GRAPE MATURITY
Section 4.

Berry Sensory Analysis (BSA)

Berry sensory analysis (BSA) follows a standardized set of 20 descriptors,
assessing the ripeness of wine grapes by judging fruit stems, skin, pulp, and
seeds separately (Winter et al., 2004). It uses a four-point scoring system to
determine relative ripeness and the change in ripeness over time. As with any
maturity analysis, this system is most advantageously used in conjunction with
other assays.

An aroma evaluation of the fruit is important in assessing relative maturity. A
typical progression of aroma descriptors for Cabernet Sauvignon grapes includes
the following:
green, under-ripe
lightly herbaceous
herbaceous
minty–black currant
blackberry
jam–prune-like
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Aroma/flavor masking, and the fact that many compounds are present as
conjugated bound precursors, makes fruit aroma/flavor evaluation only a rough
approximation of the aroma/flavor potential of the wine. The following should be
noted:

Most aroma/flavor compounds are likely synthesized independently of
each other in the berry.
High concentration of one aroma volatile is not necessarily correlated
with high concentration of another.
Synthesis of most aroma/flavor molecules varies dramatically with the
season and vineyard management practices.
Grape aroma/flavor compounds have different rates of loss in the fruit.

Because of differences in detection thresholds among evaluators, it is important
to have as many evaluators as possible. It is also important to use contrasts
when evaluating fruit. The best approach is to freeze a sub-sample of the fruit
collected. At the next sensory evaluation, the frozen sub-sample from the
previous review is thawed and the sensory features compared with the current
sample. Contrasting allows for the detection of changes occurring with time, and
the presence or absence of undesirable aroma/flavor, textural, and visual
characteristics.

Optimal sensory evaluation involves an understanding of the following:
standardized and controlled environment
representative sample
optimal sample temperature
elimination of bias
importance of sample contrasts
use of skilled evaluators
number of evaluators and evaluations required to gain a true picture
minimize presentation effects (adaptation)
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minimize physiological effects (time of day, not tasting for a period after
eating or drinking)
using the proper testing method

In addition to berry aroma/flavor, cluster stems can also be evaluated to aid in
the assessment of berry ripeness. Stems undergo a change from green or
unripe, to brown or ripe, to overripe or brittle. These changes are seasonal and
varietal-specific. Green or un-lignified stems, including cap stems, which enter
the fermentor, can negatively influence the tannin profile of the resultant wine.
During fruit maturation, seeds may “mature” at a different rate than Brix changes.
As seeds mature, they change color from green to brown to dark brown. This
color change represents oxidative reactions and corresponds to the degree of
extractable tannins (Figure 6).

Figure 6. Changes in Seed Tannin Extractability
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Source: J. Kennedy (2000)

Tannin extractability decreases during phases II and III of berry development. In
conventional red wine production, seed tannins make up over 60% of the total
3
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tannin concentration (Singleton, 1988). It should be noted that changes in tannin
maturity can occur late in the season, when it would appear that no additional
ripening can transpire.

Some winemakers taste seeds in order to assess grape maturity. However, seed
bitterness may be overwhelming, and many are not able to distinguish levels of
seed bitterness. The physical characteristics of the seeds, including color,
uniformity of color, brittleness, and texture, are important indicators of fruit
maturity. Because of the quantitative and qualitative role of seed tannins in red
wines, seed evaluation is highly important.

Non-Conventional Maturity Evaluation Tools

Because of the difficulties associated with sensory evaluation, there is a need for
a simple, reliable, and objective technique for evaluation of fruit maturity. If the
optimal aroma composition of fruit at harvest could be defined, instrumentation
analysis, such as an electronic nose, would be a useful tool for routine
assessment of optimal maturity.

A major challenge for the grape and wine industry is to replace time-consuming
laboratory analyses, used in process and control quality monitoring, with new
application techniques that are fast, precise, and accurate. For example, red
grape color measurements represent the need for rapid analytical methods that
may be used as objective indicators of grape quality, grape ripeness, and/or
uniformity of ripeness. Substantial progress has been made in this area.

Many of the new technologies being developed for component analysis are
spectroscopic techniques that operate in the visible (Vis), near infrared (NIR) and
mid-infrared (MIR) wavelength regions of the electromagnetic spectrum.
Additionally, research in non-invasive testing using fluorescence or
4
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photoluminescence, T-rays (terahertz radiation, or the far infrared region of the
spectrum just before microwaves), X-ray and gamma rays for some grape and
wine components may prove successful (Smith, 2006).

The analysis of grape and wine volatiles represents a substantial challenge.
Conventional analyses of volatiles are mostly conducted using gas
chromatographic (GC), GC mass spectrometry (GC-MS), and GC olfactory
(GCO) methods, and involve very expensive equipment, time- and laborintensive steps, methods development, sample preparation, separation of
specific volatile compounds using appropriate chromatographic columns, and
chromatogram interpretation.

Electronic nose (ENose) technology represents a possible alternative to volatile
measurement, at least in some applications. These are multi-sensor arrays
designed to measure head-space volatiles. Each sensor type has a greater or
lesser affinity for a particular chemical class or group of compounds. The
adsorption of volatiles on the sensor surface causes a physical or chemical
change in the sensor, allowing a specific reading for that sample in a unique
pattern or “fingerprint” of the volatiles (Mallikarjunan, 2005).

Using chemometric techniques and multivariate statistical analysis of ENose
data, it is possible to distinguish among groups of samples, to possibly identify
individual sample components. Electronic nose systems are so-named because
their methods of operation are analogous to the way the human sense of smell
operates, where multiple nerve cells in the olfactory epithelium provide
responses so the brain can identify and characterize aromas.

Grape Sample Processing

There are three distinctive juice zones in the fruit (Figure 7). Due to
compartmentalization within the fruit, it is essential that growers and winemakers
5
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standardize fruit sample processing. Without such standardization, it is
impossible to compare results.

Figure 7. The Three Zones of a Grape Berry, Showing the Relative
Concentration of Berry Components
Intermediate zone
+ tartaric acid
+ sugar

Central zone
+ malic acid
- sugar

Peripheral zone
+ potassium
+ oxidases
+ aromas
+ astringency
- sugar
- acidity

Adapted from Dunsford & Sneyd, 1989

Sample processing should be performed to duplicate what is expected to occur in
Peripheral
the cellar. Therefore, the use of a laboratory hand press would duplicate
whole
zone
cluster pressing, while a blender may provide a level of extraction similar to red
+
potassium
fruit fermented on the skins to dryness. Common systems used to process
fruit
+
samples include the following:
oxidases
+ aras
stomacher bag
+
blender
astringency
press
sugar
acidity
Fruit Quality Evaluation

At the winery, representative grape samples are collected and examined for
material-other-than-grapes (MOG; e.g., leaves, cane fragments), rot, fruit
composition, juice aroma, and flavor.
6
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Diseases and Fruit Rots

Molds are saprophytic (living on dead matter) filamentous fungi. When conditions
permit, their growth may lead to fruit deterioration, as well as exposing fruit to
secondary activity of spoilage yeast and bacteria. Common molds involved in
vineyard spoilage include Penicillium, Aspergillus, Mucor, Rhizopus, and Botrytis.

The nature and concentration of microbial metabolites differ as a function of living
and environmental factors. Quantification of mold, yeast, and bacterial
metabolites in collected juice samples is the best procedure for evaluation of
potential impact on wine quality factors. Key indicators of fruit rot, such as the
presence and concentration of ethanol, glycerol, gluconic acid, galacturonic acid,
citric acid, laccase, acetic acid, ethyl acetate, and ochratoxin A (OA) can be
determined by contract laboratory services.

Many grape growers attempt to quantify rot based on visual assessment of the
incidence. This is frequently done as a percentage of clusters impacted, or a
percentage of incidence per cluster. Regardless, most premium wineries, in
regions where fruit rot potential is great, conduct fruit sorting. This is generally a
combination of field culling and winery sorting.

Mold growth on grapes is considered undesirable, except for the association of
Botrytis cinerea in the production of certain sweet wines. In some cases, mold
growth and associated degradation of fruit stimulate the activity of acetic and
lactic acid bacteria and wild yeast, producing a wide range of metabolites.
Evaluation of the potential impact of fruit rots on subsequent wine is best
achieved by the quantification of rot metabolites.
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Penicillium and Aspergillus. After early fall rains, Penicillium may develop in
berry cracks, making the fruit unfit for wine production. Penicillium spp. are
frequently referred to as cold-weather molds, growing well at temperatures
between 15 and 24°C (59-76°F).

Aspergillus is a common vineyard fungus found on damaged fruit. This mold is
more abundant in warmer climates, and can metabolize sugars to produce citric
acid, increasing the acid content of the juice. Mold metabolites may not only
impact wine quality, but can make wines unacceptable, with regard to health
concerns. For example, some species of Aspergillus can produce ochratoxin A
(OA).

Botrytis cinerea. Botrytis cinerea is unique in its parasitology. Frequently, its
development results in a decrease in grape quality, referred to by the French as
pourriture grise (grey rot), or by German winemakers as graufaule. Only under
certain conditions does Botrytis produce an overmaturation termed noble rot or
edelfaule, indispensable in the production of the great sweet Sauternes in
France, Trockenbeerenausleses in Germany, and Tokay Aszu in Hungary.

Under cold and wet conditions, Penicillium, Mucor, and Aspergillus spp., as well
as other fungi and yeast, may overgrow Botrytis (Nair, 1985), causing vulgar rot
(pourriture vulgaire). Breakdown of the grape integument provides a substrate for
the growth of native yeasts and acetic acid bacteria, and may produce a
condition called pourriture acide, or sour rot.

Botrytis and other molds use ammonia nitrogen, reducing the levels available for
yeast metabolism. Additionally, thiamine (vitamin B1) and pyridoxine (vitamin B6)
are depleted. Like other fungi, Botrytis cinerea produces laccase (Dubernet et al.,
1977), which catalyzes phenolic oxidation. Ewart et al. (1989) reported significant
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reduction in total anthocyanins in Pinot noir infected with Botrytis, even when the
laccase activity was low.

In addition to laccase, pectolytic enzymes and esterases, produced by the mold,
break down grape tissue (Sponholz and Dittrich, 1985). Additionally, formation of
polysaccharides produced by fruit rots can create wine clarification problems.

Agrochemical Residue

Spray diaries should be kept by all grape growers and be part of the viticultural
HACCP plan. Such records help assure compliance with regard to maximum
residue limits, and help provide the winemaker with the knowledge that
fermentations will not be compromised by spray residues.

Practical Summary of Winemaking Issues

The knowledge of grape quality parameters is of cardinal importance,
since wine quality is directly and strongly correlated to the quality of the
vintage.
This review outlined fruit components which may influence wine,
particularly in regard to fruit maturity.
While grape maturity can have a profound impact on wine, other factors
impacting fruit composition, including cultivar, climate, soil, and notably
vine water status, vineyard management, and winemaking protocols are
also important.
The challenges for the grape and wine industry include prediction of
optimal fruit maturity for the types and styles of wines desired, and
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understanding the relationships between fruit composition and consumer
wine preferences.
Additional challenges include replacing time-consuming grape sampling
and evaluation methods with new techniques that are fast, precise, and
accurate.
Technologies, including remote sensing, may provide objective, nondestructive measures of grape composition, grape ripeness, and/or
uniformity of ripeness.

Study Questions
1.

What are the factors impacting fruit quality in Virginia?

2.

Why is it difficult to determine and define fruit quality?

3.

Explain the importance of berry size (weight) in winemaking and the changes
that occur with this parameter during maturation.

4.

What are the major factors effecting fruit maturation that can be modified or
impacted by the viticulturalist?

5.

What are the advantages and disadvantages of berry vs. cluster sampling?

6.

How can asymmetric ripening be monitored?

7.

Why is an understanding of potential alcohol so critical?
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8.

What are the major factors impacting the final alcohol of a wine?

9.

Explain the difference between TA and pH, and the factors that influence
both.

10. Which is most important, the development of fruit phenols, temperature, or
light? Explain.

11. What is glutathione and why is it important?

12. You are buying fruit from a new Virginia vineyard that has not provided you
with a copy of its spray program. You are concerned that there may be some
residual pesticide that could impact the fermentation and/or resulting wine.
Design a method of determining if there is a problem.

13. You have just done a juice analysis on a recently processed tank. You note
that your analytical results are strikingly different from the fruit analysis report
given to you by the grower at the time of harvest. Outline the factors that
could explain those differences.

14. Why is sensory analysis of grape aroma best done with the use of enzymes?
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