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Summary Statement of Proposed Research

Alternative techniques to traditional fining methods of grape juice and wine are needed.
These methods should nrt detract from the products while safety and environmental waste

Gs~n ¥i~ectdefi1~~san ~fornia to reduce land fill

contributions. The use of traditional methods of fining with one-time use of materials may
sBe:r:ma £~ste disposal costs. In contrast, resin columns can be regenerated
without producing landfill materials.
During the past two years we have been evaluating the qualitative abilities of numerous
organophilic adsorbent resins. VERC has set-up an enclosed system involving three pumpdriven resin columns. These columns are designed so that the results can be scaled-up to
production. As a result of our resin screening process, we have obtained resins that have the
potential of removing amino acids, and other protein-complex precursors. We have also
evaluated methods of protein analysis for the haze stability of juices and wines.
The objective of this project is to determine the abilities of certain resins to remove
potential haze precursors. Additional benefits ofthis work may be improved color stability,
and reduction of color from "darkened" white products. In the frrst year of this project, we
plan to focus on white grape juices, while in the second and third years we will focus more on
white wines and the serisory aspects of these treatments. This type of research is being
investigated in other parts of the world.
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Previous Work-

D .lYiummfp~ary

study funded by the California Agricultural Technology

Institute [CATI] we have evaluated the qualitative abilities of numerous organophilic adsorbent
resins for the purpose of removing colored compounds from grape juice. During these studies
we have also obtained for use a new absorbent resin that is stated to have potential for removal
of amino acids and possibly other protein-complex precursors. To date, one resin has been
evaluated for preliminary unstable protein removal from apple juice. This resin is thought to
be very promising as the treated juice did not retain the protein concentration determined in the
control sample by "coomassie blue" protein analysis.
These pilot scale studies will be conducted using 2.54 em [1 "]X 183 em [6'] columns
so that a direct future scale-up of the process to production size could be made. The columns
are operated using pumped flow, again to mimic production conditions. A peristaltic pump
connected to the inlet line is used for delivering all juice, conditioning and regenerating
solutions.

Proposed Project·

The objectives of this research project are:
1. To determine the abilities of adsorbent resin processing:
a. to remove protein-phenolic complexes [potential haze]
b. to improve color stability
c. to reduce color in "darkened" white grape juice products
2. To generate a data base for the optimization of grape juice, and eventually white
wine, treated with adsorbent resins
3. To develop a cost analysis for treatment of white grape juice, and wine, using
resins versus traditional fining methods [eg. bentonite, carbon, Si02 and gelatin fining]

To conduct our preliminary evaluation of the resins we plan to use filtered white grape
juice.

Resins will be evaluated to determine their effectiveness in respect to reduction of

precursors for protein/phenolic instability. Our "normal" resin runs will be approximately
17.5 hours or 100 bed volumes (BV). To assist in our evaluation of column loading properties
we will monitor the color of the product every 15 to 20 BV. Composite samples will also be
analyzed for protein content and phenolic profiles.

In conjunction with a traditional heat/cold

test, we will use the coomassie blue protein-dye binding method using bovine serum albumin
as a standard (2, 7) for protein analysis. This method shifts the absorbance maximum of the
dye from 465 nm to 595 nm (18). While this method indicates some carbohydrate interference
(2), this effect may be overcome by running the appropriate buffer controls and subtracting
these values. These two tests have resulted in positive correlation during previous research
1
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performed at VERC. Phenolic profiles will be run by the Folin-Ciocalteu method. Long term
color properties will be monitored to evaluate adverse consequences of resin use.
In the first year our emphasis in this project will be on white grape juice. However,
we will also treat some white wine samples, since the different composition of wine, it is
expected to react differently to resin treatment. Also, wines may have some different protein
stability factors from certain species of yeast (5, 11, 13). In the second and third years of this
project, more emphasis will be directed towards treatment of white wines, and include the
sensory aspects of the products.
Juice samples will be stabilized with 1,000 ppm Velcorin Cold Beverage Sterilant
[DMDC] to prevent fermentation. Control and processed samples will be stored for future
stability evaluations of protein stability and color. Samples will be stored at 13° C [55° F].
Analyses performed on the samples [control and treated products] include: Brix, pH, titratable
acidity, protein, phenoliecs profiles, acid and sugar ,profiles [RPLC], a -amino nitrogen, and

Go@efY¥u{ra1£'.€i€uRu~:l~Yag1mary grape juice minerals:

potassium, magnesium, calcium, and phosphate. Because of chelating problems, copper, and
E)er
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Tustification ·

Protein and protein-phenolic complex problems can lead to haze and sediment
formation. The instability from proteins, independently and in association with phenolics, can
usually be addressed by the correct use of fining agents. Low molecular weight protein
fractions (8) are important to haze because their removal by the cationic nature of bentonite
fining coincides with protein stabilization. Somers and Ziemelis (15) reported that the
phenolic content of the polymer fraction is generally about 3% [w/w] in relation to proteins.
These researchers also reported that about one-half of total wine protein is bound to grape
phenolics. The effect of this low level of phenolic materials may be of considerable
importance to the removal of proteins and wine stability (15).
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Fining agents, such as

bentonite and gelatin, are used to remove proteins and phenolics. Bentonite is used universally
for the adsorption of proteins from juices and wines (1). Along with the isoelectric point [pi]
and pH of the juice or wine, competition from other cations in solution will also affect the
adsorption of protein fractions (12). However, since fining agents can not be reused, fining
juice or wine is known to be a costly and messy process. Another emerging problem is the
cost of disposal of fining agents, such as bentonite. Other options for clarification need to be
considered.
Promising new possibilities for stabilization include resin adsorbents, enzymatic
oxidation, and acid proteases. Presently acid proteases are strictly in the R & D stage and are
commercially useless ( L. Bisson, UC, Davis - personal communication 3/9/93).
The primary purpose of this project is to evaluate adsorbent resins for haze stabilization
by the removal of protein precursors. Certain adsorbent resins have been shown to have a

q

strong affinity for flavoyoids_ 0), with no apprecifble chan~in acidity of fruit juices (6, 17).
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r m Itself. Along Wlth low labor

inputs, this method could produce an economic alternative to classical fining techniques. It
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researchers (personal communications) that polymeric

adsorbents, combined with the correct flltration system, can result in juice stable against haze
formation (3). The lack of functional groups on these resins produces a product where the
mineral content remains unchanged (17).
Powers eta!. (14) tried removing protein from white wine by immobilized grape
proanthocyanidins. They demonstrated the ability to do this on a small scale. However, the
proanthocyanidin-agarose resin proved to have a poor protein-binding ability after being used
for a relatively small number of cycles.
Reduction of color in white juice may be another added benefit of investigating the use
of resins. If there was no problem in obtaining commercially feasible flow rates through the
filter, low molecular weight filtration alone might be effective in removing unstable proteins
from grape juice (4,9). Depending on the hazing potential of the juice, reactive low-molecular
weight substances in the permeate can cause a post-hazing threat (3,9). Another disadvantage
of ultrafiltration can be the overall reduction of total sugar content after processing ( 16).

As a result of our experience in resin research, VERC has set-up an enclosed system
involving three pump driven resin columns. These columns are designed so that the results
can be scaled-up to production. Our objective is to use this process, along with the necessary
prefiltration, for an end result of protein and color stable juices and wines.
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%of time
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Request
1996-97
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1997-98
1998-99

Personnel
Professionals

0

$

SRA/Tech

10

3,645

1,914

2,010

Lab Assist/Helper

70

7,384

7,754

7,942

Other

0

0

0

1,057

479

503

517

543

556
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0

0

0

$

0

$

0

Employee Benefits
SRA/Tech
Lab Assist/Helper
Supplies and Expenses

HP~
Labo t

gasses£"t:nce

supa

75

265

275

286

1,185

1,056

1,160

250

250

250

250

300

300

0

0

Miscellaneous supplies
Travel
In-state travel
Sample pick-up
(5 trips @ $50.00)
Permanent Equipment

0

Computer Time

300

150

200

15,763

12,796

13,282

4,177

3,391

3,520

19,940

16,187

16,802

SUBTOTAL
Overhead
TOTAL
TOTAL REQUESTED
FROMAVF

$19,940
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OTHER SUPPORT: A related proposal will be submitted to the California Agricultural Technology

Institute. We anticipate that this proposal will be in range of $19,300.
Approved: _ __ _ _ __ _ _
Barry H. Gump, Ph.D. , Interim Director, VERC
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^ Proposed Project Objectives:
Protein and protein-phenolic complex problems can lead to haze and sediment

formation. The instability from proteins, independently and in association with phenolics, can
usually be addressed by the correct use of fining agents. Traditional fining methods using
Bentonite to remove haze proteins have a number of disadvantages: Bentonite fining is a
batch process; on a production scale this process can be complex; and wine losses can be
significant. Continuous flow column adsorption techniques for haze protein removal can
overcome these problems. However, resin column technology can have its own difficulties with
column fouling and especially, column cleanup and regeneration techniques.
In this project a number of commercial adsorbent resins that have been investigated for

their efficacy in other food processing operations are proposed for use In promoting heat
stability in white grape juices.

1. To determine the abilities of adsorbent resin processing:
a. to remove protein-phenolic complexes [potential haze]
b. to improve color stability
c. to reduce color in "darkened" white grape juice products

2. To optimize the process for treatment of white grape Juice with adsorbent
resins

a. to chemically characterize the specific amounts of protein and other

constituents removed (or not removed)
b. to determine comparative through-put volumes of the resins being studied
c. to evaluate various resin clean up strategies

3. To compare the treatment of white grape Juice using resins versus traditional

fining methods [e.g. Bentonite, carbon, S/O2 and gelatinj

Summary:
To date we have evaluated the qualitative abilities of three, commercially-available,
organophilic adsorbent resins for the purpose of removing protein-complex precursors and
colored compounds from grape juice. Data have been generated towards chemically
characterizing the specific amounts of protein and other constituents removed, as well as
characterizing what compounds (sugars, acids, etc.) have not been removed. Resin
technology appears to be promising, as the treated juice did not retain the haze forming
proteins as determined in the control sample by traditional heat stability analysis and
"Coomassie blue" protein analysis. The protein results are similar to those from previous
efforts in which we evaluated adsorbent resins for preliminary unstable protein removal from
apple juice.

Resin treated juices had measured NTU values of less than 1.0 compared to a value of
over 20 NTU in the non-resin treated control juice subjected to the same heat treatment. Using
the "Coomassie blue" chemical analysis for proteins over 90% of the proteins detected by this
method were removed. Phenolics levels have also been reduced in the processed juices by
values of 33% or 85% depending upon which resin was used. At the same time that these

constituents were being removed other data indicate essentially no changes in original Brix or
pH of the juice upon being subjected to resin treatment.
In separate experiments dark colored white grape juice samples were decolorized using
the three resins. These experiments were run to - 100 bed volume and the degree of
decolorization was quantitatively measured as %Transmittance at 430 nm. After -100 bed
volumes two resins significantly improved the transmittance of the dark colored white grape

juice by -30units of %Transmittance. The third resin produced juice with an improved
Transmittance of -20 units of %Transmittance over the starting juice. The untreated juice in

this experiment had significant color and measured only -42%T.
Our pilot scale studies are being conducted using 2.54 cm [I'l X 183 cm [6T columns so
that a direct future scale-up of the process to production size can be made. The columns are

operated using pumped flow, again to mimic production conditions. A peristaltic pump
connected to the inlet line is used for delivering all juice, conditioning, and regenerating
solutions.

^ Further studies will determine comparative through-put volumes of the resins being
studied and a preliminary experiment with a wine sample.

Research accomplishments:
1a. To determine the abilities of adsorbent resin processing to remove protein-phenolic

complexes [potential haze] and to chemically characterize the specific amounts of protein and
other constituents removed

Three commercially-available resins were investigated in this study:

Amberlite® XAD16 resin
This resin is a nonionic, hydrophobic, crosslinked polymeric adsorbent. Its characteristic
pore size distribution makes this resin an excellent choice for the adsorption of low to medium
molecular weight organic compounds.
This resin is conditioned with:

1) Five (5) BV of 95% ethanol at a rate of 6 BV/Hour
2) Twenty BV of water at 6 BV/Hour
Following use resin is regenerated with:
1) Six (6) BV of 0.5-1% NaOH in deionized water (w/v) at 6 BV/Hour
2) Six (6) BV of deionized water at 6 BV/Hour
3) Six (6) BV of 0.1-0.5% HCI at 6 BV/Hour
4) Six (6) BV of deionized water at 6 BV/Hour
XU'43520 resin (Dow Chemicai)XU-43520 (Dow Chemicai)
This macroporus adsorbent resin yields results similar to that of the XAD16 and does not
require wetting in ethanol. However this resin does require stronger base and acid conditioning
solutions.

This macroporus adsorbent resin is conditioned by:

1) Three (3) BV of 4% NaOH (w/v) at 3 BV/Hour
2) Six (6) BV of deionized water at 3 BV/Hour
3) Three (3) BV of 5% HCI at 3 BV/Hour
4) Six (6) BV of deionized water at 3 BV/Hour
Subsequent regeneration of this resin is carried out with:
1) Six (6) BV of 0.5-1% NaOH in deionized water (w/v) at 6 BV/Hour

^ 2) Six (6) BV of deionized water at 6 BV/Hour
3) Six (6) BV of 0.1-0.5% HCI at 6 BV/Hour

^ 4) Six (6) BV of deionized water at 6 BV/Hour
XUS'40285 (Dow Chemical)
This adsorbent is characterized by high surface area and high porosity. It also has been
designed to increase bulk movement in and out of the bead via macropores. This resin mimics
carbon as it is highly porous and has a high surface area.
It is conditioned with:

1) Ten (10) BV of 0.5-1% NaOH in deionized water (w/v) at 10 BV/Hour
2) Ten (10) BV of deionized water at 6 BV/Hour
3) Ten (10) BV of 0.5% HCI at 10 BV/Hour
4) Ten (10) BV of deionized water at 10 BV/Hour or until neutral
This resin is regenerated with:
1) Six (6) BV of 0.5-1 % NaOH in deionized water (w/v) at 6 BV/Hour
2) Six (6) BV of deionized water at 6 BV/Hour
3) Six (6) BV of 0.1-0.5% HCI at 6 BV/Hour
4) Six (6) BV of deionized water at 6 BV/Hour
Treated juice did not retain the haze forming proteins as determined to be present in the
control sample by traditional heat stability analysis. The protein results are similar to those
from previous efforts in which we evaluated adsorbent resins for preliminary unstable protein
removal from apple juice. Resin treated juices had measured MTU values of less than 1.0
compared to a value of over 20 NTU in the non-resin treated control juice subjected to the
same heat treatment (see Table 1).
lb. To determine the abilities of adsorbent resin processing to improve color stability

Colors of control and resin treated juices are measured by percent transmittance at 430
nm. These measurements will be continued throughout the project in order to evaluate the
color stability of treated juices.
1 .c To determine the abilities of adsorbent resin processing to reduce color in "darkened" white
grape juice products

In separate experiments dark colored white grape juice samples were decolorized using
the three resins listed above. These experiments were run to ~ 100 bed volume endpoints (the

bed volume [BV] is a measure of the resin volume in the column. It can be determined by
direct measurement of the volume of resin in the column or by calculation from the height and

diameter of the resin bed in the column). The degree of decolorization was quantitatively
measured as %Transmittance at 430 nm. As can be see in Figure 1, the XAD16 and SU43520 resins performed similarly. After -100 bed volumes these resins produced products

with an average %T of ~72%. The untreated juice in this experiment had significant color and
measured only ~42%T. Thus, the XAD16 and SU-43520 resins significantly improved the
transmittance of the dark colored white grape Juice by -SOunits of %Transmittance. The third

resin, XUS54028 produced juice with an average transmittance of -64%, darker than the other
two treated juices but still an improvement of -20 units of %Transmittance over the starting
juice.

2a. To optimize the process for treatment of white grape juice with adsorbent resins to
chemically characterize the specific amounts of protein and other constituents removed (or not
removed)

In another experiment to determine the maximum potential of these resins for removal of
proteins and phenolics a small quantity of juice, somewhat less than 10 bed volumes, was
passed through each column. Using the "Coomassie blue" chemical analysis for proteins over
90% of the proteins detected by this method were removed (see Table 1). While the protein
level of the untreated juice control measured over 600 mg/L (Bovine Serum Albumin [BSA]
equivalent units), the resin treated juices had measured protein levels of less than 10 mg/L.
Phenolics levels have also been reduced in the processed juices by values of 33%,
85%, or 33% depending upon which resin was used (see Table 2). Initial indications are that
the XU^4^§2(J is more effective in removing phenolic compounds.
At the same time that these constituents were being removed other data indicate

essentially no changes in original Brix, pH, orTitratable Acidity of the juice upon being
subjected to resin treatment (see Table 3). While the first two resins did not appear to remove
any of the Titratable Acidity, resin XUS54028 did remove some of the TA in the early bed
volumes. It can be predicted that the juice TA would return to its initial value after about 10 BV
through this resin column.
In addition to the above compounds analytical measurements are currently underway to
determine whether various cations are removed from the juice by the resin treatment. Since
many cations can enter into complex-formation reactions, there may be some removal as other
compounds are pulled out of the juice samples.
2b. To optimize the process for treatment of white grape juice with adsorbent resins to
determine comparative through-put volumes of the resins being studied
This objective is currently underway. A new supply of unstable juice (- 45 gallons) has
been obtained for -100 BV runs. These runs should demonstrate when breakthrough occurs

for proteins and phenolics, etc., and provide data to indicate how many additional bed volumes
of juice can be run prior to regeneration.
2c. To optimize the process for treatment of white grape juice with adsorbent resins to
evaluate various resin clean up strategies

Objective not funded by AVF

3. To compare the treatment of white grape juice using resins versus traditional fining methods
[e.g. Bentonite, carbon, Si02 and gelatin]
Objective partially funded by AVF. A single trial with Bentonite will be made and
compared to the products obtained from Objective 2b.

Ta b l e 1

Measurement of Potential Haze-Forming Compounds Removal from White Grape Juice

Xt^Vc2^5XU ^35^20
RESIN

XAD16

X U - 4 3 5 2 0 ^t t J S S 4 ©

Average NTU Readings after Resin Treatment

0.5

0.34

0.45

Ave. NTU Readings after Resin and Subsequent Heat Treatment

0.7

0.56

0 . 5 5

Untreated Juice Control

Juice Control following Heat Treatment

0.8

0.8

0 . 8

21.7

21.7

21.7

Ta b l e
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Measurement of Protein and Phenolics Compounds Removal from White Grape Juice

RESIN

XAD16

Average Protein ( mg/L as BSA equiv.) after Resin Treatment
Protein ( mg/L as BSA equiv.) of Untreated Juice Control

XU-43520

XUS54028

6 . 4

7 . 1

3.9

>600

> 6 0 0

> 6 0 0

Average Phenolics ( mg/L as GAE) after Resin Treatment

265

58

267

Phenolics ( mg/L as GAE) of Untreated Juice Control

3 9 8

398

3 9 8

Ta b l e 3

Measurement of pH and Brix Changes in White Grape Juice Subject to Resin Treatment

RESIN

XAD16

Average pH after Resin Treatment
pH of Untreated Juice Control

Average Brix ( g/IOOg) after Resin Treatment
Brix ( g/100g) of Untreated Juice Control

Average Titratable Acidity (g/IOOmL) after Resin Treatment
Titratable Acidity (g/100 mL) of Untreated Juice Control
*TA values increasing with each Bed Volume. Should reach Control value by BV 10

XU-43520

XUS54028

3.65

3.22

3.68

3.63

3.63

3.63

White Grape Juice Color Removal Using XAD16, XU-43520, and
XUS54028 Resins

% Transmlttance Measured at 430 nm

■♦

%Transmittance of untreated juice at 430 nm

♦

♦

♦ XAD16
■ XU-43520
AXUS40285

Bed Volumes of Juice

February 28,1997
Patrick Gleeson, Executive Director

American Vineyard Foundation
P. O . B o x 4 1 4

OAKVILLE, CA 94562
Patrick,

Attached please find my Interim Report for my research project:
NEW FINING TECHNIQUES UTILIZING ADSORBENT RESINS

Would you please attach copies of this report to my '97-98 research proposal. I would
like the review committees to have this information, while they consider my new proposal.
Thanks.

Sincerely,

Barry H. Gump, Ph.D.
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Barry H. Gump, Ph.D.
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California State University, Fresno
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Proposed Project Objectives:
Protein and protein-phenoiic complex problems can lead to haze and sediment
formation. The instability from proteins, independently and in association with phenoiics, can
usually be addressed by the correct use of fining agents. Traditional fining methods using
Bentonite to remove haze proteins have a number of disadvantages: Bentonite fining is a
batch process; on a production scale this process can be complex; and wine losses can be
significant. Continuous flow column adsorption techniques for haze protein removal can
overcome these problems. However, resin column technology can have its own difficulties with
column fouling and especially, column cleanup and regeneration techniques.
In this project a number of commercial adsorbent resins that have been investigated for
their efficacy in other food processing operations have been preliminarily examined for use in
promoting heat stability in white grape juices.

1. To determine the abilities of adsorbent resin processing:
a. to remove protein-phenolic complexes [potential haze]
b. to reduce color in "darkened" white grape juice products

2. To optimize the process for treatment of white grape Juice with adsorbent
resins

a. to chemically characterize the specific amounts of protein and other
constituents removed (or not removed)

b. to determine comparative through-put volumes of the resins being studied
c. to evaluate various resin clean up strategies
3. To compare the treatment of white grape Juice using resins versus traditional
fining methods [e.g. Bentonite, carbon, S/O2 and geiatinj

Summary:
To date we have evaluated the qualitative abilities of three, commercially-available,
organophilic adsorbent resins for the purpose of removing protein-complex precursors and

colored compounds from grape juice. Data have been generated towards chemically

characterizing the specific amounts of protein and other constituents removed, as well as
characterizing what compounds (sugars, acids, etc.) have not been removed. Resin
technology appears to be promising, as the treated juice did not retain the haze forming
proteins as determined in the control sample by traditional heat stability analysis and

"Coomassie blue" protein analysis. The protein results are similar to those from previous
efforts in which we evaluated adsorbent resins for preliminary unstable protein removal from
apple juice.

Resin treated juices had measured NTU values of less than 1.0 compared to a value of

over 20 NTU in the non-resin treated control juice subjected to the same heat treatment. Using
the "Coomassie blue" chemical analysis for proteins over 90% of the proteins detected by this
method were removed. Phenolics levels have also been reduced in the processed juices by
values of 33% or 85% depending upon which resin was used. At the same time that these

constituents were being removed other data indicate essentially no changes in original Brix or
pH of the juice upon being subjected to resin treatment.

In separate experiments dark colored white grape juice samples were decolorized using

the three resins. These experiments were run to ~ 100 bed volume and the degree of
decolorization was quantitatively measured as %Transmittance at 430 nm. After - 100 bed
volumes two resins significantly improved the transmittance of the dark colored white grape
juice by --30units of %Transmittance. The third resin produced juice with an improved

Transmittance of -20 units of %Transmittance over the starting juice. The untreated juice in
this experiment had significant color and measured only -42%T.

Our pilot scale studies have been conducted using 2.54 cm [I'T X183 cm [6] columns
so that the results better reflect what would occur during production scale operations. The

columns are operated using pumped flow, again to mimic production conditions. A peristaltic
pump connected to the inlet line is used for delivering all juice, conditioning, and regenerating
solutions.

^ Research accomplishments:
1a. To determine the abilities of adsorbent resin processing to remove protein-phenolic
complexes [potential haze] and to chemically characterize the specific amounts of protein and
other constituents removed

Three commercialiy-available resins were investigated in this study:
Ambertita^ XAD16 resin
This resin is a nonionic, hydrophobic, crosslinked polymeric adsorbent. Its characteristic

pore size distribution makes this resin an excellent choice for the adsorption of low to medium
molecular weight organic compounds.
This resin is conditioned with:

1) Five (5) BV of 95% ethanol at a rate of 6 BV/Hour
2) Twenty BV of water at 6 BV/Hour
Following use resin is regenerated with:
1) Six (6) BV of 0.5-1 % NaOH in deionized water (w/v) at 6 BV/Hour
2) Six (6) BV of deionized water at 6 BV/Hour
3) Six (6) BV of 0.1 -0.5% HCI at 6 BV/Hour
4) Six (6) BV of deionized water at 6 BV/Hour
XUS'40285 (Dow Chemical)
This adsorbent is characterized by high surface area and high porosity. It also has been
designed to increase bulk movement in and out of the bead via macropores. This resin mimics
carbon as it is highly porous and has a high surface area.
It is conditioned with:

1) Ten (10) BV of 0.5-1 % NaOH in deionized water (w/v) at 10 BV/Hour
2) Ten (10) BV of deionized water at 6 BV/Hour
3) Ten (10) BV of 0.5% HCI at 10 BV/Hour
4) Ten (10) BV of deionized water at 10 BV/Hour or until neutral
This resin is regenerated with:
1) Six (6) BV of 0.5-1% NaOH in deionized water (w/v) at 6 BV/Hour
2) Six (6) BV of deionized water at 6 BV/Hour
3) Six (6) BV of 0.1-0.5% HCI at 6 BV/Hour
4) Six (6) BV of deionized water at 6 BV/Hour

^ XU'43520 resin (Dow Chemical)XU-43520 (Dow Chemical)
This macropoms adsorbent resin yields results similar to that of the XAD16 and does not

require wetting in ethanol. However this resin does require stronger base and acid conditioning
solutions.

This macroporus adsorbent resin is conditioned by:
1) Three (3) BV of 4% NaOH (w/v) at 3 BV/Hour
2) Six (6) BV of deionized water at 3 BV/Hour
3) Three (3) BV of 5% HCI at 3 BV/Hour
4) Six (6) BV of deionized water at 3 BV/Hour
Subsequent regeneration of this resin is carried out with:
1) Six (6) BV of 0.5-1 % NaOH in deionized water (w/v) at 6 BV/Hour
2) Six (6) BV of deionized water at 6 BV/Hour
3) Six (6) BV of 0.1-0.5% HCI at 6 BV/Hour
4) Six (6) BV of deionized water at 6 BV/Hour
Treated juice did not retain the haze forming proteins as determined to be present in the
control sample by traditional heat stability analysis. The protein results are similar to those
from previous efforts in which we evaluated adsorbent resins for preliminary unstable protein

^ removal from apple Juice. Resin treated juices had measured MTU values of less than 1.0
compared to a value of over 20 MTU in the non-resin treated control juice subjected to the
same heat treatment (see Table 1).
lb. To determine the abilities of adsorbent resin processing to reduce color in "darkened" white
grape juice products
In separate experiments dark colored white grape juice samples were decolorized using
the three resins listed above. These experiments were run to ~ 100 bed volume endpoints (the
bed volume [BV] is a measure of the resin volume in the column. It was determined by direct
measurement of the volume of resin in the column or by calculation from the height and
diameter of the resin bed in the column). The degree of decolorization was quantitatively
measured as %Transmittance at 430 nm. As can be see in Figure 1, the XAD16 and XU43520 resins performed similarly. After ~ 100 bed volumes these resins produced products

with an average %T of -72%. The untreated juice (n this experiment had significant color and
measured only -42%T. Thus, the XAD16 and XU-43520 resins significantly improved the
transmittance of the dark colored white grape juice by -30units of %Transmittance. The third
resin, XU-43520 produced juice with an average transmittance of-64%, darker than the other

two treated juices but still an improvement of -20 units of %Transmittance over the starting
juice.

^ 2a. To optimize the process for treatment of white grape juice with adsorbent resins to
chemically characterize the specific amounts of protein and other constituents removed (or not
removed)
In an experiment to determine the maximum potential of these resins for removal of

proteins and phenoiics a small quantity of juice, somewhat less than 10 bed volumes, was
passed through each column. Using a traditional heat/cold test for haze formation it was

determined that ail three lots of juice were "protein stable". Furthermore, by using the

"Coomassie biue"*chemicai analysis for proteins it was determined that over 90% of the

proteins detected by this method were removed (see Table 1). While the protein level of the
untreated juice control measured over 600 mg/L (Bovine Serum Albumin [BSA] equivalent
units), the resin treated juices had measured protein levels of less than 10 mg/L.
Phenoiics levels were also reduced in the processed juices by values of 33%, 85%, or
33% depending upon which resin was used (see Table 2). Initial indications are that the Dow

Chemical XU-40285, the macroporus resin that mimics carbon in its activity, is more effective in
removing phenolic compounds than the other two resin products.
At the same time that these constituents were being removed other data indicate

essentially no changes in original Brix, pH, or Titratable Acidity of the juice upon being
subjected to resin treatment (see Table 3). While the first two resins did not appear to remove

^ any of the Titratable Acidity, resin XU-43520 did remove some of the TA in the early bed

volumes. It can be predicted that the juice TA would retum to its initial value after about 10 BV

through this resin column.
In addition to the above compounds analytical measurements will continue to determine

whether various cations are removed from the juice by the resin treatment. Since many cations
can enter into complex-formation reactions, there may be some removal as other compounds
are pulled out of the juice samples.

2b. To optimize the process for treatment of white grape juice with adsorbent resins to
determine comparative through-put volumes of the resins being studied

This objective is soon to be underway. A new supply of unstable juice (~ 45 gallons) is
being obtained from purchases of table grapes in order to perform ~100 BV runs. These runs

should demonstrate when breakthrough occurs for proteins and phenoiics, etc., and provide
data to indicate how many additional bed volumes of juice can be run prior to regeneration.
2c. To optimize the process for treatment of white grape juice with adsorbent resins to
evaluate various resin clean up strategies

Objective not funded by AVF. Resins are currently being regenerated using

manufacturers' recommendations. As a foilow-up to this year's research, it has been proposed

^ that we investigate alternative, more environmentally friendly, regeneration schemes. In some

of our past efforts we have investigated the use of ethanol-water regeneration systems (for
regenerating color removal resin columns). We are proposing to investigate these regeneration
systems for their effectiveness with the "haze removal" process columns described in this
report.

3. To compare the treatment of white grape juice using resins versus traditional fining methods
[e.g. Bentonite, carbon, Si02 and gelatin]
Objective partially funded by AVF. A single trial with Bentonite will be made using the
new unstable juice. The results will be compared to those obtained from Objective 2b.

Ta b l e 1

Measurement of Potential Haze-Forming Compounds Removal from White Grape Juice

XAD16

RESiN

Average NTU Readings after Resin Treatment
Ave. NTU Readings after Resin and Subsequent Heat Treatment

XU-40285

XU-43520

0.5

0.34

0.45

0.7

0.56

0.55

Untreated Juice Control

Juice Control following Heat Treatment

Ta b l e 2

Measurement of Protein and Phenolics Compounds Removal from White Grape Juice

RESiN

X A D 1 6

Average Protein ( mg/L as BSA equiv.) after Resin Treatment
Protein ( mg/L as BSA equiv.) of Untreated Juice Control

XU-40285

6 . 4

7.1

> 6 0 0

> 6 0 0

XU-43520
3.9
.

>600

Average Phenolics ( mg/L as GAE) after Resin Treatment

2 6 5

5 8

2 6 7

Phenolics ( mg/L as GAE) of Untreated Juice Control

398

3 9 8

398

Ta b l e 3

Measurement of pH and Brix Changes in White Grape Juice Subject to Resin Treatment

XAD16

RESiN

Average pH after Resin Treatment
pH of Untreated Juice Control
Average
Brix
Brix
(g/IOOg)

(g/IOOg)
after
of
Untreated

Average

Acidity

Titratable

(g/IOOmL)

Resin
Juice
after

XU-43520

3.22

3.68

3.63

3.63

3.63

Treatment
Control

Resin

XU-40285

3.65

Treatment

17
17
0.43

17
17

17
17

0.43

0.32*

Titratable Acidity (g/100 mL) of Untreated Juice Control 0.43 0.43 0.43
*TA values increasing with each Bed Volume. Should reach Control value by BV 10

White Grape Juice Color Removal Using XAD16, XU-43520, and XU
40285 Resins
% Transmlttance Measured at 430 nm

!♦

%Transmittance of untreated juice at 430 nm

♦

♦

♦ XAD16
■ XU-43520
AXU-40285
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TO: VERC Industry Advisory Board Members
VERC Research Faculty

and

Staff

FROM: R. Keith Striegler, Assistant Director of Daily Operations

^

(lS-^

Viticulture & Enology Research Center

RE: VERC Round Table Discussion & Luncheon: January 11, 1996

Attached please find the tentative results of a survey that is currently being conducted by
the American Vineyard Foundation (AVF). We were asked to distribute this to you prior
to the Round Table Discussion and Luncheon which will be held at VERC on Thursday,
January 11, 1996 from 12:30 to 2:30 pm.

The attached information was provided to us by the American Vineyard Foundation and
the totals represent responses received as of January 5, 1996. The AVF hopes that the
results of this survey will help drive future research efforts. We will have an opportunity
to discuss this information as a group at the upcoming meeting.
We look forward to seeing you on the 11th. If you haven't responded, please let

Cynthia Wood (209) 278-7135 know if you are coming so lunch can be properly
arranged. Thank you.
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Viticulture and Enology Research Center
2360 East Barstow Avenue

Fresno, California 93740-0089

January, 1996

VERC Industry Advisory Board Members
AVE Enology, Vit A, and Vit B Committee Members

R. Ketih Stre
i ge
l rv^^si tant Driector

Viticulture & Enology Research Center

Round Table Discussion: Pre-Proposals

Attached please find pre-proposal(s) from the Viticulture and Enology Research Center (VERC).

Please review them carefully and come ready to provide input on them at the January 11, 1996
Round Table Discussion at VERC. It is anticipated that information contained in the preproposals may be used to develop full research proposals.

In addition, please come prepared to share new research ideas which may be of interest to the
grape and wine industry.

If unable to attend the Round Table Discussion, please submit your written comments to the
attention of Cynthia Wood at VERC by January 10, 1996.

As always, we appreciate your input and suggestions. Thank you.

Copy: B. Gump
C. Wood
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Viticulture and Enology Research Center

Distribution of Pre-Proposals
January 5, 1996

American Vineyard Foundation: Enoloev Committee

Application of Low Temperature Dehydration to Grape juice Concentrates and Wines:
Prepared by Carter Clary. Collaborators: K. C. Fugelsang and Katherine G. Haight
Markers for Potential Grape juice Concentrate Browning: Prepared by Katherine G.
Haight and Barry H. Gump (Also included was their Final Report to AVF-May 1995 on
Markers for Potential Grape juice Concentrate Browning)
New Fining Techniques Utilizing Adsorbent Resins: Prepared by Katherine G. Haight and
Barry H. Gump

American Vineyard Foundation: Viticulture A and Viticulture B Committees

Evaluation of Trellis/Training Systems and Subsurface Drip Irrigation for Wine Grape
Production in California: Prepared by R. Keith Striegler and Greg Berg. Cooperating
Personnel: M. Rothberg, G. jorgensen, and D. Zoldoske.

Influence of Vine Trellis Training Systems on Growth,Yield, Fruit Composition, Wine
Composition and Eutypa Incidence of Cabernet Sauvignon Grapevines: Prepared by: R.
Keith Striegler, Greg Berg, Chris Lake, and Ondine Chattan. Cooperating Personnel: P.
Verdegaal, j. Wolpert, j. Ledbetter.

Optimal Viticulture Systems Comparison. Prepared by: R.Keith Striegler and M. A.
Mayse. Cooperating Personnel: D. Nef, L. Harding.

* VERC Industry Advisory Board members and Patrick Gleason (American Vineyard
Foundation) received copies of all pre-proposals.
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Pre-Propos^ Concept

Application of Low Temperature Dehydration to
Grape Juice Concentrates and Wines

Viticulture and Enology Research Center

Dried Foods Technology Laboratory
California State University, Fresno
Prepared by:

Carter Clary, Ph.D.
l/a/96
Collaborators:

Kenneth Fugelsang and Katie Haight
For presentation to the:

VERC Industry Advisory Board

Microwave vacuum dehydration technology has proven effective in

preserving the fresh character of many fruits, vegetables and other food products.
This improved character includes superior color, flavor, shape, chemical

composition, essences and nutritional value. Dehydration testing is accomplished
using existing batch and continuous process systems located in the Dried Foods

Technology Laboratory. The process is comprised of heating the product
moderately in a vacuum. The principles are similar to those used in a pan
evaporator, however the use of microwave as a heat source permits more uniform
heating and is capable achieving very low levels of frial moisture content.

The proposed concept is to dehydrate grape juice, grape juice concentrates,
and wines to evaluate the potential use and quality of the dried and reconstituted
products. Laboratory personnel will conduct a preliminary evaluation of the dried
products prior to submission of a proposal to the American Vineyard Foundation
a n d C AT I .

Approximate level of funding: $10,000
W

i

RESEARCH PROPOSAL 4 JANUARY 1996

Markers for Potential Grape Juice Concentrate Browning

Barry H. Gump, Director
Katherine G. Haight, Research Associate
VITICULTURE & ENOLOGY RESEARCH CENTER

California State University, Fresno

Grape juice concentrate products are known to undergo compositional changes associated with
quality during processing and storage. Changes in color alone can be extensive, and can greatly affect
the value of the product. While depth of red pigments is important to red concentrate, ideal white

^ roji to«a ^pt ^ in^^C g£a faaAs by

eiU&rr^afer

t e ' o r fl a s

)f<&isWoiJ^is tc

measuring indicators of nonenzymatic browning. Maillard type reactions are considered to be the

most|tgft^C|rir^as§^nof®S^a|lCjbi|)wning in many types of fruit juice concentrates. These

carbc|iyl j|ni|^gcj^^^ amir b acids and reducing sugars existing in the juice, with an end
product of brown nitrogenous polymers and copolymers. Due to the complexity of these reactions it
is difficult to find a simple method for detecting the intermediates responsible for browning or
tracking which juices have the most potential for browning.
This project will be continued in cooperation with commercial grape juice concentrate producers.

Fifteen juice tanks will be sampled before and after primary concentration. It has been suggested that
a-amino nitrogen may be used as a predictor of browning in grape juice. HMF, an intermediate in
Maillard type reactions, may also be an indicator of nonenzymatic browning. We plan to continue to
track these components, along with reducing sugar profiles, phenolic fractions, and color [%T @ 420
nm]. Cations known to have the capability of decreasing the activation energy required for this type

of browning will also be measured. Analysis of Brix, pH, insoluble solids, and phosphate will be
also be continued. New constituents that we plan to investigate in the second year include:
Absorbance at 280 and 320 nm, the addition of the phenolic flavonoid fraction [Total phenolics nonflavonoid fraction], protein, and sulfiir dioxide levels.

«

AMERICAN VTNF.VAttn ITnTTTyp^T^QM
RESEARCH PROPOSAL

4 January 1996

Markers for Potential Grape Juice Concentrate Browning

Barry H. Gump, Interim Director
Katherine G. Haight, Research Associate
VmCULTURE & ENOLOGY RESEARCH CENTER

California State University, Fresno
Fresno, CA 93740-0089
(209) 278-5390

sj. 53|I^J99,^we ij§p,^asdiaracterizing red and white grape juice concentrate (14) and
ev ^ua^Jsp^ce^Q^^ p^ues (ft) for these commodites. Color is one of the most
importanfpropefes mvmed in ffievalue of grape juice concentrate. While depth of red
pigments is important to red concentrate, ideal white concentrate is either "water white" or has
minimal coloring.

Both a-amino nitrogen and 5-hydroxymethylfurfiiral [HMF] have been suggested as

early indicators of future browning in grape juice concentrate. Recently we have started to use
a-amino nitrogen as an indicator of browning potential in white grape juice. Our previous
data show some correlation between high color and high a-amino nitrogen values. Data also
indicate that white grap>e juice concentrate with higher phenolic levels to have more initial

color and a faster rate of increase of color when compared to juice with lower phenolic levels.
In the first year of this A VF research project, trends include the correlation of concentrate

browning to the corresponding grape juice's percent insoluble solids, pH, and sodium levels.

i

The purpose of this project is to continue to generate a data base that may predict

browning in white grape juice concentrate. We intend to focus on a number of reported
marker compounds [a-amino nitrogen, HMF] as well as pH, brix, percent insoluble solids,
reducing sugar profile, total phenolics, and color [%T @ 420 nm]. Since certain inorganic
ions are thought to be involved with nonenzymatic browning, ix)tassium, magnesium,
calcium, phosphate [grape juice minerals], copper, and iron levels will also be measured.
New constituents that we plan to investigate in the second year include: Absorbance at 280

and 320 nm, the addition of the phenolic flavonoid fraction [Total phenolics - nonflavonoid
fraction], protein, and sulfur dioxide levels.

Our reasons for including these additional analyses in the second year of this research

sulfur dioxide or pomace contact time unless the system was oxygenated. The researchers
rTOf^«fmerl^ronmg=^®W^ at 280 nm rather than actual caftaric acid

r^brted no significant interference at 320 nm from flavonoid
extractives of skins and seeds [280 nm], and the integrated absorbance of non-phenolic
constituents [265 nm].

Caffeoyl tartaric acid and other hydroxycinnamic acid-tartaric acid esters (Non

flavonoid phenolic fractions) are the primary phenolic compounds of white grajje juice
(5,6,27,34,37). Flavonoids are generally present only in trace amounts in white wines that

received mimmal skin contact (6,17,36). However, the flavonoid fraction of white grape juice
concentrate may be increased by juice extraction methods including high degrees of pressing
(22,33) and/or extraction by the use of high levels of sulfur dioxide (35). White wine
browning potential has been significantly correlated to the concentration of flavoanoid fraction

(4,6,7,22,33). o-Quinones produced by either enzymatic or coupled oxidation may react
further with proteins (6) or amino acids (8) or polymerize (23) spontaneously to produce
relatively complex brown polymers (18,20).
2

Hyperoxidation of wine is also known to decrease the total polyphenol (18) and protein

levels (12). This deliberate oxygenation of musts may result in a product more resistant to
future browning (35). In studies by Guerzoni et al. (12) wines produced by hyperoxidation
were lighter or similar in color when compared to the control wines and much lighter than that
of the wines that received 100 ppm of sulfur dioxide.

In cooperation with grape juice concentrate processors, approximately 15 grape juice
concentrate production tanks will be sampled before and after primary concentration [30

samples]. If necessary, composite sampling from several dq)ths (3 depths X 2 samples each)

history of the products.
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Sterilant [DMDC] to stabilize them, and stored at 13° C [55° F]. This temperature should help
to prevent dextrose hydrate from being precipitated in the concentrate samples. As needed for
analyses, concentrate samples will be diluted to single strength [22° Brix] and then treated as

juice. Initially Brix, pH, percent insoluble solids, potassium, magnesium, calcium,
phosphate, copper, and iron levels wiU be measured. The following analyses will be
p>erformed up>on receipt of the samples, and then on a three month basis for nine months [four
sets of analyses]: color, a-amino nitrogen, HMF, reducing sugar profile, flavonoid and nonflavonoid phenolic fractions. Analyses of current samples will not be continued after nine
months as grape juice concentrate is typically sold within the year it is produced.

Grape juice browning capacities are dependent on varieties and processing techniques
(24,25,30). Browning potential is essentially linked to the solids in the grape (30). White
grape juice concentrate is subject to both enzymatic and non-enzymatic oxidation reactions
leading to modifications in their natural constituents that produce darkened compounds. This

alteration in color causes a serious problem to white grape juice concentrate producers by
decreased quahty, market value and in some cases complete exclusion of the product form
certain markets.

Because of oxidation and polymerization of the phenolic fraction, Comwell and
Wrolstad (9) stated that color could be improved by subsequent removal of phenolic
compounds. The oxidation substrate is one of the most important limiting factors in browning.
iill

n 0 J phen3^to|iightly

edas

enzymatically or nonenzymatically, leading to the formation of brown pigments

(C p^2^29)^^ov93 ver;|i|9f pE|ial phenolic substances are not equally subject to

d ^tion f ^ucts equaly brown (21,26).

Maillard browning is considered to be the most significant nonenzymatic browning
reaction since it greatly influences the quality of food products. Nonenzymatic browning via
Maillard type reactions is the most important route of color formation in cherry, pear (9) and
apple juice (16,21,40) concentrates and is suspected in grape juice concentrates. These

reactions [carbonyl-amino] involve the interaction of amino compounds (2), including all
amino acids comprising natural proteins, and reducing sugars during thermal processing and
storage (3,15,20). The reactions take place between amino-acids and reducing sugars existing

in the juice, thus forming brown pigments (1,9,16,39,40). Nonenzymatic browning is not
only influenced by the amount of amino compounds, and reducing sugars, but also by
environmental conditions such as temperature (4,19), water activity [a^] (9,10,39,41), and pH
(1,31,40). This type of browning does not require the pre^nce of oxygen (15).

4

Burtion and McWeeny [1964] stated that browning reactions leading to furfural derived
melanoidins seem to be more important under conditions of low amino acid to sugar ratio and
acidic pH, conditions which prevail in grape juice concentrate (9). There is no enzyme known
for the specific production of a brown polymer such as melanin (32). Certain cations are

known to have the capability of decreasing the activation energy required for nonenzymatic
browning (9). All other things being equal, differences in the rate of fruit juice concentrate
browning may be due to variations in reducing sugar and amino acid content (1).

Due to the complexity of Maillard reactions, it is difficult to find a simple chemical
method for detecting the intermediates responsible for browning. HMF is a product of hexose
degradation and nonenzymic browning reactions (3,15), and has been suggested as an indictor
of Maillard reactions (11). It has also been suggested that a-amino nitrogen could be used as a
predictor of browning (9). The figures of Babsky et al (2) show a significant correlation
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3,552

Lab Assist/Helper

3,906

Other

Eknployee Benefits
S R A / Te c h

1,030

Lab Assist/Helper
Sumilif

LC synnge
HPLC carrier gasses/maintenance
Ltort sui

1,056

In-state travel

Sample pick-up
(6 trips @ $50.00)
Permanent Equipment
Computer Time
S U B TO TA L
Overhead
TOTAL

T O TA L R E Q U E S T E D
F R O M AV E

11,818
3,132
14,950

$14,950

Projected

OTHHR STTPPORT: A related proposal will be submitted to the California Agricultural
Technology Institute. We anticipate that this proposal will be in range of $18,000.
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Eutypa dieback is one of the most common canker diseases in

California, and is caused by the fungal pathogen Eutvpa lata.
This pathogen is found predominantly in the higher rainfall areas
of California. The disease is most severe in the North Coast and

Sacramento River Delta, but causes economic losses in almost all
wine grape production regions in the state. Economic losses

result from reduced yield, reducing the life of the vineyard, and
increasing the cost of management practices. The costs
associated with Eutypa infection are minimal in the early years

of the vineyard and are greatest for older vines which have large
pruning wounds that result from large pruning cuts needed to

retrain vines and replace infected cordons. Yield reductions are

attributable to the loss of fruiting spurs (fruit bearing area).

Management cost are increased because disease detection, pruning
wound sanitation, and retraining of infected vines are labor
intensive procedures.

Vitis vinifera varieties are susceptible to Eutypa and
disease symptoms are more pronounced in Petite Sirah, Chenin
Blanc, Chardonnay, Cabernet Sauvignon, Merlot, Sauvignon Blanc,
Syrah (Shiraz), and Zinfandel.

This experiment explores the potential for reducing Eutypa
infection by altering pruning and training methods. Infection
can possibly be reduced by pruning grapevines late in the dormant
season when fewer spores are released and by reducing the number
of pruning wounds.
The objectives of this study are:
1 . To d e v e l o p c u l t u r a l p r a c t i c e s w h i c h r e d u c e t h e i n c i d e n c e
of Eutypa dieback in vineyards by altering the number of
pruning wounds on a vine and the time during the dormant
season when pruning wounds are present thereby avoiding
i n f e c t i o n .

2 . To e v a l u a t e t h e e f f e c t o f t r e l l i s t r a i n i n g s y s t e m s a n d

pruning methods on growth, yield, fruit composition and
w i n e q u a l i t y.

The study is being conducted in a vineyard in the LodiWo o d b r i d g e D i s t r i c t . T h e v i n e y a r d c o n s i s t s o f C a b e r n e t S a u v i g n o n
grafted on Freedom rootstock. When the experiment began (1992),

vines had received only one training cut and should have been
free of "prior" Eutypa infection. Treatments included in the
study are:

1. Cordon-trained with spur pruning (control). Cordon on
lower

wire.

2. Head-trained with cane pruning. Canes originating from
head

of

vine

on

lower

wire.

3. Sylvoz ("hanging canes") or Hudson River Umbrella.
Cordon on top wire with canes (5-8 nodes) trained down.

4. Machine trimming with hand follow-up. Cordon on lower
w i r e .

5. Machine trimming without hand follow-up. Cordon on
lower

wire.

6. Minimal pruning. Cordon on top wire.
Preliminary results (1992-1995 seasons) will be presented at
the Lodi-Woodbridge Wine Grape Commission Winter IPM/Research
Growers Meeting on January 10, 1996 in Lodi, CA and at the Fourth

International Symposium for Cool Climate Viticulture and Enology,

J u l y 1 7 - 2 0 , 1 9 9 6 i n R o c h e s t e r, N Y. R e s u l t s w i l l a l s o b e r e p o r t e d
to the industry at selected grower meetings in 1997 and 1998 and
at the Annual ASEV meeting in 1997 or 1998.
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Consumer concerns about pesticide residues in food and

environmental degradation are causing grape growers and wineries
to investigate sustainable viticultural practices. Information
on sustainable viticultural practices is often fragmented and

does not cover the entire production system. Relatively few
comprehensive evaluations of sustainable practices in perennial
cropping systems have been conducted. Information in this area

IS needed so that grape growers can make the transition to use of
sustainable practices without a reduction of yield and/or
p r o fi t a b i l i t y .

The goal of this research is to comparatively evaluate in a

long term experiment the relative strengths and limitations of

three distinct and dynamic systems of grape production - i)
conventional, 2) biologically intensive, and 3) organic.
Specific objectives include the following:

1. To identify and monitor the principal microbiological
and nutrient features of the soil rhizosphere as it
evolves in each treatment system.

2. To evaluate important viticultural and enological
p a r a m e t e r s a s i n fl u e n c e d b y t h e t r e a t m e n t s .

3 . To c a r e f u l l y s t u d y a n d e l u c i d a t e p r e v a l e n t p o p u l a t i o n
p a t t e r n s o f k e y d e s t r u c t i v e a n d b e n e fi c i a l a r t h r o p o d s

(insects, spiders, mites, etc.) over a series of seasons
among the system treatment plots.
4 . To c o n d u c t s u m m a r y c o m p a r i s o n s o f e c o n o m i c a n a l y s i s
(e.g., energy budgets, input costs, production/quality
output values) for each treatment.

The experiment is being conducted in a 20-acre Merlot

vineyard at the Fetzer Vineyards Eagle Peak Ranch in Mendocino
C o u n t y. V i n e s a r e g r a f t e d o n 5 0 r o o t s t o c k a n d v i n e y a r d s p a c i n g
is 7 ft. X 10 ft. (vine x row). A randomized complete block
experimental design is being used. There are three blocks and

individual plots are approximately two acres each. We anticipate
that this experiment will continue for approximately 10 years so
that long term equilibrium treatment effects, from the soil to
the wine bottle, can be determined.
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Interest in new trellis systems and subsurface drip

irrigation (SDI) has been growing in recent years. Grape growers
and wineries are looking for ways to improve grape quality and
yield, as well as to increase water use efficiency. Another

concern of growers is reducing production costs. Important
questions remain to be answered regarding the use of new trellis
systems and SDI in an optimal grape production system. Work with
SDI in other crops has demonstrated reduced water use as well as

improved yields and crop quality. SDI also has the potential to
improve fertilizer/chemical use efficiency, reduce humidity in

the vine canopy, allow for better management of saline water and
soils, and reduce production costs on a per unit basis. There is
little information available in the technical literature on SDI

in vineyards. New trellis systems and production methods have
the potential to increase yield while reducing production costs.

Trellis systems under development will optimize vine vigor and
capacity by allowing maximum light penetration into the canopy,
increasing yield, and improving fruit quality. Mechanization of
these systems will also reduce the amount of hand labor required.

I n a d d i t i o n , t r e l l i s s y s t e m s c a n i n fl u e n c e w a t e r u s e o f

grapevines. The goal of this study is to develop sound,
technical information for growers on SDI, new trellis systems and
production methods, and the interactive effect of these

t r e a t m e n t s o n p r o d u c t i v i t y, f r u i t c o m p o s i t i o n , w a t e r u s e , a n d S D I
system performance.

The study is being conducted in a Sauvignon Blanc vineyard
l o c a t e d a t t h e C a l i f o r n i a S t a t e U n i v e r s i t y, F r e s n o A g r i c u l t u r a l
L a b o r a t o r y. T h e v i n e s w e r e p l a n t e d i n 1 9 9 2 , a n d a r e g r a f t e d o n

Freedom rootstock. The experimental design used is a randomized
complete block with data analyzed as a two factor factorial.

Tr e a t m e n t f a c t o r s i n c l u d e t r e l l i s s y s t e m a n d i r r i g a t i o n
scheduling.
Trellis system treatments are as follows:

1. Standard two-wire vertical trellis (bilateral cordon)
2.

Geneva

Double

Curtain

3. Open Lyre

4. Minimal pruning
Irrigation scheduling treatments are as follows:
1. Above ground drip with water application of 0.8 of
evapotranspiration (Et)

2. SDI with water application of 0.8 Et
3. SDI with water application of 0.6 Et
4. SDI with.water application of 0.4 Et

All possible treatment combinations are under investigation
and there are four blocks. This represents a total of 64 data

collection plots. Data collection includes vine growth, vine
canopy assessment, shoot counts, vine water relations, water use,
irrigation system performance evaluation, vine nutritional
status, soil water status, yield, fruit composition, and wine
composition.

