape quality: lyghdnsparent, yellowish-green colored skins with
golden shades indicate ripeness of white grapegngskins reveal a lack of maturity. Red grapes
should release color from the skin when rubbed éetthe fingers. When perfect ripeness is reached,
the berries can be easily removed from the sté&lklsown, wooden stem tissue of red grapes points
out a perfect phenolic ripeness.

Unripe grapes



Ripe grapes

- Squeezing the berries: Ripe berries remain defdraiter mild squeezing with the fingers, but uarip
berries are elastic and turn back to their infoain. When the berries are crushed completely, brow
and hard seeds are easy to detach from the julpefgihe grapes are ripe. In premature fruit, the
seeds are green, soft, or mealy; they have a Hater and adhere to a gelatinous pulp.

- Smelling and chewing the berries: It is easyistinguish unripe berries from ripe ones only by
smell. To be ripe, the pulp should be free of heeloas notes and viscosity. Gelatinous adherence of
the pulp to the skin or seeds goes along with ladenaturity. The skins should be crumbling after
chewing and not tough.

Representative fruit sampling is crucial to overedime variability of ripeness within a vineyard
block. It requires selecting berries from manyeliéit clusters and from a different part of thesido
each time as one walks through one or two rowse¢adly, more than one evaluation will need to be
performed in each vineyard. The proceeding seednsus at the first glance, but it is efficient when
comes to avoid picking unripe grapes.

Concentration cannot replace ripeness

Since the implementation of must concentrationak=sjihope has been nourished in some segments
of the wine industry that by means of this techgglainripe and thin wines obtained from overcrop-
ping can be converted to ripe and mouthfilling pratd. This hope has not been fulfilled. Wines dis-
advantaged by lack of ripeness and overcroppirgy oift only a shortage of sensorially positive fla-
vor compounds, but also components of unripendg®sugh concentration all components are con-
centrated in the proportion they are provided atheygrapes. Therefore, ripe musts can be improved
with concentration while in the unripe ones; theayr-vegy flavor is concentrated.

These quite obvious results prove that any queéfyciency of the grapes cannot be overcome by
enological means in the cellar. Basically, quadiéy only be produced in the vineyard. In the cdllar
can at best be preserved. What the wine does metdzanot be brought to it by fining, filtratiorr, o

any other treatment. In some circles, howeverpnilstaken belief still rules that bad wine can balena
better through excessive cellar equipment or #sttnent with diverse fining agents or additives in
various packages and brands. Most of them are eseary or even counterproductive, even though
they are strongly supported by diverse commerntalests. In extreme cases, the wine is proceesed t



death and fined to emptiness. Wines obtained froripa grapes do not require enology, nor do they
offer any scope for its application. In the begeca limiting of the damage is possible.

Summary

Sugar content of grapes is an unreliable paranefenedict grape and wine quality. Under conditions
of progressing global climate change, extreme alisieovercropping, and harvest of premature fruit,
the correlation between Brix and overall qualitykdsany practical significance. Alternatively, the
concept of physiological maturity, including aromaind phenolic ripeness, is presented. Analytical
and sensory means of their assessment in grapdesaanp discussed. Deficiencies in physiological
ripeness cannot be corrected for by enologicaktool
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