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RESEARCH

Grape Cluster Sun Exposure and
Wine Phenolics

By Steven F. Price
Oregon State University Vificulturalist
and
By Barney T. Watson
Oregon State University Enologist

One of the major objectives of grape
rescarch at Oregon State Univer-
sity has been understanding the effects
of vineyard practices on wine quality.
Most of our research has been directed
toward pinot noir, the state’s most
widely planted grape varicty.

Pinot noir is particularly sensitive to
environmental factors. Changes in the
climate from one year to the next are
responsible for vintage differences in
pinot noir, On the vineyard level
{mesoclimate) the choice of site can
influence grape and wine composition.
Within the plant, the microclimate of
roots, lecaves and clusters influence
plant physiologic function, which
eventually affects wine.

" Cluster sun exposure is an environ-

Fig. 1. Light ab-
sorbance of grape
skins  from sun
exposed and shad-
ed position on the
same clusters. The
inset is the differ-
ence in absorbance
between the two
samples. A high
absorbence means
the skins are ab-
sorbing light in
those wavelengths
and not allowing it
to pass into the
berry.
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Fig. 2. Light absorbance of ethanol extracts of grape skins from
sun exposed and shaded skin disks. The inset is the difference

between the two samples.
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Fig, 3A. Chromatograms of ethano! exiracts of grape skin disks
Sfrom sun exposed and shaded positions on the same cluster. The
chromatogram at 360 nm (the wavelength where there appeared
to be significant differences in grape skin absorbance) shows the
high concentrations of flavonols present in sun exposed extracts.
The chromatogram atf 520 nm (a wavelength where anthocyaning
absorb strongly) shows no difference between the two samples in
anthocyanin concentration of the skins.
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Grape Industry Sets Export Record

More California table grapes were
cxported in 1994 than in any year
in the industry’s history, according to
figures released by the U.S. De-
partment of Commerce. Through the
end of November, over 100,000 metric
tons of grapes worth $125 million were
exported to oflshore markets and
Mexico, exceeding the record of
95,000 metric tons exported in the
1993 season.

According to Scott Horsfall of the
California Table Grape Commission,

Milllons of USDollars

Value of US Grape Exports
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the 1994 record is the
continuation of a Top Fifteen Markets for California Grapes
long-term trend. This | pank Country 1993 Volume 1994 Volume Percend
is the tenth consccutive Metric Tons Metric Tons Increase
record season for grape |1 Hong Kong 18,018 21,600 +20
exports,” said Horsfall, |2 Mexico 10,757 20,000 +86
. . . 3 Taiwan 13,330 15,200 +14
vice president of inter- 1, or e 6,188 9,000 45
national  marketing. 5 gngapore 6,726 6,500 3
Horsfall credits the |s Japan 3,456 5,000 +45
opening of Mexico, con- |7 New Zealand 2426 4,500 +85
tinued growth i ; § Ma%aysm‘ 3,989 4,200 +5
d Lg " An VA.Sfan 9 United Kingdem 5012 4,000 -20
an alln - AmMCTICan 444 jngonesia 4,602 3,950 A4
markets, aggressive pro- |15 Costa Rica 3,175 3,100 2
motion, and a good |12  Panama 1,666 2,000 +20
quality crop as kcys o 13 Guratemala 3,035 2,000 -34
14 Brazil 346 2,000 +478
the 1994 results. 1o popng 4243 1600 28
For the first time in

many years, the fresh grape industry
was able to sell grapes frecly to
Mexico,” said Horsfall, “where exports
reached the 2 million box mark.” He
added that other markets performing
particularly well in 1994 include Hong
Kong, Taiwan, the Philippines, New
Zealand, Japan, and Thailand.

Horsfall also noted that the industry
shipped to scveral new markets in
1994. “Brazil was probably the most

significant of these new markets,”
Horsfall said, “with imports of over
150,000 boxes. However, the industry
also sent a sizable amount of product to
Vietnam, Russia, Columbia,
Cambodia. All are countries we expect
to become significant export markets
in future years.”

The California Table Grape Com-
mission promotes grape exporis in
more than 20 countries. 3

Certified Benchgrafts, 1
Rootings & Cuttings

NURSERIES

Dormant Benchgrafts
from $2.50
Dormant Rootings

from $1.00 I

Order Your 1996 Vines before June 1,
for additional discounts

(800) 499-9019
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THE TKV CONTAINER PROVIDES
AN ENVIRONMENT OF PERFECTION
FOR YOUR FRUIT.

PROVIDE STRENGTH
AND APPEAL FAVORABLE
TO PRINT OR LABEL.

ELEMENTS</ PERFECTION

SLOTTED VENT DUCTS ALLOWS
fOR PROPER AIR FLOW COOQLING.

The TKV tradition continues . . .

TKV CONTAINERS, INC.

4582 East Harvey Avenue

STITCHED TKV COVER WITH
SPRING ACTION FOR

QUICK PLACEMENT,
PRINTS ONE OR
TWO COLORS.

TKV: KRAFT PAPER
WRAP GLUED TO WoOD
VENEER PROVIDES STRENGTH
AND A FAVORABLE SURFACE FOR
PRINTING ONE TO FOUR
BRIGHT coLors.

Fresno, CA 93702
(209) 251-5551

Source: US Dept. of Commerce.
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mental variable that often changes in
response to vineyard practices. Trellis
type, leaf removal, shoot density, vigor
reduction techniques, water manage-
ment and rootstocks can all affect the
amount of sun reaching a cluster.
Generally, sun-exposed cluslers have
smaller berrics, lower titratable acidity
and malic acid, higher anthocyanin
concentrations, and higher total pheno-
lics than shaded clusters,

We have been particularly interested
in the effects of cluster sun exposure
on berry phenolic compounds. Antho-
cyanins—the phenolic  compound
responsible for red color in grapes and
wine—are an cxiremely important
quality factor in all red wines. Many
other.phenolics compounds arc present
in grape berrics. Individually and in
combination they contribute to a
wine’'s flavor, mouthfeel, astringency
and bitterness.

In an experiment on shoot orienta-
tion, we observed that sun-exposed
clusters had a shift in the ratio of
anthocyanins to total phenolics. Antho-
cyanins did not change much, but total
phenolics increased substantially. It
appeared that some sort of change in
phenolic metabolism was occutring in
direct sunlight. Sun-exposed clusters
were apparently producing phenolic
compounds that were contributing to
the total pool of phenolics, but they
were not anthocyanins.

Phenolic compounds in plants have
many physiological roles, They are
involved in plant protection from
pathogens and insects; they are precur-
sors of plant structural compenents;
and they act as taste aversion com-
pounds to prevent animal feeding.
Anthocyanins are thought to act as
feeding attractants to encourage the
dispersal of seeds in ripe fruit. Antho-
cyanins and other phenolic compounds
also have an important role in prevent-
ing plant damage from ultra-vielet
(UV) light. It was UV-screening that
seemed to have a possible rclationship
to apparent change in phenolic metab-
olism we observed in sun-exposed
grapes.

Sunlight is composcd of energy in a
range of wavelengths. Visible light is in
the range of 400 to 700 nanometers
(nm). The ultra-violet component of
sunlight is just below the visible range,
[rom 400 to around 300 nm.

The lower limits of UV light reach-
ing the earth are affecled by atmos-
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"
GROWING BUSINESS

If your growing business requires a powerful, fuel-efficient tractor
designed specifically for the growing business, take a look at a Kubota.

Like our versatile, precision-turning utility /low profile M-30 Series
tractors, ranging in 42-76 PTO HP, with 2WD or 4WD and manual
shuttle or standard transmission. Compact, yet exiremely powerful,
these all-purpose tractors feature a direct-injection, liquid-cooled diesel
engine and offer exceptional maneuverability for narrow and tight
spaces (narrow models available). Hydrostatic power steering, wet disc
brakes, hydraulic draft and synchronized and partially-synchronized
transmission choices are available.

The features on our versatile Grand L-Series tractors, ranging from
24,5 to 36 PTO HP fill any growing business need. Available in 2WD
or 4WD, with 8 forward /8 reverse speeds standard, the Grand L-Series
tractors are equipped with hydrostatic steering, shuttle transmission
and shift-on-the-go for efficient and easy operation, Options include
Kubota’s unique Glide Shift transmission, or a fully-synchronized main
and shuttle transmission. Standard is the tilt steering wheel, under-
hood muffler and new low noise and vibration engine design.

If your growing business
depends on the productivity and
versatility of a powerful tractor and
its implements, see your Kubota
dealer today.

Kubota Tractor Corporation markets a full line of
tractors through a nationwide netwaork of over 1,000
dealers.

GEYSERVILLE RIO VISTA
Lamgpson Tractor & Equipment Dotk Tractor Co.

20980 Geyserville Avenue 242 North Front Street
(707) 433-1619 (707) 374-6438
MADERA STOCKTON

Madera Tractor & Implement Cen-Trac Equipment
24476 Avenue 14 3355 North Ad Art Road
(209) 674-8715 (209) 931-6950
MERCED TURLOCK
Merced Hesston, Inc. Garton Ford Tractor
487 South Highway 59 2400 North Golden State Blvd.
209) 723-2021 {209) 632-3931
MODESTO WOODLAND
Modesto Ford Tractor Inc. Woodland Tractor & Equipment
2000 Crows Landing Road 95 West Kentucky Avenue

(916) 666-1944

(209) 538-0911




pheric ozone which strongly absorbs
solar radiation below 300 nm.
Decreasing ozone concentrations in the
upper atmosphere will increase the
amount of UV light reaching the earth.
Wavelengths between 280 and 320 nm,
often referred to as UV-B, are the most
damaging to plants as well as other
living beings. Many plant functions
have been shown to be affected by
UV-B light, but DNA is particularly
sensitive to damage.
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America’s
Favorite
Raisin!

SUN-MAID RAISINS

{(209) 896-8000 or (800) 246-4849
Hans Koop, Manager - Grower Ralations / Nick Dokoozlian / Glenn Feaver / Rick Stark

Phenolic compounds act as UV
screening agents by absorbing light at
damaging wavelengths and releasing
the encrgy either as light—at longer,
less damaging wavelengths—or as
heat. They are concentrated in vacuoles
in the cells in the outer few cell layers
of the plant epidermis.

We began an investigation of
UV-screening in grapes with a study of
the light transmission characteristics of
sun-exposed and shaded grape skins

from the same cluster. We wsed four
varieties—pinot gris, pinot noir,
chardonnay, and gewurztraminer, Sun-
exposed clusters were selected [rom
the upper surface of vines on a hanging
single-wire trellis. Skin disks were cut
from sun-exposed or shaded, interior
positions of the clusters. Their light
absorbance characteristics were mea-
sured in a spectrophotometer,

Sun-cxposed grape skin of all vari-
cties absorbed substantially more of
the UV-wavelengths than skin from
shaded berries., The absorbance of
pinot noir is shown in Fig. 1. The dif-
foerences in absorbance between sun-
exposcd and shaded skin was greatest
around 360 nm. We found this same
response in the other three varieties as
well,

We then extracted the phenolic
compounds from those same skin disks
with ethanol and examined the [ight
absorbance of the extract. The cthanol
extract from sun-exposed skin had
higher absorbance at all wavelengths
with the greatest differences between
shaded and exposcd berries at 260 and
360 nm (Fig. 2).

The differences in the UV spectra of
skins and extracts clearly showed that
UV screening was occurring in grapes
in response to sun exposure. The high-
er absorbance, at 260 and 360 nm, of
the cxtracts from sun exposed berries
suggested that flavonols might be
involved, as these arc wavelengths
where flavonols absorb strongly.

Flavonols are phenolic compounds
closely related (o anthocyanins, but
unlike anthocyanins they primarily
absorb light in UV wavelengths rather
than in the visible range. They have
been shown to be cffective UV screen-
ing compounds in many plant specics.

To determine which compounds
were specifically responsible for these
differences, we ran the extracts threugh
a high-performance ligquid chromato-
graph (HPLC). An HPLC can separate
and identify chemical compounds in
complex mixtures. The output of an
HPLC are chromatographs, a series of
peaks separated by time (Fig. 3A and
3B). Each peak on a chromatograph
represents an individual compound and
the height and area of the peak are pro-
portional to the concentration of the
compound.

Fig. 3A shows two chromatographs
of extracts from sun-exposed and
shaded pinot noir skins monitored at
360 nm (the wavelength with the
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Fig. 3B. Peaks 1 through 5 are the anthocyanin glucosides Fig. 4. The quercetin concentration of grape skins and wines from
dephinidin, cyanidin, petunidin, peonidin and malvidin, respec-  clusters of three sun exposures.
tively.
greatest difference in the spectropho-  (flavonols with a sugar attached).  respectively.
tometer runs). Peaks numbered 4  Flavonol peaks 7 and 8 are quercetin The extract from sun-exposed grape
through 11 are flavonol glycosides - glucoside and quercetin glucuronide,  skin had cight times more flavonols

than the extract from shaded skin. The
same extract, monitored at 520 nm—a
wavelength where only anthocyanins

WHERE THE VINTAGE BEGINS... In the marketfor | hove absorbance—showed no differ

ence in anthocyanins (Fig. 3B).

metal The HPLC data confirmed the

results of the spectrophotometer:

gmpe S UV-screening was occurring in grapes

and UV-absorbing compounds were
being synthesized in response to sun
exposure and were accumulating in
skins. The response was not a result of
a general increase in all phenolics, but,
rather, was limited to specific phenolic
compounds, with flavonols, particular-
ly quercetin, predominate.

Quercetin has long been known to
be present in grapes and wine, but its
role as a UV screening agent in grapes
had never been shown before.
Quercetin has been receiving increased
attention recently because of its
possible health benefits in wine, both
as a possible anticarcinogea and for its
possible role in reducing heart disease.
Ph. (209) 674-9487 Because of this interest and because

or 264-7584 we thought quercetin might affect wine

quality, we continued our investigation
SCHAFER

with a study on the effects of cluster
METAL STAKE

exposure on wine phenolic composi-
tion,

VITi(L.',l;“lLIéJRAL NURSERIES 25176 AVENUE 52 Experimental wines were made

441 VINELAND ROAD * BAKERSFIELD, CA 93307 ... MADERA, (0 LLOLYA from pinot noir clusters harvested from

: : defined positions in a grape canopy.

RIDE

NURSERY

'805/363-8B463+FAXB05/366-4251 "
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The vines were trained to a single high
wire system and cane pruned. Three
levels of claster sun exposure were
defined at the harvest: exposed (clus-
ters on the top of the canopy with little
or no leaf cover); moderately exposed
(clusters receiving at least some sun
exposure each day); and shaded {clus-
ters thai receive no direct sun expo-
sure).

Quercetin content of grape berries
and wine is shown in Fig. 4. In both
grapes and wine, there was at least a
six-fold diffcrence in quercetin
concentration  with  the  highest
quercetin concentrations found in the
exposed treatment and the lowest in the
shaded. Therc was no difference in the
anthocyanin concentrations of grape
berries or wine between the exposed
and moderately exposed treatments,
but the shaded treatment had
significantly lower anthocyanin con-
centrations in both grape and wine,
probably due to the larger berries in the
shaded fruit and reduced anthocyanin
synthesis.

Quercetin is only onc of many
compounds that were affected by light
in this trial. Cluster sun ecxposure
resulted in differences in cluster
morphology, titratable acidity, malic
acid, and other phenolic compounds.
Catechins and caftaric acid were
highest in wine from shaded clusters
and caffeic acid and polymeric antho-
cyanins were highest in wine from
sun-exposed clusters.

Some of the differences in these
wines, such as quercetin, can be relat-
ed directly to differences in fruit. Other
phenolics in wine, such as caffeic acid
and polymeric anthocyanins, are not
present in fruit and are only formed in
wine during fermentation and aging. It
is possible that some of these fermen-
tation and aging products are affected
by the quercetin concentration in the
wine,

Polymeric anthocyanins are par-
ticularly important for effects on winc
color stability. Their concentration was
highest in the wines with high
quercetin levels. It may be that
quercetin was combining with antho-
cyanins to form stable polymers.
Although the anthocyanin concentra-
tions in fruit from sun-cxposed and
moderately exposed positions were not
different a year and onc-half after
crushing, wines from sun-exposcd
clusters were much darker than the
wines from moderatc and shaded clus-
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ter exposures.

We are currently investigating some
of the quality implications of quercetin
in wine and wec are continuing our
work on the effects of vineyard
management techniques on quercetin
and other phenolics in grapes. We are
surveying commercial vineyards to
determine the range of quercelin
present in Pinot noir in Oregon, and are
monitoring commercial wine fots from
the same blocks.

The phenolic responses to cluster
sun  exposure are complicated,
especially in wine. But our research
effects on cluster sun exposure and
wine phenolics has provided some
insight. The response of quercetin was
clear and unambiguous:; increasing
cluster sun exposure increases
quercelin concentration in grapes and
wine. The quality ramifications are
more complex, however, and are still
being aclively investigated. a

" SPRING SPECIAL
Compost Alert!

Raisins

* High NPK Value
* low Sodium
* No Weed Seed

* Increased Yields
¢ Quality Guaranteed

office today at (209) 275-3300

Wine Grapes

We’ll help you grow in a variety of ways with:
NATURE’S YIELD AGRICULTURAL COMPOST

* Great Source of Micronutrients

» Excellent Water Retention

» Prompt Delivery and Spreading Available

Our customers save up to $70.00 per acre over
manures, WE GUARANTEE IT!

Nature’s Yield Agricultural Compost
will benefit your growing program.

For more information, a free sample, and
a laboratory soil analysis, contact our

*Guarantee limited to San Joaquin Valley area. Based on current
market price for manure, transportation and spread rates.

Table Grapes

EARTHWISE
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lhtrod’u'cing
INFINITY

FERTILIZER

(8-17-25+Iron)

Infinity is a Licostream
botanical natural plant food,
produced by NATURE. Itis a
water soluble, slow release,
fong lasting fertilizer.

How does it work:

The nutrients are suspended

in clay and adhere o the roots,
continucusly releasing nutrients
as needed.,

What are the Infinity
Nuirients?

Nitrogen 4% - Nitrate Nitrogen
4% - Phosphorus 17% -
Potassium 25% - fron 2% -
Manganese 1% - Magnhesium 1%
- Calcium 2% plus Potash, Zinc.
Copper and Boron. Ammeonical
Nitrogen 0%, Water insoluble
nitrogen WIN 0%.

Infinity instead of
synthetic fertilizer.
Benefits of infinity fertilizer
is env. safe, water soluble,
does not leach, and delivers
more available nutrients.

Application:
Infinity can be liberally applied on
the surface of the root zone.

Endurance
One application of infinity last 6
to 12 month - GUARANTEED.

Infinity Saves Time...
Saves Money...Saves Labor

FREE Sample & Brochure

FREE Granutar or Liquid
Applications to
Orchard & Vineyard
Superintendents

Nature’s Best, Inc.

1-918-446-6246
1-800-252-7591

Table Grapes to Move to 48 X 40 Pallet

hippers of California table grapes

will reduce the net weight of plain
packed grapes and move to the 48 x 40
pallet beginning with the 1996 ship-
ping scason. The change was an-
nounced today by John Giumarra Jr.,
chairman of the California Table Grape
Commission, who said that the weight
change will enable the table grape
industry to deliver an even better
product to retailers and ultimately to

‘consumers.

The weight change, which was
voled in by the industry’s elected rep-
resentatives at the commission’s winter
meefing, results from findings of a
three-year research project conducted
by the University of California.

The objective of the research was to
determine how to get fresh grapes from
the vine to the consumer in optimum
condition. The research, which focused
on packing and shipping methods,
sought to reduce bruising, shattering,
and splitting of the product, The
commission and the California Grape
and Tree Fruit League collaborated in
the study.

The vote is a reconumendation to all
shippers and growers that a weight
change begin on April 1, 1996, The
weight change is a reduction for plain
pack grapes from 23 pounds to 21
pounds in the San Joaquin Valley and
from 22 pounds to 20 pounds in the
Coachella Valley. According to Bruce
Obbink, president of the commission,
the weight reduction is based on the
research which clearly show that the
grapes arrive at their destination in
optimum condition when packed at the
new weight levels.

According to Giumarra, the change
in the grape packing weights was
needed to maximize the quality of the
delivered product. Giumarra also
pointed out that the weight reduction
will have the added benefit of allowing
the industry to accommodate receiver
needs through industry-wide use of the
48 x 40 pallet.

This spring the industry will peti-
tion the California Department of Food
and Agriculture to change the Calif-
ornia agricultural code to reflect the
recommended weight changes. a

Clean Berms How?

The KIMCO
In-Row-Tiller

After Before

v Cut herbicide costs now
v Double units for larger growers
v Front mount for narrow rows

v Heavy duty for tough conditions

For Details Call

1-800-356-9641

KIMCO MFG,, INC.

FRESNO, CALIFORNIA

VINE
oSTREET

P

... Where Ydur Roots
Really Make a Difference

For an excellent foundation for
your vineyard, start with cuttings,
rootings and certified root stocks
from Ponderosa Nurseries. Call
today for information about avail-

able variefies. (1ot Sumi

ONDEROSA
URSERIES, INC

464 S. Mooney Blvd,, Tulare, CA 93274
{209) 688-6626 FAX (209) 688-3542
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