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It is inportant to renmenber that initial judgments are made by sight.
If there is a deficiency of clarity (as may result from protein
instability), it may be presunmed that there is a deficiency in other
desirable attributes. This may result in | ost wine sales. In order for the
Virginia Wne industry to conpete successfully, the products nmust not only
be highly pal atabl e but al so stable.

The maj or source of protein in wine is the grape. Variety, vintage,
maturity, condition of the fruit, pH and processi ng net hodol ogy affect
t he nust and subsequent wi ne protein content. Protein nitrogen content of
W nes varies between 10-275 ng/1l. Despite the vast literature on protein
instability, however, the actual protein levels at which wines will renain
protei n-stabl e are unknown.

It appears that about 1/2 of the total wine protein is bound to a
m nor quantity of grape phenolics (flavonoids) and this portion is thought
to be responsible for protein haze (Soners and Zienelis 1973).

Proteins derived fromyeast - as during fernmentati on and | ees contact
- do not play a role in protein instability. Wiite wi nes contain
relatively large insoluble proteins which slowmy precipitate from
solution. Most white wines lack sufficient tannins to cause initia
protein precipitation. Protein haze may be due to the fraction of residua
Wi ne proteins that have been rendered prone to precipitation by the
interaction with mnor quantities of reactive phenols. Bentonite additions
renove equal anounts of both unbound proteins and those conpl exed with
phenol s.

W ne proteins can be characterized based upon size and electrica
charge. There are as many as eight protein fractions which range from
11,000 to 28,000 nol ecul ar weight units (Boulton 1980). The figure bel ow
is a depiction of a wine protein.

At a certain pH, the positive and negative charges of each protein
fraction are equal. Wen these charges are equal, the protein is |east
soluble (Boulton , 1981)
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The pH val ue where the positive and the negative charges are equal is
known as the isoelectric point, or isoionic point, of the protein.

The greater the difference between the wine pH and the isoelectric
point of the protein fraction, the greater is the net charge on the
protein fraction and the greater is the binding with fining agents
(Boulton 1980). The isoelectric properties of proteins influence not only
their natural tendency to precipitate but also the affinity of the protein
fraction to be renoved with various agents.

Determining Protein Stability

Formation of protein haze in bottled wine is always a concern for the
wi nenmaker and consuner alike.

Table 1 sunmarizes responses froma survey conducted during a w ne
stability workshop conducted in Virginia.

Table 1

Protein Stability Tests Uilized by 9 Virginia Whneries

W nery Procedure
A Heat 60°C for 72 hours - or Bentotest
B Menbrane filter O.45um - heat 145°F 3 days, cool 24 hours — observe
C No test perfornmed
D Heat 120°F 24 hours — observe
E Filter, heat 120°F 24 hours chill to 35°F 24 hours -observe - heat
48 hours at 140°F — observe
F Heat 100°F 3 days - observe each day
G No test perforned
H Heat 120°F 3 days - observe at the end of 3 days

I Filter, heat > 150°F for 5-15 minutes then inspect, cool to room
tenperature - inspect - refrigerate — inspect

Fromthis it is apparent that there is no Virginia industry standard
by which protein stability is evaluated, nor is there an eval uation
standard for the wine industry as a whole. There are several reasons for
this lack of harnmony. 1) Stability is a relative term For exanple, one
wi nemaker, knowi ng that his wine will be shipped across the country and
stored in a warm warehouse for a long tine, would probably (or be w se
to!) set a different standard froma producer selling a few bottles out
the door. 2) It has been difficult to devise a protein stability



test which is easy, inexpensive, quick, and will accurately predict how
long a wine will remain stable after bottling.

As seen from our survey, nost of our wi nemakers use techni ques
i nvol ving sonme exposure of the wine to el evated tenperatures for varying
time periods. Heat tests are perforned sinply because they are easy to run
- not necessarily because they are the best predictors of protein
instability.

Heat Tests

Precipitation of protein is affected not only by the exposure
tenperature but also by the duration of heating. Since all wine protein
may be precipitated by heat, there are varying degrees of stability with
regard to proteins. For exanple, heating a sanple at 40°C for 24 hours
precipitates about 40% of the w ne proteins whereas holding at 60°C for
the sane tine period precipitates 95-100% of the protein (Pocock and
Ranki ne, 1973). The tinme necessary for haze formation decreased with
i ncreasi ng tenperature.

Some wi nemakers utilizing heat tests recomend chilling the w ne
sanpl e followi ng heat treatnment. Visible haze formation is slightly
greater than that seen in sanples wthout subsequent cooling. Berg and
Aki yoshi (1961) recomend hol ding the sanple at 49°C (120°F) for four days
followed by cooling to -5°C (23°F) for 24 hours. The sanpl es are observed
cold upon warmng the wine to roomtenperature, haze and/or precipitate
formation is again eval uated. Ri bereau-Gayon and Peynaud (1961) consi dered
wi nes heated to 80°C (176°F) for 10 minutes to be stable if no haze
devel oped upon cool i ng.

The nost significant question is: what is the relationship between
time / tenperature and bottle stability when one utilizes a heat test? As
di scussed under Lab vs. Cellar Treatnments below, this is a difficult
gquestion to answer.

Heat Test Procedure

l. Equi pnent :
(1) Two 4 ounce bottles
(2) I ncubator set at the desired test tenperature
(3) 0.45 um nenbrane and filter housing
(4) Hi gh intensity light source
. Procedur e:
(1) Menbrane-filter sufficient quantity of wine to fill two 4-ounce
sanpl e bottl es.
(2) Fill sanple bottles, labeling the first as “roomtenperature”
and the second as “one day at the test tenperature”.
(3) Exam ne each sanpl e under high-intensity |ight and record
i npressions relative to initial clarity.
(4) Pl ace “one day heat sanple” in incubator, noting tenperature.

The ot her sanple remains at roomtenperature.



(5) At 24 hours, exam ne each carefully. Refrigerate the heated
sanple for 2-24 hours and exani ne

(6) Cl oudi ng and/or precipitate formation in heated sanple versus a
clear control sanple is indicative of protein instability.

Preci pitation Test

In addition to a wide array of |aboratory methods involving heating, a
nunber of chem cal nethods have been enployed to bring about precipitation
of wine proteins. These include precipitation of protein using ethanol,
anmoni um sul fate, trichloracetic acid, phosphonol ybdic acid,
phosphot ungstic acid, and tannic acid. Mdst of these precipitation tests
are much nore severe than heat tests - causing a denaturation and
precipitation of all protein fractions.

The "Bentotest", devel oped by Jakob (1962), uses a solution of
phosphonol ybdi ¢ acid prepared in hydrochloric acid to denature and
precipitate wine proteins. Precipitation is proportional to the anmount of
protein present. Like other protein stability tests, the bentotest can be
used to determ ne bentonite addition levels required for protein
stability. The Bentotest reagent is available in kit formfromFritz
Merkel, Herzel strasse 5, 673 Neustadt an-der-Winstrasse, Wst Germany. A
copy of the analytical procedure is available through ny office Departnent
of Horticulture, VPI & SU, Blacksburg, VA 24061.

It has been denbnstrated that the Bentotest is nore sensitive than a
heat test techni que using 70°C and 15 m nutes exposure (Rankine and
Pocock, 1973).

The Trichl oroacetic Acid Test, or TCA test (Berg and Akiyoshi, 1961),
i nvolves the use of 1 m of this reagent added to 10 ml of wi ne. The
solution is then heated in boiling water for 2 mnutes, after which it is
cooled to roomtenperature. Presence of haze is indicative of protein. The
met hodol ogy for this procedure was adapted from Berg and Aki yoshi (1961).
The TCA test has the advantage of being nore severe than heat tests, quick
and econonical. | reconmend it.

TCA Test Procedure (Adapted from Berg and Akiyoshi, 1961).

A, Equi pnent:

(1) Boiling water bath

(2) Pyrex test tubes (20 m capacity)

(3) Highintensity light source

(4) Pipets (1 m)

(5) Nephel oneter (Col eman Model 9 nephl ocol orineter or equival ent).
Those wi neries w thout nephelonmeters may run this test by sinply
examning the clarity of the treated sanple conpared to the
control sanple using a high-intensity | anp.

B. Reagent s:
(1) (55% Trichloroacetic acid nmade by dissolving 55 grans of TCA in
distilled water and bringing it to 100 ml.

C. Procedure:
(1) Fill two test tubes with 10 ml of wine to be treated.



(2) Examne both sanples for clarity under a high-intensity |anp.

(3) To one sanple add 1 m of 55%trichloroacetic acid and transfer
to boiling water bath for two m nutes.

(4) At the end of reaction period, renove sanple and visually
conpare its clarity with that of the control sanple. Haze in the
heated sanple is indicative of protein instability.

(5) After renoval fromboiling water bath, allow sanples to stand
for 15 mnutes for reaction to conplete.

(6) Consult operators manual for nephel oneter setup and operation.
(7) Determine “nephelos units” of sanple(s). Berg and Akiyoshi,

usi ng the Col eman Model 9 unit, report the following results on
all wine types studies:

Potential For Protein Nephel o
Precipitation Readi ng
“stabl e” < 19 nephel os
“variable stability” 19- 40 nephel os
“unst abl e” > 40 nephel os

Nephel onetric principle passage of a light ray through a turbid nmedi um
results in scattering and apparent energy loss in the incident beam In
fact, energy is not |ost but undergoes directional changes as a result of
scattering. This scattering effect may be neasured at any angle relative
to the plane of incident light. As seen in the figure bel ow, nephelonetric
measurenments are nmade at 90° to the incident |ight beam
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Figure 1

Schemati ¢ Representation of a Nephel onetric Measurenent



The degree of scattering depends primarily upon particle nunber, size, and
shape. These paraneters are, thenselves, dependent upon several vari ables,
i ncluding tenperature, pH, concentration of reagents, and m xi ng

pr ocedur es.

Lab vs. Cellar Treatnents

It is entirely possible for a white wine which has passed a heat test
to denonstrate protein precipitation in the bottle. As noted in the above
di scussion, the paraneters of tenperature and tinme can give significantly
varied results.

As stated, as nuch as 1/2 of the total white wine proteins are
bel i eved to be bound to flavonoid phenols. As w nes oxidize (as occurs
with tine and the inclusion of nolecular oxygen), these phenols polynerize
or bind together. As this polynerization continues, this phenol-protein
conpl ex becones nore dense -i.e., heavier. Wen the density of the conpl ex
is about the sanme density of the wine, a visible haze is noted. \Wen the
density increases further, the phenol -protein conplex begins to fall from
solution as a precipitate.

W nermekers often performa stability analysis on their w ne under one
set of conditions and then process the wine under a different set of
conditions. For exanple, producers utilizing a gravity filler without a
vacuum corker may get 1 nl of oxygen per liter or nmore in their w ne. The
result is a possible increase in the phenol polynerization rate and a
subsequent formation and precipitation of the protein-phenol conplex.

Cellar stability treatnents nust be performed under the exact
conditions that were being followed in the | aboratory trials -otherw se
bottle instabilities may occur. For exanple, the sane bentonite (fromthe,
same lot, i.e., bag) nmust be used for cellar and laboratory activities.
Bentonite nust be hydrated using the same exact nethodol ogi es for both
cellar and | ab. Additionally, the use of Waring type blenders for
| aboratory preparations exert a shear force which affects the bentonite
suspensi on and whi ch cannot be duplicated in the cellar. This wll cause
vari ation between |aboratory and cellar treatnents.

Anot her | ess obvious difference between | aboratory and cell ar
treatments with bentonite is that of contact tine. Bentonite reacts al npst
i medi ately in binding proteins. Proteins are bounded el ectrostatically.
In time (a day or nore), they will begin to "sluff off" the bentonite
platlet. Be sure that |laboratory fining trials that have denonstrated
protein stability are duplicated by the sane wi nebentonite contact tinme in
the cellar. (For additional information on bentonite use for obtaining
protein stability, see Zoecklein 1988).
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