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PREFACE

Most home winemaking books are written like cookbooks. They contain winemaking recipes and step by
dep directions, but little technical information is included. The goa of these books is to provide enough
information so the reader can make a successful batch of wine.  Enology textbooks are the other extreme.
They are very technica and can be difficult to comprehend without a background in chemistry and
microbiology. These books are intended to give professona winemakers the specidized backgrounds
needed to solve the wide variety of problems encountered in commercia wine production.

This book is an atempt to provide beginning home winemakers with basic “how to” ingructions as well as
providing an introduction to some of the more technical aspects of winemaking. However, the technical
materia has been concentrated in afew chapters, o readers can easily ignore much of the technica content
until an interest develops.

If you have a quantity of fresh grapes to convert into wine, read Chapter 1 and the first few pages of
Appendix A. This materid will give you enough information to start a successful grgpe wine fermentation.
Appendix A is written in a quas outline form, and it provides a brief description of the entire winemaking
process.

If you have some fresh fruit and wish to make wine before the fruit poils, read Chapter 21. Thisisa®sand
aone’ chapter, and successful fruit wines can be made from the information provided here. The first few
pages provide enough information to prepare the fruit and art fermentation. The rest of the chapter can
then be read a your leisure.

Chapters 1, 2, 3,4, 7, 8,9, 10, 12, 14, 15 and 17 provide general information on home winemaking.

These chapters discuss materids, facilities, equipment and basic processes. Much of this materid is basc
and should be of interest to most readers.

The materia presented in Chapters 5, 6, 11, 13 and 16 is a bit more advanced. These five chapters focus
mostly on “wha” and “why” rather than on “how.” Beginning winemakers may wish to skip these chapters
until they become more experienced.

Chapters 18 and 19 are case studies of making a red and white wine. These two chapters provide a
detailed chronology of the production of two typica wines.

Chapter 20 describes hot to make smal quantities of sparkling wine, and Chapter 22, contains practical
“how to” information of generd interest.

Chapter 23 describes sx common laboratory wine tests. The significance of the tests, materids, gpparatus
and procedures are discussed.

| hope you enjoy my little book on home winemaking.

Lum BEisenman
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Chapter 1

THE
WINEMAKING
PROCESS

Winemaking can be divided into four basc phases. The firg phase congdts of finding a source of high
quality fruit and making sure the grapes are harvested in an optimum condition. Buying smal quantities of
high qudlity fruit is not easy, and thisis the mogt difficult winemaking phase for home winemakers.

The second phase conddts of fermenting the grapes into wine.  Winemakers manage the fermentation by
controlling severa different fermentation parameters such as temperature, skin contact time, pressng
technique, etc.

During the third phase, the new wine is darified and sabilized. Winemakers darify wine by fining, racking
and filtration. Wine is stabilized by removing excessive protein and potassum hydrogen tartrate (potassum
bi-tartrate). These materids must be removed to prevent them from precipitating out of the wine later.

In the fourth phase of winemaking, the winemaker ages the wine. Most high quality wines are aged in bulk
and then for an additiond time in the bottle. Winemakers have an active role throughout the lengthy bulk
aging process. Wines are smelled, tasted and measured every few weeks, and any needed adjustments are
made promptly.

Except for the firgt phase, the other three winemaking phases overlap each other. New wine darts to
claiify toward the end of the fermentation period. Some tartrates precipitate out during primary
fermentation, and the wine becomes more stable.  Of course, wine is aging throughout the winemaking
process. Each phase makes a specific contribution to wine characterigtics, but the first phase has the
grestest influence on wine qudlity.

RED WINESAND WHITE WINES

High qudity, red wine grgpes have colorless juice. All of the red color is in the grgpe skins, and
winemakers must leave the juice in contact with the skins for a consderable time to extract the color. Red
wine is made by crushing the grapes and then fermenting the juice, the pulp, the skins and the seeds together
for severd days. Near the end of sugar fermentation, awine press is used to separate the liquid from the
solid maerids.

White wine is made by a different process. Firg the grapes are crushed and pressed immediately to
separate the juice from the solids. After pressing, the skins, sems and seeds are discarded, and the juiceis
cooled to alow temperature. Then the cold juice is dlowed to settle for several hours, and the clear juice



is decanted off the resdue before it is fermented. White wine is made by fermenting darified juice. These
are the fundamenta differences between making qudity, red wine and white wine. At firg glance, the two
winemaking processes may appear Smilar because severd steps are identical. Nevertheless, the steps are
done in a different sequence, and the sequence makes a large change in wine characterigtics. The two
processes are shown in Figure 1.

IN THE VINEYARD

It has often been said that wine quadlity is made in the vineyard, and
few experienced winemakers disagree with this datement. The RED WINE PROCESS
soil, climate, the viticulture and al other aspects of the vineyard
environment contribute to the qudity of the wine. Even if the Crush ¢ Fe”‘.‘e”‘ ;
. . . . Press 6 Claify 8
winemaker does a pefect job, the qudity of the starting grapes Stabilize & Age
adways determines the potentia qudity of the wine. Grape qudity Bottle
is extremdy important. Many winemakers fed that when a grape
growing problem develops, the difficulty must be recognized and WHITE WINE PROCESS
promptly resolved to assure fruit quality. Consequently, both
professonad and amateur winemakers prefer to grow their own (S:;:ISQ 2 If;renisem ﬁ
grapes. Then they have complete control over the vineyards. Claify & Stabilize %D
Age 8 Bottle
FERMENTATION
Figurel. Red winesand white

wineare produced using

Two different fermentations occur in most red wines, and these : : )
different winemaking processes.

same fermentations are often encouraged in heavier styled white
wines like Chardonnay or Sauvignon Blanc. In addition, a variety
of yeast and bacteria can grow in wine, and many of these
microorganisms can cause other fermentations.

Primary Fermentation

Converson of the two mgor grape sugars (glucose and fructose) into ethyl acohol is cadled primary
fermentation. Yeast in the wine produce enzymes, and the enzymes convert the sugars into acohal.
Converting grgpe sugars into acohol is not a smple process. Many deps ae involved in this
transformation, and the yeast must produce severd different enzymes.

Malolactic Fer mentation

Madlic acid in the grapes is converted into lactic acid during the secondary fermentation. The necessary
enzymes are produced by bacteria rather than by yeast. Severd different types of bacteria can produce
malolactic (ML) fermentation, and these bacteria are called lactic bacteria. Lactic acid is weaker than maic
acid, so mdolactic fermentation reduces the overdl acidity of the wine. In addition, some byproducts
produced during the ML fermentation can make a positive contribution to the complexity of the wine.

Other Fermentations



Depending upon the winemaking conditions, severd other fermentations can and often do occur in wine.
Some bacteria can ferment the glyceral in the wine into lactic and acetic acids. The natura grape sugars can
be transformed into lactic and acetic acid by other types of bacteria A few species of bacteria can ferment
the tartaric acid in the wine into lactic acid, acetic acid and carbon dioxide gas. Vinegar bacteria can
convert the acohol into acetic acid. Then the same bacteria convert the acetic acid into water and carbon
dioxide gas. These other transformations can produce materias that detract from wine quality. Sometimes,
these undesirable fermentations can be devadtating, and when such fermentations occur, wine is often cdled
diseased or sick.

During the fermentation phase, the primary function of the winemaker is to make sure that the primary and
secondary fermentations take place in a controlled and judicious way. Making sure the unwanted
fermentations do not occur is aso important, so thewineis measured, smelled and tasted often.

CLARIFICATION & STABILIZATION

At the end of the primary fermentation, the new wine contains many spent yeast cdlls, severd different types
of bacterig, tartrate crystds, smal fragments of grape tissue, bits of dirt, etc. All these particles interact with
light that passes through the new wine. The particles absorb or scatter the light, and they give the wine an
opaque, turbid appearance.

Gravity will dowly pull most of these particles down to the bottom of the wine container. Then the
winemaker can decant the clear wine off the sediment. The larger Szed particles may settle out in aday or
two, but smaler particles may take severd weeks to fdl. Some suspended materid may be so smdl it
never completely settles out of the wine. After gravity has removed most of the impurities from the wine, the
winemaker may add a “fining” materia to help the settling process.  Alternatively, most commercid
winemakerswould chooseto filter the wine and mechanically remove the remaining particles.

At this stage of its evolution, the wine may be clear and bright, but the wine probably is not completely
gable. In other words, the wine may not remain in a clear condition over an extended time. Mot wines
contain excessve amounts of protein and potassum hydrogen tartrate. When wine is stored under certain
conditions, the protein and the tartrate can precipitate out of the wine and produce a haze or a sediment.
Any white or blush wine will probably be atotal loss if ether of these materids precipitates after the wine
has been bottled. Wine stability is very important to the winemaker because of the protein and tartrate
problems.

Severd techniques have been developed to remove excessve amounts of protein and tartrate from wine,
and these procedures are part of the norma winemaking process. After the excess protein and tartrate
materias have been removed, the wine will be chemicaly stable. Then the winemaker can continue 21the
winemaking process with reasonable assurance that the wine will remain clear and bright after it has been
bottled.

WINE AGING

Odors in the wine that came directly from the grapes are caled wine aroma. Bouquet is the term used for
the odors in the wine produced by the winemaking process, and winemakers use the term “nose” when



referring to both the aroma and the bouquet components.
Aroma

Wine aromas come from the grapes. Aromas do not result from the winemaking process. Cabernet
Sauvignon wine smdls like Cabernet Sauvignon because of specific aromatic materids in that particular
variety of grape. The grassy aroma, S0 characterigtic of Sauvignon Blanc wine, is a consequence of the
grape variety, not the winemaking process.

Bouquet

The formation of wine bouquet is a more complicated process. Wine bouquet is a result of the winemaking
process. Wine bouquet is produced by the yeast, bacteria, barrds, winemaking procedures, etc. Some
bouquet components are prevaent soon after the completion of fermentation, but these components
decrease in intengty with time.  Other bouquet components may require severd years to develop fully.
Byproducts produced by the yeast contribute to the fresh, fruity nose so typica of white table wines such as
Gewurztraminer, Rieding and Chenin Blanc. However, these odor components are short-lived. They often
disappear in less than a year or so. Consequently, these types of wines are best consumed when they are
young, and the nose is il fresh and fruity.

Bouquet components decrease, remain constant or increase in intendgty as the wine ages. Byproducts
produced by lactic bacteria can give wines a lasting buttery attribute. Wines stored in oak barrels dowly
accumulate vanillin and other substances from the wood. Wine acids react with dcohols to produce volatile
eders, and during bulk storage, oxidation dowly changes many wine ingredients.  All these different
materids contribute to the bouquet of the wine.

After the wine is bottled, oxygen is no longer avallable, and a different type of aging begins to take place.
Winemakers cdl these transformations reduction reactions because they take place without oxygen.
Reduction aging is responsible for the changes that produce bottle bouquet. This is the bouquet that
develops after a wine has been in the bottle for sometime. Asawine ages, the aroma gradually decreases,
and the wine becomes less and less varieta in character.  Wine becomes more vinous as the aroma
decreases, and the bouquet increases. When wines are blind tasted, wine experts sometimes have trouble
digtinguishing old Zinfandel wines from old Cabernet Sauvignon wines.

SUMMARY

Winemaking can be divided into four mgor seps. Firs, grapes are harvested in optimum condition.
Second, the grapes are fermented. 1n the third step, the new wine is clarified and stabilized. Inthelast step,
the wine is aged to enhance its sensory qudities. Each of the four steps contributes to the qudity of the
finished wine. However, basic wine qudity is determined in the first step.

The potentid quaity of any wine is established when the grapes are sdected and harvested. Once the fruit
is harvested, the winemaker attempits to redize the potentia qudity by carefully guiding the wine through the
other three winemaking steps. Making high quality wine from poor quaity grapes isimpossible, but making
poor qudity wine from high qudity grapesisvery essy.



The winemaking process may take a few months, or it can extend for severd years. During this time many
procedures and operations are performed, so winemakers keep accurate records of the procedures used to
make each wine. This record documents the winemaking details starting from severa weeks before the
grapes were harvested until the wineis bottled.



Chapter 2

HOME
WINEMAKING
COSTS

A great ded of expengve equipment is not required to make 50 gdlonsof wine. Grape crushers and wine
presses can be rented by the day for a few dollars each. Used barrels can be purchased for less than fifty
dollars, and the deposit on a 15-gdlon beer keg is about fifteen dollars. Each year, home winemakers
ferment large quantities of red wine in new 32-galon pladtic trash cans. Much of the equipment needed to
produce small quantities of wine can be found around the home.

FRUIT QUANTITY

Wine is measured by the case, and a case contains approximately 2.4 gdlons of wine. Estimating just how
much wine can be made from aton of grapes is difficult. The amount depends upon the grape variety, the
equipment used and the winemaking methods employed. Professona winemakers often get 160 to 180
galons of wine per ton of grapes. Home winemakers working with small basket presses are doing well to
get 150 gdlons of wine per ton of fruit. One hundred and fifty gallons represent about 62 cases of wine.

GRAPE PRICES

Wine grapes are bought and sold by

the ton. The price of aton of grapes 1994 1995 1996 1997
will depend upon the grape variety,

the location of the vineyard and upon Chardonnay $600 $600 $900 $1000
supply and demand. In 1994, Napa | g yignon Bl. $450 $450 $700  $800
Valley Cebernet Sawignon grapes | pieging $400  $400 $500  $600
sold for about $1200 a ton. Chenin Blanc $400 $425 $600  $650
Temecula Cabernet sold for ground Cabernet $600 $625 $900 $1000
$600, and Cabernet grown in the | yeriop $650 $650 $900 $1100
Bakersfidld area sold for less than Zirfandd $400 $350 $500  $600
$500 aton. Representative prices for | arignane $225 $250 $250  $300
md invz’]ledl{e_semguz‘vgzlgaii Tablel. Representative pricesfor Temeculawine grapes.

shown in Table 1.  When home
winemakers purchase fruit in 100
pound quantities, they often pay a premium price, and grapes purchased by the pound often cost three or
four times the per ton price.



PACKAGE COST

Table wine is a very perishable food product. Wine oxidizes quite easly, and wine is susceptible to attack
by avariety of microorganisms. If wine is going to be stored for any sgnificant time, it must be seded in ar
tight containers and stored in a cool, dark environment.

The standard package for quality wine consgts of a 750-milliliter glass bottle, a sandard 1 34 inch cork, a
capsule and an appropriate label to identify the contents. The costs of the fruit and the codts of the
package are the mgor out-of-pocket expenses for the home winemaker.

Glass

Glass bottles are packed in standard cardboard cartons, and the glass is clean and sterile when it leaves the
factory. Glass bottles are heavy, so shipping costs are high. Consequently, glass is normaly shipped in
truckload lots, and the quantities are quite large. Smaller commercid wineries often pool resources and buy
atruckload of bottles to reduce their glass costs. This is why the home winemaker seldom has access to
new glass. The average home winemaker redly has only two dternaives. The winemaker must ether
“wash his own” or rely on commercialy re-gerilized, used bottles. Commercid bottle washing enterprises
usudly charge $4.00 to $5.00 for a case of re-gerilized glass. Unfortunately, re-sterilized glass is usualy
hard to find, and sometimesiitisnot available a al. Ecovin has re-sterilized glass available for about $4.00
per case, but they are in the San Francisco Bay area, and shipping costs can be high.

Corks

Standard wine corks are sold in large seded polyethylene bags containing one thousand corks. The bags
are gas=d with sulfur dioxide, and the humidity in the bag is carefully controlled. The corks are serile until
the bag is opened. Dry corks taken from a new bag are soft and pliable, and they can be driven into a bottle
eadly. Unfortunately, corks dehydrate quickly and become hard after the bag is opened, and old, dry corks
are difficult to drive. Good qudity corks sdll for about $135 a bag.

Capsules

Capsules are purely decorative. Home winemakers generdly use “push on” or “heat shrink” plastic
capsules. Plagtic capsules are shipped by the manufacturer in large cardboard cartons that contain about
five thousand capsules.

Labes

All wine should have a label permanently attached to each bottle to identify the contents. Custom wine
labels are easy to make using a home computer, and very attractive labels can be made for a few cents
each. However, full color labds, printed on heavy weight papers, often cost more than twenty-five cents
each when they are produced in the smal numbers needed by most home winemakers.

REPRESENTATIVE WINE COST



The following example illustrates possble home winemaking costs. Please note that the cods given here
assume the grapes and most of the winemaking supplies are purchased in commercid quantities.
A ton of loca wine grapes might cost $600 and produce 62 cases of finished wine. Here, the cost of the
fruit needed to produce one case of wine would be $9.68. The cost of re-gterilized glass might be $5.00
per case, and corks might cost $1.50 per case. Label costs can range from less than $0.50 to more than
$3.00 per case. However, pleasing labels can be made on a home computer for less than $0.60 per dozen.
Plagtic capsules cost from $0.40 to $0.60 per case. The cost of miscellaneous winemaking materias like
acid, sulfite, etc. will depend upon the characteristics of the wine. An average cost of about $0.65 per case
isagood estimate.

Table 2 shows how per case wine
grapes. Note that the cost of the friit $400/T $600/T $800/T $1000/T
and the cost of the package is about

the same when $500 per ton grapes Fruit $6.45 $9.68 $12.90 $16.13
are crushed. When less expensive Glass  $500 $5.00 $500 $5.00
" ae used. the cogt of the Corks $150 $1.50 $150 $1.50
grepes a 3 Capsule  $0.42 $0.42 $0.42 $0.42
package is the mgor cost factor. If Labds  $0.60 $0.60 $0.60 $0.60
wash your own bottles were used in Misc. $0.65 $0.65 $0.65 $0.65
the above example, the per case
$Cae $1462  $17.85 $21.07 $24.30

cost would be $5.00 less than the
vaues shown. Obviously, these Table2. Typical per casewine cost.
esimates do not include the origind
cogt of winemaking equipment, and
they do not include the cost of
repairs, yearly maintenance, etc.

SUMMARY

Wineis very perishable, and table wine spoils quickly unlessitisseded in air tight containers. The standard
package for quality wine conssts of a 750-ml glass bottle, a 1 34 inch cork, a capsule and an appropriate
label. The cogt of homemade wine depends on the cost of the grapes and the cost of the package. The
cost of the fruit and the package are about equal when $600 per ton grapes are used, but the package cost
is dominant when expensive grapes are used. Home winemakers can reduce their winemaking codts by
purchasing grapes by the ton and supplies in commercid quantities. Washing used wine bottles is another
way to reduce home winemaking costs.



Chapter 3

EQUIPMENT
AND
FACILITIES

Home made wines are usudly produced in five, fifteen, thirty, fifty, sxty or 160 gdlon quantities. Some of
these quantities may seem a bit strange but containers having these specific capacities are readily available.
Wine reacts with oxygen in the air. As the Sze of the container becomes smdler, producing high qudity wine
becomes more difficult because of oxidation problems. A one gdlon container is suitable for bulk storing
wine for only afew months. Five galon “water bottles’ are readily available, and they are popular with
home winemakers. However, water bottles are margina bulk wine containers because of their small sze.

Smadl quantities of wine can be made in the kitchen or on a bench in the garage, and little specid equipment
is needed. However, alarger work space and access to some winemaking equipment will be necessary
when fifty gallons of wine are made each year. When severd barrds of wine are produced each season,
specidized winemaking equipment, alarge work space and storage space for both bulk wine containers and
bottled wine will be needed.

FACILITIES

Winemaking requires two generd types of work space, and each type has different requirements. A crush
area is needed to recelve and process the grapes, and a cdllar area where the wines are fermented, aged
and bottled is necessary. In addition, some generad storage pace is dso needed to store winemaking
equipment and supplies. A separate area st adde for each specific function is the ided arrangement.

However, most winemakers have limited space available for winemaking, so compromises are often

necessary.

Experience shows that careful planning and a few minor modifications can greetly increase the efficiency of
any winemaking work space. For example, alarge fraction of the [abor in any winery is used to clean and
sanitize the equipment and the work space.  Sanitation is an ongoing effort in dl winemaking aress, and
cleaning operations are repeated often. Much time and effort can be saved by arranging the work areain a
way that optimizes the various cleaning procedures.

Crush Area

Crushing and pressing operations a any winery involve handling large quantities of materids. Grapes must
be moved into the crush area, and pomace must be removed from the crush area. Consequently, most
commercid wineries prefer to have their crush operations outsde the main facility to smplify handling the
large quantities of bulk materias.



Many home winemakers use their garages as temporary crush aress each season. The crusher is setup
near the front of the garage, and the grapes are unloaded from trucks or vans parked in the driveway.

Washing down the crusher and the press is aways necessary before any fruit can be processed. Then both
pieces of equipment must be washed again when the operation has been completed. A heavy duty hose with
an adjustable spray nozzle permanently ingtdled at the crush pad is a great convenience. Provide a hook or
other arrangement so the hose can be hung in a convenient place. Cleaning a smdl crusher or press will
generate large amounts of waste water so water disposa can be a problem. Most commercia crush pads
consst of a smooth finished concrete pad that incorporates alarge drain. Home winemakers often use their
garages or driveways as crush aress.

Pomace should be removed from the crush area promptly. Even sweet pomace will sour quickly on a hot
day, and it will atract fruit flies. Ants can become a terrible problem, and the entire crush area should be
carefully washed to remove dl traces of sugar when the crush operations are finished.

Célar Space

White wines are fermented, darified, stabilized, aged and bottled in the cdlar. Red wine is often fermented
in open containers placed outsde the cellar area. Cellar activities can generate a Sgnificant amount of lees,
and some way of digposng of liquid waste materid is needed in the cdllar. A good solution to the disposa
problem is a conveniently located sewer drain, a water faucet, a dedicated hose and a spray nozzle. A
centraly located floor drain equipped with alarge grate is agreat convenience.

Aging wine is mostly a passve operation, and it requires little more space than is necessary to hold the
gtorage containers. Five-gallon water bottles are about 10 inches in diameter and 20 inches high. Fifteen-
galon gainless sted beer kegs are roughly 15 inches in diameter and 23 inches high. 200-liter oak barrels
are aout 24 inches in diameter and 36 inches long. A popular 160-gdlon polyethylene storage tank
manufactured by Norwesco is 31 inches in diameter and 55 inches high. Double stacking or even triple
gacking barrels is possible. Nevertheless, most winemakers find stacked barrds difficult to handle and
clean.

Bottling wine requires a moderate amount of cellar space. A typicd bottling setup for an advanced home
winemaker or avery smal commercia winery might congst of asmadl transfer pump, afilter, a bottle rinser,
a bottle filler, a corker, alabding rack and a label paster. A large table or bench would be necessary to
hold the empty bottles, the bottle rinser, the filler and the full bottles. In addition, a second table or a smal
bench would be needed to hold the label pasting machine and the rack used to hold the bottles while the
labels are applied.

EQUIPMENT
Large wineries use a great ded of equipment in their winemaking operations, but smal wineries and home
winemakers frequently make due with a minimum of equipment. Basc crush equipment condsts of a

crusher and apress. The key pieces of cellar equipment are wine storage containers, pumps, filters, bottling
equipment and test equipment.  Severd pieces of common winemaking equipment are briefly discussed

10



beow.
Crusher

A hand crank crusher is probably the most practicd method of crushing for the average home winemaker.
Both single and double roller crushers work well. However, some crusher designs are easy to crank and
some are not. Operation of these little crushers is quite Smple. The crusher is placed on top of a suitable
container.  The hopper is filled with fruit, and the crank is turned. Clusters of grapes pass through the
rollers, and the crushed fruit and stems drop into the container. Having some way of clamping the crusher
on the container is very desirable. If the crusher dides or moves around, it will be more difficult to crank.

Stems can be easly removed by hand using the following technique. Put a clean, plastic milk crate on top of
a suitable container. Place a few pounds of crushed fruit in the bottom of the milk crate and make a
scrubbing motion with the hand. The crushed fruit will drop through the crate into the container. Discard
the stems from the crate and repesat the process. Severd hundred pounds of grapes can be destemmed
using this method.

A power crusher/stemmer will crush and separate the grapes from the sems in one fast, Smple operation.
The grapes are dumped in the fruit hopper, and the machine does the rest. Power crushers have capacities
ranging from about 1 ton to more than 50 tons of grapes per hour. Even the smalest machine will keep one
person busy filling the hopper. Unfortunately, power crushers are expensive. The smdlest machines cost
severd hundred dollars. Crusher/stemmers are an overkill for most home winemakers, but they can save a
tremendous amount of labor if awinemaker produces severd barrels of wine each year.

Press

Most home winemakers use a vertica basket press of some kind. These presses are made in a wide range
of szes and in severd different styles. Smdler presses can handle 10 to 20 pounds, and large presses hold
severd tons of grapes in each load. Smdler presses use a screw mechanism to generate the pressure.

Large basket presses often use hydraulic cylinders and dectric pumps to generate the pressure.  Some
homemade presses use a hydraulic automobile jack to produce the pressure.  Two manufacturers are
producing vertical basket presses specificaly for home winemakers that use an inflatable rubber bladder to

sgueeze the grapes.

Although small verticd basket presses are relatively inexpensive, they can produce high qudity juice when
used properly. The mgor disadvantage of any verticd press is the large amount of labor required. To
crumble the pomace cake, the press must be completely disassembled and the basket removed. After the
cake has been broken up, the basket must be reassembled and refilled to start a new press cycle. Severd
press cycles are usually required to produce dry pomace, so much labor is required.

Some ¥ compound basket presses can produce very high pressures. High press pressures can extract the
juice with a minimum amount of labor. However, high pressures can dso extract excessive amounts of
phenolic materials and produce harsh, hitter wines, S0 these presses must be used with care.

During the 1950's, many Cdifornia wineries replaced their vertical hydraulic presses with horizontal presses
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manufactured by Willmes, Vadin or other manufecturers. Horizontal presses offer a mgor advantage
because the pomace cake can be crumbled automatically by releasng the pressure and rotating the
horizonta basket. Horizonta presses are smple and easy to operate, and they save wineries a tremendous
amount of labor. The Vadin presses were made with fiberglass baskets and covers, so they were much
less expensive to produce than presses constructed of stainless sted.  Although horizontal screw presses are
no longer manufactured, many smal wineries continue to use one, two and six-ton Vadlin presses.

Modern commercia wine presses are controlled by computers, and they can be programmed to execute
very complicated press schedules automatically. Modern presses use an inflatable bag, tube or membrane.
After the press is loaded, the membrane is inflated and gently squeezes the grapes againg the basket to
extract the juice. These new presses are nearly sdlf-operating, and they only require atention when the
pressis being loaded or unloaded.

Bottle Filler

Filling wine bottles with a piece of hoseiseasy. The hoseisinsarted into the wine container, and the wine is
sphoned into the bottles. However, reducing wine oxidation is aways desrable, so wine bottles should
aways be filled from the bottom with a minimum of splashing and bubbling. Wand type bottle fillers are a
great improvement over a piece of hose. A ample wand filler conssts of a 16-inch length of rigid plastic
tubing fitted with a small plagtic valve at the bottom end, attached to the end of a Sphon tube. When the
wand is inserted in the empty bottle, the valve presses againg the bottom of the bottle, and the wine sartsto
flow. Wine flow automaticaly stops when the operator raisesthe tube. Smal diameter fillers often generate
excessve amounts of foam, so & inch diameter wand type fillers are generdly preferred.

Severd yles of gravity type battle fillers are avallable. Thesefillers have a smdl tank to hold the wine and
two or more siphon tubes to transfer the wine into the bottles. A float-valve mechanism is used to keep the
tank full. Operation of smdl multi-spout, gravity type fillers is smple. An empty wine bottle is placed on a
gpout. The machine fills the bottle to a preset level and automaticaly stops. Two, three, four and Six spout
machines are common, but gravity bottle fillers as large as 24 spouts are produced. Two, three and four
spout fillers are suitable for  home winemakers producing 50 or more galons of wine each year. Large
gravity fillers are used by smdler commercid wineries. Many gravity type fillers will fill a arate of about
two bottles per spout per minute. One person is kept quite busy removing and replacing bottles.

Larger wineries use automdtic, vacuum type bottle fillers. These large, multiple spout fillers are often
integrated into a complete high speed bottling line. Empty bottles are sparged with nitrogen gas, filled with
wine, corked under a vacuum and capsules and labels are gpplied. Completely packaged wine comes off
the bottling line, and much of the work is done autometicaly. Older bottling lines often run at rates of 10 to
40 bottles per minute, and older equipment requires the constant attention of several winery employees.
Modern bottling equipment runs at rates of 30 to 200 bottles per minute, and these high speed lines only
require one or two people for efficient operation. Modern high speed bottling equipment has reduced
winery labor cogts sgnificantly. However, these machines are extremey complicated and very expensive.

Transfer Pump

Pumps are used in wineries to move mug, lees, juice and wine. Wine contains significant amounts of acid,
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S0 any pump used for wine must be made of corroson resistant materids. A variety of pump syles are
produced to meet the requirements of different winery applications. Tranfer pumps are used to transfer
juice or wine for filtering and for bottling. Mogt transfer pumps are either rubber impdler “Jabsco” syle
pumps or centrifugd pumps.  Rubber impdler pumps are generdly preferred for moderate flow rate
gpplications when the pressure heads are higher. Centrifugd pumps are generdly preferred when large flow
rates against moderate pressure heads are needed.

Home winemakers use a variety of smal pumps. Capacities range from three to ten gadlons per minute. A
typica rubber impeller pump can ddiver five gdlons per minute, and it has a maximum pressure head of 30
pounds per square inch. Many of these little rubber impdler pumps are sdf priming, inexpensve and
provide good performance. They should not be run dry for extended periods, and their shaft sedls have a
limited service life. A lesky pump with aworn shaft sed will quickly oxidize the wine, o shaft seds on samall
pumps must be replaced often. These pumps sl for about $100.

Smadl, magneticaly coupled centrifugd pumps are quite suitable for generd use in any smdl winery. A
magneticaly coupled centrifugd pump does not have a shaft sed because the impeler shaft does not
penetrate the pump housing. The impdler is coupled to the drive motor by means of two powerful
permanent magnets. Magneticaly coupled pumps have advantages and disadvantages. They are more
expensve than direct coupled pumps. They are not saf priming, and sometimes getting these pumps darted
is difficult. On the other hand, magnetically coupled pumps have long, trouble free lives, and they do not
have shaft sealsto lesk ar and oxidize the wine.

Corker

Hand corking machines are made in a variety of styles, and prices range from a couple of dollars to severd
hundred dollars. An effective corking machine must be able to do two functions, and these two functions
must be separately. The cork must be compressed first, and then the cork must be driven into the bottle.

A good hand corker can drive dry corks without excessve effort. Well designed floor model corkers sl
for about $100 (1995). The better machines are solidly built and have a useful life greater than 100,000
corks. Some smdl, inexpensive corking machines sold a home winemaking shops are practicaly worthless.

STORAGE CONTAINERS

Cooperage is the generd term used for dl kinds of bulk wine storage containers.  Open containers with
draight Sdes are called vats. Closed wine storage vessels with straight sides are caled tanks. Curved
sded containers with a bulge in the center like the familiar barrel are caled casks. Casks range in size from
100 to more than 1000 gdlons. Depending upon size and proportions, casks are caled butts, pipes,
puncheons, ovals, etc.

The traditiond wood used to make wine containers is white oak, however, in Caifornia, redwood was
extensvey used for congtructing wine containers from about 1840 to 1950. Very large wine tanks have
been fabricated from reinforced concrete, and concrete storage containers were widely used in wineries
from the early 1900's until about 1950. A large bank of concrete tanks could il be seen at the old
Gdleano Winery in Mira Loma, CA in 1997. In recent years, dainless sted has become the materid of
choice for wine tanks, and severa manufacturers are now producing smdler sze tanks from high densty
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polyethylene.
Open Fermenters

Some smdl commercia wineries and most home winemakers use open containers for fermenting red wine.
Large amounts of carbon dioxide gas are generated during fermentation, and the wine becomes saturated
with carbon dioxide. The congtant evolution of gas prevents air from entering the wine, so oxidation isnot a
problem. When fermentation is complete, carbon dioxide gas is no longer produced, and the wine must
then be stored in sedled containersto protect it from oxygen intheair.

Open fermenters range in sze from 5 to 5000 gdlons. Small wineries sdldom use open fermenters larger
than a few hundred gdlons because it is very difficult to punch down the cap in a large vat by hand.
Stainless stedl, wood and polyethylene are the most suitable congtruction materids for red fermenters.
Small wineries often use polyethylene, haf ton fruit bins as temporary, red fermenters each crush season. A
55-gdlon polyethylene drum makes a good open fermenter when the top is removed. Thirty-galon, food
grade polyethylene containers with tight fitting lids are available a most home winemaking shops. Much
homemade red wine is fermented in 32-galon plagtic trash cans each year.

Closed Containers

White and blush wines are dways fermented in closed containers, and most commercia wineries ferment
their red wines in closed tanks. When closed containers are used, the large volumes of carbon dioxide gas
produced during fermentation must be vented, so winemakers sed closed tanks with fermentation locks until
al dgns of fermentation have stopped. Fermentation locks come in severd Szes and styles Most small
fermentation locks contain a liquid trap of some sort. The trap lets the carbon dioxide gas escape while
preventing ar from entering the tank.

Five-gdlon water bottles are readily available, and they are popular wine storage containers. Water bottles
are the containers most often used by beginning home winemakers. They have both advantages and
disadvantages. Glass is a smooth vitreous materid. It can be cleaned easly, and glass can be completdy
derilized. Glassistrangparent, so fermentation progressis easy to monitor visudly.

Five gdlon water bottles are generaly too smdl for serious winemaking because of the oxidetion problem.
However, a few water bottles are handy for storing leftovers. Glass containers are heavy, and some
winemakers find it difficult to move a full carboy. Glass is both dick and fragile. Handling heavy glass
bottles with wet hands can be quite dangerous. Another negative factor is the high cost of glass. In 1997,
the price of anew glass water bottle was about $15.00. That amounts to $3.00 per gallon.

Polyethylene has become a recognized “food grade’” materia, and polyethylene drums are widely used for
shipping liquid food products. Wine can be safely stored for extended periods in heavy waled containers
made of dense polyethylene, and severd firms are now producing polyethylene tanks in a variety of
standard sizes and shapes specifically for use as wine storage containers.

Used poly drums are available in 20, 30, 40 and 55 galon szes, and they make excdlent wine storage

containers. Wine storage containers made of dense polyethylene have advantages and disadvantages. They
are light weight, so polyethylene drums can be handled and stored easily. Best of dl, they are inexpensive.

14



New poly drums sdll for about $1.00 per galon, and good used drums are often available for afew dollars
each. However, polyethylene has a porous micro-gructure, and it is a difficult materid to clean completely.

Used polyethylene drums can retain odors for extremey long times. Some odors can contaminate wine, o
secondhand drums must be selected with care. This odor problem is the mgor disadvantage of using used
polyethylene containers for storing wine.

Most winemakers agree that stainless sted is the best materia for fabricating large wine storage tanks. A
polished, food grade surface made of dtainless sted is easy to clean and derilize. Properly designed
danless tanks are inert, and they are completely tight. Unfortunatdy, stainless sed is an expensve materid.
The cogt of alarge sze tank (10,000 gdlons) is two or three dollars a gdlon. Smaller size tanks (500
galons) cost severd dollars a gdlon. Nevertheless, stainless sted tanks give many years of trouble free
service, and when properly maintained, they last dmogt indefinitedly. Home winemakers often use surplus
stainless beer kegs for wine storage containers. The deposit for a 15-gallon beer keg is about $15. Fifteen
dollarsisadollar per galon of storage capacity, and finding aless expensive wine container is difficult.

BARRELS

Oak barrds have been used for storing wine for hundreds of years. Standard wine barrels come in two
gzes, 200 liters (52 gds) and 225 liters (59 gals). Oak wood imparts a spicy, vanillin flavor that is desirable
in most red wines, and this oak character is obtained by storing wine in oak barrels for an extended time.
After abarre isfour or five yearsold, it no longer produces the desirable flavors, and wineries must replace
ther barrds from time to time. A few wineries replace dl of their barrels each year, but most wineries
replace 20 to 30 percent of their barrels each year. In 1997, new French barrels cost about $600 each and
American barrels cost about $200. Obvioudy, the annud barre replacement is a consderable expense
when wineries use many barrdsin their wine aging program.

Beddes their high cogt, oak barrels have severa other disadvantages. Barrels are heavy, difficult to handle
and hard to clean. An empty barrd weighs dmost 100 pounds, and a barrd full of wine weighs about 600
pounds. With alittle practice, empty barrels can be moved by hand without much difficulty. However, this
is not so with a full barrd, and moving a barrd full of wine more than a short distance by hand is seldom
feasble. Wineries place full barrels on pdlets, and then the pdlets are moved with a fork lift. Oak barrels
are prone to attack by wood-borers unless the wood is treated with a specid preservative. Barrels are
difficult to stack by hand even when specidly built racks are used. Eventudly, any oak barrd will lesk.

Oak chips can be added to wine to impart desirable oak flavors, and many wineries use oak chipsto flavor
their lesser quaity wines because of the high cost of new barrdls. Some winemakers put the oak chipsin a
nylon mesh bag and then suspend the bag in the wine. Other winemakers just add the chips directly to the
wine. After afew days, the loose chips sink to the bottom of the container, and then the chips are trested
just like lees. Eqtimating the quantity of chips to be added is difficult for the inexperienced winemaker. The
amount needed will depend upon the specific wine and on persond preference. Ten or twelve ounces of
chips for 50 gallons of red wineis areasonable place to start. Considerably fewer chips are appropriate for
most white wines. All wines should be tasted periodicaly after oak chips are added. Then the wine can be
racked off the chips when the winemaker fedsthe taste is satifactory.

Barrds full of wine require little extra attention, but used, empty barrds are difficult to maintain. When a
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barrd isfird filled, dmost four galons of wine soaks into the wood. When a used barrd is left empty for a
few days, the wine in the wood Sarts turning into vinegar. Sterilizing oak barrdsis practicaly impossble, so
when barrds become infected with vinegar bacteria, they must be discarded. Commercid winemakers
avoid this problem by not emptying their barrels until new wine is available. Then as the barrels are emptied,
they are washed with clean water and immediately refilled with new wine.

Home winemakers should avoid very smdl oak barrds. Smal oak barrds or casks are difficult to build,
and they are very expensive per galon of capacity. They are prone to leskage, and small wood cooperage
is more difficult to maintain properly. Wine stored in small oak containers becomes over-oaked very
quickly. Oak casks of five or ten-gdlon capacity are often recommended by home winemaking shops, but
these tiny barrels are little more than expendve toys.

SUMMARY

Every winery needs a crush area for processing grapes and a cedllar area for fermenting, aging and bottling
wine. A third area is needed where equipment and supplies can be sored. At many home wineries, a
concrete driveway serves as the “crush area,” and the garage is the “cdlar” and storage space. However,
daytime temperaturesin typical garages are often excessive for wine storage.

Little specid equipment is needed to make a few galons of wine. However, wel desgned winemaking
equipment can reduce the amount of physca labor needed when larger quantities of wine are made. Basic
crush equipment consists of a crusher and a press, and basic cdlar equipment includes cooperage, pumps,
hoses, filters, bottling equipment and test equipment. Many home winemakers use new 32-gdlon plagtic
trash cans for open red fermenters and surplus stainless sted beer kegs for wine storage containers. New
0ak barrds can impart desirable vanillin flavor characteristics to red wines. On the other hand, barrels are
difficult to handle in a samdl winery, and some leskage is dways encountered. New oak bares are
expendve, and the oak flavor disappears after the barrels have been used for afew years. Oak chips can
be used to impart desirable oak flavors in wine, and chips are inexpensive and easy to use.
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Chapter 4

WINERY
MATERIALS

Various materids are added to wine throughout the winemaking process. These materids are used to solve
specific wine problems. For example, bentonite is aways added to white and blush wines. The bentonite
removes excess protein and prevents protein from forming a haze after the wine is bottled. Smal amounts of
sulfur dioxide are added when the grapes are crushed, and smal additions of sulfur dioxide continue until the
wine is bottled. Sulfur dioxide helps control the growth of microorganisms, and it reduces the effects of
oxidation. Wines fermented from apples and stone fruits often contain excessve amounts of pectin. The
pectin makes the wine difficult to clarify, so winemakers add enzymes to bresk down the pectin. The most
common wine additives are sulfur dioxide, fining agents, Sabilizing materias and wine preservatives.

COMMON WINEMAKING MATERIALS

Winemakers must use care when selecting wine additives. Wine isafood, and any substance added during
the winemaking process must be a food grade materid. Most materials used in winemaking are al'so used
throughout the food and beverage industries. These materias are widdly used and available to the
winemaker as normad commercid products. A few wine additives are unique to the winemaking industry,
and sources of afew materids may be difficult for home winemakersto find.

Many winemaking materias are supplied by the manufacturer in dry granular forms. These materids are
usudly shipped in heavy paper or plastic bags containing aout 50 pounds of materid. With a few
exceptions, winemaking materids have along shdf life. Many winemaking materias can be kept for saverd
years when placed in tightly sedled containers and stored at reasonable temperatures.

Home winemakers can reduce their winemaking costs by getting together and purchasing frequently-used
winemaking materids in commercid quantities. Materias purchased in smal quantities often cost three or
four times the bulk price, so the savings can be sgnificant. Reagents for wine testing and yeast and sulfites
are exceptions, and fresh supplies of these materids should be purchased each season. The characteristics
of severa common winemaking materias are briefly discussed below.

Anti-foam
Anti-foam isaclear, aily liquid. Thisisasdlicone product, and it has no smdll or taste. Anti-foam is used to
prevent foam from overflowing containers during active fermentation.  About 250 milliliters of anti-foam

added to a 1000-galon wine tank will reduce foaming to a minimum. This materia is completely inert and
does not react with the wine in any way. Mog of the anti-foam added will disappear when the wine is
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racked. Evenif afew drops remain, they will be removed when the wine isfiltered.
Ascorbic Acid

Ascorbic acid is vitamin ¥C.= Winemakers add ascorbic acid when wines contain di sulfides. In larger
amounts, di sulfides can amell like a skunk. Smdler quantities give wine a rubber or garlic smdl.  When
very smdl quantities are present, di sulfides can give wine a vague, dirty odor. At even lower levels, di
sulfides often do not produce a specific odor. Sometimes they are not detectable, but minute quantities of di
sulfides can kill the norma bougquet of afinewine.

When ascorbic acid is added to wine, it reacts with the di sulfides, and the di sulfides are converted into a
materid caled mercaptan. When dl of the di sulfides are converted into mercaptan, the winemaker adds a
very smdl quantity (0.05 to 0.5 milligrams per liter) of copper sulfate. The copper sulfate removes the
mercaptan from the wine.  This treatment is only effective when the ascorbic acid is added to the wine
severd days before the copper sulfate addition.

Many Austraian winemakers use ascorbic acid as an anti oxidant when bottling wine. The ascorbic acid is
used in combination with sulfur dioxide.

Calcium Carbonate

Sometimes, grapes grown in cold climates contain too much acid.  Then winemakers often use cacium
carbonates to reduce the acid content of juice before fermentation. This materid is occasondly used to
reduce the acid content of finished wines by smal amounts. However, when carbonates are used to reduce
the acidity of a finished wine, they can change wine flavors, raise pH and cause other problems. Grapes
grown in warm climates are usudly low in acid, so carbonates are sedom used with warm climate fruit.

Citric Acid

Citric acid is one of the work horse materids in the winery, and it is used for severd different purposes.
Citric acid is mixed with sulfite powder and water to prepare sulfur dioxide solutions.  Sulfur dioxide
solutions are used to Serilize winery pumps, hoses, filters and other winery equipment.  Sulfur dioxide
solutions are aso used for wet barrel storage. Winemakers use weak (1 percent) citric acid solutions to
remove the “paper” taste from new filter pads. Stronger solutions (5 percent) of citric acid are often used
to sanitize bottling equipment.

Sometimes, citric acid is added to finished wines specificaly to increase acidity and improve acid balance.
In smdl quantities, it provides afresh, citric characteridtic, and the citric qudity is often gppreciated in white
table wines. Nevertheless, bench trids should adways be done before making any large additions of citric
acid. Significant additions of citric acid are seldom made to red wines. The citric taste does not seem
appropriate in most red wines.

About hdf agram of citric acid per gdlon is often added to commercid winesto improve long term stability.

Diammonium Phosphate (DAP)
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Diammonium phosphate is a mgor ingredient in many proprietary yeast foods. It is added to juice or must
before fermentation to supply extra nitrogen. The additiona nitrogen encourages rapid yeast growth and
more dependable fermentations.  Cdlifornia Chardonnay grapes are often deficient in nitrogen, and many
winemakers add DAP to dl Chardonnay juices to help the yeast complete fermentation and not leave
resdud sugar inthewine.

Juices lacking nitrogen can cause another problem.  Some yeasts produce excessive quantities of hydrogen
sulfide when a juice lacks sufficient available nitrogen. Here, winemakers add DAP to provide extra
nitrogen to reduce hydrogen sulfide formation.

Fumaric Acid

In the past, winemakers often added smal quantities of fumaric acid to their red wines. The acid prevented
maolactic fermentation from occurring after the wine was bottled. However, snce derile filtration
equipment became widdy avallable, fumaric acid is seldom used commercidly. Many home winemakers
lack filtration equipment, SO home winemakers continue to use fumaric acid to control ML fermentation.
The cusomary dose levels range from one to three grams of acid per gdlon of wine. Bench testing should
aways be done before fumaric acid is added to wine. This acid can improve the taste of some red wine,
but sometimes fumaric acid produces unusud or off-flavors.

Malic Acid

Vines release mdic acid (by respiration) throughout the ripening season.  When grapes are grown in hot
regions, little maic acid remains by harvest time, and sometimes winemakers add malic acid to white wines
to improve the ratio of mdic and tartaric acid. Small additions of malic acid raise the totdl acidity and often
give white table wines a pleasing apple-like freshness.

Pantothenic Acid

Y easts often produce excessive quantities of hydrogen sulfide when grapes are deficient in pantothenic acid.
Conseguently, some winemakers add very small quantities of this materid to juice or crushed grapes before
garting fermentation. Pantothenic acid is a common vitamin, and it can be purchased in any drug store.

Pectinase (Pectic Enzyme)

Sometimes, commercid wineries use enzymes to increase the amount of free run juice when crushing white
grapes. The enzymes bresk down the cdls in the grape pulp, and the juice is rdleased. The additiond free
run juice reduces the number of press loads, o pressing is quicker after an enzyme treetment. Home
winemakers, usng small basket presses, use pectic enzymes to make white grapes easier to process. Pectic
enzymes are ds0 used to prevent pectin hazes from forming in wines made from fruit or from grape
concentrate. Excessive quantities of enzymes can produce off-odors and bad tastes. The manufacturers
directions should be followed carefully.

Potassum Bitartrate
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Sometimes, smdl quantities of potassum bitartrate (cream of tarter) are added to young wines during the
cold stabilization trestment. The potassum bitartrate crystals speed the precipitation of excess tartrate
materid from the wine. The time required to stabilize the wine is shortened, and winery refrigeration costs
arereduced. Oneto four pounds per 1000 gallons of wine isthe normal dose.

Potassum Carbonate

Potassum carbonate is often used to deacidify juice and wine instead of cacium carbonate. However,
when this materid is added to wine, the potassum content can be increased sgnificantly. The additiona
potassium can cause increases in wine pH, so potassum carbonate must be used carefully.

Besdes increasing pH, a stability problem sometimes occurs because the potassum reects with tartaric acid
in thewine. Potassum bitartrate is formed, and unless this materia is removed, it can precipitate out of the
wine after bottling. Because of this ingtability problem, potassum carbonates should not be used after wine
has been cold stabilized.

Potassium Caseinate

Potassum casainate is a common, wine fining materid. This materid is used to reduce the tannin content in
red wine, and it is used for white wine clarification. Potassum casainate is so used to remove odors and
brown colors from oxidized white and blush wines. Sometimes, this materid is effective for removing
excessive oak character from white wines.

When added to wine, potassum caseinate reacts with wine acids and coagulates quickly. Fining is more
successful when a caseinate-water solution is injected into the wine under pressure. Then, a very fine
suspension isformed, and better mixing is achieved. Some home winemakers mix the dry powder in water
and use alarge syringe to inject the solution into the wine.

Potassum caseinate can gtrip desirable wine flavors, and it can give wine a cheesy taste when excessive
quantities are used. Normd dose levels range from 1/10 to 1/4 gram per gdlon, and bench trids should
always be done.

Potassium M etabisulfite (Sulfite)

Home winemakers use potassum metabisulfite crystas to introduce sulfur dioxide into their wines. Small
quantities of sulfur dioxide are used to control wine microbes, and sulfur dioxide daso reduces wine
oxidation. When sulfite is added to wine, it produces about haf its weight in SO, (about one gram of sulfur
dioxide is produced when two grams of sulfite are added to the wine).

Strong aulfite solutions are used to derilize just aout everything in a winery. One teaspoon of sulfite
powder and two teaspoons of citric acid in two gallons of water makes an effective solution for serilizing
equipment, and some home winemakers use this solution to serilize bottles just before they are filled with
wine. Inert, oak barrels can be stored full of water safely using a sulfite solution.  One cup of citric acid
and one cup of sulfite crystds are added, and then the barrel isfilled with clean water.

Potassium Sor bate (Sor bate)
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Home winemakers use potassum sorbate to stabilize wines containing residual sugar. The sorbate does not
gop the yeast from fermenting the sugar, but it can prevent the yeast cells from reproducing. Consequently,
sorbate is only effective when most of the active yeast cells have been removed from the wine by racking or
filtering. The usua procedure for using potassum sorbate is to clarify, sabilize and age the wine. Then the
wine is sweetened, and the sorbate is added at bottling time. Potassum sorbate will not stop active
fermentations.

For most people, the taste threshold of sorbate is 200 or 300 milligrams per liter of wine. However, some
people are more sengitive to the taste of sorbate, and a smdl fraction of the population can detect less than
50 milligrams per liter. Fortunately for the winemaker, many people sengtive to sorbate do not find its taste
objectionable in wine.

The norma dose leve is 200 to 250 milligrams of potassium sorbate for each liter of wine (about one gram
of sorbate per gdlon of wine). If too little sorbate is added, the wine will probably start to ferment. If too
much sorbate is added, the quaity of the wine may be adversdly affected. Dose levels of more than 250
mg/l can produce noticeable changes in wine taste and odor.

Sodium Bisaulfite

Sodium bisulfite is an inexpensve source of sulfur dioxide for smal wineries. It provides the same amount
of SO, as potassum metabisulfite, but the sodium compound is less expendve.  Sodium bisulfite is mixed
with water and used for sterilizing winemaking equipment and for wet barrel storage. Since it adds sodium,
this maerid is usudly not used as a source of sulfur dioxide in wine. Both potassum metabisulfite and
sodium bisulfite are very sendtive to water, and both compounds should dways be stored in tightly sedled
containers. Even when stored in sedled containers, these materids can degrade rapidly, and much wine has
been spoiled by home winemakers using spent sulfite powder. Old sulfite powder should be discarded, and
anew supply purchased each season.

Soda Ash

Soda ash (sodium carbonate) is one of the primary cleaning agents in the winery. It is used to clean and
sanitize equipment, tanks, pumps, hoses and even barrels. Soda ash in water produces a strong caustic
solution, and a soda ash solution is particularly useful for removing heavy tartrate deposits from the surfaces
of wine storage containers. All soda ash solutions must be carefully rinsed to remove the resdue. Home
winemakers often use soda ash to soak labels off old wine bottles.

Tartaric Acid

Winemakers add tartaric acid to juice or must to raise acidity and lower pH. Large acid adjustments should
be made before fermentation is started. An addition of four grams of tartaric acid per galon of juice will

raise the TA about 0.1 percent. Calculated acid additions are seldom accurate, and calculated acid values

should not be relied upon. A smdl sample should be tested before making large acid additions.

Care mugt be taken when tartaric acid is added to wine late in the winemaking process. If much tartaric

21



acid is added, the wine may need to be cold stabilized again. Otherwise, tartrate crystals may form in the
bottled wine.

Thiamine

Thiamine is vitamin B-1, and it is essentid for hedthy yeast growth. Winemakers often add thiamine and
other vitamins to juice before starting fermentation.
Trisodium Phosphate (TSP)

Trisodium phosphate is a popular cleaning materid for dl types of winery surfaces. This maerid is
inexpensve, effective, and it washes awvay eadly. A chlorinated form of trisodium phosphate is dso
available, and the chlorinated form is a potent Serilizing materid. In many commercid wineries, chlorinated
TSP isthe materia of choice for decontaminating large, sainless sted, wine storage tanks.

Viniflora Oenos

Viniflora Oenos is a freeze-dried culture of malolactic bacteria Most ML bacteria are supplied in liquid
form, and severd days are needed to prepare a “darter.” Viniflora Oenos has gained popularity rapidly
because it can be added directly to the wine in dry form to start maolactic fermentation.

Y east Extract

Yeast extract is added to juice to prevent stuck fermentations by stimulating healthy yeast growth. Yeast
extract provides additiond vitamins, amino acids, etc. It is more effective when added before fermentation
isdarted. Yead extractisamgor ingredient in many proprietary yeast supplements.

SUMMARY

Winemakers add different materids to wine throughout the winemaking process. These additions are made
deliberately to improve color, darity, Sability or generd wine qudity. Each fining materid can affect wine
characterigtics differently. Often one characterigtic is improved at the expense of another, so fining wine is
usudly a compromise of some kind. Consderable winemaking experience is needed before wine fining
materias can be used effectively.

The types of materid and the quantities to be used are usudly determined by testing a smdl batch of wine
and observing the results. When the desired results are obtained, appropriate additions are made to the
main lot.

Winemaking materials should be kept in tightly sedled containers, and then the containers should be stored

inacooal, dry place. With a few exceptions, like yeast and sulfite, most winemaking materias can be kept
for saverd seasons, and purchasing winemaking materias in bulk quantities resultsin sgnificant savings.
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Chapter 5

SUGARS
AND
ACIDS

Sugar molecules are formed from carbon, hydrogen and oxygen, and the naturd grape sugars are the
materias yeast converts into ethyl alcohol and carbon dioxide.  Although sugars are made from only three
elements, some sugar molecules are very large and have complicated structures. Severd different kinds of
sugars exigt, and each sugar has its own name. The name used to denote the entire family of sugar
moleculesis saccharide,

SACCHARIDE

Under certain conditions, sugar molecules have a great attraction for each other, and two smal sugar
molecules combine and form alarger molecule. Sometimes, many small sugar molecules combine and form
large, complex saccharide molecules. Because of this attraction characterigtic, saccharide molecules are
classfied according to the number of smal, sugar molecules bound together.

The small, smple sugar molecules are caled monosaccharides, and two smple sugar molecules bound
together are cdled disaccharides. Three or more sugar molecules bound together into a Sngle molecule is
cdled a polysaccharide.  Large polysaccharide molecules consst of thousands of small monosaccharide
molecules. Pectin and gums are examples of large polysaccharide molecules.

M onosaccharides

The monosaccharides are called smple sugars, and many different kinds of Smple sugars exis. Each ample
sugar molecule contains three, four, five or x carbon atoms. The smple sugars are named according to the
number of carbon atoms in the smple sugar molecule. For example, pentose sugars contain five carbon
atoms, and hexose sugars contain Six carbon aioms. Winemakers are primarily interested in the two mgor
grape sugars, glucose and fructose and both are hexose monosaccharides. Enzymes produced by yeast
convert both glucose and fructose into ethyl acohal.

Glucose is the most common smple sugar, and glucose is a pat of many different disaccharides and
polysaccharides. Thisisthe sugar that provides energy for the human body. Glucose can be produced by
splitting (hydrolysis) certain polysaccharides. For example, corn starch is a large polysaccharide molecule,
and glucoseis produced commercidly by hydrolyzing (spitting) corn starch.

Fructose is found in many different kinds of fruit. It is the principd sugar in honey, and fructose is the
Sweetest tasting common sugar. Because it tastes sweeter than ordinary table sugar (sucrose), fructose is
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widely used, and it is the sweetener of choice in the food and beverage indudtries. Fructose is sometimes
cdled “levulose”
Disaccharides

Disaccharides are formed when two ssimple sugar molecules bind together. Sometimes two similar kinds of
smple sugars combine. Often, two different kinds of sugar molecules combine to form a disaccharide.

Disaccharides are produced commerciadly by the incomplete hydrolyss of larger polysaccharides. An
dternate process combines two monosaccharide sugars by means of a condensation reaction to form
disaccharide sugars.  Usudly, disaccharide sugars must be hydrolyzed and split into their Smple sugar
components before they can be fermented.

Maltose is a common disaccharide, and it is made up of two glucose sugar molecules. Mdtose can be
produced in severd different ways. Very large quantities of matose are produced each year from
germinated grain, and then the matose is fermented to make beer. Matose is aso produced by the
incomplete hydrolysis of starch, glycogen or dextrin.

Sucrose (ordinary white table sugar) is found in many fruits and vegetables, and it dso occursin avariety of
grasses including sugar cane. Sucrose is a disaccharide made up of one glucose sugar and one fructose
sugar. Thissugar is produced commercidly in great quantities from both sugar cane and sugar beets. Sugar
stored in the roots of grape vinesisin the sucrose form.

Microorganiams, including wine yeasts, produce enzymes that can hydrolyze sucrose, and when sucrose
hydrolyzes, each sucrose molecule splits into one glucose and one fructose molecule.  This process
produces a 50-50 mixture of glucose and fructose monosaccharides cdled “invert sugar.” Sucroseisanon
reducing sugar, and it cannot be accurately measured with Clinitest tablets.

Lactose (milk sugar) isonly found in milk from mammals. 1t is a disaccharide made up of one glucose sugar
and one gdactose sugar molecule. Lactose is easly hydrolyzed, and it is the basis of many dairy products
including cheese. Lactoseis an interesting sugar because it has practicaly no sweet taste.

Polysaccharides

Polysaccharides are large, complex carbohydrate molecules containing three or more monosaccharides.
Living organisms use polysaccharides to store energy, and polysaccharides aso form part of cell structura
fibers. Starch congsts of many glucose monosaccharides hooked together in both linear and branched
forms. Pectin, gums and cellulose are dso large polysaccharide molecules.  Pectin and gums are of
particular interest to winemakers because wines containing smal quantities of these polysaccharide materias
are ometimes very difficult to darify.

Wines made from grapes infected with Botrytis mold, and wines made from cooked fruit often contain
excessve quantities of pectin. These wines are often difficult to clarify because the pectin holds spent yeast
cdlsin susgpenson, and the wine clears very dowly. Grape concentrate is made by heating grape juice, and
wines made from concentrate are sometimes difficult to carify. Pectin rapidly clogs filter pads, o filtration
may not be a practicd way of clarifying wines containing large quantities of pectin or gums. However,
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pectic enzymes can be effective in darifying wines containing excessve amounts of pectin. The enzymes
break the pectin down into smdler, more easily managed polysaccharide molecules. Then the wine
becomes clear in areasonable time.

WINE ACIDS

Practicdly dl of the acids in sound wine come directly from the grapes. However, very smal quantities of
severd organic acids are produced during primary fermentation, and under adverse conditions, bacteria in
wine can produce enough acetic acid to spoil good wine in ashort time. In the United States, titratable acid
in wine is expressed in grams of acid per 100 milliliters of wine, and titratable acid is cdculated as if dl of
the different acidsin the wine were tartaric acid.

The acid content of most finished table wine ranges from 0.55 to 0.85 percent.  The desirable acid content
depends on style and how much residud sugar isleft in the wine. Idedlly, the acid content of grapes should
fdl in the range from 0.65 to 0.85 grams per 100 milliliters (percent). However, grapes grown in cool
climates often contain too much acid, and fruit grown in warm climates generdly containsto little acid. One
of the more important winemaking tasks conssts of adjusting the starting acid content of the grapes before
fermentation. The god isto have just enough acid to produce a balanced wine.

Practicaly dl of the acids found in sound wines are fixed acids Mogt of the fixed acids originate in the
grape juice, and these acids remain during fermentation and appear in the finished wine. Fixed acids are
nonvolatile and nearly odorless. However, bacteria can produce acetic acid in wine, and acetic acid is
different from other wine acids. Acetic acid is consdered a volatile acid because it evaporates eedly.
Acetic acid has adistinctive odor, and it gives wine an unpleasant, hot aftertaste.

Acids Produce Hydrogen lons

In water, some acid molecules ionize, and some acid molecules remain unchanged. Each ionized acid
molecule splits into two separate pieces. One piece is a hydrogen atom (minus the eectron), and the other
piece is the remainder of the acid molecule. Both pieces have an dectric charge, and both are cdled ions.
A postive dectric charge is carried by the hydrogen ion, and a negative charge is carried by the acid ion.
The remainder of the acid molecules (the unionized molecules) remains unchanged in the water solution.
Both tartaric and mdic acids have
two hydrogens that can ionize, and
these two hydrogens (H) are

shown in Fgure 2. H H
. O) H O) H

Acid Strength HOOC- C- C- COOH HOOC-C- C- COOH
. . . H (O) H H

Acids produce hydrogen ions in H

water solutions.  However, the
number of hydrogen ions produced
can be large or smadl. The number
of hydrogen ions depends on how
much acid is present in the
solution, and the number dso

Tartaric Acid Malic Acid

Figure 2. When wine acidsionize, one or both of the hydrogens
shown in bold type separate from the main acid structure.
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depends on the strength of the acid.

In water, some acid molecules spontanecudy Split into podtive and negative ions. However, many acid
molecules remain unchanged. The fraction of acid molecules that ionize depends upon the strength of the
acid. When practicdly dl of the acid molecules ionize, the acid is caled a“srong” acid. When only afew
acid molecules ionize, the acid is called a“weak” acid. In other words, strong acids ionize completely, and
wesk acids only partidly ionize,

Only afew acids are classfied as strong.  All of the organic acids found in wine are wesk acids. However,
some weak acids are stronger than others. Tartaric acid is a weak acid, and about one out of every 900
tartaric acid molecules ionizes in water. The other 899 molecules remain unchanged. Madlic acid is weaker
than tartaric acid. Only one out of every 2500 mdic acid molecules ionizes in water. The other 2499 malic
acid molecules remain unchanged. Tartaric acid is about 2.7 times stronger than malic acid because tartaric
acid produces 2.7 times more hydrogen ions than an equa quantity of malic acid. Smdler quantities of a
sronger acid can produce as many hydrogen ions as larger quantities of a wesker acid. Tartaric acid is
consdered the principa wine acid. It is the Strongest of the wine acids, and generdly more tartaric acid is
present in wine.

Wine can be thought of as asmple, water-alcohol solution, and acids in wine behave much the same as they
do in any other water solution. The number of hydrogen ions
in a wine depends upon the quantity of acid, the strength of
the acids and the quantities of potassum, sodium and cacium

present in the wine. ACID QUANTITY
TYPE (gramglliter)
Kindsof Acids
Tartaric 1to5
The tat taste of dry table wine is produced by the tota Malic 1to4
quantity and the kinds of acids present. Tartaric and malic are Succinic 04tol
the major wine acids. These two acids are present when the Lactic 0.1t0 0.4
grapes are picked, and they are caried over through the Citric 0.04t00.7
fermentation process into the finished wine. Wine dso Acetic 0.05t00.5
contains smal quantities of lactic, citric, succinic, acetic and Table3. Somecommon wine acids.

severd other organic acids as shown in Table 3. Some of
these acids do not exist in the grapes. They are produced in
amdl quantities by microorganisms throughout the winemaking
process.

Madlic acid and citric acid can be metabolized easly by microorganisms in the wine. Tartaric acid and

succinic acid are more stable biologicdly, and they are ssidom bothered by wine microbes. Even so, under
certain conditions, tartaric acid can be attacked by microorganisms, and when this occurs, the wine is

usually a catastrophic loss (see Chapter 13).

Tartaric Acid

Few fruits other than grapes contain significant amounts of tartaric acid. One haf to two thirds of the acid
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content of ripe grapes is tartaric acid, and it is the strongest of the grape acids. Tartaric acid is responsible
for much of the tart taste of wine, and it contributes to both the biologicd stability and the longevity of wine.

The amount of tartaric acid in grapes remains practicaly constant throughout the ripening period. However,
the stuation in wine is different. The quantity of tartaric acid dowly decreases in wine by smal amounts.
Both potassum and cacium combine readily with tartaric acid and form potassum bitartrate and calcium
tartrate compounds. Then crystds of these two materids precipitate out of the wine during fermentation.
These tartrate materials can continue to precipitate for a long time, and aged wine usudly contains about
two thirds as much tartaric acid as the starting grapes because of tartrate precipitation. Unfortunately, these
acid sdts of potassum and cacium precipitate very dowly a norma cellar temperatures, and wine can
contain excessive quantities of these materias even after many months of aging. Wineries use specid wine
treatments to speed up tartrate precipitation. Cooling the wine is the most commonly used procedure. Just
cooling the wine to about 27 degrees causes excess potassum sats to precipitate out in afew days.

Tartaric acid is resstant to decomposdtion, and it is seldom attacked by wine microbes. This is why
winemakers add tartaric acid to grapes deficient in acidity rather than using aless sable acid such as mdic
or citric. Most winemakers prefer the titratable acid to be about 0.7 percent for white grapes, and about
0.8 percent is preferred for white juicee  When the titratable acid content falls below these leves,
winemakers often add tartaric acid to the grapes or juice before they start fermentation.

Malic Acid

Madlic acid is prevaent in many types of fruit. This acid is responsible for the tart taste of green gpples.
Mdlic acid is one of the biologicdly fragile wine acids, and it is eadly metabolized by severd different types
of wine bacteria Unlike tartaric acid, the maic acid content of grapes decreases throughout the ripening
process, and grapes are grown in hot climates contain little maic acid by harvest time.

Grapes grown in cool regions often contain too much acid. High acidity results in excessively tart wines, so
the winemaker has aproblem. During dcohalic fermentation, some mdic acid is metabolized, and the mdic
acid content of the wine decreases about 15 percent. Mdolactic fermentation (ML) can further reduce
wine acidity. When wine goes through maolactic fermentation, bacteria convert the mdic acid into lactic
acid. Lactic acid ismilder than madic acid, and ML fermentation is a stlandard procedure used to reduce the
acidity of wines made from grapes grown in cool regions.

When grapes are grown in warm aress like southern Cdifornia, the winemaking stuation is much different.
In warm regions, the grapes are usudly deficient in acid, and removing mdic acid by means of ML
fermentation may not be a good idea. Now the problem becomes more complicated for the winemaker.
Madlic acid is not biologicaly stable, and when malic acid is deliberatdly retained to improve the acid balance
of the wine, specid steps may be needed to prevent ML fermentation from occurring after the wine is
bottled. The winemaker can use a gerile filter and remove Al of the bacteria from the wine before bottling,
or he can add smdl quantities of fumaric acid to the wine. Smadl additions of fumaric acid can inhibit ML
fermentation and make the wine gabile.

Citric Acid
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Only smdl amounts of citric acid are present in grapes. Only about 5 percent of the total acid is citric in
sound grapes. Like mdic acid, citric acid is easily converted into other materids by wine microorganisms.
For example, citric acid can be fermented into lactic acid, and some types of lactic bacteria can ferment
citric acid into acetic acid. Excessive amounts of acetic acid are never desirable in wine, so the citric acid
into acetic acid fermentation can be a serious problem. This potentid difficulty is why citric acid is sedldom
used to acidify must or juice before fermentation. Most winemakers consider the risk of producing
excessive quantities of acetic acid too great.

The acetic acid risk is much smdler after wine has been darified and stabilized, and winemakers often
increase the acid content of finished white wines by adding smal amounts of citric acid. Citric acid imparts
a citric character that enhances the taste of many white and blush wines. However, citric acid is seldom
used in red wine. The didtinctive citric taste may not be gppropriate for many types of red wine. In
addition, therisk of biologicd ingtability is much greater in red wines.

Home winemaking shops sell a materid caled “acid blend.” Acid blend contains tartaric, malic and citric
acids, and the three acids are in roughly equa proportions. Acid blend is often used in making fruit wines or
wines made from grape concentrates. However, most winemakers will not add acid blend to grapes before
fermentation because the citric acid in the acid blend might be converted into acetic acid. In addition, the
lemon+like taste acid blend often imparts is not be suitable for many kinds of grape wines.

Succinic Acid

Succinic acid is formed by yeast, and smdl quantities of this acid are dways produced during the primary
fermentation. The production of succinic acid sops when acoholic fermentation is complete. The flavor of
succinic acid is a complex mixture of sour, sdty and bitter tastes, and succinic acid is respongble for the
gpecid taste characteridics dl fermented beverages have in common.  Once formed, succinic acid is very
dable, and it is seldom affected by bacteria action.

Lactic Acid

Lactic acid is the principa acid found in milk. Grapes contain very little lactic acid. All wines contain some
lactic acid, and some wines can contain sgnificant quantities. Lactic acid in wine is formed in three different
ways. (1) A smdl amount isformed from sugar by yeast during primary fermentation. (2) Large amounts of
lactic acid are formed from mdic acid by bacteria during ML fermentation. (3) Both lactic and acetic acid
can be produced by lactic bacteria from the sugars, glycerol and even tartaric acid in the wine. “Lactic
souring” is the term used to describe wine when sugar is converted into lactic acid by bacteria. Thistype of
souring is aform of gross wine spoilage. Lactic souring was a common winemaking problem before the use
of sulfur dioxide became widespread, but it is seldom a problem today.

Lactic acid can exist in either aright-hand or left-hand form. Lactic acid produced by yeast occurs in the
left-hand form, and lactic acid produced by bacteria occurs in the right-hand form.  The right-hand form of
lactic acid can be digtinguished from the left-hand form in the laboratory very easly, so winemakers have a
sendtive way of monitoring bacterid activity in wine Smply by measuring the two forms of lactic acid.

Acetic Acid
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All of the acids discussed above are fixed acids. Fixed acids have low vapor pressures, and they do not
evaporate easly. When wineis boiled, the fixed acids do not boil away. All of the fixed acids remain in the
wine container. Fixed acids do not have significant odors.

Acstic acid is different from fixed acids. Acetic acid has a high vapor pressure, and it is a volatile acid.
Acetic acid evaporates very easlly and has a digtinctive odor. When wine containing acetic acid is boiled,
the acetic acid quickly boils avay. The acetic acid disgppears into the air much the same as water and
acohal.

Sound grapes contain very little acetic acid.  Just like lactic acid, acetic acid in wine is formed in severd
different ways. (1) Smal amounts of acetic acid are formed by the yeast during acohalic fermentation. (2)
Some acetic acid is dways formed during ML fermentation, and most of the acetic acid is formed by
bacteria fermenting citric acid in the wine. (3) In stuck fermentations, lactic bacteria often convert resdud
sugar into acetic acid. (4) Vinegar bacteria (acetobacter) convert ethyl dcohal in the wine into acetic acid,
and in the presence of air, acetobacter can produce large quantities of acetic acid.

The conversion of ethyl adcohal into acetic acid by vinegar bacteria is different from the other fermentation
mechanisms discussed here. Vinegar formation is an oxidation process, and large quantities of acetic acid
cannot be produced unless the bacteria have access to large quantities of air. Wine is not converted into
vinegar when arr is excluded, and this is why novice winemakers are cautioned to keep ther wine
containers completdly filled and tightly seeled.

Acid Salts

Acids in juice or wine occur in two forms. Some acid exigts in a free form, and some acid combines with
minerds to form acid sdts. The acid sdts of potassum, sodium and cacium are dways prevdent in wine,
and these acid sdts are not sable. Potassum and calcium tartrates can precipitate out of the wine after a
long time. In particular, potassum hitartrate can precipitate after the wine is bottled unless the winemaker
specificaly removes this materid. When the tartrate precipitates out of the wine, crystas are formed in the
bottle. The potassum bitartrate crystals are harmless (cream of tarter), but the deposits can cause unsightly
hazes in the wine. Sometimes, large crystds are formed in the bottle, and the tartrate crystals are mistaken
for “glass’ particles by the consumer. Producing wines with such gross visud flaws is not good for
business, and commercia wineries avoid these difficult public reaion problems by “cold gabilizing” dl their
white and blush wines. The cold stabilization process removes the excess potassum bitartrate materid.

SUMMARY

Grape sugars consst mostly of two monosaccharides, glucose and fructose, and these two smple sugars
occur in about equal proportions.  Simple sugar molecules can combine and form larger sugar molecules
caled disaccharides and polysaccharides. Both glucose and fructose can be readily fermented, but most
disaccharides and polysaccharides must be split into their smaler, smple sugar components before they can
be readily converted into dcohol. Many large sugar molecules can be hydrolyzed and broken into smaller
molecules by enzymes, acids or hest.
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When sucrose (table sugar) is added to wine, it often produces strange flavors because many weeks may be
required before the wine acids can hydrolyze dl of the sucrose into glucose and fructose. Even in awarm
cdlar, the strange flavors can persst for several weeks. However, when al of the sucrose has been
hydrolyzed into glucose and fructose, the strange flavor completely disappears, and the wine has a norma
taste.

Organic acids produce the tart taste in table wines. Winemakers working with grapes grown in cold
climates often encourage maolactic fermentation to reduce the acid content of their wines. Winemakers
working with grapes grown in warm climates often add tartaric acid to the juice to increase the acid content
of the finished wine. In ether case, the winemaker is gtriving for just the right amount of acid to achieve a
balanced wine.

Sometimes winemakers prefer to retain as much maic acid as possble in the wine, so they ddiberately
discourage ML fermentation. However, red wine is not biologicaly stable when malic acid is retained, and
then the winemaker mugt take specid precautions. Professond winemakers put wine containing maic acid
through a Serile filter and remove the bacteria when the wine is bottled. Home winemakers prevent ML
fermentation in the bottle by adding smal amounts of fumaric acid.

Potassum hitartrate can precipitate out of wine very dowly, and unsightly bottle deposits are often formed
when tartrates precipitate after the wine is bottled. Consequently, winemakers dways use a cold
dabilization procedure to remove excess tartrate materias from white and blush wines before these wines
are bottled.
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Chapter 6

pH
AND
SULFUR DIOXIDE

Winemakers are dways concerned with titratable acid (TA) and pH because both parameters influence
wine characteristics. As discussed in the previous chapter, titratable acid is primarily responsible for the tart
taste of table wines, but pH has little rdationship on the tart taste. However, pH strongly affects severd
other important wine properties including color, oxidation, biologicd and chemicd dability, etc. Although
pH depends on the total acid content, other factors like potassum content influence pH, and because of
these other factors, pH is not directly related to titratable acid. Nevertheless, wine pH is a fundamenta
parameter. pH has a profound influence on the biological and chemical effectiveness of sulfur dioxide in
wine.

pH

Chemigts use the pH scade to describe the number of hydrogen ions present in a solution. pH uses an
upside-down, logarithmic scae, and because of the upside-down scale, a smaler pH vaue represents more
hydrogen ions. For example, awine with apH vaue of 3.0 contains ten times more hydrogen ionsthan in a
wine with apH of 4.0. Consequently, the pH vaue of a solution becomes smdler as the acid content of the
solution becomes larger.  Sometimes novice winemakers are confused by the upside-down scae.

pH can be measured by severd different methods, but a pH meter with three-digit accuracy is the most
practical way of measuring wine pH.

Factors Affecting Wine pH

pH is a measure of the number of hydrogen ions present in a solution. Consequently, the pH vaue reflects
the quantity of acids present, the strength of the acids and the effects of minerals and other materids in the

wine. Many different factors are involved, but wine pH depends upon three mgor factors: (1) the totd
amount of acid present, (2) the ratio of malic acid to tartaric acid, and (3) the quantity of potassum present.
These three factors are discussed below.

(1) Wine acids produce hydrogen ions, and pH is a measure of the number of hydrogen ions present in a
solution. Overdl, wine pH will be lower when the titratable acid is higher. However, high titratable acid
does not dways produce low pH vaues. The presence of potassum and severd other factors ater wine
pH. Madic acid is wesker than tartaric acid, so wines unusudly high in malic acid can have ahigh TA and a
high pH vaue. High acid, high pH wines require specid trestment using an ion exchange technique.

However, ion exchange equipment is very expendve, so most smal producers have difficulties handling high
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acid, high pH wines.

(2) Tartaric acid produces dmogt three times more hydrogen ions than malic acid, so gram for gram, tartaric
acid produces a much lower pH than mdic acid. Therefore, when the tota acid content is fixed, pH
depends upon the relaive amounts of tartaric and malic acid in the juice or wine. For example, a wine
containing an unusudly large amount of mdic acid might have a titratable acid of 0.65 percent and a pH of
3.9. A second wine containing more tartaric and less mdic acid might have a titratable acid of 0.65 percent,
but the pH might be 3.4. Wine pH increases as the relaive amount of malic acid increases.

(3) Potassum (K) is essentid for vine growth and fruit production. Potassum isaminera, and vines obtain
potassum through their roots. The roots remove potassum from the soil, and the potassum is distributed to
dl patsof thevine. Early in the season, when the growth rate is high, much of the potassum accumulatesin
the leaves. Then the potassum ions are moved from the leaves into the berries later in the season when the
fruit Sartsto ripen.

Potassum ions carry a pogtive dectricd charge just like hydrogen ions.  Under certain conditions,
potassum ions can change places with the hydrogen ions at the extreme ends of the tartaric acid molecules.
These are the hydrogens that ionize easily in water solutions, and these are the hydrogens shown in bold
type in Figure 2. Potassum bitartrate is formed when potassum is exchanged for hydrogen, and the
hydrogen then becomes a free ion in the solution. Tartaric acid has two hydrogen atoms that can ionize.
One of the hydrogen atoms ionizes reldively eedly, so tartaric acid is the strongest of the primary wine
acids. On the other hand, potassum bitartrate only has one ionizable hydrogen atom, and it does not ionize
s0 easly. Therefore, potassum bitartrate produces fewer hydrogen ions than tartaric acid.

Grapes contain from one-hdf to three grams of potassum per liter of juice. Grape skins contain about nine
grams of potassum per liter, so grape skins contain four or five times more potassum than the juice. When
grape juice and skins remain in contact for extended periods, potassum leaches out of the skins into the
juice. The additiond potassum from the skins reacts with tartaric acid in the juice and forms potassum
bitartrate. When dcohol accumulates during fermentation, the juice cannot hold dl the additional potassum
bitartrate, and some tartrates precipitate out of the liquid. Red wines usualy have a lower titratable acid
content and higher pH vaues than white or blush wines because of the extended skin contact time.

Significant amounts of potassum bitartrate can dso precipitate as the wine is bulk aged. When potassum
bitartrate precipitates, the titratable acid of wine decreases, but wine pH may increase, decrease or stay the
same. If the starting pH of the wine is 3.6 or less, the pH will become smdler as the bitartrate precipitates
out of thewine. If the starting pH is 3.8 or greater, the pH will become larger as the bitartrate precipitates.
Little change will occur when the starting pH fals between about 3.6 and 3.8.

Advantages of Low pH

Over the range of 3.0 to 4.0, pH has little influence on wine taste. Titratable acid is primary factor
determining the tart taste of table wines. However, pH dgrongly influences other important wine
characterisics. The pH vaues range from about 2.9 to 4.2for most wines, and this may seem like a small
range. However, the pH scae islogarithmic, and a pH change of 0.3 represents a change in hydrogen ion
content of about 2 times.
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The chemicd gability and the biologica gahility are both very sengtive to the pH vaue of the wine, and that
winemakers prefer to have wine pH vaues between 3.0 and 3.5. Chemicd and biologicd dability are
improved so much at these lower pH vaues, most winemakers beieve pH is the more important wine
acidity parameter. Wine yeadts are quite tolerant of pH. Yeast growth does not change sgnificantly over
the norma range of wine pH vaues, and overal fermentation characteristics are little affected by pH. On
the other hand, wine bacteria do not tolerate low pH vaues, and wine pH strongly influences both bacterid
growth rate and bacterid fermentation characteristics. This is why maolactic fermentation is not likely to
occur in wines with pH vaues lower than 3.3. Bacterid activity is reduced in low pH wines, and many of
the disastrous bacteria problems discussed in Chapter 13 are inggnificant when wine pH islow.

A variety of chemicd reactions take place in wine, and many of these reactions are affected by the tota
number of hydrogen ions present. For example, wine pH has a direct influence on the hot stability of wine.
Under warm storage conditions, protein precipitates out of white and blush wine, and serious haze and
sediment problems occur when protein precipitates after the wineis bottled. Consequently, white and blush
wines are aways treated with bentonite to remove excess protein. Here, pH is an important consideration
because bentonite is more effective in removing protein when wine pH islow. As the wine pH increases,
bentonite becomes less and less effective, and more bentonite must be used to remove the protein.
Excessve amounts of bentonite can strip wines of desirable aromas and flavors, so adding more bentonite is
not desirable.

Sauvignon Blanc grapes often contain large amounts of protein, and Sauvignon Blanc wines with high pH
vaues can be difficult to gabilize completdy. Sometimes little varietal aromas remain in these wines when
enough bentonite is used to remove the excess protein. However, wines with low pH vaues seldom have
this problem.

Wines with low pH vaues generdly have better visud quaities. At low pH values, red wines show more
color, and the color is better. Color intensity increases, and the red color becomes more purple at low pH
vaues. Both red and white wines have better color stability when the pH islow. Some important polymeric
reactions are accelerated at low pH vaues, and much of the unstable color pigments precipitate out of the
wine early in the winemaking process. After the unstable pigments are gone, wine colors are more stable.
Table 4 shows how severd important wine characteristics are affected by pH.

SULFUR DIOXIDE
Sulfur dioxide is a ydlow gas formed from one sulfur and two oxygen atoms (SO;). It is foul ameling and
noxious. The diginctive smell left by a burnt match comes from sulfur in the match reaecting with oxygen in
the air and producing sulfur dioxide. Sulfur dioxide gas reacts with water and forms sulfurous acid. Then
sulfurous acid can be further oxidized into highly corrosive sulfuric acid.  Sulfur dioxide is a rather nasty
materid, but practicaly al winemakers add smdl quantities of sulfur dioxide to their wines.
Benefits

Sulfur dioxide has severd desrable attributes when added to wine in very smdl quantities. Enzymes in the
grapes that cause browning are deactivated by sulfur dioxide. Sulfur dioxide helps protect wine from
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excessve oxidation. Sulfur dioxide
can reduce the oxidized smel of old WINE LOW pH HIGH pH
wine by reacting with acetddehyde. CHARACTERISTIC (3.0-3.9) (3.6-4.0)
Sulfur dioxide is very useful in
contralling the growth of bacteria and

yeas. Man has been adding sulfur Oxidation Less More
. . Amount of Color More

dioxide to wine for more than a Less

thousand years. A large body of Kind of Color Ruby More Brown

knowledge exigts on the use of sulfur Y east Fermentation Unaffected Unaffected

dioxide in wine and in many other Protein Stability More stable Less stable

food products. The benefits of using | Bacterial Growth Less More
Bacteria Fermentation Less More

ulfur dioxide in wine ae wdl
documented, and its pogtive effects
ae  indisputable. Severd
characterigics of aulfur dioxide in
wine are briefly discussed below.

SO, Activity More Less

TahlaA \Winocwith lewar nH valinioe havia manv achiantanoce

Deactivates Enzymes

Grape juice is in contact with the surrounding air during the crushing and pressing operations, and the juice
reacts with oxygen in the air and becomes oxidized. Oxidation causes the juice to darken, and the juice
gradudly turns brown. Browning is greetly accelerated by the presence of naturdly occurring enzymes in
the grapes. Polyphenoloxidase is the name of the this enzyme, and it is the same enzyme that causes
freshly cut apples to turn an unpleasant brown color. Some grape varieties brown easily, while other grape
vaieties have little browning tendencies. The differences in susceptibility can be accounted for by the
amount of Polyphenoloxidase enzyme that occurs in different grape varigties. Enzymes respongble for
browning are very sengtive to free sulfur dioxide, and the enzymes are deactivated when sulfur dioxide is
added to the juice. The quantity of sulfur dioxide needed is very smdl, so sulfur dioxide is a powerful tool
for reducing enzymatic browning in white and blush wines.

I nhibits Oxidation

The great French scientist, Pasteur, observed ”. . . oxygen is the ardent enemy of wine” Air is dways
present, and oxygen in the air is dways ready to react with unprotected juice or wine. Grape juice and wine
contain a variety of materids, and many of these substances are adversdly affected by oxidation.
Unpleasant, bitter, off-odors and off-tastes can be produced when these materiads oxidize. Of course, wine
components are subjected to smal amounts of oxygen throughout the lengthy winemaking process. Many
of the desirable changes that take place during bulk aging are oxidation reactions, so oxidation does not
necessarily produce adverse changes when smdl amounts of oxygen are introduced very dowly. However,
wine quality is reduced quickly when oxidation becomes excessive.

When smadl quantities of sulfur dioxide are added to grapes or wine, roughly haf the amount added quickly
combines with other wine condituents. The uncombined hdf remains in the wine in afree gate. Only the
uncombined or free sulfur dioxide is effective. In the free date, the sulfur dioxide reacts quickly and
combines with any oxygen before any of the other wine congtituents become oxidized. Sulfur dioxide is one
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of the mogt effective methods available for contralling oxidation, and
most winemakers add enough sulfur dioxide when the grapes are Pounds Sulfite
crushed to give 30 to 50 milligrams of SO, per liter.  The of Fruit (grams)
recommended amount of sulfite powder is shown in Table 5. Twice
as much sulfur dioxide is sometimes used when the grapes are very 100 3
warm, or when they contain rot. Thisinitia dose of SO, deactivates 200 6
the browning enzymes and helps prevent oxidation during crushing and 300 9
pressing. 400 11
Congderable oxidation takes place when wine is bottled, and 500 14
oxidation & this time can be very detrimenta. Newly bottled wine will 600 17
be dhort lived unless adequate sulfur dioxide is present, and 700 20
winemakers raise the free sulfur dioxide content of their wines to about 800 23
30 milligrams per liter just before bottling. 900 26
1000 29
Removes Oxidized Smell 1500 43
2000 58
Acetadehyde is the materid respongble for the characteristic smell of
sherry wines, and acetaldehyde can be thought of as oxidized ethyl Table5. Recommended
adcohol.  Although desrable in sherry, this digtinctive odor is not initial sulfite additions.
desrable in table wines. Acetddehyde is produce when wine

oxidizes, and too much acetddehyde is one of the more common
defects in homemade table wines.

Acetddehyde is an intermediate product when sugar is converted into acohol, and practicdly dl of the free
sulfur dioxide disappears during fermentation by combining with acetddehyde.  Since very little free sulfur
dioxide remains in the wine, additiond sulfur dioxide must be added when fermentation is finished. The
recommended practice is to add enough sulfur dioxide to combine with any remaining acetaldehyde and
leave 20 to 30 milligrams of SO, per liter of wine. Most winemakers routingly add  about 50 milligrams per
liter of sulfur dioxide to newly completed fermentations. Then about 30 milligrams per liter of free SO, is
maintained in the wine during the lengthy darification, stabilization and aging period.

Inhibits Bacteria and Y easts

Theinitia dose of 30 to 50 milligrams per liter of SO, added at the crusher aso provides the winemaker an
effective way of controlling fermentation. Most commercidly prepared wine yeasts have condderable
tolerance for sulfur dioxide, but the activity of wild yeadt is greatly diminished by smal amounts of SO,
When smdl quantities of sulfur dioxide and commercid wine yeast are used to Sart fermentation, the
inoculated yeasts multiply quickly, and the commercid yeasts dominate the wild yeasts throughout the
fermentation period.

Smadl quantities of sulfur dioxide can diminate many undesirable bacteria  When used a reasonable
concentrations, SO, helps control vinegar bacteria, and protection againgt vinegar bacteriais very important
in dl wineries. Sulfur dioxide can adso inhibit malolactic bacterid activity, so winemakers use SO:to help
control malolactic fermentation.  Sulfur dioxide can exigt in wine as free sulfur dioxide or as fixed sulfur
dioxide. The effectiveness of sulfur dioxide in controlling wine microbes depends primarily on the form of
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sulfur dioxide, and only free sulfur dioxide isbiologicdly active.

Moreau and Vinet studied the antiseptic properties of sulfur dioxide in wine, and they concluded that
molecular SO, was the effective form. Fornachon studied the characterigtics of both fixed and free SO, in
Audrdian wines, and he showed severa types of wine bacteria, including Lactobacillus, could be
controlled by very smal quantities of molecular sulfur dioxide. Severd other sulfur dioxide studies have
been done, and they dearly show 0.5 to 1.5 milligrams per liter of molecular sulfur dioxide can provide
good microbid gability in both dry and sweet wines.

Today, most winemakers fed that 0.8 milligrams of molecular sulfur dioxide per liter of wine provides
adequate protection for dry table wines. Consequently, most commercia wineries maintain a least 0.8
milligrams per liter of molecular sulfur dioxide in their wines from the completion of fermentation until the
wine is bottled. Since molecular sulfur dioxide is the biologicaly effective form, winemakers are dways
interested in how much of the sulfur dioxide in awine exigts in the molecular form.

pH AND SULFUR DIOXIDE

When sulfur dioxide is added to wine, some sulfur dioxide combines with other materids in the wine and
becomes fixed, the remainder of the sulfur dioxide remains in a free form. The free sulfur dioxide exigs in
three different forms, the molecular form, the bisulfite form and the doubly ionized sulfite form. The fraction
of free sulfur dioxide that exists in the molecular form is strongly dependent upon the pH of the wine. Since
only the molecular sulfur dioxide is effective, winemakers are dways interested in how much of the free SO,
exigs in the molecular form. The amount of free sulfur dioxide in a wine can be measured easily. On the
other hand, the fraction of free sulfur dioxide that exigs in the molecular form is difficult to measure.
Fortunately, the amount of molecular sulfur dioxide can be easily caculated when the free sulfur dioxide
content and the pH of the wine are known.

Amount of SO, Needed
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The free sulfur dioxide needed to produce 0.8 milligrams per liter of Free SO,
molecular SO, for different vaues of wine pH is shown in Table 6. Wine for 0.8 mg/
The free sulfur dioxide is given in milligrams per liter (mg/l). For pH Molecular SO,
example, Table 6 shows that 32 milligrams of free sulfur dioxide per
liter of wine will produce 0.8 milligrams per liter of molecular sulfur

dioxide in awine having apH of 3.4. These data clearly show the 3.0 13 my/
amount of molecular sulfur dioxide in a wine is strongly dependent 31 16
upon wine pH. These data aso show that acceptably smdl 32 21
quantities of free sulfur dioxide will produce enough molecular sulfur 33 26
dioxide to provide good microbid gability when wine pH is less 3.4 32
than about 3.6. However, when the pH exceeds 3.8 or s0, | 35 40
ggnificantly large quantities of sulfur dioxide are required. At high 3.6 50
vaues of wine pH, prohibitively large quantities of free sulfur dioxide 3.7 63
are needed to produce 0.8 milligrams per liter of molecular SO, 2-2 gg
SUMMARY 40 1

Table6. Wine pH determines

Titratable acid is a measure of the total quantity of al the acidsin a |the quantity of free SO, needed  to
wine, and pH is a measure of the number of hydrogen ions present produce 0.8 mg/.' Of. molecular
inawine. Severd factorsinfluence wine pH. Wines containing little sulfur dioxide.

acid and lots of potassum have high pH vdues. More tartaric acid, less mdic acid, less potassum and
greater titratable acid result in smaler pH vaues.

Low wine pH vaues inhibit wine bacteria, but wine yeadts are not affected. When wine has a low pH,
sugar fermentation progresses more evenly, and maolactic fermentation is easer to control. Bentonite is
more effective in removing excess protein from wines with low pH vaues. In addition, red wines with low
pH vaues have more and better color, and white wines do not brown as eadlly.

The dtuation is much different when wine pH vaues are high. Bacteria multiply rgpidly in high pH wines,
and unwanted bacterid fermentations become more troublesome.  High pH wines are less biologicaly
gable, and they have poorer chemica sability. Red and white wines have poorer color when the pH is
high. Wines with high pH vaues dways require more atention and greater care than wines with low pH
values.

Only the molecular form of sulfur dioxide is effective againgt wine microbes. When wine pH is low, very
amdl additions of free sulfur dioxide give winemakers an effective tool for managing wine microbes. In
wineswith high pH values, excessive quantities of sulfur dioxide are needed to control microbes effectively.

Controlling microorganisms is very important, so winemakers maintain 20 to 30 milligrams per liter of free

aulfur dioxide in their wines from the completion of the fermentations until the wine is bottled. However,
such smal quantities of free sulfur dioxide will not be adequate unless wine pH islow.
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Chapter 7

WINERY
SANITATION

Winemakers are respongible for many different activities, but one of his or her most important duties is to
make certain the winery is maintained in a cean, sanitary condition. Dirty cdlar conditions can result in
wines with strange off-odors and off-flavors.  Wine acts like a ponge, and it absorbs al kinds of odors.
Many homemade wines are dflicted with off-odors and off-flavors, and usudly these problems can be
attributed to a lack of cleanliness or to poor storage conditions. Unless drict sanitary conditions are
maintained in the storage area, wine quality isaways & risk.

Although winery sanitation is very important, many beginning winemakers do not understand the methods
and materids needed to establish and maintain clean, sanitary winemaking conditions.

BASIC SANITATION RULES

The badic principles of sanitation and the ways these principles are gpplied in the wine industry can be found
in a Wine Inditute publication by Davison (1963) titled “Sanitation Guide for Wineries” This document
identifies the following issues as most important for maintaining basic winery sanitation.

(1) Keep the winery clean and free of refuse both insde and outside.

(2) Ingpect the winery premises, the equipment and the cooperage at least once each month and do
this ingpection on aregularly scheduled basis,

(3) Keep dl winery equipment clean and in good working condition. Equipment should be arranged
in an orderly way and the work areas kept free of clutter.

(4) Useplenty of dean water, serilizing materids and cleaning agents, and the entire winery should
be cleaned on aregularly scheduled basis.

(5) Get rid of harmful bacteria, yeast, mold, insects and rodents. Then take any measures
necessary to prevent arecurrence of these pedts.

Although these rules may seem obvious, they should not be taken for granted, and every home winemaker
should carefully consder just how these five rules gpply to his or her particular winemaking Situation.

“Wash equipment just before it is used; then wash everything again when the job is finished” is another
ample but very effective winery sanitation rule. Most winery residues can be easly rinsed away when wet,
but grape resdues are very difficult to remove after they become dry. Cleaning dried grape muck out of a
fifty-foot length of trandfer hose is a difficult and frudtrating task. The “clean before and clean after” rule
seemsto imply twice as much work. However, thisis not so, and the rule will save atremendous amount of
time and labor if it is conscientioudy gpplied. Practicaly al large wineries practice and rigidly enforce this
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rule. Thisrule is particularly important for smal producers because they often do not have high pressure
washers or steam cleaning equipment.
Pomace

Pomace should be removed from the winery promptly, and al the pomace should be disposed of in a
suitable way. Pomace should never be adlowed to accumulate near active fermentations. Even sweet
pomace acetifies quickly in hot weather and starts turning into vinegar. Then the pile of pomace is sure to
atract fruit-flies, and the flies then carry acetic acid bacteria from the pomace pile into the active
fermentations.

Putting pomace back into the vineyard is the preferred method of disposa. When pomace is spread in a
thin layer, it dries quickly and becomes high qudity compost materid. Unfortunady, most home
winemakers do not have access to vineyards, 0 they must find other ways to dispose of their pomace. A
method that works well in some urban aress is to place 20 to 30 pounds of pomace in large plastic trash
bags. Then the bags are placed at the curb on trash collection day. Some wineries rent an extra trash
“dumpster” for severa weeks each crush season, and this is a very convenient and effective way of
disposing of pomace for smal producers. Arrangements must be made to have the dumpster emptied
promptly, or the pomace will acetify and attract fruit flies,

CLEANING AGENTS

Many proprietary cleaning agents have been developed specificaly for use in the wine and food industries,
and these materids have properties that make them particularly suitable for the intended job. However,
sources of proprietary cleaning materids can be difficult to find. Many cleaning materids are supplied by
the manufacturer in 50 pound bags or in large drums, and such large quantities are not suitable for smdl
producers. Fortunately, severd common household cleaning materias give reasonable performance in the
smdl winery, and these materids are reedily avallable in smdl quantities at the corner market.

Sanitation procedures used in the winery cannot be effective unless the proper materid is used, and the
materiad must be used in the correct concentration and for a minimum amount of time. In addition, some
sanitation materias must be applied a eevated temperatures.  Often, gpplication time and gpplication
temperature function together. Sometypica examples are shown in Table 7.

Detergents
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Detergents wet surfaces readily, soften the : — :
. Concentration Minimum Time
water, emuldfy fas,  deflocculate :

; : Material Temperature
particulate materlalig' and gqod detergents (mgliter) ) (minutes)
have some derilizing action. MO | oo
important for winery use, a detergent must |-
be emsy to rinse away completely. Hypochlorite 50 75 1
Detergents  having dl these desirable '(;?r'irleAdd 2;(5) ;g 1
characten_sﬂcs are difficult to flno!, SO may | o water ) 170 15
home winemakers rely on a liquid dish | geqm ) 200 5
washing detergent. Mogt dish washing | Hot Air - 180 20
det_ergents do a good .JOb in hot water, bL.Jt Table7. Antiseptic propertiesdepend on exposuretime,
ther peformance in cold waer is temperatureand concentration.
sometimes lacking.

Generdly, any cdeaning products with atificid odors should be avoided, and highly pefumed liquid
detergents are particularly bad. Strong perfumes can be difficult to rinse away from winery surfaces, and
microscopicaly porous materids like polyethylene can retain the perfume scent for a very long time.
Unscented detergents are available, but sometimes these products are difficult to find at the loca market.

Phosphates

Sodium phosphate is an excellent water softener, and it is one of the better winery cleaning materias.
Sodium phosphate is the principa ingredient of many autometic dishwasher powders, and in this form,
sodium phosphate is inexpensive and readily available. Phosphate-based detergents are often used for
soaking off labes and cleaning used wine bottles.

CTSP

Chlorinated tri sodium phosphate (CTSP) is the work horse cleaning agent in both commercia and home
wineries. The best defense againg contamination in smal wineries is chlorinated TSP, a giff brush, hot
water and lots of ebow grease. CTSP is readily avalable, and it lifts dirt well. The chlorine is a powerful
derilizer, and in this form, chlorine is easer to rinse away. Solutions of CTSP fed sogpy or dippery when
mixed at a useful strength, and one to four tablespoons of CTSP in agdlon of hot water produces a useful
concentration. TSP can be hard on hands, and rubber gloves should be worn when strong solutions are
used. Some automatic dishwasher powders contain Sgnificant amounts of chlorinated tri sodium phosphate.

Hypochlorite

Clorox (sodium hypochlorite) is an inexpendve and reedily avalable source of chlorine.  Sodium
hypochlorite is the active ingredient in Clorox. This materid is a powerful oxidizer, and it is one of the most
potent disnfectants readily avalable to home winemakers. Unfortunately, Clorox does not rinse away
eadly in cold water, and Clorox is particularly difficult to remove from porous materids. Many home
winemaking books condemn this materid because Clorox is so potent and so difficult to rinse completely.

Even so, commercid wineries use large quantities of sodium hypochlorite because it is such an efficient
sanitizer. Unscented Clorox can be purchased at any super market. It is dl the same materid, so buy the
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least expensive brand.

The following procedure is recommended when Clorox is used to derilize wine containers.  Fird, the
surfaces of the tank are scrubbed with a Clorox solution.  Then the surfaces are rinsed two or three times
with cleean water. Next, the surfaces are rinsed with a solution congsting of one tablespoon of aulfite
cydds in a gdlon of water. Sulfur dioxide and chlorine combine quickly, and the residue washes away
eadly. Findly, the tank surfaces are rinsed again with clean water to remove any sulfur dioxide residue. Al
strong cleaning products must be used with caution, and full strength Clorox must be handled with specia
care. Under some conditions, Clorox can produce poisonous chlorine gas. Do not breathe Clorox
fumes, and do not get Clorox on clothing.

Rinse Carefully

After winemaking equipment has been scrubbed down, al of the deaning materiad must be removed from
surfaces that can contact wine. If doubt exists, the surfaces should be rinsed again completdy. All of the
cleaning agents listed above will do a better job of cleaning when they are used with hot water, and these
materials aso rinse away more easily when hot water is used.

CLEANING AIDS

A good adjustable nozzle attached to a garden hose is the primary piece of cleaning equipment in most smal
wineries. The nozzle should provide severd spray patterns including a strong, high velocity stream, and the
nozzle should not leek. The hose and nozzle will be dropped from time to time, s the nozzle should be of
rugged congtruction. Hang the hose, with the nozzle attached, in a convenient spot in the crush area, and
many steps will be saved.

Specid, long-handled brushes are made for washing automobile hub caps, and these brushes are very
convenient for scrubbing smal tanks, containers and most winemaking equipment.  These long-handled
brushes can be purchased in the automotive departments of large stores. They are inexpensive, and a
couple of these brushes are very handy for dl kinds of cleaning jobsin any smdl winery.

Home winemakers use an assortment of bottle brushes for cleaning stubborn residues from the insde
surfaces of used wine bottles, jugs and carboys. These brushes have long twisted wire handles, and they
are manufactured in many Szes.

Jet carboy washers are a great aid when washing old wine bottles. This little brass gadget attaches to a
water faucet or agarden hose and ddivers a powerful jet of water to the insde surfaces of any bottle or jug.

The water sarts flowing when a battle is placed in position and automaticaly turns the water off when the
bottleis removed. Often, little scrubbing with a bottle brush is necessary if dirty bottles are soaked for two
or three days and then power rinsed with ajet carboy washer.

EQUIPMENT

Proper winery sanitation includes cleaning and sanitizing any surfaces that can contact wine. All winemaking
equipment, including the crusher and the press, should be scrubbed with a CTSP solution.  After scrubbing,
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the equipment must be carefully rinsed with lots of clean water. Then the equipment should be washed
again with plain water immediately after use before any residue hastimeto dry. After the second washing,
the equipment should be drained carefully. Then when the equipment is completdy dry, it can be safely
stored away. Novice winemakers should try to develop a habit of washing winery equipment before and
immediatdy after each use.

Hoses and Tubing

Hoses and tubing should be cleaned much the same as other pieces of winemaking equipment. However,
scrubbing the ingde surfaces is practicaly impossible, so hoses and tubing require specid care. A strong
CTSP solution removes soil efficiently when used promptly, but the tubing should be rinsed severd times
with clean water to make sure no CTSP remains on the inside surfaces.

Mold gtarts to grow in a short time if water is alowed to sand in ahose. Wineries hang their hoses with
both ends down so any water can drain completely. Specid hose racks for this purpose are constructed
from wood, plastic or metd. Home winemakers often make hose racks from scrap wood or from severa
nails appropriately placed. Hanging hoses from a single nail will cause permanent kinks. If alength of hose
or tubing becomes heavily stained or contaminated with mold, try a trestment of full strength Clorox.

Tanksand Carboys

The “clean before and clean after” rule aso gpplies to carboys and tanks. Two types of tank residues are
often encountered, and both types are difficult to remove, even when the tank is cleaned promptly. An ugly
brown deposit often forms near the top of smdl fermenters, and this materid can be quite difficult to
remove. A good iff brush and chlorinated tri sodium phosphate are recommended for this job.
Sometimes this type of residue occurs right at the shoulder of aglass or plagtic carboy, and it is very difficult
to reach. Here, the handle of alarge bottle brush should be bent, and extra effort should be applied.

A second type of cleaning problem arises when a carboy or tank has been in use for severa years, and the
ingde surface has become coated with a heavy tartrate deposit. The tartrate causes no harm if the coating is
not excessvely thick, and if it does not contain alarge quantity of trapped lees. In fact, a moderate tartrate
coating will accderate the cold stabilization of any new wine stored in the container.

However, after severa years the tartrate coating becomes thick, rough and contaminated with trapped lees.

Now, the tartrate coating must be removed. Heavy tartrate deposits are difficult to remove with cold
water, but they can be removed quickly with a solution made of a haf cup of sodium carbonate in a galon
of hot water and a tiff bristled brush. Thin deposits of tartrate in small tanks or carboys can be removed
eedlly by filling the container with plain water for twenty-four hours.

Used Wine Bottles
Cleaning and sterilizing old wine bottles is not fun. Nevertheless, the high cost of new glass (about $6.00 a
case) compes many home winemakers to rely on recycled wine bottles. The indgde surfaces of dirty wine

bottles are an ided environment for a variety of molds, yeasts and bacteria, and large colonies are often
seen growing on the dried resdue. Dirty, used, bottles are dways a potentid source of contamination, so
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dirty bottles should not be stored in the winemaking area. A safer procedure is to clean the bottles as they
are collected. Then the clean bottles should be stored points down in clean cardboard cartons.

Used bottles are difficult to clean properly. The usud procedure is to soak the dirty bottles in water for a
few days. Soaking loosens the dried wine residue and the inevitable mold colonies. Some winemakers add
ahaf-cup of TSP to the water to speed up the soaking process. After soaking, the bottles can be scrubbed
with a bottle brush usng hot water and a strong phosphate-based detergent. A cup of automatic
dishwasher powder in two gallons of hot water makes a good bottle cleaning solution.  After the bottles
have been thoroughly washed, they should be carefully rinsed, drained and dried. A jet carboy washer will
save time and hot water when many bottles are being washed. Washed bottles will remain sanitary for
some time if they are placed upside down in clean cardboard cases and stored in adry place.

Barrds

Used, empty barrds are difficult to maintain. The firgt time a new barrd is filled with wine, more than three
galons of wine soaks into the wood surfaces. Later, when a barrel is stored empty, the wine soaked into
the wood quickly acetifies. The wine in the wood turns to vinegar, and the barrdl becomes contaminated
with vinegar bacteria.  Some home winemaking books recommend cleaning barrels contaminated with
vinegar bacteria with soda ash. However, derilizing contaminated barrels is practicdly impossible.
Experienced winemakers use their noses and discard barrels smelling of vinegar.

Empty barrels can be safely stored for severd weeks if they are gassed with sulfur dioxide and kept tightly
seded. Home winemakers and small commercia wineries burn sulfur wicks in their barrels. Large wineries
purchase sulfur dioxide gas in high pressure cylinders. Barrels gassed with sulfur dioxide should be washed
with clean water before they are filled. Winemakers face another serious problem when empty barrds are
stored for long times.  After severd weeks, the wood in an empty barrel becomes dry, and the Saves dart
to shrink. As the wood shrinks, the hoops become loose, and the barrdl loses its shape. In hot, dry
climates, barrels often fall to piecesin afew months. At best, empty barrds lesk badly when first filled, and
severd days of soaking are often required before these barrels can be filled with wine.

Barrels can be maintained for extended periods if they are stored wet. Firgt, the barrdl is washed severd
times with clean, cold water. Then the barrel is hdf filled with clean water, and a cup of sulfite powder and
a cup of citric acid are added. Then the barrd is completely filled with water and bunged tight. The
aulfitelacid solution will keep the barrd in good condition for some time, but after severd months, the
aulfite/acid solution must be replaced.

Unfortunately, barrels stored in this way lose their oak character just as if they were filled with wine. New
60-gdlon French oak barrels sdl for about $600, and American barrels sell for about $200. Storing
expengve bards filled with water shortens the effective life of the barrels, so this method is only used for
older, inert barrels,

Commercia wineries seldom store empty barrels. They keep their expendve oak cooperage full of wine.
When aged wine is removed for bottling, the barrds are washed with clean water and immediately refilled
with new wine. Some home winemakers o use this method to maintain their barres in good condition.
However, keeping barrds filled with wine requires bottling last years wine during the busy crush season, so

43



careful planning is needed.
SUMMARY

Sanitation is an important part of winemaking, and good housekesping is necessary in any winery. Many
proprigtary cleaning agents are available, but most smal wineries and home winemakers ry on common
cleaning agents like sodium phosphate (automatic dishwasher powder), chlorinated TSP and Clorox. The
“wash everything just before use and again after use” winemaking rule should aways be practiced. Hoses
can be maintained easlly if they are washed immediately after use. The wet hoses should be hung on awall
with both ends pointing down. Then they can drain and dry out completely.

The bacteria, yeasts and molds that grow so profusely on the bottoms of old dirty wine bottles represent a
congtant source of contamination. Consequently, dirty, used wine bottles should not be stored in
winemaking areas. Dirty bottles should be washed and sterilized and stored away in a sanitary condition.

Maintaining empty oak barrels in good condition is difficult. Smal producers burn sulfur wicks in their

empty barrds. Large wineries fill their empty barrels with sulfur dioxide gas from high pressure cylinders.
Experienced winemakers avoid empty barrds by immediately refilling their barrels with new wine.
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Chapter 8

CRUSH
SEASON

Crush seasons only lasts about eight weeks, and wineries must pick, transport and crush al the grapes
needed for their annua supply of wine in that short time. Crush seasons are busy, hectic times for winery
personnel, and twelve or fourteen hour workdays are quite common. Winemakers make many decisions
during this busy period, and many of these decisons must be made quickly. Unfortunately, hastily made
decisons often result in poor wine qudity. Most commercia winemakers prepare a detailed crush plan
early each season to reduce the number of these high risk decisons. Crush seasons are not so hectic for
home winemakers. Neverthdess, home winemakers have the same kinds of problems each year, and most
home winemakers aso benefit from well thought out crush plans.

Deciding what varieties of wine will be made is the firg gep in developing a crush plan. Then the
winemaker decides how many gdlons of each variety will be produced. Once the varieties and quantities
have been established, the more detailed winemaking issues such as potentia sources of grapes, fruit costs,
equipment cleaning, cooperage requirements, etc. can be addressed.

Most home winemakers have limited time during crush season, and even routine chores such as repairing
and cleaning equipment need to be planned well in advance. Crush plans should be formulated many weeks
before harvest time, and then the plan should be followed until dl of the new wines are safely stored away in
the cdlar

FRUIT QUANTITY

The quantity of wine produced from a ton of grapes is cadled wine yidd, and wine yield depends on the
variety of the grapes, the type of equipment available, the winemaking techniques used, etc. Professiond
winemakers, usng modern horizonta presses, often get 160 or 170 gdlons of qudity wine from a ton of
fruit. Home winemakers generaly use smdl vertica basket presses, and home winemakers seldom get
more than 150 gdlons per ton. Consequently, most home winemakers require 13 or 14 pounds of grapes
for each gallon of wine. When small batches of red wine are made & home without a crusher or press, wine
yields will be much lower, and about twenty pounds of grapes will be needed for each gdlon of wine.
Making white wine without a pressis not feasible.

Wine containers must be kept completely full of wine throughout the winemaking process. Wine stored in
barrds evaporates, and significant quantities of wine are lost each time wine is racked. Wine containers
must be “topped up” periodicaly. Extrawine is aways needed to keep the containers full, so winemakers
routingly produce extrawine (10 - 15%) to use as “topping materid.”
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Getting grapes from the same vineyard each season is dways an advantage. Winemakers learn what to
expect from the fruit when grapes from the same vineyard are processed year after year. After a few
seasons the winemaker knows what adjustments are needed, and he or she can “fine tune’ the wine easlly.
These smdl adjusments are important to wine quality, so winemakers prefer to work with fruit from the
same vineyards each season.  Sometimes novice home winemakers believe “grapes are grapes,” but they
learn the value of qudlity fruit and grape source continuity after afew harvests.

Buying Grapes

Wine grapes are bought and sold by the ton, and higher prices are usualy paid when home winemakers
purchase fruit in much smdler quantities.  This is why many home winemakers pool together each season
and purchase grapes in ton quantities. Grapes are hauled from the vineyard in field lugs (picking boxes
holding about 40 pounds), haf-ton bins, one-ton tanks and in large gondolas. When smd| quantities of fruit
are purchased from a vineyard, the size of the containers used can be important. A serious problem can
develop when aton of fruit is needed, and the grapes are coming out of the vineyard in five ton gondolas.

When grapes are purchased from an outside source, the grower should be contacted early in the season.
Grape growers like to have their grapes sold well before harvest time, so purchase arrangements are best
made well before the Fourth of July.

The growers harvest criteria should be discussed and carefully considered. Some growers harvest as early
as possible each season, and red grapes are often picked very closeto 22.5 Brix. Trying to make a big red
wine from under-ripe grapes is not redigtic, and if the growers harvest criteria is not compatible with the
gyle of wine planned, the winemaker should look for another source of grapes.  Who will pick and the
price of the grapes should be clearly established when purchases are made from outside sources.

Harvest time depends on many factors, and picking times vary from year to year. The grape varieties,
vineyard location, soil, weether conditions and irrigation schedules dl influence harvest times. Rain lae in
the season often delays picking by a week or two. Many variables are involved, and accurately predicting
when grapes will be ripe is nearly impossble.  Consequently, winemakers should keep in touch with the
vineyard and follow the development of the grapes as they ripen. Then the winemaker will be ready to
process the grapes promptly when harvest timefindly arrives.

Expecting commercid growers to sdl their highest qudity fruit to home winemakers is not redidic.
Commercid growers prefer to use their best quadity fruit to entice large wineries into multi year contracts.
Five, seven or even ten year fruit contracts are often beneficid to both the grower and the winery.
Precticdly al of the highest qudity wine grapes are sold under long term contracts, so home winemakers are
dways a a disadvantage when attempting to buy qudity grapes on the open market. A few home
winemakers plant their own vineyards and produce estate wines smply because high quality grapes are 0
difficult to buy.

Warm Fruit

Oxidation and other changes start to occur when the grapes are picked, and fruit should be loaded,
trangported and processed quickly to minimize these changes. However, exceptions to the above rule are
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sometimes necessary when grapes are picked late in the afternoon on a hot day. Under these condition, the
grapes may be very warm. Hot fermentations are difficult at best, so in this Stuation, letting the fruit St
overnight and cool down may be the lesser of two evils. Larger wineries cool warm fruit with large
refrigeration systems.  Small wineries and home winemakers try to avoid warm fruit. On harvest day, small
producers get to the vineyard early while the grapes are cold. Then they load, transport and process the

grapes quickly.

Unfortunately, home winemakers seldom have much control over when or how the grapes are picked.
Large vineyards must cater to loca wineries, and grapes going to awinery are usudly the firg to be picked
and loaded. Handling small quantities of grapes is often difficult for large vineyards, and the grower is
usudly doing the home winemaker afavor. Therefore, when a home winemaker picks up aton of grapes,
he or she often has little choice and must accept warm fruit picked late in the day.

Growing Grapes

Many professond and amateur winemakers prefer to grow their own grapes because having complete
supervison of the vineyard gives the winemaker the greatest control over grgpe qudity. Most home
winemakers are never able to purchase redly high qudity fruit, o when a home winemaker is determined to
make quality wines, his only dternative is to plant a smdl vineyard. When suitable space and water are
available, planting a few hundred vines is a practical solution to the high qudity fruit dilemma, and more
home winemakers are becoming growers.

Materids for a standard two-wine trellis and a drip irrigation system range in cost from $1,000 to $4000
per acre. Sometimes, secondhand vineyard materias can be found, and the savings can be quite large.
Vines can be grown on their own roots in areas where the phylloxera root louse is not a problem. Cuttings
can be planted in these areas, and cuttings are easier, faster and less expensive to plant than rooted stock.
Often cuttings can be obtained for nothing each year a pruning time, and when cuttings are planted with
reasonable care, a 95 percent “take” can be expected.

Yieds

Crop yidds from any vineyard depend upon the grape variety, weather, soil conditions, water, etc. Yidds
of one to two tons of grapes per acre are common in old, unirrigated, coastal vineyards. In the Centra
Vadley, heavily fertilized and irrigated vineyards planted with Carignane, Grenache or Zinfandd grapes often
produce twelve or more tons per acre. However a these high crop levels, the color is deficient, the acid
level low and overdl fruit quality is often poor.

Yidds of four or five tons per acre can be expected for well grown, high quality grape varieties. If an acre
containing 600 vines produces four tons of grapes, each vine would be producing about 13 pounds of
grapes.  Thirteen pounds of grapes will make about a galon of wine, S0 an average vine might produce
about one galon of wine each year. However, one gdlon of wine per vine may be too optimigtic for small,
isolated vineyards. Such yields apply to large, mature vineyards managed by experienced grape growers.
Small vineyards are more difficult to manage successfully, and smdl, isolated vineyards are more susceptible
to deer, coyote, rabbit, bird, bee and wasp damage. Home vineyards planted with Cabernet or
Chardonnay grapes often average about two tons per acre.
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GETTING READY

Conscientious winemakers take a complete inventory of winemaking materials and supplies, and orders for
needed cdllar supplies are placed. Then al of the equipment is assembled, inspected and repaired severd
weeks before harvest time.  Then when each piece of equipment is in good working order, al of the
equipment is cleaned carefully. Conscientious winemakers are prepared to make wine long before the first
grapes of the season are picked.

Supplies

Orders for winemaking supplies should be placed severd weeks before harvest time because suppliers are
very busy just before and during a crush season. Home winemakers often get together and order
winemaking supplies in commercid quantities to reduce their winemaking costs. For example, a 500-gram
package of Prise de Mousse active, dry yeast cost $8.50 in 1997. The cost of a 5-gram envelope of the
same yeast was $0.75, 0 buying yesst in five gram envelopes can be expensive.

Home winemakers bottling twenty or so cases (50 gdlons) of wine a year will need the following
winemaking supplies each crush season.

Tartaric and citric acid.

Active dry wine yeedt.

Malolactic bacteria (optiond)

Y east nutrients (Di ammonium phosphate, yeast hulls, Superfood, etc.).
Sulfite powder.

Fining materids (bentonite, gelatin and Sparkalloid)

Filter materids (pads or cartridges).

Laboratory test chemicals.

Sanitation materias (chlorinated TSP, Clorox, etc.).

Equipment

Mogt winemakers assemble, ingpect and test their equipment severd weeks before harvest time. Al
machinery should be checked for rust and corrosion, and motor powered equipment should be inspected
for cracked belts and frayed eectrica cords. Rusty equipment should be scraped, sanded or sandblasted.
Then the clean surfaces can be painted.  When dl repairs are complete, the equipment should be tested for
proper function. When everything is in good working condition, the equipment should be scrubbed with a
chlorinated TSP solution.  Then the equipment should be rinsed with clean water severd times and drained
completdy. All winemaking equipment should be in good working condition, clean and ready for use
before the first grapes are expected.

Tanks

All empty tanks, drums and other containers should be checked for lesks. After any needed repairs have
been made, the containers should be scrubbed with a chlorinated TSP solution. Then the containers should
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be rinsed severa times with clean water and drained. Drums, carboys and other small containers can be
stored away until needed. In afew wineries several weeks of hectic bottling are required each crush season
because the tanks are full of last years wine. Most winemakers do not postpone bottling, and they have
clean, empty tanks well before the crush season.

Barrds

Empty barrels should be checked for acetification or moldy smells or off-odors, and novice winemakers
must learn to trust their noses when cleaning and testing wood cooperage. Sweet smelling barrels should be
filled with clean water and carefully checked for leaks. Sometimes leaky barrels must be soaked for severd
days to swell the stays and stop the lesks.  Then the barrds should be sterilized either by burning a sulfur
wick or by filling the barrd with SO, gas from a high pressure cylinder. Barrds stexilized with sulfur dioxide
can be held in good condition for severd weeks if they are kept tightly bunged to retain the sulfur dioxide
gas. Bards stored in thisway must be rinsed with clean water immediately before they are filled with wine.
Empty barrds stored for more than afew months will require extra attention.

SUMMARY

Lots of things can and do go wrong during crush, and most winemakers develop detailed crush plans early
each year to reduce the number of quickly made, high risk decisons

Most winemaking materials keep well, but sulfite powder, yeast and laboratory reagents should be replaced
each season.  Orders for winemaking supplies should be placed early in the season because suppliers are
very busy just before and throughout the crush season.

Generdly, large vineyards prefer to sdl their grapes early in the season, and outside fruit sources should be
contacted and arrangements to buy grapes should be made early.

All winemaking equipment should be inspected, repaired and put in good working condition. Then the
equipment should be scrubbed, rinsed and completely drained. The equipment should be ready to use long
before the expected harvest time.

Mogt winemakers try to go into the crush season with a well-thought out crush plan, adequate winemaking
supplies, clean functiona equipment and empty tanks.
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Chapter 9

HARVEST

Chardonnay and Pinot Noir are early ripening grape varieties, and they are among the first grapes picked
each year. Cabernet Sauvignon, Nebbiolo and Carignane are late varieties, and these varieties are the last
grape varieties picked. In southern Cdifornia, the crush usudly starts in mid August and ends in October.
Harvest times vary from year to year. In early years, the grapes are picked two or three weeks earlier than
normd. In late years, Carignane grapes are often picked in late October. The start of the grape harvest
depends primarily on accumulated hest. The grape harvest in Northern coagta regions starts about three
weeks later than in Southern California For a given location, most of the grapes are harvested each year
during a seven or eight-week period.

HARVEST DECISIONS

High quality wine can only be made from high quaity grapes. The qudity of the grapes dways determines
the potentia qudity of the wine. If the grapes are picked too early or too late, wine quaity will suffer. Wine
made from under-ripe grapes often has a “green” characteristic. These wines contain excess acid, lack
color, lack flavor intensity and lack varietal character. When grapes are picked too late, the wineis high in
acohal and low in acidity. Often, wines produced from overripe fruit have stewed fruit, raisin or prune
flavors. Qudity wine can only be made from high quality, properly ripened fruit, and deciding exactly when
to pick the grapesis the most important decision awinemaker makes each crush season.

Unfortunately, ripe wine grapes are very perishable, and grapes are at their best for just afew daysin warm
growing areas. The short harvest interval and crop sizes of severd tons per acre cregte serious harvest
problems for winemakers. Coordinating harvest activities and crush operationsis difficult, and crush seasons
are busy and sometimes hectic periods at any winery.

When to pick the grapes is such an important decison that most winemakers start sampling grapes severd
weeks before harvest time.  As harvest day approaches, the winemaker goes to the vineyard every few
days to sample the fruit. He looks at the condition of the vines, and he tests the texture of the berries by
gently squeezing them between his thumb and forefinger. The grapes are visudly examined and tasted. The
pulp is smdled, and the color of the seeds are examined. Then the winemaker collects a representative
sample of severa hundred berries from each vineyard. When the winemaker returns to the winery, he
measures the titratable acid, pH and sugar content of the sample grapes.

Acid Content

Tartaric and maic acids make up about 90 percent of the total organic acid content in grapes. Mdic acid is
found in many different varieties of fruit, but only grapes contain sgnificant amounts of tartaric acid. The
amounts of tartaric acid and malic acid are about equa when grapes start to change color and soften
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(veraison), and the quantity of tartaric acid remains roughly constant throughout the ripening period. On the
other hand, the quantity of malic acid decreases as the grapes ripen, and the loss of mdic acid results in a
gradud decrease in the total acid content during the ripening period. In hot growing regions, much of the
malic acid is gone by harvest time. Depending upon the variety and the growing conditions, grape juice
contains 1.5 to 5 times more tartaric acid than malic acid.

In cold viticulture regions, ripe grapes have an acid content ranging from 0.7 to 1.3 percent. Such high
acidity often resultsin excessvely tart wine. To avoid excess tartness, winemakers in cold growing regions
use specid procedures to reduce wine acidity. The Stuation is quite different when grapes are grown in
warm regions like the interior valleys of Cdifornia. Here, the acid content of ripe grapes often fals between
0.4 and 0.8 percent. Grapes grown in such warm climates often have too little acidity, and wine produced
from grapes low in acidity is often bland and flat tasting. Besides producing bland wines, fermenting grapes
low in acidity often results in other problems, and adding acid to grapes grown in warm regions is a sandard
winemaking practice. Large acid additions are best made before fermentation is started.

The acid content of grapes (or wine) is usudly measured using a procedure caled titration.  Sometimes
winemakers cdl the acid content “tota acid,” but the preferred term is “titratable acid.”  Titration measures
the sum of dl the different types of acidsin the wine, but the results are expressed asiif dl of the acids were
tartaric acid. French winemakers use a different convention. They express titratable acid as if dl the acids
present were sulfuric acid.  These different customs result in different numbers, and sometimes novice
winemakers are confused by the different conventions.

pH

Grape acids differ consderably in drength. Tartaric acid is stronger than mdic acid, and mdic acid is
gronger than citric acid. A quantity cdled pH is used to measure the strength of the acids, and pH is
defined usng an inverse, logarithmic scde. High acid grapes have alow pH, and low acid grapes have a
high pH because of the upside down scae. pH vaues range from 2.8 to 4.2 for juices obtained from
sound, ripe grapes.

As grapes ripen, mdic acid is lost, and the acid content decreases. As the acidity decreases, the pH vaue
of the grape juice dowly increases. Late in the ripening process, just as the grapes are reaching maturity,
potassium ions sart accumulating in the juice. The potassum ions interact with acids in the grgpes, and this
interaction causes the pH of the juice to increase more rapidly just as the grapes are reaching maturity.

Several weeks before expected harvest time, winemakers start their annual crush routine.  They vist the
vineyards every few days and collect grape samples. Then the grape samples are tested for sugar, titratable
acid and the pH in the winery laboratory. Winemakers use the pH, sugar and TA data to help decide when
the grapes should be picked.

Sugar Content
Higtoricdly, sugar content was the primary indicator of grape ripeness, and many growers dlill rely on sugar

readings to decide when the grapes are ripe. Consequently, obtaining accurate sugar measurements is
important. Grgpe sugar content is usualy measured in units of degrees Brix, and the measurement is made
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with a hydrometer or a hand-held, optica instrument cdled a refractometer. The accuracy of either
instrument depends upon temperature. Mot instruments are cdibrated a a temperature of 68 degrees
Fahrenhalt, and a correction must be applied to the readings when measurements are made at any other
temperature. Some refractometers are temperature compensated, and the compensation greatly reduces
the temperature error.

Refractometers are handy sugar measurement instruments because they can measure the sugar content of a
single drop of juice with good accuracy. In most instruments, each degree is subdivided into five parts, and
avaue of 0.2 Brix can be read directly on the refractometer scde. Well built, temperature compensated
refractometers cost about $300, and good uncompensated instruments can be purchased for less than
$150. Most winemakers prefer compensated ingruments, but data obtained with an uncompensated
refractometer can easily be corrected for temperature.  The

maor advantage of refractometersis their ability to measure very
smal samples of juice quickly and eesily. Temp.  Correction
Both short range (16 to 25 Brix) and long range (-2 to 30 Brix) 56 -0.38
hydrometers are available. Short range instruments cost about 58 -0.32
twenty dollars, and long range hydrometers cost less than ten 60 -0.26
dollars. The scale on good, short range hydrometers can be read 62 -0.20
directly to 0.1 Brix, and good hydrometers have a certified 64 -0.14
calibration. About 100 milliliters of juice are required to make a 66 -0.08
measurement when hydrometers are used with small diameter 63 0.00
cylinders. Despite their low cost, good hydrometers are more 70 +0.07
accurate than hand held refractometers. 72 +0.14
74 +0.22
The accuracy of messurements taken with hydrometers dso 76 +0.30
depends on temperature.  Hydrometers must be used at their 78 +0.38
caibration temperature, or a correction for temperature must be 80 +0.46
goplied to the readings. A typical hydrometer correction chart is 82 +0.54
shown in Table 8. High accuracy and low cogt are the mgjor 84 +0.62
advantages of Brix hydrometers.  Some winemakers avoid 36 +0.71
temperature corrections by making sure the temperature of the 83 +0.80
grapes and the hydrometer is at the cdlibration temperature.
Grape samples are brought into the winery lab and alowed to Tcibrlf ei'ti;?:f%?gtﬁ;e
come to temperature equilibrium. When the grapes have cooled hydrometers.
to room-temperature, the grapes and hydrometer are at (or close

to) the calibration temperature, and corrections are not needed.
TAKING SUGAR SAMPLES

Making accurate sugar measurements in large vineyards is not easy. The grapes from a single cluster
contain different amounts of sugar. Grapes from high on the cluster normaly contain more sugar than grapes
from the bottom of the cluster. Grapes taken from clusters exposed to the sun contain more sugar than
grapes taken from clugters growing in heavy shade. Grapes taken from vines growing in different parts of a
vineyard can have large differences in sugar content. Variations of two degrees Brix often occurs over a
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ten-acre vineyard block.

Because of the large variaions in sugar content, large Sze samples must be collected to produce accurate
results. Samples of about 100 individua berries are consdered the minimum size for smdl vineyards, and
many winemakers prefer 200 to 1000 berries.

Besdes a large sample size, measurement accuracy aso depends on how sample grapes are collected. The
grapes must be collected in a consstent way from the area to be picked, or the results will be mideading.
For example, an adequate uniform and reasonable size sample could be collected by picking one grape
from each vine in a 100-vine vineyard. In atiny vineyard of 30 vines, picking one grape from three or four
clusters on each vine would be appropriate. A much larger sample would be picked in vineyards containing
severd thousand vines. Here, a uniform sample of severd hundred grapes would be collected by picking
one grape from every fourth or fifth vine.

Collecting a representative sample of grapes from the area to be picked is very important. If the intent isto
pick the first six rows in ablock of vines, then only first six rows should be sampled. If the whole vineyard
will be picked, then the entire vineyard should be sampled.

Collection Procedure

The following grape collection procedure has been used for sometime. This method produces good results,
and the procedure is particularly useful when severd different vineyard blocks are sampled on the same day.

(1) A 1quat size, heavy weight, zip-sed “baggy” is used to collect the grapes. The date and the
vineyard block being sampled can be written on the baggy with a“magic marker.”

(2) Grapes can be collected from each vine, every other vine, every fifth vine, etc., but at least 100
grapes should be collected from the vineyard block of interest.

(3) Mos of the sample grapes should be picked from the bottom of the clusters (watch out for
bees and wasps), and most of the sample grapes should be picked from clusters growing in the
heavy shade.

(4) The baggy should be sedled and the grapes kept cool until the measurements have been made.

Sugar Measurement Procedure

The measurement procedure described below assumes the sugar content is being measured with a short
range hydrometer. However, once the juice has been collected (at the end of step three), the sugar could
be measured with a refractometer.

(1) Remove any ar from the baggy. Sed the baggy tightly, and lay it on a smooth flat surfface. Use
a heavy, flat-bottomed glass tumbler to crush the grapes in the baggy gently. Crush dl the grapes,
but be careful not to press too hard because the seeds can puncture the baggy and cause messy
lesks.

(2) Use both hands and knead the mass of grapes in the baggy for several seconds to extract the
juice.

(3) Uns=d the baggy and hold the lip of the baggy over a hydrometer cylinder with the left hand,
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and carefully squeeze the juice out of the baggy with the right hand. (With a little practice, the
seeds, skins and pulp can be retained in the baggy).

(4) When the cylinder is about hdf full of juice, lower the hydrometer into the cylinder.

(5) Add morejuice until the hydrometer isfloating a a convenient height.

(6) Wait aminute to let the hydrometer settle. Then tap the cylinder afew times to make sure the
hydrometer is not stuck to the side of the cylinder.

(7) Read the hydrometer scale at the bottom of the meniscus and record the Brix value.

(8) Remove the hydrometer from the sample, and measure the temperature of the juice with a
thermometer.

(9) Use a hydrometer temperature correction chart (see Table 8) and apply the appropriate
correction to the measured value.

SUMMARY

High qudity wine can only be made from high qudity grapes, and grapes are in prime condition for just a
few days. Picking wine grapes near optimum ripeness is very important, so winemakers start sampling the
grapes well before harvest time. Large Sze samples are collected, and a variety of measurements are used
to decide when to pick the grapes each crush season.

Sugar content is the traditional way of judging grape ripeness, but winemakers aso measure acidity and pH.

In addition, winemakers dso carefully smell and taste the flavor characteridtics of the sample juice. Each
winemaker has his or her way of noting and recording grape flavor attributes, and experienced winemakers
make his or her picking decisons based on many different factors.
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Chapter 10

GRAPE
PROCESSING

Beginning winemakers often view crushing and pressng as the most important parts of winemaking.
However, these operations are only smple, mechanicad operations. Machines do the crushing and the
pressng, and if the machines are designed and operated properly, the mechanica operations have little
influence on the qudity of the wine. Qudlity depends on many factors such as. where the grapes were
grown; when the grapes were picked; the acidity and the pH of the juice; fermentation temperature; skin
contact time and other parameters. Wine qudity is far more eusive than just being careful how the grapes
are mashed and squeezed.

Oxidation and biologica changes start when the grapes are picked, and just a few hours can make a
ggnificant difference in hot weether. Consequently, winemakers should get to the vineyard early on picking
day, and they should be prepared to load, transport and process the fruit as quickly as possble. Other
problems can occur when grapes are picked late in the afternoon on ahot day. Fermentation temperatures
can become excessve easly when warm grapes are fermented.  High temperature fermentations are not
conducive to wine qudity. In addition, hot fermentations can kill the yeast and result in stuck fermentations.

Commercid wineries cool juice quickly with a heat exchanger and a large refrigeration sysem.  Home
winemakers often let warm fruit st overnight and cool before crushing. Either way, experienced
winemakers try to avoid crushing hot grapes.

CRUSHING

Crushing bresks the skins of the berries and dlows the juice to flow. Crushing should be done with a
minimum of grinding and tearing of the grape tissues, and the seeds should never be cracked or broken.
Destemming is done to remove the fruit from the gems. Stems contain high levels of phenolic materids, and
these materias contribute bitterness and astringency to wine. Excessive quantities of stems can introduce a
green, herbaceous characterigtic to the wine, and practicaly al red grapes should be destemmed before
fermentation is started. On the other hand, removing the stems from white grapes is not necessary when the
fruit is pressed immediately.  Sometimes, not removing stems from white gragpes is advantageous. The pulp
of some white grape varieties is very dippery, and the dick pulp makes these varieties difficult to press.
Varidies like Muscat Alexandria have dick pulp, and they are much easier to press if the sems are left in
the must.

Hand Crushing Red Grapes

Crushing a smdl quantity of red grgpes by hand is easy, but wine yidds will be low unless a good wine
press is used to separate the new wine from the solids at the end of fermentation. Severd hand crushing
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techniques have been developed, and most of these procedures are satisfactory for handling small quantities.
The following procedure is smple, and it can be used for quantities of 200 or 300 pounds.
(1) Placeaclean plagtic milk crate on a new 32-gallon plastic trash can or any other suitable ridged
container.
(2) Place severd pounds of grapes in the crate. Smash the clusters with a board or with both
hands.
(3) Use awash board, scrubbing motion with one hand.  The grapes and juice will fdl through the
bottom of the crate into the container, and the sems will remain in the crate.
(4) Remove the bare stems from the crate.
(5) Repedt this procedure.

Not al of the grapes will be crushed, but unbroken berries will not cause problems. When the fermentation
is pressed, the wine press will break the skins of the whole berries, and most of the juice will be recovered.

In fact, some winemakers ddiberately leave some whole berries in their fermentations.  These winemakers
fed the presence of whole grapes during fermentation increases the fruitiness of the finished wine.

The stems of some grape varieties are abrasive, and the above procedure can be hard on the hands. After
an hour or two, fingers can become raw, and hands become badly stained. A pair of heavy rubber gloves
may be desirable when large quantities of fruit are crushed by hand.

Crushing by Foot

Crushing grapes with bare feet is a popular notion, but bare feet are not very practical. Grapes stain bare
feet black, not red. Grape tannin can cause bare feet to become very dry, and the skin around the toes
sometimes cracks. Some varieties of grapes have Hiff, sharp sems, and these sems can be uncomfortable
to tender, bare feet.

Crushing severd hundred pounds of red grapes by foot is quite feasble, but instead of bare feet, an old pair
of well-scrubbed rubber boots should be used. A shdlow, rigid container of some kind is needed to hold
the fruit. Large, plastic mortar boxes are available a large hardware stores, and these shalow boxes make
suitable containers. A rhythmic motion should be used when crushing. The feet should be kept moving
around in the container to make sure the grapes in the corners of the container are crushed. Grapes can be
dippery, and some kind of hand support will be needed to help maintain baance as the grapes are somped.

Hand Crank Crushers

Most home winemakers use a hand crank crusher. Both single and double roller crushers work well,
athough, some machines are easer to crank than others. These little machines are  smple to operate.
Place the crusher on top of a suitable container, and fill the hopper with fruit. Turning the crank a a
moderate rate pulls the clusters of grapes between the rollers. The grape skins are broken, and the crushed
grapes, juice and stems drop into the container. Hand crank crushers should be adjusted to a convenient
working height, and cranking the crusher will be much eader if aclamp is used to hold the machine steadly.
Most winemakers crush al of the grapes, and then they destem the must. A few winemakers do not
destem the grapes from somered varieties at al.
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Crusher/Stemmer

Commercia wineries and some advanced home winemakers use a motor driven crusher/semmer to
process the grapes. A crusher/stemmer crushes the berries and removes the slems in one easy operation.
The better designed machines have power driven augers to move the fruit aong the hopper into the crushing
mechanism. Operation is smple and fast. Grape clusters are dumped into the hopper, and the machine
doestherest.

Power crushers have capacities ranging from about 1 ton to more than 50 tons per hour. Even the smallest
machines crush and destem large quantities of fruit in a short time. One person is busy keeping the hopper
full of grapes. Power crushers save a great ded of labor, but they are expensgve. Small power crushers
made of painted sted sdll for Sx or seven hundred dollars. The same machine, fabricated from stainless
sed, s for about $1000. Judtifying the expense of a power crusher is difficult for home winemakers
unless severd barrels of wine are made each year.

PRESSING

The process used to separate the liquid from the grape solids is called pressing. Squeezing a smal amount
of juice from white grgpes by hand is possble. However, juice yidds will be low, and a surpriang amount
of labor is required to squeeze sweet pomace by hand. A press of some sort is a practical necessity for
meaking more than a galon or two of white wine.

Pressing red fermentations is a different Stuation. As red grapes ferment, alcohol bresks down the cell
tissues. The partidly disintegrated pulp then gives up the juice more readily, and red pomace is much eassier
to press than white grapes. Pressng smdl, red fermentations by hand is rdatively easy, and reasonable
quantities of wine can be recovered.

Hand Pressing Red Pomace
The following hand pressng method is suitable if the grapes were crushed completely.

(1) Obtain a clean plastic milk crate, and then cut a piece of 3/4-inch plywood to fit ingde the milk
crate (the wood should fit loosdly).

(2) When fermentation is complete, let the cap rise overnight and carefully sphon off as much “free
run” wine as possible.

(3) Place the plagtic milk crate on a 32-gdlon plastic trash can or other suitable container and put a
double layer of plastic window screening in the bottom of the crate.

(4) Nearly fill the crate with the wet pomace and place the plywood on top. Press the pomace by
hand and then place a heavy weight on the plywood.

(5) Let the pomace drain for 15 or 20 minutes. Then stir the pomace and repeat step four.

Depending upon the grape variety and the length of the fermentation, 60 to 80 percent of the potentid wine
can be recovered by hand pressing using this method.

Basket Press
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Most home winemakers use a vertical basket press of some kind, and some of these presses are designed
to produce high pressures. High press pressures dry the pomace quickly, but high pressures can dso
produce astringent and bitter wines. Very high press pressures are not desirable, and compound, ratchet
type presses must be used with care. The following procedure produces good results when modest press
pressures are used.

(1) Fill the basket with crushed fruit. Add the top plates, the blocks and the press head. Apply a

small amount of pressure until asteady flow of juiceis produced.

(2) When the flow amogt stops, increase the pressure by a smal amount and wait again. Large

amounts of foam between the basket dats will oxidize the juice, and the foam is an indication that

pressure is being applied too rapidly.

(3) Continue increasing the pressurein steps until no more liquid can be obtained.

(4) Disassemble the press by removing the press head, blocks, top plates and the basket.

(5) Remove the pomace cake from the press. Place the pomacein ashdlow container oron a
clean concrete floor and crumble the cake with a shovd.

(6) Replace the basket on the press. Fill the basket with the pomace, reassemble the press and

dart the next pressing cycle.

Depending on the variety of the grapes, about 150 gallons of high quality juice can be produced from aton
of grapes using these procedures. However, the pomace cake must be crumbled severa times to produce
150 gdlons of juice. Pressng white grapes with a vertical basket press is a lengthy procedure, and much
labor is required to break down the press and crumble the pomace severad times

Labor is expendve, so commercid wineries no longer use vertica basket presses. Instead, most wineries
use bladder or membrane horizonta presses because the machines can crumble the pomace cake
automatically. Consequently, many press cycles can be used economicadly, and Sx or more press cycles
are often used to dry the pomace completely. Instead of using high pressures and two or three press cycles,
modern horizontal wine presses use low pressures and many cycles to produce 160 to 180 gdlons of high
quality juice from aton of fruit.

MUST ADJUSTMENTS

Winemakers carefully measure the juice when the grapes are crushed, so any needed adjustments can be
made before sarting fermentation. If sulfur dioxide was not added when the grapes were crushed, it would
be added at this time. Smdl additions of yeast nutrient would be made to grapes grown in vineyards
deficient in nitrogen, and tartaric acid would usudly be added to fruit grown in warm viticulture regions.

Sulfur Dioxide (SO,)

Sulfur dioxide helps control wild yeast growth, and SO, is effective in suppressing severd types of
bacteria. It dso helps reduce oxidation of the must, juice or wine. Big wineries use large quantities of SO,
S0 they purchase sulfur dioxide gas in sted pressure cylinders.  Smal wineries and home winemakers
generdly use potassum metabisulfite (sulfite) crystds to produce sulfur dioxide gas.  Generdly, 25 to 50
milligrams per liter of sulfur dioxide are added to the grapes before fermentation.
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Sulfur dioxide is more effective when it is added early in the process. Larger wineries have an SO,
container and a metering pump mounted right on the crusher. The sulfur dioxide is automaticaly dispensed
whenever grapes are going through the crusher. Home winemakers usudly add a hdf teaspoon of sulfite
crystds for every 100 pounds of grapes. The sulfite powder is dissolved in a smal amount of water, and
the solution is added to the grapes as they are being crushed.

A few winemakers do not add sulfur dioxide early. They fed white wines retain better color and maolactic
fermentation is easer to complete when no sulfur dioxide is added as the grapes are crushed. These
winemakers prefer to make the firgt sulfur dioxide addition later in the winemaking cycle. However, most
experts (UC Davis, Vinquiry, The Wine Lab, etc.) recommend the addition of smal quantities of sulfur
dioxide early, when the fruit is crushed. Adding sulfur dioxide early is amuch safer procedure for beginning
winemakers.

Y east Nutrients

Many yeast cedlls are needed to complete fermentation, and yeast must have access to nitrogen, vitamins,
minerds and other materids to produce new cdls. Some grape vaieties like Chardonnay often lack
aufficient nitrogen to meet the needs of the yeast, and Chardonnay juice is often difficult to ferment to
dryness unless extra nutrients are added. Small wineries and home winemakers seldom have the equipment
needed to measure juice nutrients, o these winemakers add small quantities of nutrients to al grapes.
Nevertheless, yeast nutrients must be used with care because excessive quantities can produce off-odors in
thewine. The manufacturers directions should dways be followed carefully.

Acid

Tartaric, malic and citric acids are present in grapes, and severa other organic acids are present in wine.
The tart taste of wine is directly related to the quantity of acids present. When awine contains too much or
too little acid, the wine will be out of balance. Mogt grape varieties grown in the interior valeys of Cdifornia
are deficient in acid when fully ripe. When grapes lack acidity, winemakers often add tartaric acid before
dating fermentation.
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Titratable acidity is a measure of the sum of dl the organic acids in juice or wine. Most winemakers prefer
to ferment white juice when the titratable acid is in the 0.7 to 0.9 percent (gram/100 miilliliters) range. Red
mugts are often adjusted to atitratable acid of about 0.7 percent before fermentation. The titratable acid of
the fruit is dways measured at crush
time, and any needed acid

adjutments are made before TA To To To
fementation is Sated. Table 9 | _of Cotain  Obtain i
shows the approximate quantities of t 8' g% Juice 0. 7% 0. 8%

tartaric acid to add when juice is ( %)

/ gal / gal
deficient in acidity. The adid values (gfgal)  (glgal)

A . g/ gal)

are given in grams of acid per gdlon

of juice. However, acid additions

cannot be estimated accurately, so the

vaues given should be consdered 0. 40 11. 4 15.2 19.0

rough guides. 0. 45 9.5 13.3 17.1
0. 50 7.6 11. 4 15.2

Gragpes grown in cool viticulture 8 gg 53 78 97' 56 1131' 34

regions often contain too much acid, O: 65 1: 9 5: 7 9: 5

and the finished wine may be too 0. 70 ) 3.8 7 6

sour. When grapes contain excess 0.75 . 1.9 5 7

acid, winemakers often use cacium 0. 80 - - 3.8

carbonate (CaCO; ) or potassum
carbonate (K,CO;3 ) to reduce the
acid content of juice or must before
fermentation is dSarted. These
materids precipitate acid sdts from the juice, and when mogt of the acid in the grapes is tartaric acid,
subgtantid acid reductions are possble. Approximately 3.5 grams of cacium carbonate per gdlon of juice
will reduce the titratable acid by 0.1%. These carbonates must be used with caution because large
quantities of elther materid can rase juice pH to excessvely high vadues. Most winemakers use just enough
carbonates to raise the pH of the juice to about 3.3. At this pH vaue, ML fermentation can usudly be
relied on to reduce the acid content to a reasonable level.

Table9. Tartaric acid additions for deficient juices.

pH

Another important acid parameter is pH. It gives the winemaker information about just how much sulfur
dioxide will be needed to control the wine microorganisms. Juices with low pH values (2.9 - 3.3) require
little sulfur dioxide, and medium pH juices (3.4 - 3.6) require an average dose. High pH juices (3.7 - 4.1)
often require a prohibitively large addition of sulfur dioxide to control the wine microbes effectively.

When working with grapes grown in a warm area, some winemakers add tartaric acid until the titratable
acid israised to gpproximately 0.8 percent. Other winemakers Smply ignore the titratable acid content, and
they add tartaric acid until the pH of the juice drops to about 3.4. Experienced winemakers taste the juice
and measure the titratable acid and pH. These winemakers use dl of the information available when making
pre fermentation acid adjustments.
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Sugar Additions

When grapes are mature, low sugar content is not a problem. Gapes low in sugar were picked too soon,
and making high quality wine from immature grapes is difficult. Immature fruit will be high in add, low in
flavor and low in varietd flavors and aromas. Home winemakers are often advised to add sugar to
immature fruit. The additiona sugar will increase the acohol content of the wine, but the extra sugar will not
reduce the acidity, increase the flavor or improve the week varietd characteristics. Unless the winemaker is
interested in producing wines high in acohol, adding sugar to underripe grapes is sddom advissble. In
colder growing regions, frost danger sometimes occurs before the grapes are completely ripe, and growers
must pick or losetheir crops. Here, adding sugar to the juice until the hydrometer reads 20 Brix or so might
result in better quality wine.  Attempting to make a big red wine from such immature fruit is hopeless.
Generaly, underripe red grapes are best used by making blush wine. Ordinary white table sugar (sucrose)
should be added to the juice or must.

COLD SETTLING WHITE JUICE

Much research has been done on white wine fermentations. This work clearly shows that fresher, more
fruity wines are produced when bits of skin and pulp fragments are removed before fermentation.
Removing solid materias from the juice results in dower, better controlled fermentations, and the wines have
less off-flavors and off-odors.  Treating white juices to reduce the amount of suspended materia to 1 or 2
percent before fermentation has become a standard winemaking procedure. Solids can be removed from
juices with a centrifuge, by filtration or by cold settling. Centrifuges and leesilters are expensive pieces of
equipment, so smaler wineries and home winemakers generdly use a cold settling procedure to clarify white
juices.

The procedure is smple. Immediately after pressing, the juice is cooled about 50 degrees so it will not start
to ferment. The cold juice is dlowed to settle overnight in a closed container. In the morning, the clarified
juice is racked off the sediment, and the solid materia is discarded. Only clear juice is fermented when
making white or blush wines. Sometimes additiond clear juice can be obtained by resettling the lees, but the
lees must be kept cold or spontaneous fermentation will Sart.

SUMMARY

Crushing is the mechanical operation that breaks the skins of the berries and starts the juice flowing.
Crushing should be done with a minimum of grinding and tearing of the grape tissues. Grape seeds should
never be broken. Pressing is the mechanica operation used to separate the liquid from the solids. Pressing
should be done at low pressures to reduce the extraction of bitter and astringent materids.

Twenty-five to fifty milligrams of sulfur dioxide per liter of juice should be added to the grapes as they are
crushed. Juice should be tested, and any needed adjustments should be made before fermentation is
started.

The qudity of al white and blush table wines can be sgnificantly improved by reducing the amount of

suspended materia to 1 or 2 percent before fermentation. Solids can be removed by settling cold juice and
then racking the clear juice off the sediment.
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Making an off-dry, low acohal, blush wineis often the best way to use underripe red grapes.
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Chapter 11

WINE YEASTS

The flavor characteristics of wine depend upon many factors. However, the yeast used for fermentation
contributes little to the flavors of aged wine, and most flavor contributions from the yeast will be
undetectable in wines aged in oak barrels for norma periods. Many other winemaking factors such as fruit
quality, grape variety, the climate, fermentation temperature, lees contact, cgp manipulation, etc. influence
wine flavors much more than yeest.

Light bodied, fruity wines are exceptions. These wines are bottled and consumed when they are young, and
the effects of the yeast are ill noticegble. Under these conditions, subtle flavor and aroma variations can
be produced by different strains of yeadt.

YEAST CHARACTERISTICS

Large differences in wine yeasts do exis. However, these differences relate to properties other than
cregting wine flavors. Yeast characterigtics important to winemakers include speed of fermentation, color
extraction, how much acohal is produced, tendencies to stick, the quantity of foam generated, hydrogen
sulfide production, etc.

A few wineries use a different type of yeast for each wine produced. Many smdler wineries ferment dl of
their wines with only one or two types of yeest. The research winery at the University of Cdiforniaat Davis
uses a sngle yeast type for dl standard fermentations. Smdler wineries and home winemakers often use
Prise de Mousse yeadt for dl their fermentations.

Y east names often midead and confuse novice winemakers. For example, Pasteur Champagne yesst is not
very good for sparkling wine production. California Champagne or Prise de Mousse are better yeadts for
the secondary fermentation of sparkling wines. Instead of implying use, the name shows the yeast drain
origindly came from the Champagne didtrict of France. To complicate matters further, the same name is
sometimes used by different yeast manufacturers to identify completdy different yeast srains. A few years
age, two entirdly different yeast strains of yeast were available commercidly, and both were cdled “Prise
de Mouss2” When placing orders for yeast, winemakers can avoid confusion by providing the name of the
yeadt, the name of the manufacturer and the yeast designation number.

YEAST TYPES
Wine yeast can be purchased in both liquid and dry forms. However, dry yeest is easer for smal wineries

and home winemakers to use. Recommended applications of some popular, dry Lalvin yeasts are shown in
Figure 3, and some important yeast characteristics are shown in Figure 4.
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Epernay |

This is a popular yeast for

producing light fruity syle YEAST  White Red Champagne Bottle
white and blush wines, and Stuck

Epernay is dso popular for STRAIN  Wine  Wine Base Fer ment
producing wines made from Ferment

fruit other than grapes.
Sometimes Epernay is used —_—

for producing light, fruity style M-1107 X X

Chardonnay wines. V-1116 X X X

However, Chardonnay juice E.C.-1118 X X X X X
can be difficult to ferment C-1108 X X X X X
completely, and stuck Figure 3. Recommendationsfor Lalvin activedry yeasts.

fermentation  often  results
when Epernay yesst is used
with Chardonnay.

Chardonnay wines fermented with Epernay yeast should be closdly monitored and tested for residua sugar.

Epenay is wused a
fermentation temperatures _
ranging from 50 to 70 Yeast Prise de

degress.  Under these Pasteur

- . Characteristic Montrachet K-1 M ousse
conditions, it produces Champagne
dow, controlled
fermentations, and voldile
components in the juice o
ae retaned  wdl. Fermentation Rate Fast Slow Fast V.
Excessve foaming s Slow
sddom a problem when Compl eteness Good V. Good Good
Epernay is used. Epernay Good

Alcohol Toll. 15% 15% 18%
does not ferment well at 17%
low temperatures, and it is Sugar Toll. Good Good To34B
very sendtive to sudden Good
changes in fermentation %)t- Temp. 20 20 15
temperature. (cold shock). Temp. Range. (C) 15-25 15-30 10-25 15-
Epernay is often used o5

when winemakers intend Alcohd Yield High High Megium
to leave some resdud N/A
sugar in awine.  Usudly, Foaming High Low V. Low
active Epernay Medium
fermentations can often be El(c))rcrf]l:lanon Normal Normal V. Good

stopped just by lowering

Figured. Yeast characteristics of special interest to winemakers.
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the temperature of the tank.

Epernay yeast is sendtive to high dcohol leves. Consequently, Epernay should not be used in juices with
high Brix values unless some resdua sugar is wanted. Epernay yeast can produce very pleasant, fruity
aroma characteridics in young wines, and home winemakers use Epernay yeast for fermenting fruit wines
because of the fruity aromas produced. This yeast is available in five gram packets, 500 gram packages
and in bulk form.

California Champagne (UCD 505)

This yeast is used primarily for the secondary fermentation of sparkling wines. It produces a smple, clean,
yeasty fermentation, and these characteristics are desirable in most sparklers.  After a reasonable aging
period, UCD 505 yeast will flocculate into large clumps, and the large pieces of yeast are much easier to
ridde. UCD 505 yeadt is sengdtive to acohol and sulfur dioxide. To insure prompt, clean secondary
fermentations, the free SO, leve of the cuvi e should not exceed about 25 milligrams per liter, and the
acohaol content should be less than 11 percent. Smdl quantities of yeast nutrient are often used with this
yeast. UCD 505 is available only in 500 gram packages and in bulk.

Montrachet (UCD 522)

Montrachet was a very popular yeast for producing well-colored red wines and big white wines for many
years. Montrachet produces strong, vigorous fermentations, and some type of cooling is often necessary in
warm wesather.

Unfortunately, Montrachet yeast often produces excessive quantities of hydrogen sulfide, and it has falen
into disfavor in recent years. Grapes low in nitrogen should aways be augmented with a yeast nutrient or
DAP when Montrachet yeast is used, and prudent winemakers make it a point to smell al Montrachet
fermentations severd times each day. Montrachet yeast should never be used with grapes containing
resdud sulfur dust. Thisyeest isavallablein five gram packets, 500 gram packages and in bulk.

Pasteur Champagne (UCD 595)

Contrary to its name, Pasteur Champagne yeast is not wdl suited for sparkling wine secondary
fermentations. It can be used for sparkling wines, but UCD 595 produces very fine lees, and the light, fluffy
lees make riddling difficult. Pasteur Champagne yeest is tolerant of high adcohol levels and sulfur dioxide, so
it is often used to restart suck fermentations. Some wineries use this yeast for both white and red
fermentations, and it can be counted on to produce clean, neutrd fermentations. When used under
reasonable fermentation conditions, it seldom leaves resdud sugar. Sometimes Pasteur Champagne yeast
produces large quantities of foam in warm weather. This yeadt is available in five gram packets, 500 gram
packages and in bulk.

Prisede Mousse (E.C. 1118)

Since it became available in dry form severd years ago, the popularity of Prise de Mousse (PDM) yeast has
increased rapidly. PDM is an excellent, genera purpose yeast for both red and white wines. It produces
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low hydrogen sulfide fermentations, and it ferments vigoroudy. Since this yeast usualy produces adry wine,
it is one of the more popular yeedts for Cdifornia Chardonnay production. This yeest is tolerant to sulfur
dioxide, and it istolerant to high dcohal levels. Consequently, Prise de Mousse is useful for restarting stuck
fermentations. Prise de Mousse is a0 used for the secondary fermentation of sparkling wine.  Under
norma condition Prise de Mousse produces little foam and seldom causes the winemaker any trouble.
Smadler wineries often use this yeadt for dl ther fermentations. PDM is avallable in five gram envelopes,
500 gram packages and in bulk.

Steinberg

Steinberg yeadt is used for producing classicd, “cold fermented” Rieding wines, and it is used extensvely
for Gewurztraminer production. When used at low fermentation temperatures, Steinberg produces a
ddicate, complex bouquet of fruit odors in young white wines. This yeadt is very cold tolerant, and it often
continues fermenting at temperatures below 40 degrees. However, this yeast is very sendtive to sulfur
dioxide, and Steinberg fermentations can be retarded sgnificantly if more than 50 milligrams per liter of
sulfur dioxide are added at the crusher. Sometimes, winemakers can deliberately stop low temperature
Steinberg fermentations just by adding alarge dose of sulfur dioxide to the tank. Thisyeast isonly available
in 500 gram packages and in bulk.

Pasteur Red

Pasteur Red yeast has been available commercidly for some time, but it has only been produced in dry form
for the past severd years. In dry form, Pasteur Red is rapidly becoming the yeast of choice for producing
full-bodied red wines. Pasteur Red produces clean fermentations, and it has good color extraction
characteridtics. This yeast seems particularly well suited for fermenting deeply colored Bordeaux style red
wines. Pagteur Red yeadt is vigorous, and some cooling is often needed in warm wegather. Pasteur Red
yeast can be purchased in five gram packets, 500 gram packages and in bulk form.

SUMMARY

The type of yeast used for fermentation has little influence on the aromas and flavors of aged wines.
However, yeast can contribute to the aroma of young, fruity wines.

Yead isavalablein liquid and dry form, but dry yeeast is much easier for smal producersto store and use.
Prise de Mousse yeast produces little foam and seldom causes fermentation problems. Some smdl wineries

use Prise de Mousse for dl of their red and white fermentations, and they adso use it to restart stuck
fermentations.
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Chapter 12

PRIMARY
FERMENTATION

Precticdly al red grapes have clear, colorless juice. The red pigment is in the grape skins. Red wine is
made by fermenting the juice, pulp, and skins together, and during fermentation, the red color is extracted
from the skins. After severd days of fermentation, the new red wine is pressed, and the liquid is separated
from the solids. Besides color, many other materids are extracted from the skins during fermentation, and
these materias produce the dight bitterness and astringency typicd of red wine.

White and blush wines are produced differently. These wines are made by crushing and then pressing the
crushed grapes. The liquid is separated from the solids before fermentation is started.  White and blush
wines are made by fermenting clear juice. Almaost no skin contact occurs, and only smal amounts of color,
bitterness or astringency are extracted from the skins.

White wine can be made from red grapes if the contact between the juice and the skins is limited. French
Champagne is made from Finot Noir grapes, and Pinot Noir isared grape. White Zinfandd and al blush
wines are consdered white wines because the juice is separated from the solids before fermentation. RosJ
wines, on the other hand, are considered red wines because they are fermented with the juice and the skins
in contact for a short time.  Winemakers use the terms white and red in two different ways. Besdes
describing color, these terms aso indicate the way wine is fermented.

YEAST GROWTH

Wine yeadts are microscopicaly small, sngle-cell organisms. Like every living organism, yeadts need energy
to survive, and the necessary energy is obtained by metabolizing grape sugars. Ethyl dcohal is produced as
an end product, but the yeasts do not use the alcohol. They are only concerned with the energy produced
when the sugars are converted into alcohol. Besides sugar, yeasts must have access to many other materids
to reproduce new cdlls, and yeadts are sendtive to their environments.

The conversion of glucose into alcohal is a complicated, multi step, biochemica process. Severd different
enzymes are needed to convert the sugars, and yeast must have access to vitamins, mineras, oxygen,
nitrogen, etc. to produce the required enzymes. Grape juice normaly contains dl the necessary materids,
but sometimes fermentations lack one or more of these critical growth factors, and the yeast cannot convert
al of the grape sugarsinto alcohol. Mogt stuck fermentations are caused by deficiencies in the starting juice
or by excessvely high or low temperatures.

Oxygen
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Yeast reproduces rgpidly when sufficient oxygen is available. When the environment is optimum, yesst
populations can double in less than an hour. This rapid period of yeast growth is cdled the exponentid
growth phase, and an enormous yeast population (10 million cells per milliliter of juice) can develop in less
than 24 hours. Rapid cdl growth occurs during the exponentia growth phase, but little alcohol is produced.

The dtudion is different when oxygen is redricted.  With little oxygen, yeast cdl reproduction is much
dower, but the yeast produces larger amounts of ethyl acohal.

From the winemakers point of view, having oxygen available early in the fermentation process is dways
desrable. Yeast cdls then multiply rapidly, and a large yeast population is produced quickly. Later in the
fermentation, oxygen is deliberatdly restricted to promote dcohal production. This smple technique alows
winemakers to encourage early yeast growth, and the large yeast population will convert the grape sugarsin
a dependable way.

A lack of oxygen is sldom a problem when wine is fermented under typica, home winemaking conditions.
The quantity of oxygen needed by the yeast is smdl, and more than enough oxygen is introduced when
grapes are subjected to the norma winemaking processes of crushing and pressing.

Nitrogen

Y east must have protein to make new cells, and yeast must have nitrogen to produce the protein. Normally,
grapes contain enough nitrogen to meet the yeasts needs. However, vineyards needing fertilization often
produce fruit excessvely low in nitrogen content, and then the yeast has problems producing the large
numbers of cells needed to complete fermentation. Winemakers often add small quantities of diammonium
phosphate (or other sources of nitrogen) to juices low in nitrogen. The diammonium phosphate gives yeast
the nitrogen needed to produce new cdls and complete the task of fermentation. The yeast and the
winemaker are then happy.

Sometimes, a problem develops when nitrogen is added near the end of fermentation. A significant amount
of acohal has accumulated by this time. The dcohol seems to prevent the intake of nitrogen by the yeast
cdls, and sometimes the fermentation gicks To avoid this problem, winemakers monitor thelr
fermentations carefully and correct any nitrogen deficiencies early in the fermentation cycle before large
amounts of acohol accumulate.

Micro Nutrients

Yeasts dso need an assortment of vitamins, minerals and other growth factors. Y easts require very smdll
quantities of these substances, so winemakers often call these materias “micro nutrients.” Normdly, grapes
contain adequate quantities of these micro nutrients, but some vineyards consstently produce grapes
deficient in some particular growth factor. In these cases, winemakers try to avoid fermentation problems
by adding a complete “yeast food” to the juice. Severa commercial products such as Superfood are
produced specificaly to supply yeast with these necessary micro nutrients.

Y easts often produce excessve amounts of hydrogen sulfide when they lack pantothenic acid. Hydrogen

aulfide produces the familiar rotten egg smdl, and even smdl quantities of hydrogen sulfide can damage wine
qudity, and commercid and home winemakers routindy add minute quantities of pantothenic acid to
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fermentations.  Pantothenic acid isacommon vitamin, and it can be purchased in any drug store.

Handling Dry Yeast

Dry yeast looks dmost indestructible. However, dry yeast congsts of live cdls, and it must be handled with
cae. Yeast weskened by mishandling often requires an
unusudly long time to dat fermenting, and sometimes
damaged yeast has trouble fermenting the juice to dryness. (1) By prolonged storage at

- temperatures above 95 degrees.
Figure 5 shows several ways yeast can be damaged. (2) By Storagein a freezer,

(3) By prolonged exposure to air

Dry yeast will remain viable for at least two years when after the package i's opened.
unopened packages are stored in a cool, dry place. (4) By rehydrating yeast in water
However, once a package has been opened, the yeast that is to hot or to cold.

should be used within afew months. Using open packages (5) By excessive amounts of sulfur
of dry yeast the next crush season is risky even when the dioxidein thejuice.

. ., (6) By juice temperatures either below
open packages are stored under thl mum cond!tlpns Qld, 60 degrees or above 90 degrees,
dry yeast should be saved. It is usgful for fining wines

containing ethyl acetate. Figure5. Dry yeast can be damaged

in several ways.

Rehydrating Dry Y east

Nine times out of ten satisfactory fermentations can be started just by sprinkling dry yeast on the must. To
avoid problems the tenth time, dl yeast manufacturers recommend rehydrating dry yeast before it is added
to the must. Yeadst rehydration is a Smple procedure. Just add the dry yeast to a small amount of warm
water. However, the temperature of the water isimportant, and a thermometer should be used to adjust the
water temperature to 100 degrees. About one cup of water is needed for a tablespoon of dry yeast. Stir
the yeast mixture until it is smooth and then let it rehydrate. After 20 to 30 minutes, pour the yeast mixture
into the must or juice. Most winemakers use about one gram of dry yeast for each galon of must.

RED FERMENTATIONS

Wine contains phenolic compounds in quantities ranging from 0.03 percent for white wines to about 0.5
percent for red wines. Although these quantities are small, phenolic compounds are among the most
important wine ingredients because phenolic materias are responsble for wine color, some bouquet and
flavor components, bitterness, astringency, browning characterigtics, etc.

Extraction

Tannins (large condensed polymers) and anthocyanins (color pigments) are the phenolic compounds of
greatest interest to winemakers. Mogt of the phenolic materids in wine come from the grape skins, seeds
and sems. Some phenolic compounds are more soluble than others.  The more soluble compounds are
extracted from the grape solids quickly, but longer soak times are necessary to extract the less soluble
phenolic materids. Other phenolic materids (tannins) are more soluble in acohal than in water, and these
phenolic maerids are extracted late in the fermentation cycle when the dcohal leved is high. Figment
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compounds and some flavor compounds are quite soluble in water, and these materids are extracted earlier
in the fermentation.

Table 10 shows how pigment and tannin compounds accumulate as a function of skin contact time. These
data were obtained from a typicd Cabernet Sauvignon fermentation, and the data show four important
features. (1) More than 90 percent of the total available color was extracted in the first four days of the
fermentation. (2) The color intengity of the liquid started to decrease after about eight days of skin contact
time. (3) After 20 days of skin contact, the color dropped to

about three fourths of the maximum vadue (4) Tannins
continued to accumulate over the entire 30-day interval. Skin
Tannin

Tannins and pigments are extracted from grape solids Contact  Color
differently. The datain Table 10 show that practicdly dl of the | Crams _
color was extracted from the skins by the fourth day, but the fﬁﬁ Intensity
tannin content increased throughout the 30-day period. The
color pigments (and some flavor materids) are more soluble in
water, so these materials are extracted early. Tannins are more 1 0.5 0.8
soluble in dcohal, and the harsh, biter materids are extracted 2 0.9 18
|ater in the fermentation when more acohol has accumulated. 2 12 gg

) 6 15 2.6
Cold Soaking 8 16 3.2

10 1.4 34
Winemakers have developed severd techniques to help control 15 1.3 3.6
the phenolic content of wine. Sometimes a method called “cold 20 12 3.7
soaking” is used to produce red wines with a softer, more fruity 30 L2 3.8
character. Wines produced this way require less aging, and Table 10. Color and tanninsare
these wines can be consumed a few months after bottling. accumulated differently during
fermentation.

Small producers often use the following procedure to produce

light, fruity red wines. (1) Sound grapes are crushed, and a

smdl amount (30 mg/l) of sulfur dioxide is added. (2) The crushed grapes are placed in a closed container,
and the head space is blanketed with carbon dioxide gas. (3) The must is cooled to 50 degrees or lower.
(4) The crushed grapes are held at the cold temperature for a time ranging from one to severd days. (5)
The refrigeration is then removed, and the crushed grapes are dlowed to warm. (6) When the crushed
grapes reach room temperature, they are inoculated with yeast and fermented in the usua way.

Significant quantities of color and flavors are extracted from the grape solids during the prolonged, cold skin
contact time. However, little tannin is extracted during the cold soak because the juice contains no acohol.
This technique can be used with any grape variety, but cold soaking is particularly effective for Pinot Noir
fermentations.

Fermentation Temperature

Red wines are normally fermented at temperatures ranging from 70 to 90 degrees. Within this temperature
range, fermentations lasting from four to ten days are typicd. Smadl wineries and home winemakers often
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use open fermenters, and most smal red fermentation tanks are not fitted with eaborate temperature control
equipment. Red fermentations can become fast and generate large quantities of heat in warm westher, and
sometimes winemakers get into trouble. Yeast is sendtive and cannot survive for long when fermentation
temperatures exceed 90 degrees. Consequently, smal producers watch their fermentations carefully, and
when necessary, they use cold water, ice or any means available to cool their fermentation tanks. Red
fermenters in large wineries are temperature controlled, and fermentation temperatures are established
amply by adjusting athermodtat.

Cap Management

Many smdl bubbles of carbon dioxide gas are formed during active fermentation. In red fermentations, the
carbon dioxide bubbles gtick to the grape skins, and the bubbles make the skins more buoyant. Soon,
some skins float to the surface of the fermenting liquid, and a thick layer of skins, pulp and seeds
accumulates after afew hours. Asthe layer of skinsrises, liquid dowly drains away, and this“cap” of skins
becomes dry. A dry cap in an open fermenter creates problems because vinegar bacteria can grow in the
cap. The vinegar bacteria convert dcohol into acetic acid, and the acetic acid spoils the wine.
Winemakers prevent this very undesirable condition by breaking up and submerging the cap periodicdly to
keep the skins wet.

Caps on small fermentations are not very thick, and smal caps can be managed easily by dirring the must
with a large, wood spoon two or three times each day. In larger fermentations, the cap becomes severd
inches thick, and a specid tool is needed to push the cap back down into the juice. Most winemakers
punch down the cap at least twice a day. Severd studies show more color and flavors are extracted when
the cap is gently punched down severd times a day during the first few days of fermentation.

Large wineries ferment red wine in closed stainless sted tanks, and they use a technique caled “pumping
over” to keep fermentation caps wet. A powerful pump and alarge hose are used. Liquid is pumped from
the bottom of the tank to the top and sprayed over the cap.

Early Pressing

The phenolic content of red wine depends on the length of time the liquid is in contact with the grape solids,

and skin contact time is a common method used to control the astringency of red wines. The term early

pressing is used when red fermentations are pressed before they reach dryness, and early pressing is a
common and effective technique for producing soft, fruity red wines. Skin contact times are short, so the

tannin content is low. Usudly, four to seven days of skin contact will produce ample extraction when red

wines are fermented a normal temperatures.

Winemakers often produce light, fruity red wines by pressing the fermentation when the sugar content drops
to eight or ten degrees Brix. However, wines pressed too early are often light in structure, and these wines
can lack complexity. Full-bodied red wines are normaly pressed when the hydrometer reads zero, and
some big red wines are kept on the skins for three or four weeks.

Sometimes novice winemakers attempt to make a big red wine by using an extra long skin contact time.
Unfortunately, such atempts usudly fal. High quaity wines can only be made from very high qudity grapes,
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and home winemakers seldom have access to outstanding fruit. More than long skin contact times are
required to make exceptiona wines.  Skin contact time is dways something of a compromise. There are
no fixed rules. Knowing when to press ared fermentation is part of the winemaking art.

Press Pressure

More tannin is extracted from the solids when press pressures are high. Because of this pressure effect,
“press wing’ (the wine obtained late in the pressing operation) contains more phenolic materia than “free
run” wine (the wine obtained before much pressure is applied). Consequently, winemakers dso use
pressing technique to control red wine astringency.

Mogt home winemakers mix the free run wine and the press wine together, but many professond
winemakers ferment and age the more astringent press wine separately. |If the winemaker feels more body
and agtringency are needed, the press wine is blended into the main batch later. Holding press wine
separate from the main baich gives these winemakers a smple, convenient way to adjust red wine

adringency.

WHITE FERMENTATIONS

White wines are different from red wines. White wines contain less phenolic materia than red wines, and
consumers can tell the difference even when the wines are tasted in complete darkness. White wines lack
the dight bitterness and the astringency of red wines because the phenolic content is lower.

Qudity red wine can be made with rudimentary equipment, but high qudity white table wine is much more
difficult to make with smple equipment. White wine oxidizes easly, and the effects of oxidation are more
gpparent. Any off-odors or off-tastes are very apparent in white or blush wines. More and better
winemaking equipment is needed to make high qudity white table wine, and home winemakers must be
prepared to expend more time and effort.

Pressing White Grapes

White grapes are more difficult to press than red grapes. The pulp of some white varieties is very dippery
and dimy, and extracting juice from dimy pulp is difficult. Modern, wine presses can be programmed to
apply low pressures and execute many press cycles automaticaly. The low pressures used and the many
cycles remove juice efficiently from white pomace without extracting large amounts of astringent materids.
However, most home winemakers use smal, vertica basket presses, and separating juice from dippery pulp
with asmdl hand pressisadifficult and time-consuming job.

Cold Settling White Juice
Cleaner tagting, fruitier wines are produced when juice contains less than 2 percent solids, so removing
solids before fermentation is an important step in producing high qudity white and blush wines. Large

wineries remove juice solids with alarge filter system or with a centrifuge. Either method requires expensive
equipment.
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Smaller wineries use a smple, cold settling procedure to remove the solid materids from their white juices.
Fird, the juice is cooled to less than 50 degrees, and the solids are dlowed to settle. After 12 to 48 hours,
the clear juice is racked off the resdue. The juice is then alowed to come to room-temperature, and
fermentation is darted. Thisisasmple, effective procedure, but unlessthe juice iswell chilled, it will start
to ferment. When spontaneous fermentation starts, turbulence is created by the carbon dioxide gas, and the
turbulence gtirs up the juice and prevents the solid materia from settling.

Fermentation Temperature

Fermentation temperature is an important qudity factor in white wine production. Producing high qudlity,
white table wine is very difficult unless fermentation temperatures can be kept below 60 degrees.  Often,
novice winemakers do not gppreciate the need for cold fermentation temperatures, and large amounts of
poor qudity white table wine are made each season because of high fermentation temperatures. Low
fermentation temperatures are necessary to retain the fruity characterigtics of the grapes.

Light, fruity, white or blush wines like Rieding, Chenin Blanc or white Zinfandd are produced by fermenting
well-clarified juice at temperatures ranging from 40 to 55 degrees. Fermentation is very dow at these low
temperatures. The carbon dioxide gas is produced dowly, and the bubbles are smdl. Little turbulence is
produced, and the voldile materids are retained in the juice ingtead of being blown away by violent
bubbling.

Steinberg yeast ferments well at low temperatures, and it is often used to cold ferment Rieding wines. Prise
de Mousse yeast also ferments well a low temperatures, but some types of yeast do not. For example,
Epernay yeast seldom ferments to dryness at temperatures much lower than 50 degrees.

Sometimes full-bodied white table wines like Chardonnay or Sauvignon Blanc are fermented in barrels, and
malolactic fermentation is often encouraged. These wines are often aged both in bulk and in the bottle to
produce depth and complexity. Full-bodied white wines are usudly fermented at temperatures ranging from
55 to 65 degrees.

HYDROGEN SULFIDE

Hydrogen sulfide gas (H,S) produces the familiar rotten egg smell. This noxious gas can be produced by
yeast during fermentation. H,S can aso be formed from decaying yeast cells when wineis eft on gross lees
for along time. Most people can detect one part per million of this gas, so very smdl quantities of hydrogen
aulfide can completdy spoil a fine wine. Mogt often, hydrogen sulfide is produced from eementa sulfur
during fermentation. The sulfur enters the juice as a residue on grapes trested with sulfur sprays to control
powdery mildew, and the sulfur is converted into hydrogen sulfide by the reducing amaosphere of the
fermentation.

Sometimes hydrogen sulfide is produced by yeast when the grapes contain no resdua sulfur. Here, the
amell isusudly detected near the end of fermentation. During the later part of fermentation, yeast often runs
short of some needed materid, and hydrogen sulfide can be produced when yeast does not have enough
nitrogen, micro nutrients or vitamins. Hydrogen sulfide is produced when fermentations do not contain
enough pantothenic acid, but hydrogen sulfide can be produced any time yeast is subjected to stressful
conditions.
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Winemakers often add extra nitrogen and micro nutrients to their fermentations specificdly to avoid the
production of hydrogen sulfide gas. Diammonium phosphate is a commonly used source of nitrogen, and
proprietary yeast foods are added to provide the yeast a variety of micro nutrients. Adding extra yeast
nutrients is a smple and inexpensive way of avoiding problems with sinking fermentations.  Unfortunately,
hydrogen sulfide problems are occasiondly encountered even when the best winemaking techniques are
used.

Removing Hydrogen Sulfide

Home winemakers often use the following procedure to remove hydrogen sulfide from wine. (1) About 50
milligrams per liter of sulfur dioxide is added to the wine when fermentation is complete. (2) The wine is
then aerated by racking with a great ded of splashing and bubbling. This trestment converts the hydrogen
aulfide back into eementa sulfur, and the sulfur settles to the bottom of the container. Sometimes stinky
wine needs to be racked two or three times to remove the stench completely. (3) After aweek or two, the
wine should be racked or filtered to remove the dementa sulfur. The smell may regppear unlessthe sulfur is
carefully removed. Aeration can result in oxidized wine, so this procedure must be used carefully.

Commerciad wineries use copper to remove hydrogen sulfide from their wines. A 1 percent solution of
copper sulfate iscommonly used.  About 0.1 milligrams of copper per liter of wine is produced when 150
milliliters of 1 percent copper sulphate pentahydrate solution is added to 1000 gallons of wine. The copper
converts the hydrogen sulfide into copper sulfide. Copper sulfide is not soluble in wine, so it settles to the
bottom of thetank. A few days later, the winemaker racks or filters the wine off the copper sulfide resdue.

Copper isa heavy metd, and only very small quantities can be added to wine safely. Additions often range
from 0.05 to 0.2 milligrams of copper per liter of wine (mg/l), and home winemakers should never add more
than 0.5 mg/l. Bench testing and careful measurements are required when copper is used. Little hydrogen
aulfide and very little copper will remain in the wine when judt the right amount of copper sulfate solution is
used.

COMPLETING FERMENTATION

Winemakers monitor fermentations carefully to tdl if the sugar is being converted at a reasonable rate and
to detect any problems early. Smal producers measure the temperature and the Brix of ongoing
fermentations once aday. In larger wineries, fermentations are usualy tested twice a day. Each time the
sugar is tested, winemakers aso check for potentid problems by carefully smdling and tasting the sample.
This close attention dlows any fermentation problems to be detected early. The winemaker can then take
prompt corrective action and avoid catastrophic wine failures.

Testing for Residual Sugar
Sometimes novice winemakers have trouble deciding when fermentation is complete.  Fermentation may
be complete when the following three conditions are met: (1) dl bubbling has stopped, (2) the Brix has

dropped to less than minus one and (3) the hydrometer readings have remained constant for severd days.
Even when dl three conditions have been met, some sugar can remain in the wine.  Consequently, most
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winemakers measure the resdud sugar content in dl wines shortly after the end of primary fermentation.
Low levels of resdua sugar can be quickly and easily measured using a Clinitest kit. These inexpensve
kits can be purchased a most large drugstores for just a few dollars. Use the “five drop” method and
follow the directions supplied carefully.

STUCK FERMENTATIONS

Winemakers use the term stuck when active fermentation stops before al the sugar is gone. Generdly,
resdua sugar in wine is a dangerous and undesirable condition. Resdud sugar in wine represents mgor
biologicd indability because fermentation can redart anytime.  When fermentation redtarts late in the
winemaking cycle, much of the work done to clarify and stabilize the wine must be repeated. Then more
processing is required, and the additiond handling will not hep wine qudity. Sometimes, fermentation
resumes after a wine is bottled, and the yeast produces an unsghtly sediment in the bottle. The wine
becomes effervescent, and sometimes the bottles explode.  When the Clinitest measurement shows
sgnificant sugar remainsin wine, gopropriate seps must be taken to insure future wine stability.

Stuck fermentations can be due to a lack of nitrogen, the lack of an essentid yeast nutrient, the use of
damaged yeast, excessively low or high fermentation temperatures, etc. Whatever the causes, prompt
action is needed, and the stuck fermentation should be restarted as quickly as possible.

Firg, a thermometer should be used to make sure the temperature of the stuck fermentation is neither too
high nor too low, and the stuck fermentation should be racked. Sometimes racking with a little splashing
and bubbling will be enough to rguvenate the yeast and restart a suck wine. If nitrogen deficiency is
expected, diammonium phosphate should be added to the stuck wine. If the fermentation stopped early
with lots of sugar remaining, the additiona nitrogen may restart fermentation. On the other hand, when little
sugar remains, the stuck fermentation should be re-inoculated with a fresh batch of acohol tolerant yeast
(Prise de Mousse or Pasteur Champagne) after the nitrogen addition.

More effort is often required to restart suck fermentations. The following method is often successful if the
origina problem has been corrected. (1) Make a galon of sarter using either Pasteur Champagne or Prise
de Mousse yeast. (2) When the starter is active, add a gdlon of the stuck wine. (3) Wait until the Starter
becomes active again, and then add two gdlons of stuck wine. (4) Wait until the Sarter is active again then
add four gdlons of stuck wine. (5) Continue this doubling process until al of the stuck wine has been
added. Once active fermentation is underway, the wine should be monitored carefully by measuring Brix
twice a day. When the hydrometer is steady and reads less than zero, the wine should be tested with a
Clinitest tablet to be sure dl the sugar is gone.

Excessive Acetic Acid

Acdlic acid is toxic to dl drains of Saccharomyces (wine) yeast. Yeadt activity is curtaled, and
fermentation dows when the acetic acid content of fermenting juice exceeds about 0.1 percent. When the
acetic acid exceeds 0.2 to 0.3 percent, few viable yeast cells can be found and fermentation stops.

A subtle fermentation problem can develop in the following way. Low acid, high pH grapes are common in
warm growing regions. Controlling native bacteria with sulfur dioxide is difficult when the pH of the juice is

75



high, and a large population of Lactobacillus bacteria sometimes develops during the primary sugar
fermentation. The bacteria convert grape sugars directly into acetic acid, and the acetic acid content of the
fermentation becomes excessve. Under these conditions, little or no ethyl acetate is produced, and without
ethyl acetate, the winemaker is often unaware of the problem. Undetected, the lactic bacteria can quickly
rase the acetic acid level of the juice into the range of 0.1 to 0.4 percent. The wine yeadts are unable to
tolerate such high concentrations of acetic acid, and the unhappy winemaker is left with a fermentation high
in volatile acid and high in resdud sugar. This kind of stuck fermentation is dmost impossible to restart
because of the excessive amounts of acetic acid, and the fermentation is often atota loss.

Winemakers accustomed to working with low acid grapes avoid this type of lactic bacterid problem by
adding tartaric acid before sarting fermentation. The tartaric acid lowers the pH of the juice, and sulfur
dioxide becomes more effective in controlling the bacteria

SUMMARY

Red wine is made by fermenting the juice, pulp and skins together, and during fermentation, the red color is
extracted from the skins. Fruity red wines can be produced by usng severd well known winemaking
techniques such as cold soaking, short skin contact times, careful cap management and low press pressures.

White and blush wines are produced by crushing and then pressing the grapes before fermentation is
started.

Low fermentation temperatures are essentid for producing light, fruity style white table wines,

A few smple precautions will avoid most fermentation problems. Active, dry yeast should be stored in a
cool, dry place (not in a refrigerator), and yeast in packages from packages that have been open for more
than a few months should be avoided. A yeast suitable for the fermentation conditions, temperatures and
wine style should be chosen, and the directions supplied by the manufacturer should aways be followed
when gtoring and rehydrating dry yeedt.

Fermentation progress should be monitored by measuring the Brix each day with a hydrometer and by
amelling and tasting the juice. If fermentation appears duggish, nitrogen should be added before much
acohol has accumulated.

Home winemakers remove hydrogen sulfide from wine when fermentation is complete by adding about 50
milligrams per liter of sulfur dioxide. The wine is then racked with a great ded of splashing and bubbling.
Commercid wineries use copper sulfate to remove hydrogen sulfide from their wines.

Moderate quantities of sulfur dioxide may not control bacteria in high pH juices effectively. Large

populations of Lactobacillus bacteria sometimes develop during the primary fermentation and produce
excessve amounts of acetic acid and kill wine yeadt.
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Chapter 13

MALOLACTIC
AND OTHER
FERMENTATIONS

Webgter defines fermentation as “a chemicd change accompanied by effervescence” Beginning
winemakers often think the trandformation of sugar into ethyl dcohal is the only fermentation process
occurring in wine, but many other fermentations are possible in wine.  Although the dcohol content and the
high acidity makes wine a hogtile environment for many microorganisms, severd yeasts and bacteria can
exist and reproduce in wine. Besides the sugar transforming yeadts, other microorganisms can convert one
or more wine components into new materiads. The microorganism might use the new materid as a growth
building block, or the transformation might be a source of energy for the microorganism. The organic acids,
acohols and glyceral are the wine ingredients most often metabolized by these other microorganisms.
Winemakers cdl the transformation of grape sugars into ethanol by yeast primary fermentation, and they
usudly cal the other transformations secondary fermentations.

MALOLACTIC FERMENTATION

Most high qudity red wines are produced by two digtinctly different fermentations. First, yeast converts the
grape sugars into ethanol, and then bacteria in the wine convert mdic acid into lactic acid. The conversion
of malic acid into lactic acid by bacteria is cdled Mdolactic (ML) fermentation, and ML fermentation
produces sgnificant changes in wine. Lactic acid is wesker than mdic acid, so ML fermentation reduces
wine acidity. This reduction in acidity is often used to improve the baance of wines excessvey high in acid.

ML fermentation removes ungable mdic acid from the wine, and when dl of the mdic acid is gone, the
wine is more biologicdly stable. Smal quantities of different byproducts are produced during maolactic
fermentation, and some of these byproducts make posgitive contributions to the quality and complexity of the
wine.

Severd different types of wine bacteria can convert malic acid into lactic acid. These lactic bacteria consst
of both cocci (round) and bacilli (rod shaped) microorganisms. The principa bacteria reponsible for ML
fermentation in wine belong to the Leuconostoc, Pediococcus and Lactobacillus genera.  Each genus
contains severd different species, 0 the term “malolactic bacteria’ refers to a group of microorganisms.
When wine undergoes spontaneous ML fermentation, severad different kinds of bacteria may be involved,
and these different microbes react in the wine in different ways. Depending upon conditions, the microbes
produce a variety of byproducts.

Diacetyl
Diacetyl is one of several materias produced by ML bacteria. Diacetyl has an odor much like butter, and
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diacetyl in wine can modify aroma characteridics ggnificantly. Generdly, changes in wine aromas are
subtle, but some wines like Chardonnay are often enhanced by very smdl quantities of diacetyl.
Experienced winemakers produce specific wine styles by skillfully managing ML fermentation.

Diacetyl is produced and metabolized by both ML bacteria and yeast. When ML fermentation occurs
during primary fermentation or while wine is aging on active yeast lees, mogt of the diacetyl produced is
metabolized by the yeadt, and little diacetyl remains in the wine. A smilar Stuaion occurs when ML
bacteria are dlowed to remain in the wine after malolactic fermentation has been completed. Here, the
bacteria consume the diacetyl, and after afew weeks little diacetyl remainsin the wine,

Sometimes winemakers leave larger amounts of diacetyl in the wine to produce the buttery characteristics so
typica of afull-bodied Chardonnay. When a winemaker wishes to leave larger quantities of diacetyl in the
wine, he uses the following drategy. (1) When primary fermentation is complete and much of the yeast has
settled, the wine is racked off the gross lees. (2) The wine is inoculated with ML bacteria. (3) The ML
fermentation is carefully monitored at least once each week. (4) When ML fermentation is complete, the
winemaker adds about 50 milligrams per liter of sulfur dioxide to the wine, and the sulfur dioxide kills the
ML bacteria before they can metabolize the diacetyl. Consderable diacetyl can be left a wine using this
technique.

At other times, the winemaker may choose to leave little diacetyl in his wine. Here, he uses a different
drategy. (1) The wine is inoculated with maolactic bacteria either during or just after the acohol
fermentation when many viable yeast cdls are present in the wine. (2) When ML fermentation is complete,
both the yeast lees and the bacteria are alowed to remain in the wine for severd weeks before any sulfur
dioxide is added. During this time, the yeast and the bacteria consume much of the diacetyl. (3) When
mogt of the diacetyl is gone, the winemaker adds about 50 milligrams per liter of sulfur dioxide to kill the
bacteria. The winemaker uses standard winemaking procedures to clean up the wine.

Encouraging ML Fermentation

Often, winemakers wish to encourage ML fermentation even when diacetyl is not wanted. Red wines high
in acid benefit from ML fermentation because the total acidity is reduced, and the wine has a better balance
after ML fermentation. Red wines are more stable when the madic acid is gone, and many winemakers do
not want to risk ML fermentation after the wine is bottled.

Spontaneous malolactic fermentation can be encouraged in severd ways. (1) Only smdl amounts (20 to 30
milligrams per liter) of sulfur dioxide are added to the grapes when they are crushed. (2) Keeping wine pH
vaues greater than 3.2 encourages the bacteria  (3) Keeping the wine temperature above 60 degrees
encourages ML fermentation. (4) Keeping wine on yeast lees for severd weeks can encourage ML
fermentation.

Winemakers often inoculate their wines with maolactic bacteria to promote ML fermentation, and pure
drains of bacteria are commercidly available in both liquid and dry forms.  Leuconostoc oenos are the
bacteriamogt often used. Bacteria and yeast compete for micro nutrientsin the juice, 0 ML fermentation is
more likely to occur when the bacteria are added early in the sugar fermentation before the yeast has
consumed dl the micro nutrients.
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Discouraging ML Fermentation

Wines produced from grapes grown in warm aress are often excessvely low in acid, and these low acid
wines may or may not benefit from ML fermentation. Many winemakers fed maolactic fermentation is not
auitable for light, fruity wines because the bacterid fermentation decreases fruitiness.

The following steps are often taken to discourage ML fermentation. (1) Nomina amounts (30 - 50 mg/l) of
sulfur dioxide are added to the grapes when they are crushed. (2) When primary fermentation is complete,
the free SO, leve is raised to about 30 milligrams per liter. (3) The wine is racked off the yeast lees
promptly, and thewineis clarified quickly. (4) Keeping wine cold discourages ML bacteria.

Wine Stability

The presence of malic acid in any wine represents a potentid stability problem. When wine contains malic
acid, ML fermentation can occur anytime, and when ML fermentation occurs after wine has been bottled,
the results are often disastrous. ML fermentation in the bottle results in bottle deposits, off-odors, bad
tastes and effervescent wine. Any red wine containing malic acid cannot be consdered biologically stable,
so commercid winemakers take specific steps to improve long term, wine gability before these wines are
bottled.

Commercid red wines containing malic acid are passed through a membrane filter a& bottling time. These
wines are often perfectly clear, and the filtration is not done to improve their gppearance. The filtration is
done to remove the ML bacteria from the wine, and serile filtration is an effective means of preventing ML
fermentation in the bottle. Fumaric acid can dso be used to prevent ML fermentation in bottled wine, and
before effective Serile filters were avallable, winemakers often added about 500 milligrams of fumaric acid
per liter to their red wines just before bottling. Most home winemakers do not have derile filtration
equipment, and many home winemakers continue to use fumaric acid to inhibit ML fermentation in bottled
red wine.

OTHER FERMENTATIONS

Most other secondary fermentations have a detrimenta influence on wine quaity. Some secondary
fermentations produce subtle changes in wine characteristics, but other fermentations often produce gross
wine spoilage. The changes depend upon when the fermentations occur in the winemaking cycle, on
conditions and on the types of byproducts produced. Several common wine microorganisms and some
problems produced by these microbes are discussed below.

L actic Souring
Spontaneous maolactic fermentation is a common red winemaking phenomena. However, severd different
kinds of ML bacteria exist, and different types of bacteria produce different byproducts in wine.

Unfortunately, many byproducts produced by maolactic bacteria (other than ML fermentation) are
detrimenta to wine qudlity.
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The French enologist, Emile Peynaud, gives severd rules for making red wine in his excdlent book
“Knowing and Making Wine.” One of his cardind rulesis “... make sure the sugars are fermented by
yead, and the mdic acid is fermented by bacteria” This is sage advice because most types of lactic
bacteria can and will ferment sugar. When lactic bacteria attack grape sugars, the glucose is converted into
lactic acid and acetic acid, and the fructose can be converted into a nasty materia called mannitol. When
lactic bacteria ferment sugar, the voldtile acidity of the infected wine can increase rapidly, and the wine often
takes on a characteristic sweet-sour taste.  This type of bacterid spoilage occurs most often when wines
have an excessvely high pH.

Lactic souring and vinegar formation are quite different. Lactic bacteria produce acetic acid by fermenting
the sugar. Unlike acetobacter, lactic bacteria produce little ethyl acetate and large amounts of air are not
required. Sometimes this type of spoilageis difficult to diagnose because the wine often has a good bouquet
and the flavor may be good. However, a hot, burning characteritic is always present in the aftertaste. A
lingering hotness in a wine always suggests excessive acetic acid, and sweet-sour tastes sometimes occur
when congderable sugar remains in the wine. Lactic bacteria are probably the culprits rather than
acetobacter when wine contains excessive acetic acid and little ethyl acetate.

Contralling bacteria early in the fermentation is important because some types of lactic bacteria prefer sugar
to mdic acid. Mot experts recommend tresting grapes with 30 milligrams per liter of SO, at the crusher,
even if ML fermentation will be encouraged later in the winemaking process. Even a this low levd, the
aulfur dioxide is effective in limiting early bacterid growth. After a few days of fermentation, the sulfur
dioxide leved in the wine will be very low, and it will no longer inhibit the desred ML fermentation.

Residual Sugar & L actic Bacteria

Stuck fermentations often occur in the following way. First, a neglected, red fermentation overheats, and
the high temperature kills the yeast. Fermentation abruptly stops, and congderable sugar remains in the
wine. The wine is warm, and the wine contains sugar. In this condition, wine is extremey vulnerable.
Some lactic bacteria are dways in wine, and when the wine is in this condition, these bacteria often attack
the remaining sugar. Thewineiswarm, and large amounts of acetic acid can be produced quickly. A wine
can spoil inashort time under these condition.

Lactic souring is the greet danger always associated with stuck fermentations, and any significant amount of
resdua sugar placesthe winein jeopardy. Consequently, stuck fermentations should be restarted promptly
before lactic bacteria can multiply to excessive levels. Thisis why some winemakers prefer to inoculate with
ML becterialae in the dcohol fermentation when very little sugar remainsin the wine.

Regarting a suck fermentation of this kind can be very difficult. Large amounts of acetic acid are in the
wine, and acetic acid is toxic to wine yeast. Large wineries remove the acetic acid by usng a specid
reverse 0Smosis process. When the excess acetic acid is gone, new yeast is added to restart fermentation,
but reverse osmosis is a complicated process, and gpplying it to smdl quantities of wine is seldom feasible.

Smadl wineries and home winemakers ded with lactic souring problems primarily by prevention. Thisis one
reason 30 to 50 milligrams per liter of sulfur dioxide should be added when the grapes are crushed. Then
tartaric acid is added to the crushed grapes, and the pH is lower to less than 3.5 before fermentation is
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Started.

Acetaldehyde Production

Candida mycoder ma can oxidize ethyl dcohal in the wineinto avery volatile liquid caled acetadehyde. In
smd| quantities, acetd dehyde gives wine a didtinctive nut like aroma. Acetddehyde isthe materid that gives
sherry its diginctive characteridics.  Although the nutty qudity is highly desrable in sherry, excessive
quantities of acetaldehyde give table wine atired, oxidized qudity that most people do not appreciate. Like
vinegar bacteria, Candida mycoderma needs large amounts of air. This yeadt is often seen as a thin,
patchy film floaing on the surface of wine, 0 winemakers cdl Candida mycoderma “film yeest.”
Fortunately, film yeest is senstive to sulfur dioxide.

The following is an effective trestment for wine infected with film yeast. Mix an gppropriate quantity of
aulfite crystds in a smal amount of water then pour the sulfite solution onto the top surface of the wine.
Pour carefully so mixing of the sulfur dioxide solution and the wine is reduced, and a large amount of sulfur
dioxide is concentrated at the surface. Since the bacteria are growing on or near the surface, thisis a potent
treetment. Such dramatic trestments are seldom needed if the sulfur dioxide is maintained at reasonable
levels and the wine containers are kept completdy full and tightly sedled.

Glycerol Fermentation

Under certain conditions, some types of lactic bacteria ferment glyceral in the wine into lactic and acetic
acids. Smdl amounts of acrolein are aso produced during glycerol fermentation. The infected wine
increases in voldile acidity, and the wine takes on an unplessant, bitter taste.  This type of glycerol
fermentation occurs most often in wines low in acid and with high vaues of pH. Glycerol fermentation is
aso more common in wine made from heavy press fractions or wines made from moldy grgpes. Glyceral
fermentation is not very common today because adjusting wine pH to 35 or less and maintaining 30
milligrams of sulfur dioxide per liter of wine usudly provides adequate protection againg this type of wine
infection.

Tourne

Tartaric is one of the more stable organic acids. However, a few species of lactic bacteria can ferment
tartaric acid into lactic acid, acetic acid and carbon dioxide gas. When tartaric acid is fermented, the fixed
acidity of wine decreases and the volatile acidity of wine increases. The wine takes on a strange, dull
appearance, and the color turns brown. A strong and disagreeable “mousy” odor often develops.

The French name for this unfortunate wine condition is “Tourne,” and when the disease is advanced, the
wine becomes undrinkable. Tourne is a gross transformation, and this sickness is more prevaent in wines
having high pH vdues. Fortunately, these bacteria are very sendtive to sulfur dioxide, and maintaining
reasonable levels of molecular sulfur dioxide in wine will prevent the development of Tourne,

Vinegar Formation

81



Vinegar bacteria (Acetobacter) are found in the vineyard, on the grapes, in the cdlar, on the equipment, in
the wood of used wine barrels and in the wine. Acetobacter is the bug that converts ethyl acohal into
acetic acid (vinegar). Sometimes, very smal amounts of acetic acid in a red wine make a pogtive
contribution to the aroma, but when acetic acid exceeds about 0.04 percent, it produces a burning aftertaste
that quickly decreases wine qudity. In a wam cdlar and with sufficient ar present, acetification can
progress rgpidly, and fine wine can be spoiled in a short time. Along with the acetic acid, vinegar bacteria
a0 produce ethyl acetate, and ethyl acetate has a strong, aromatic smell like finger nail polish remover.
Thisodor is easy to identify, and the smalest hint of ethyl acetate suggests Acetobacter activity in awine.

Vinegar bacteria must have access to large quantities of air to oxidize the acohol into acetic acid. Colonies
of bacteria often develop as thick, wrinkled mats on the surface of the wine where they have direct access
tothear. However, vinegar bacteria can and do exist in the bulk of the wine. Barrels infected with vinegar
bacteria should be taken out of service because disnfecting materids like wood is nearly impossible.
Acetobacter activity is controlled by keeping the sulfur dioxide content of the wine a areasonable level and
by keegping wine containers completdly full and tightly seded.

SUMMARY

Besides the primary acoholic fermentation, severd other microbid transformations often occur in wine.
Maolactic fermentation reduces wine acidity and improves the long term gability of red wine. ML
fermentation produces the butter-like quaity prevaent in heavier style Chardonnay wines, and it adds
pleasing complexity to red wines. ML fermentation is generaly encouraged in red wines because red wine
contaning malic acid isbiologicaly ungtable.

Beddes yeast, many other microorganiams exis in wine.  These organisms can ferment normd wine
components into significantly different materids, and the products of some of these other fermentations can
reduce wine qudity.

When winemakers are aware of the microorganisms present, they can take effective measures to prevent
spoilage. Most types of bacteria are sengtive to smdl quantities of sulfur dioxide, and many bacterid
problems can be avoided by maintaining 20 to 30 milligrams per liter of free SO, in the wine. Wine bacteria
can aso be controlled by other smple techniques. Adding tartaric acid to decrease wine pH and
mantaining the wine at low temperatures are both effective control techniques. Keeping wine containers full
and excluding air is usudly dl tha is necessary to control vinegar bacteria. Winemakers often use derile
filtration to remove bugs from wine mechanically, and under adverse condition, pasteurization is sometimes

necessary.
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Chapter 14

FINING
AND FINING
MATERIALS

Fining materids are usad for the specific purpose of removing something from wine. A wine might be fined
to remove unwanted color, haze, bitterness, excessive adiringency, off-flavors, unpleasant odors, eic.
Usudly, the fining agent itsdf is diminated before the wine is bottled. Wine has been made for thousands of
years, and over that lengthy period many different materias have been used as wine fining agents. Each
fining materid has different characteridics, so each materid must be evduated carefully.

Sometimes two or more fining maerias are needed to solve a sngle wine defect. At other times, the
winemaker might be lucky and discover that a single fining agent can eiminate multiple wine problems. For
example, a dark, murky, blush wine might be fined with bentonite. A single gpplication of bentonite might
(1) remove excessve protein and make the wine hot stable. The bentonite fining might aso (2) improve the
clarity of the young wine and (3) remove asmal amount of the excess color.

USING FINING MATERIALS

Sometimes novice winemakers attempt to clear dull, cloudy wines by filtration, but these attempts can be
frugtrating and expensive. Polysaccharide (gums), yeast cells and some types of bacteria clog filter media
very quickly, and the unfortunate winemaker spends much time and expense changing filter pads. Usng a
fining materid to clean up the wine is often a better gpproach. Severa days after fining, the wine is racked
to iminate most of the lees, and then the wine can be filtered easly when it is reasonably clean

Bench Testing

Bench tests are done on individua wines to decide which fining agent is the best materid for the job. Bench
tests are dso used to learn how much fining materia is needed. Tests are made by adding a carefully
measured quantity of the proposed fining materid to a smdl quantity of wine. Winemakers make severd
test samples, and each sample contains a different quantity of the fining material. After an gppropriate time,
the winemaker examines the samples to see which quantity of fining materid produced the desired results.
Bench testing is a quick and convenient way for winemakers to try severd different fining materias or
different dose levels. Many winemakers use clear, 750 milliliter wine bottles for bench testing. However,
smadl wine samples require very small quantities of fining materials, SO precise measurements are necessay.
An accurate scale and good procedures are needed for meaningful results.

I mportance of Dispersion
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All fining materids must be evenly dispersed throughout the volume of the wine. Many fining agents are dry
powders, and these materias must be mixed with a smal amount of water (or wine) before being added to
the wine. Mogt fining materids should be added dowly and thoroughly stirred into thewine. A long handled
spoon is satisfactory for mixing a fining agent into a few gdlons of wine. A motor-driven, propeller type
mixer is more appropriate for larger containers such as barrels or smdl tanks. Many small wineries do not
have mixing tanks, so they often add fining materids when the wine is being racked from one tank into
another. The circulation produced by the pump provides adequate mixing.

Multiple Fining Sequence

Sometimes a new wine will have severd recognizable defects, and it will be obvious to the winemaker that
multiple fining treatments are needed. When no other considerations exig, fining operations should be done
in the following sequence. (1) Cold gahilize thewine. Chilling dso helps dean up the wine, and chilling dso
reduces the microbe population. (2) Treat hydrogen sulfide problems with copper sulfate. (3) Use protein
fining materids (gelatin, casain, Isinglass, egg-whites, etc.) to treat astringency, clarity or color problems.
(4) Fine with bentonite to remove protein and hot stabilize white and blush wines. The bentonite fining will
help remove any left over protein materia, and it will aso improve wine clarity. Sometimes, Klearmore,
Sparkolloid or Kiesdlsol are used to compact bentonite lees.

Wineries often depart from the sequence given above to reduce handling. They fine their white and blush
wines with bentonite and then immediately cold dtabilize the wine. During cold gtabilization, the soft
bentonite lees are compacted by the tartrate crystals, and the compacted lees make racking easier.

White and blush wines will usudly require some kind of treetment to improve clarity, and Sparkalloid is the
fining materid of choice for this purpose. However, getting white and blush wines completely clear and
bright without using some kind of filtration is difficult. On the other hand, most red wines do not require
extengve fining treetments. These wines are often given alight protein fining, racked a couple of times during
bulk aging and then bottled.

Partial Fining

Removing unwanted materid without removing other desirable wine components may not be possible, and
compromise is often required. For example, a delicate white table wine might have a dight bitterness in the
aftertagte. Fining with a protein material might diminate the bitterness, but the protein might aso remove
much of the delicate fruit character. This is a poor trade, and the winemaker is faced with a dilemma
Sometimes, an old German winemaking technigue is effective in such circumgances. Here, hdf the wine is
deliberately over fined, and hdf thewineisnot fined a dl. When the wine is combined, at least haf the fruit
characterigtics are preserved, and the bitterness may be reduced by 50 percent. Often, the taste of the
resulting product is superior to the origind wine.

Multiple Fining
Sometimes, multiple fining gpplications can effectively reduce wine astringency without devadtating wine
flavors and aromas. For example, some winemakers prefer to give tannic red wines severd light gelatin

fining gpplications during bulk aging ingtead of one large dose. No extra handling is needed if the wine is
fined before aregularly scheduled racking.

84



FINING MATERIALS

Many materids can be used to fine wine. Some fining materids are expendve, and other maerids are
difficult to find. Some fining materids are difficult to prepare or specid equipment is required. Metd
removing agents contain cyanide compounds, and these fining materias are dangerous to use. A few fining
materids like gdatins, skim milk and egg-whites can be purchased at the corner market.  Although many
materias can be usad to fine wine, most winemakers only use afew fining materias routingly.

Some characterigtics, preparation and use of severd common wine fining materids are outlined below. The
characteristics and use of
sverd common  wine

fining materids are shown
in Table 11 These MATERIAL PURPOSE DOSE TYPICAL
_ - _ RANGE  DOSE
materids are inexpensve
and ey for home
winemakersto use. AAA Carbon remove odors (H.,S) 1/4to 4 g/ga 1g/ga
strip wine for blending 2to8g/gd 4g/ga
. ) KB Carbon remove unwanted color  1/8to 1 g/gal g/gal
Albumin (Egg-white)
Bentonite remove protein to 4 g/gal 2g/ga
Egg-whites are often genera clarification to 2 g/gal 1g/ga
use_d to redl_Jce Casein remove browning 1/8to /4 g/gd 14 g/gd
adtringency by removing remove bitter taste 1/4to1g/ga & g/gal
smdl quantities  of remove excess 0ak 1/8to1g/ga 2 g/gal
phenolic materids from . — ——
red wines  Eaowhites Gdatin whitewineclarification  1/16to /4 g/gal 1/8 g/gal
99 ) remove bitter taste 1/8toe g/ga 1/4 g/ga
have been used to fine tannin reduction 1/4to 2 g/gal B g/gal
French Burgundy and
Bordeaux  wines for Egg-whites red wine clarification 1to 4 eggs per barrel --
. . 1 N
hundreds of years, and tannin reduction to 6 eggs per barrel
this inexpensive protein PVPP remove browning 1/4t0 1 g/gal ? glgal
meterid is gill used for remove excess color 1/4t0 2 g/gal 3/4 g/gal
finng high qudity red remove oxidized taste 1/4to 1 g/ga & g/ga
. . remove bitter taste 1/4to 1 g/gal B g/ga
wines. Egg-whites are
aso used to polish clarify Sparkolloid whitewinedarification  1/4to 1 g/ga g/gal
red wines to give added topping over bentonite  1/8to 1 g/gal g/gal
brilliance, Egg-whites Table11. Useand dose levels of common fining materials.
should not be used to

claify doudy wines.
They are not beneficid
when used in cloudy wines, and excessve protein can cause additional problems.

The whites from one to four eggs are the usud quantities used for a barrd (60 gdlons) of wine. Thisis

roughly equivaent to B to 2 milliliters of egg dbumin per gdlon of wine. A smdl pinch of table sat should
be added to a cup or so of warm water. The egg-white should be separated from the yoke carefully. One
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part egg-white should be mixed with two parts st water. The mixture should be stirred thoroughly before
being added to the wine, but the mixture should not be besten to a tiff froth. Add the egg-white mixture to
the wine dowly and stir continuoudy. The wine should be racked in aweek or so.

Bentonite

Bentonite is an extremely fine, clay-like materid. It has a negative eectrical charge, and it is used to remove
positively charged particles from wine.  Bentonite is most commonly used to remove excess protein from
both white and blush wines. It is ds0 used for darification fining of white and blush wines, and sometimes
bentonite is effective in clearing hazy fruit wines.

A norma doseis 1 to 2 grams of dry bentonite per gdlon of wine. However, it is often used a dose levels
that range from B to 4 grams per gdlon. Bentonite can rip desirable aromas from wine when used in
excessve amounts (more than 2 grams per gdlon), so bench testing should adways be done.  Bentonite
should be mixed with water and alowed to stand for twenty-four hours before being adding to the wine.

Bentonite can be mixed easlly in a blender. Put the required amount of hot water in the blender, turn the
blender on, and dowly add the dry powder. When the mixture is coal, place it in arefrigerator and alow
the bentonite mixture to hydrate for at least 24 hours. Add the hydrated mixture to the wine dowly and stir
continuoudy. Bentonite is a popular fining materid, but it has a mgor disadvantage. It produces large
quantities of lees, and the lees are light and fluffy. Wineis difficult to rack off bentonite lees because the lees
are o light.

Carbon (Charcoal)

Carbon isfine, black, lightweight powder used to remove unwanted color and odors from wine. Although a
common commerdd fining materid, findy ground carbon is difficult to handle because it flies easlly. This
materia can be extremdy dirty, and sometimes home winemakers have difficulty obtaining carbons in small
quantities because of the handling problem.

KBB carbons are acid-activated, and these carbons are used to remove unwanted color from wine. KBB
is often usad to remove excessve browning from white table wines. This materid can improve the
gppearance of oxidized white and blush wines, and it can give these wines a fresher, cleaner taste. KBB
carbon is aso used to treat juice from moldy grapes, and large quantities of KBB carbon are used to
remove excess red color from blanc de noir champagne materids.

AAA cabon is geam-activated, and it is most useful for removing undesirable odors from wine.
Sometimes AAA carbon is used to remove the “nail polish” smell produced by ethyl acetate, and it is used
routindy when wines containing hydrogen sulfide (rotten egg smell) are trested with copper sulfate. After
the copper trestment, alight AAA carbon fining is done to help keep the bad hydrogen sulfide odors from
returning.

Carbons are used a dose levels ranging from 1/16 to 5 or more grams per galon of wine, but more than a

gram per gdlon can srip desirable color, bouquet and flavors. Carbons must be used carefully, and
bench testing should be done before any carbon additions are made to the main batch. Sometimes
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commercid wineries use large quantities of carbon to strip a “hopeless’ white wine completely. Practicaly
al of the bouquet, aromas and flavors are removed by the carbon treatment. Then the dripped wine is
blended into a large batch of mediocre wine, and a few galons of Muscat are added to the blend to
improve the nose. Inexpengive, off-dry, jug wines often contain a portion of stripped wine in the blend.
Obvioudy, the technique does little for wine qudity.

Casain

“A hdf pint of skimmed milk in 5 gdlons of wine’ is a traditiond fining trestment for white wine. Milk
contains casain, and casain is Hill a popular fining materia for white and blush wines. Casein is a protein,
and it is used to remove phenolic materids including tannin, excessve oak character and some hitter flavors
from wine. Sometimes casain is used to remove smal amounts of unwanted color from blush wines, and it
is often usad to remove the brownish tinge from oxidized white wines. Casain is very difficult to mix with
wine, o winemakers prefer to use this materid in the form of potassum caseinate.

Potassum caseinate solutions are not very effective when stirred directly into wine. The casain reects very
quickly with acids in the wine, and large lumps are formed. The lumps of casein do little more than settle to
the bottom of the container. A better method is to inject the casein solution into the wine under pressure,
Large wineries use smal, high pressure pumps to inject a cloud of tiny casein particles into the wine. Home
winemakers often use alarge syringe or a rubber bulb.

Typica doses range between 0.1 and 1 gram of potassum caseinate per galon of wine. Wines fined with
excessve quantities of casain can develop a cheesy smdl, so care is needed when using this materid.
Bench testing should aways be done before the main batch of wineis treated. Wine should be racked off
casain lees after aweek or ten days.

Gdatin

Gdatin is a popular protein fining materid, and gdatins are often used to reduce the hbitterness and
adringency of red wines. Gdatin removes a quantity of tannin roughly equd to its own weight. Sometimes,
white wines have a dightly bitter finish, and sometimes the bitterness can be reduced by fining with a smal
quantity of gelatin. Gedatins are ds0 used to darify white and blush wines, and Kiesdsol is used to
precipitate any excess gelatin resdue.

Most commercid winemakers prefer to use a high grade (more than 100 bloom) gelatin, but some home
winemakers buy gelatin for fining red wines at the local grocery store. The grocery store product is sold as
Knox=s gdatin, and it comes in a box that contains four, handy seven-gram envelopes. Read the package
carefully and be sure to buy an un-flavored gelatin.

Gdatin must be dissolved in water before being added to wine. Gelatin solutions can be prepared by using
1 or 2 grams of gdatin powder for 100 milliliters of warm water. The gelatin powder should be added to
the warm water dowly, and much dirring is needed. The mixture should stand for a few minutes, and then
the solution should be stirred again until al of the lumps are dissolved. Gelatin solutions should not be boiled
because the heat will denature the protein and render the gelatin less effective. The gdatin solution should
be used while it is warm because it will solidify when cold. Add the warm gelain solution to the wine very
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dowly, and stir the wine continuoudy to assure good mixing.

From 1/4 to 2 grams of a dry gelatin per galon of wine are used to reduce tannins and astringency in red
wines. Doses ranging from 1/8 to E grams of dry gelatin powder per gdlon of wine are used to remove
bitterness from white and blush wines, and from 1/16 to 1/4 grams of gelatin per galon of wine are used to
clarify white and blush wines. Gelatin solutions must be used with care. Small doses can gtrip wines of
desirable odors and flavors, so bench testing should be done before gelatin is added to the main batch.

Isinglass

Isnglassis a protein materid made from the air bladders of Sturgeon fish. The commercid, granular form of
Isnglassis cdled Biofine, and this form is much easier to use than the dried, sheet materid. lsinglassis used
to claify qudity white wines. Some winemakers fed this materid can improve wine flavors and aromeas.
Smadl quantities of Inglass are often added to sparkling winesto help riddling.

Typicd doses of Isinglass range from 0.05 to 0.3 grams of dry Isinglass per gdlon of wine. A nomind dose
for white table wines is about 0.1 grams per galon of wine. Make a solution by dissolving Isinglass in a
amdl quantity of low pH wine. Use about 100 milliliters of wine for each gram of granular ISnglass and gtir
this solution into the wine thoroughly.

Kieselsol

Kiesdlsol is a heavy, liquid slica colloid. Naco 1072 is the materid most often used in the U.S. wine
industry. This materid reacts with protein in the wine and precipitates out quickly. Kieselsol is sometimes
used to remove excess protein materid from white and blush wines.

Kiesdlsol is often used in combination with gdlatins to darify white and blush wine, and gdatin-Kiesdsol
fining often produces excdlent darification. Gelatin should be added to the wine first. Then the Kiesdlsol
should be added a day or two later. Only very smadl quantities of Kiesdsol are added to the wine, o
accurate messurements must be made.  About 1 milliliter of Kiesdlsol is required for each gram of the
gelain. The wine should be racked off the gdatin-Kiesalsol lees after aweek or ten days.

PVPP (Polyclar AT)

PVPP is sold under the brand name Polyclar AT. It is manufactured in the form of very smdl, round plagtic
beads PVPPisalight weight plagtic Smilar to nylon, and this materia is completdy insoluble in water or
wine. PVPP is used to remove browning or pinking pigments from white or blush wines. It is used to
remove oxidized odors and for removing smal amounts of bitter phenolic compounds. PVPP is often used
to fine juice pressed from moldy grgpes. Sometimes a light fining with Polyclar can be very effective and
produce amost miraculous results. At other times, this material may not be very productive.

PVPP is an easy materiad to use. The powder is mixed with a smal amount of water and then added to the
wine. Dose leves range from 1/4 to 2 grams per galon. About 1 gram per gdlon is consdered a typica
dose. This materid reacts with the wine very quickly, so it can be removed from the wine &fter just a few
hours. However, Polyclar does not settle out of wine very quickly, and many winemakers prefer to filter
the wine after a PV PP treatment. Sometimes smal amounts of bentonite are used as a topping materid to
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help settle the PVPP particles quickly.
Sparkolloid

Sparkolloid is a proprietary materid manufactured by Scott Laboratories. It contains a polysaccharide
substance dispersed in diatomaceous earth. It comes in hot-mix and cold- mix forms, but the hot form is
preferred for darification fining. Sparkolloid is the materid of choice for darifying white and blush wines.
Sparkalloid is one of the more benign fining materials, and when used in reasonable quantities, it seldom
grips wine flavors or aromas. It is dso used as a topping materia, and Sparkolloid can be useful following
bentonite or carbon treatment.

Sparkolloid does have a sSgnificant disadvantage. It produces very fine lees, and the lees stle out of the
wine dowly. Consequently, this materid should not be used less than 30 days before bottling time, or smdl
amounts may precipitete later in the bottles. Many winemakers dlow for an eight-week settling time just to
be on the safe side.

Dose levels range from 1/4 to 1 gram of dry Sparkolloid powder per gdlon of wine. About 1 gram per
gdlon is consdered a nomind dose. A solution is made by girring Sparkolloid powder into boiling water.
After the powder is added, the mixture should be boiled for an additiond 20 minutes. The Sparkolloid
solution is not alowed to cool. The hot solution should be added to the wine and stirred in carefully.

SUMMARY

Fining materids are used to remove a specific materid from the wine. Many different materids are used to
fine wine, and each materid has different properties. Therefore, the winemaker must carefully select each
materid carefully to produce the desired results.

Bench testing is done by treating a smdl quantity of wine with the proposed fining materid. After an
gopropriate time, the test wine is examined to verify that the desred results have been achieved. When the
winemaker feds the fining god has been met in the test sample, he adds the correct quantity of the fining
materia to the main batch.

Undgightly protein hazes can form in the bottles unless white and blush wines are hot sabilized. Bentonite is

used to remove excess protein from these wines, and adl commercid white and blush wines are fined with
bentonite.
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Chapter 15

CLARIFICATION
AND
STABILIZATION

Our firg impression of any wineisavisuad one. Wineis seen before it is tasted, and wine is expected to be
brilliantly clear and have an appropriate color. The consumer is always disgppointed when a wine does not
meet these visua expectations. Even zedous wine advocates shy away from turbid, dirty-looking wines.
Judges a home wine competitions occasiondly face this problem, and sometimes redl courage is needed to
tagte a particularly ugly wine.

TYPESOF HAZES

Mogt wine haze problems are caused by grape particles and fragments, microbes, protein, tartrate, phenolic
polymers, polysaccharide and metals. Wine clarity problems are not mysterious, and unless a wine has
been grosdy contaminated by the addition of some foreign materid, wine haze is normdly the result of one
or more of these factors. Sometimes a winemaker will encounter a haze that is particularly difficult to
remove, but these cases are rare. Mogt haze problems are solved by  identifying the offending materid and
then acting accordingly.

Particlesand Fragments

Grape particles s8ldom cause long-term haze problems. Even the smalest bits and pieces of grape pulp and
skins are large enough to settle out of wine in a few weeks. However, ML fermentation can produce
enough carbon dioxide gas to cause a sgnificant turbulence in a smal tank, and the turbulence prevents the
sndler paticles from settling out. ML fermentation can continue long &fter the sugar is gone, o
winemakers check for the presence of carbon dioxide gas to make sure dl fermentations have been
completed. When the gasis gone, the particles will settle out, and after the wine has been racked atime or
two, it will be clear and bright.

Microbial Hazes

Yeast cdls are severd microns in diameter, and if the wine is not disturbed, the yeast cells readily settle to
the bottom of the container in afew weeks. Usudly alittle patience will take care of yeast haze problems,
but the Situation is not so smple with bacterid hazes. Bacteria are 10 to 100 times smdler than yeast cdlls,
and bacteria are so smd| they never completdy settle out of the wine.

Large wineries have sophiticated andytical equipment in their testing labs, but even then, some types of
bacteria are difficult to identify and treet. Fortunatdly, many wine bacteria are senstive to sulfur dioxide,
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and most bacterid problems can be prevented smply by maintaining the free sulfur dioxide content of stored
wine a 30 milligrams per liter.

Once established, a bad bacteria haze can be difficult to overcome. The infected wine can be pasteurized,
or the wine can be passed through a sterile membrane filter. Both techniques are effective, and both are
common wine industry procedures. Unfortunately, few home winemakers have the sophigticated and
expendve equipment needed to apply ether of these treetments. Since gross bacterid infections are difficult
to handle, home winemakers should maintain strict hygienic winemaking conditions, and they should dways
maintain reasonable amounts (20 to 30 mg/l) of free sulfur dioxide in their wines. Taking these two simple
steps will reduce the occurrence of bacterid infections to a very low level.  Sometimes home winemakers
can rent derile filtration equipment, and derile filtration might be a feasble way of saving a particularly
pleasing wine. Neverthdess, the equipment and sterilization procedures are complicated. For the average
home winemaker, prevention is the most effective way of deding with bacterid problems.

Proten

Grapes contain smal quantities of protein, and some varieties (Sauvignon Blanc) sometimes contain large
amounts. Protein is carried over from the grapes into the wine during fermentation.  Origindly, the protein
molecules are much too small to be visble in thewine. However, under certain conditions protein molecules
link together (polymerize) and grow larger. After many protein molecules have linked together, the protein
particles are large enough to be visble, and the particles are too large to remain suspended in thewine. This
growth process is very dow a normd cdlar temperatures, but when wine becomes warm, the protein
molecules grow more rapidly. At temperatures of about 120 degrees, protein molecules can link together
and form large particlesin a short time.

A bad protein haze is very ungghtly in a bottle of white or blush wine. The protein particles are light and
fluffy, and they produce a swirling cloud when the battle is disurbed. When white or blush wines are
subjected to warm storage conditions, protein hazes can form quickly, and adl commercia white and blush
wines are specificaly treated to remove the excess protein before bottling.  Winemakers cdl protein haze
hot ingtability because warm storage conditions trigger the phenomena. A graphic demondration of hot
ingahility can be easly produced by leaving a bottle of Sauvignon Blanc in a car trunk on a hot summer day.

Excess protein seldom causes sahility problems in red wine. Red wines contain phenolic compounds that
react with the protein during primary fermentation, and the excess protein precipitates out of the wine.
White and blush wines contain very little phenolic materids, so the winemaker must use a specid trestment
to remove the excess protein from these wines.

Potassum Bitartrate

Grapes contain severd organic acids including tartaric acid, and they contain potassum.  Vines manufacture
tartaric acid through the photosynthesis process, and the vines obtain potassum from the soil. Potassum
reacts with tartaric acid and forms a materia caled potassum bitartrate. Potassum bitartrate is a clear,
crysdline materid, and grapes dways contain some of this materid. Cooks usudly refer to potassum
bitartrate as cream of tarter, but most winemakers cdl this materid “tartrate.”

Potassum bitartrate has severd interesting physical properties. (1) Only smal quantities of this materid can
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be dissolved in grape juice. (2) After grape juice ferments and acohol accumulates, even |ess potassum
bitartrate is soluble in the water-alcohol mixture. (3) The quantity of potassum bitartrate dissolved in wine
is strongly dependent upon temperature, and cold wine cannot hold as much potassum bitartrate as warm
wine.

In combination, these three properties produce an interesting winemaking problem. Generdly, grape juice
contains dl the potassum bitartrate it can hold when the grapes are picked. Alcohol begins to accumulate
when the grapes are fermented. As the acohol concentration increases, the new wine becomes saturated,
and potassum hitartrate precipitates out of the wine. As fermentation continues, more acohal is produced,
and more tartrate is forced to precipitate out of wine. By the end of fermentation, the new wine is over
saturated with potassum bitartrate.  The tartrate continues to drop out of the solution, but a norma cellar
temperatures, tartrate precipitation is very dow. Often the tartrate crystals continue to precipitate for a year
Or more, so potassum bitartrate causes serious long term stability problems for the wine industry.

The following example illustrates a common tartrate stability problem. A new white wine is darified and
aged for severd months. The wine is then filtered with a 0.45 micron membrane and bottled. The newly
bottled wine is clear and bright, but the wine is ill nearly saturated with potassum bitartrate. Ultimately, a
consumer puts a bottle of this wine into a refrigerator for afew hours before it is served.  The wine cools
rapidly in the refrigerator, and potassium bitartrate precipitates out of the cold wine. (See property number
three above).

As tartrate drops out of solution, suspicious looking crystals are formed in the bottle, or dense hazes form.
Tartrate hazes are very unsghtly, and sometimes the consumer mistakes the tartrate crystds in the bottle for
glass paticles. In any case, the consumer is unhappy, and the winemaker is embarrassed. All commercia
white and blush wines are cold stabilized sometime during the winemaking process to remove the excess
tartrate materia before the wineis bottled.

Phenolic Polymers

Phenolic compounds are present in wine in smdl amounts. The quantity may be smadl, but phenolic
materids are very important wine ingredients.  Phenolic compounds are responsible for color, bitterness,
adringency and some odors and flavors. Many phenolic compounds polymerize just like protein molecules,
and these phenolic molecules combine and dowly grow larger. Phenolic molecules carry an dectric charge,
and the molecules repd each other in the wine. Large phenolic molecules can remain suspended in the wine
for along time because of the dectric charges.

Since phenalic molecules remain suspended for along time, haze and bottle deposit problems often occur a
few months after red wines are bottled unless the excess phenolic materia is removed. To avoid phenadlic
problems, experienced winemakers remove excessve quantities of phenolic materids from red wines by
fining or filtration. Any protein fining materia such as gelatin, casain, egg-white or isnglass can remove
phenolic materids from wine, and many red wines are lightly fined with egg-whites or gelatin saverd weeks
before battling time. The quantity of fining materid used is smdl, so the fining trestment does not ater other
wine characteridtics Sgnificantly. Practicdly dl commercia red wines recelve a light protein fining or a tight
pad filtration to reduce bottle deposits.
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Making red wines completely phenolic-stable is not practicd, and most red wines will show some bottle
deposit when severd years old. Phenolic haze problems rarely occur in white or blush wines. These wines
receive practically no skin contact, so they contain very little phenolic materid.

Polysaccharides

Polysaccharides are very large molecules conasting of many smple sugar molecules (monosaccharides)
linked together. Pectin and gums are common examples of polysaccharides. Pectin is the materid that
makes jam and jdly solidify, and pectin often produces hazes in fruit wines. However, pectin hazes are
seldom a serious problem in wines made from grapes because grapes contain a naturaly occurring enzyme
that breaks down the large pectin molecules into smdler molecules that cause little trouble.

When they do occur, pectin or gum hazes can be difficult to remove from wine. These large polysaccharide
molecules often carry dectric charges, and the charges help hold the molecules in suspenson. Mogt fining
materids used for wine darification are not very effective in removing this type of haze because of the
chemica nature of these materids. Filtration is not dways an effective way of removing pectin hazes
because filter pads are plugged quickly by pectin and gums, and trying to filter wine with a bad pectin haze
often becomes a frudtrating and costly undertaking.

Winemakers often use pectic enzymes instead of trying to remove pectin hazes by fining or filtration. Pectic
enzymes are avallable commercidly, and they are added to the juice or the wine to break down the large
troublesome pectin molecules. Alcohoal interferes with enzyme action to some extent, S0 sometimes pectic
enzymes are more efficient when added to juice before fermentation is started. Occasondly, just chilling
the wine to alow temperature (28 degrees) will cause abad pectin haze to speed out as if by magic.

Metals

Fifty years ago most winemaking equipment was made of iron or brass. Wine acids are strong enough to
dissolve tiny amounts of these metads, and in the padt, iron and copper hazes were common problems
throughout the wine industry. Severd proprietary fining materids were developed specificdly to remove
these excess metals from wine.  Unfortunately, the effective products were based on poisonous, cyanide
compounds, and great care and much testing was required when these products were used. In recent
years, the prevadent use of dainless sted and plastic materids has virtudly diminated metd haze problems.

THE CLARIFICATION PROCESS

Large quantities of carbon dioxide gas are produced during primary fermentation, and consderable
turbulence in the wine is produced as the bubbles rise to the surface. When fermentation is finished, bubbles
are no longer produced, and the wine becomes 4ill. When the wine is ill, gravity dowly pulls the
suspended materid to the bottom of the container. Settling time depends on the size of the suspended
materid, and smdler particles require more time to settle than larger particles. Pulp and skin fragments
settle out of smdl containersin just afew days. Yeast cdlls are much smaller, and aweek or moreis usualy
required for spent yeast cdls to fall 24 inches. Bacteria are 10 to 100 times smdler than yeast cells, and
bacteria are so smdl they never completely settle out of the wine.
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New wines contain many different types of suspended particles, and these particles often have an dectrica
charge. The charges act just like magnets, and the “like” eectrica charges repel each other. Then, even
larger particles may never settle out of the wine until the eectrica charges are neutrdized.

Racking

The muck that dowly accumulates on the bottom of wine containersis caled lees. Clean wineis separated
from the lees by a decanting process cdled racking. After wine is racked two or three times, it becomes
clean, clear and bottle bright. Besides clarifying wine, racking helps remove other unwanted materids, so
racking aso contributes to long-term wine stability. Smal containers like 5-gdlon carboys are usudly
racked by sphoning the wine off the lees with a piece of clear pladtic tubing. Barrels and drums are often
racked with a smdl pump and plagtic tubing. Wineries use powerful éectric transfer pumps and large
diameter hoses made from food grade materiasto rack their large stainless sted wine tanks.

White wines are normaly racked off the gross yeast lees shortly after the finish of acoholic fermentation.
These wines are racked a second time after they have been hot and cold stabilized. Red wines are often left
on their gross lees until ML fermentation isfinished. They are then racked for the first time. Red wines are
usudly racked two more times the first year and then a Sx month intervas. Most winemakers rack wines
promptly (aweek or s0) after afining trestment.

Fining

Mogt white and blush wines will be amog clear after being hot stabilized with bentonite, but additiona
clarification steps are usualy necessary to produce a bright, clear wine. These additiond clarification steps
might consgst of fining with Sparkolloid or gdain/Kiesdsol or filtering the wine through a course pad or
catridge. Commercid wineries use large filters to clarify their wines because filtration is safer and quicker
when the proper equipment is avalable. Smdl wineries often clean up their wines by fining before any
filtration is done to reduce production cost. Maost home winemakers do not have filtration capability, so
they rely soldy on fining to darify ther wines.

Something is amiss when awhite or blush wine does not come clear after being hot stabilized with bentonite
and then fined with Sparkolloid. Excessive fining or filtering can devastate wine qudity, so care must be
taken when attempting to clarify a stubborn wine. The first Step is to identify the specific problem. Second,
gopropriate steps should be taken to diminate the problem, and then the wine clarification and stabilization
process can be continued.

Sound red wines come clear without any fining or filtration trestments because the tannin in red wine acts as
afining agent. Red wines are usudly clear and bright after being racked a couple of times and aged a few
months. Although darity is sddom a problem in red wine, long term bottle stability is dways an issue. Red
wines generdly produce sgnificant amounts of bottle deposit unless they are filtered or lightly fined with a
protein materid. Light fining or filtration with a medium pad will not sgnificantly dter flavors or bouquets,
but either procedure can effectively reduce bottle deposits.  The bottle deposits are unsghtly, so most
commercid red wines are stabilized by ether fining and/or filtration before they are bottled.

Filtration
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Today, consumers demand brilliantly clear white and blush wines. Unfortunately, maximum wine dlarity is
difficult to produce by fining done. In addition, fining wine is time consuming, produces lees and dways
involves some risk. Consequently, filtration plays an important role in the darification of commercidly
produced wines.

Pad and frame type filters and cartridge type filters are extensively used throughout the wine industry. Both
dyles of filters have advantages and disadvantages. Pad and frame type filters are best suited for filtering
large quantities of wine. Filter pads are inexpensive, but the frame assembly is very expensve. Pad and
framefilters are best suited for commercid gpplications because of the large initid capita investment. Home
winemakers often use cartridge type filters because inexpensive, pladtic filter housings are avallable in most
hardware sores. Filter cartridges are more expengve than filter pads per gallon of winefiltered. However,
sgnce home winemakers produce smaller quantities of wine, the cost of filter cartridges is not prohibitive.
Both types of filters are discussed in greater detail in the following chapter.

WINE STABILIZATION

Wine is often exposed to considerable heat when shipped long distances in the summer time. Most white
and blush wines are chilled to about 50 degrees for severd hours before they are served. Practicaly al
commercia wines are specificaly treated to make them stable, and after stabilization, wine gppearance or
qudity will not be dtered by reasonable temperature extremes. Most commercia winemakers consder
wine gtable if the wine does not show sgnificant changes when exposed to storage temperatures ranging
from 40 to 100 degrees.

Sabilizing a light, fruity white table wine is not trivial. Light, fruity wines can be dameged easlly by over
processing, excessve handling or oxidation, and producing good long term bottle stability without reducing
the qudity of a ddicate wine requires congderable winemaking skill.

Occadondly, a winemaker bottles a wine without doing stability tests. The wine has been brilliantly clear
for severa months, s0 the winemaker assumes the wine is sable. A few weeks after bottling, the wine
develops a bad haze or drops an ugly sediment in the bottles. Now the winemaker has little recourse
because un-bottling, treating and re-bottling would destroy wine quality. Bottling unstable wine can be a
discouraging event for any winemaker, and it can be an economic disaster for acommercid producer.

Cold Stabilization

Practicaly al new wine contains excessve quantities of potassum bitartrate, and the tartrate precipitates out
of cold wine as crystds or hazes. All white and blush wines require cold stabilization before bottling, and
most commercia producers cold stabilize their red wines as well. Wine can be effectively cold sabilized in
seveard ways. A few large wineries use ion exchange columns to remove potassum from the wine. lon
exchange columns are filled with resn and work on the same principle as domestic water softeners. This
type of wine cold dabilization requires large, expensve equipment, and a trained chemist is needed to
establish the proper operation of the exchange column. However, once the equipment is operating, the ion
exchange method is a fast and economica cold stabilization process. Unfortunately, wine quality can be
reduced when the ion exchange method is used ingppropriately.

Smdler wineries use a much smpler method to dabilize their wines. The wine is cooled to about 27
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degrees and held a this low temperature for a week or two until the excess potassum bitartrate
precipitates. This method of cold sabilizing wine adso has advantages and disadvantages. Low
temperatures are beneficid to new wine in severd ways. Beddes causng the potassum hitartrate to
precipitate, the cold temperature helps other unwanted materids settle out of the wine. Sometimes
suspended pectin and gums can be removed by chilling the wine. In addition, severa days of low
temperature storage can be hepful in developing long term wine stability.

Unless the wine is carefully handled, considerable oxygen can be absorbed while the wine is cold. The
oxidation problem can be managed by purging wine containers with an inert gas, keeping the containers
completely full and by maintaining adequate levels of sulfur dioxide in the wine. The high cost of energy
needed to operate the large capacity refrigeration system raises production cogts, and many wineries use
specidly insulated tanks to Stabilize their wines.

Tartrate crystals also form in red wines, but the dark color obscures smal deposits of tartrate crystals. Red
wines are not chilled before serving, so a haze seldom forms. Often the tartrate crystas in red wines are
found adhering to the cork, and the crystals are removed when the cork is pulled. Tartrate crystas are not
S0 noticegble in red wine, so a few smaler wineries and many home winemakers do not bother to cold
dabilize their red wines. However, most commercialy produced red wines are cold stabilized before being
bottled.

Hot Stabilization

Commercid wine is shipped long distances in warm wesather, and under these conditions, protein instability
causes hazes to form in white or blush wine. Protein hazes are very undightly, and the wine industry
congders excess protein remova an indispensable treatment for al white and blush wines.

Excess protein is not difficult to remove from most wines, but sometimes Sauvignon Blanc wines can be
difficult to stabilize completdy without damaging aromas and flavors. The standard trestment for dl new
white and blush wines is to fine with bentonite.  The bentonite fining can be done anytime during the
winemaking process, but the procedure is more efficient when the bentonite fining is done after the new wine
has been rough filtered. Neverthdess, many winemakers find it more convenient to stabilize their wines by
removing the protein earlier in the winemaking process (see below).

Bentonite additions rang from one to ten pounds per thousand galons of wine. However, high dose rates
can drip dedrable flavors, so bench testing should aways be done to measure the minimum quantity of
bentonite needed. The treated wine is alowed to settle for aweek or so beforeit is racked.

Tannin in red wine reacts with protein and causes the protein to precipitate out of the wine during
fermentation. Little protein remains at bottling time, so protein hazes are seldom a problem in red wine.

Combined Hot & Cold Stabilization
All white and blush wines require both hot and cold stabilization trestments, and some winemakers combine
both stabilization procedures into a Sngle operation to reduce handling. Fird, the wine is fined with

bentonite, and then the wine is immediady chilled to about 27 degrees. The wine is hed a the cold
temperature for aweek or so while the tartrate precipitates. When the excess tartrate is gone, the cold wine
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is racked or filtered off the bentonite and tartrate lees. This combined procedure has some advantages.
The tartrate crystds settle on top of the fluffy bentonite lees forming a crusty layer, and the wine is much
eader to rack off the compacted lees. Both procedures are accomplished in a single winemaking
operation, so labor isreduced. Wine manipulation isreduced, and the risk of wine oxidation is reduced.
Finishing White Wines

Many of the desrable qudlities of light bodied, white table wines come from the characteristics of the
grapes. These wines are only a few months old when bottled because lengthy aging destroys the desirable
fruit quaities For example, light fruity Rieding wine is often finished in the following way. After
fermentation, the free sulfur dioxide content is adjusted to about 30 milligrams per liter, and then the wineis
hot and cold sabilized. After cold stabilization, the acid leve is adjusted (if necessary), and the wine is
dlowed to rest for afew weeks. Then the wineis critically evauated, and any other necessary adjustments
ae made. If large adjustments were made, the winemaker would test the wine again for both hot and cold
dability.

At bottling time, the free sulfur dioxide content of the wineis raised to about 30 milligrams per liter. Rieding
wine normdly contains resdud sugar. Any resdud sugar may cause fermentation to redtart, so a Serile
filter would be used to remove dl of the yeast cels from the wine when it is bottled. Maost home
winemakers do not have gterile filtration equipment, so they use a different method to leave resdud sugar in
wine. Home winemakers add potassum
sorbate to the wine. The sorbate stabilizes
the wine by preventing the yeast cells from
multiplying. All wines containing residud 1. A bentonite fining is done to remove

excess protein and hot stabilize the wine.
sugar are carefully watched for severd e
. 2. The wineis chilled to about 27 degrees and held at
weeks after bottling because the ™

the low temperature for several daysto remove

winemaker wants to be sure the wine is excess tartrate crystals and cold stabilize the wine.
completdly dable.  Typicd white wine 3. Thewineisracked or filtered off the bentonite and
finishing steps are shown in Figure 6. tartrate lees while still cold.

4. After afew weeks, the wine might be fined with
Sparkolloid to improve clarity.
5. After afew more weeks, the SO, is raised to about

o _ 30 milligrams per liter, and the wine is racked,
The finishing process for full-bodied red polish filtered and bottled.

wine is different from tha described Figure6. A typical finishing processfor dry whitetable
above. Following cold gtabilization, most wines.

high quality red wines are barrel-aged for
12 to 24 months. During this lengthy aging
period, the wine is tasted and tested
periodicaly, and the free sulfur dioxide is maintained a a reasonable level (20 to 25 mg/l). The barrds are
topped up each time the wine is tested. After the gross lees are removed, red wines are racked two or
three times a year. If the wine seems too adtringent, the winemaker might use a gdlatin or egg-whites to
reduce the tannin content. At the end of the aging period, the winemaker tastes and criticaly reviews the
wine for any needed corrections, and the free sulfur dioxide level is raised to about 30 milligrams per liter.
The wine is then filtered and bottled. High qudity red wines are often aged in the bottle from sx months to
severd years. During thistime, the wine devel ops bottle bouquet.

Finishing Red Wines
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Experience Required

Many factors are involved in producing high quality wine, and condderable judgment must be exercised
throughout the finishing process. From the time the grapes are crushed until the wine is bottled, many
winemaking decisons must be made. The time wine spends in the barrds, the frequency and method of
racking, how much tannin should be I€ft in the wine, etc., etc. dl contribute to the ultimate qudity of the
product. Making high quality wine requires experience and good judgment, and this kind of preparation is
difficult to get by reading books.

SUMMARY

Wine enjoyment is strongly influenced by first impressions, and our first impresson with any wine is visud.
Consequently, clarity and sability are extremely important to both homemade and commercid wines.

Practicaly dl wines can be daified, stabilized and prepared for bottling usng standard winemaking
practices. These procedures include cooling the wine to cold temperatures, fining the wine with suitable
materids and using appropriate filtration methods.

All white and blush wines require both hot and cold stabilization, and most commercia red wines are cold
dabilized. Although they are perfectly clear, red wines can throw a noticegble depost after bottling unless
they have been sabilized by fining, filtering or bulk aged for an unusudly long time.

Many factors are involved in producing high quality wine, and time, effort and good judgment are required.

98



Chapter 16

WINE
FILTRATION

Most red wines sdf-clarify in afew months, and they usualy do not require specia clarification trestments.
Even when red wines are not brilliantly clear, the dark color obscures any dight cloudiness. White and
blush wines are different. Here, any lack of clarity will be painfully evident, and most white or blush wines
require one or more specific clarification steps.

Cloudy wine is difficult to sdl, and sometimes getting a white or blush wine clear and baottle bright without
using some kind of filtration is difficult. Consequently, practicaly al commercidly produced white and blush
wines are filtered before they are bottled. Of course, home winemakers dways prefer to produce brilliantly
clear wine, but such clarity is seldom essentia unless the home winemaker actively participates in homemade
wine compstitions.

FILTER TECHNOLOGY

In the past thirty years, great strides have been made in filter technology. Now, a variety of filters are
available for removing microorganisms, and these filters can produce derile wine when used properly.
Molecular Seve filters can remove color and other large phenolic molecules from wine. Over the past few
years, reverse osmodis filtration techniques have been developed specificdly for the wine industry. These
sophigticated ultrafiltration techniques can sdlectively remove acetic acid and other smal molecules from
wine.

Desirability

Sterile filtration equipment gives wineries a very useful production tool. Practicaly dl of the yeast cells can
be removed from wine by smple, inexpensive filtration. Off-dry and sweet wines can be bottled with little
worry the resdua sugar will start fermenting, and wine qudity does not suffer sgnificantly when the filtration
is done properly.

In the past, wines containing excessive quantities of acetic acid were difficult to handle. Often, these wines
were added to sound fermentations in small quantities, or acetic wines were sent to the “sill house’ to be
converted into dcohol. Now, acetic acid can be effectively removed by ultrafiltration gpparatus, and many
other defective wines can be sdvaged usng modern filtration techniques. In addition, the new filter
technologies have sgnificantly reduced wine production cogts, and the qudity of inexpensve jug wines has
improved sgnificantly. Even so, extreme leves of filtration are not necessary or desirable for norma wines.

Many winemakers believe the less trestment a hedthy wine receives, the better the quality of the finished
product. These winemakers pursue a minimum filtration philosophy for the production of fine wines, but
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minimum filtration does not mean zero filtration. Producing brilliantly dear white or blush table wines
without using some reasonable leve of filtration is difficult and sometimesimpaossible.
FILTER ASSEMBLIES

Pad type filter assemblies are used by practicaly dl commercid wineries. Normaly, pads are made of
depth type materiads, but some manufacturers produce specid adapters that alow membrane filter mediato
be usad in their pad type filter assemblies. Cartridge type filter assemblies are used by commercid wineries
and by many home winemakers. Both depth cartridges and membrane cartridges are made to fit standard
catridge housngs. Each filter materid and each filter type is most efficient when used for the intended
purpose, so the manufacturers recommendations should be followed.

Pad Filters

Pad type filter assemblies consst of a stack of ridged plagtic or stainless stedl frames held together by a
powerful clamping mechaniam. Each frame is separated by filter pads. The wine flows into half the frames,

through the filter pads and then out of the other frames. Pad type filter assemblies are made of stainless
ged and molded plagtic. The clamping mechaniams are large, and the materias are expendive. In addition,

the frames contain many ridges, o they are difficult to manufacture. Consequently, pad type filter
assemblies are expensve. However, when large quantities of wine are filtered, filter pads become quite
economica, so commercia wineries use pad typefilters.

Cartridge Filters

Cartridge type filters conggt of filter materids made in the shape of a hollow cylinder. The cylindricd filter
cartridge is housed in a plagtic or dainless sted container. Wine flows into the housing and through the filter
cartridge from the outside to the ingde. After passng through the filter materid, the wine flows out of the
housng. Both depth type filter cartridges and membrane type filter cartridges are available. Cartridge type
filter housngs made of plagtic are used extensvely for domestic water filtration. These plastic housings are
made in large quantities, and they are inexpensve. Filter sysems can be built from inexpendve plagtic
housings smply, so home winemakers often use cartridge type filter assemblies.

FILTER MECHANISM S

Filtration can be accomplished by two different mechanisms. Unwanted particles are attracted and
entangled in a porous filter materid in the firs mechanism. This type of filtration is an adsorption process,
and electrogtatic and adhesion forces are responsible for trapping and retaining the particles. The pathways
and cavities in the filter materid are much larger than the trapped particles. This kind of filtration is cdled
“depth” filtration because the particles are trgpped within the thickness of the filter materid. The second
filter mechaniam is asmple Seve process. Here, the liquid is forced through a membrane containing many
amdl holes or pores. Pore Sze is large enough to dlow desirable (smdler) particles to pass through the
membrane, but the pores are small enough to block the larger, unwanted particles. Filter membranes are
made of specid plagtic materids. The pladtic is very thin, and the pore diameters can be made very smal.
Membranefilters are usudly called gerile filters when the pores are smal enough to remove wine microbes.

Depth Filters
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Depth filters are used to remove grape fragments, tartrate crystas, yeast cells and generd debris from wine.
Depth filters are made by compressing and bonding fibrous substances into a mat or pad. In the pas,
ashestos fibers were used extensively, but modern depth filters are made from specialy prepared cdlulose.
The cdlulose fibers are specifically processed to give them a net resdud eectricd charge. The long path
lengths created by the overlaid fibers trgp the particles within the body of the pad. Smaler size particles are
retained when the pads are made tighter and more dense. However, liquid flow through the pad becomes
dower as the dendty of the pad increases. Rates of flow for typica
commercid filter pads are shown in Table 12. The rates of flow are for
water, and they are given in gdlons per minute for a one square meter of

pad area at a pressure of 10 pounds per square inch. Filter Flow
Number  Rate

Depth filter pads are manufactured in severd szesand in bulk. Eight by
eight, Sixteen by sixteen and thirty-six by thirty-six-inch square pads are

common Szes. Sixteen inch pads are the most popular sze for small g gg
winery use. Pad thickness depends on porosity, but most pads are about 4 20
3/16 inches. Depth type filter cartridges are made from a variety of 5 16
materids including cellulose and spun pladtic fibers. Cartridges are made 6 14
in several sizes and with different end patterns. Double open-ended, 10- EK 151_)
inch cartridges are the most popular size. Single open-ended cartridges EKS 3

are equipped with Buna ¥N=. gaskets, and cartridges with gaskets are

preferred for wine filtration. Table12. Typical flow

ratesthrough filter pads.

Washing depth filters before filtering wine is a sandard practice.
Washing removes any contaminates, bad odors or off tastes that may be
present. The standard washing procedure is to assemble the filter syssem and circulate a 1% citric acid in
water solution through the system. Then the system is drained, and clean water is circulated. After a short
rinse, the water coming out of the filter istasted. If the water has a paper taste, washing is continued.

Por osity

Deypth filters can be purchased with porosties ranging from 50 microns to about 0.2 microns. Two different
scades are used to rate the porogity of depth filters, and a large difference in particle retention ability exigts
between the two scales. “Nomind” filters are rated usng a 50 percent criterion. For example, a 1-micron
nomind filter will pass about hdf the 1-micron particles present. “Absolute’ filters use a more stringent
gandard. Absolute filters use a 10 out of a million criterion. A 1-micron absolute filter only passes ten 1-
micron particles out of a million. The other 999,990 1-micron particles are retained by the filter.
Obvioudy, a 1-micron nomind filter is far more porous than a 1-micron absolute filter. Filter pads are
usudly rated usng the absolute scale. Depth type cartridge filters are rated using the nomina scale unless
the rating is specified as absolute.

MembraneFilters

Membrane filters work in a different way. The filter materid is athin, flexible plagtic membrane. A specid
manufacturing technique is used to produce the plagtic, and the plastic sheet contains an enormous number
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of very smdl holes. A membrane filter acts just like a Seve. Paticles larger than the hole Sze are
mechanicaly blocked at the surface of the membrane, but smaller particles pass right through the holes.

Filter membranes are made from severd plastic materids including polypropylene, cellophane and polyester.

Since the membraneis very thin, additiona mechanica support must be provided, and filter membranes are
placed on top of a backing structure to provide greater strength.  Membrane filter cartridges are more
expendve than depth filter cartridges because of more complicated congtruction methods and more costly
materids.

The porosity of membrane filters is rated using the absolute scale, and porosities are desgnated by the
equivaent sze of the holes. For wine industry use, the three most popular membrane filter porosties use
0.65, 0.45 and 0.2 micron hole diameters. Because of the smple Seve action, membrane filters are easly
plugged or blocked. To reduce plugging, al wine going into a tight membrane filter must be filtered with a
1-micron absolute depth filter first. Membrane filters can be washed and reverse flushed to remove some of
the blocking particles, and these filters can be reused severd times.

Membrane filters are used to serilize wine just before bottling. A membrane filter with a 0.45-micron
absolute rating will remove dl wine yeast and bacteria from the wine. Membrane filters are commonly used
in dl commercid wineries, and 0.45-micron membrane filters are often mounted on the bottling line just
ahead of the battlefiller.

Filtersfor Home Winemakers

A filter assembly suitable for the home winemaker can be easily made from standard, 10-inch housings.
These filter housings are used to improve drinking water qudity. They are made of plastic, and they can be
purchased for about $25. Two plastic tubing fittings ($2) are needed to connect plagtic tubing to the inlet
and outlet ports in the housing. This type of filter assembly can be used with any smal transfer pump that
can deliver a pressure of at least 10 pounds per square inch. Alternatively, a gas trandfer system can be
used to move the wine through thefilter.

One-micron (nomind) depth type cartridges cost about $4, and they are suitable for rough filtration of all
types of wine. Either 0.5-micron (nomind) depth cartridges, costing about $7, or 0.2-micron (nomina)
depth cartridges costing $20 can be used for polish filtration. A 0.2-micron nomind cartridge is preferred
for find filtration of white and blush wines. Cartridge life can be extended by carefully ceaning up the wine
by fining and racking before it isfiltered.

This type of cartridge filter assembly can produce excdlent wine clarity, and it gives the smal producer a
very practicd filtration sysem. Best of dl, the filter can be easly assembled from standard parts for a few
dollars.

SUMMARY
Getting white and blush wines sparkling bright is difficult without usng some kind of filtration, but excessve

filtration can gtrip desirable aromas, flavors and color.  Home winemakers often use cartridge type filters,
and these filters can produce excellent wine clarity.
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Commercid wineries use derile filtration techniques when they bottle wines containing resdua sugar. The
filter removes dl of the yeast cdlls and prevents fermentation from occurring after the wine is bottled.
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Chapter 17

BOTTLING

Light, white table wines and most blush wines are bottled a few months after primary fermentation. These
wines are vaued for their young fruity characteridtics, and they do not benefit from aging, and light.
Heavier-bodied white table wines, such as Chardonnay and Sauvignon Blanc, are usudly given severd
months of bulk aging. These heavier white wines and light, fruity red wines are usualy consumed when one
or more years old. Heavier style red wines are usudly given one to three years of bulk aging before they
are bottled, and then the highest quality red wines are often severa years old before they are consumed.

PRE BOTTLING ADJUSTMENTS

Bottling is the culmination of the entire winemaking process. Wine is aways oxidized to some extent when
the bottles are filled, and experienced winemakers take specia care throughout the bottling operation.
Oxideation reduces table wine qudity, so excessive foaming and splashing should be avoided whenever
posshle.  Although bottling may seem like a smple procedure, severd important issues need to be
considered before the bottles can befilled.

Clarity

All wines mugt be brilliantly clear before bottling. Most sound red wines are clear and bright when they are
severd months old, and darity is seldom a problem for these wines. On the other hand, practicaly al white
and blush wines and most rose wines require specid clarification trestments.  These wines generdly need
fining and tight filtration before they attain adequate clarity.

Stability

Besides being clear, wines must dso be stable before bottling. Blending should be done well before bottling
time, and the winemaker should observe the new blend for severd weeksto be sure the new blend is stable.

Commercid wineries test to be sure their red wines are cold stable, but most home winemakers do not
bother. All white and blush wines should be cold stabilized, and these wines may require an additiona cold
dabilization treatment if much tartaric acid is added late in the winemaking process.  Sometimes a white or
blush wine needs a small acid addition just before bottling to improve acid baance. Citric acid is often used
for this purpose, and additiona cold stabilization is often not needed when moderate amounts of citric acid
are used.

All white and blush wines should be tested for stability before bottling. Wine can be checked for cold
gability by placing a smal sample in the refrigerator. After 48 hours, the wine sample is removed from the
refrigerator and set asde for several hours. When the sample reaches room temperature, the wine is
carefully examined for cloudiness or deposits.
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White and blush wines can be checked for hot stability by holding awine sample a 120 degrees. After 48
hours a the high temperature, the wine is alowed to stand over night a room temperature. Then the wine
sampleis carefully ingpected for protein haze or sediment.

Free Sulfur Dioxide

The free sulfur dioxide content of al wines should be measured and raised to about 30 milligrams per liter a
few days before bottling. Boattling wine with less than 30 milligrams per liter of free sulfur dioxide will result
in ashort-lived product.

Residual Sugar

Wines containing more than 0.2 percent residua sugar are not biologicaly stable, and these wines can start
fermenting anytime. Most wines are a complete loss when fermentation restarts after the wine is bottled.
To avoid such catastrophic losses, additiona precautions are aways required when off-dry or sweet wines
are bottled. Generdly, four methods can be used to ded with the resdud sugar problem. (1) The wine
can be pagteurized to kill the yeast. (2) Ethanol can be added to raise the adcohol content of the wine
above 18%. (3) Sterilefiltration can be used to remove dl of the yeast cdlls when the wineis bottled. (4) A
specid materia can be added to prevent yeast in the wine from fermenting the residua sugar.

Pasteurization reduces wine quality, so this process is seldom used for qudity table wines. Adding ethanol
is suitable for dessart wines, but additiona acohol is s8ldom desrable in table wines. Commercid wineries
use a gerile filtration process when wines containing residua sugar are bottled, but most home winemakers
do not have access to derile filtration equipment. Home winemakers usualy add potassum sorbate to
prevent fermentation in off-dry or sweet wines.

Potassum Sor bate

Potassum sorbate does not interact with the resdua sugar in any way. Sorbate prevents fermentation by
acting on the yeast cells, but it does not kill the yeast. Sorbic acid passes through the cell membrane easly,
and the yeast cdl is prevented from generating a new bud when enough sorbic acid molecules have
accumulated. In other words, sorbic acid prevents yeast cells from reproducing, but it does not stop yeast
from fermenting sugar.

Sometimes potassium sorbate does not prevent fermentation from restarting because the wine contains too
many viable yeast cells. When potassum sorbate and sugar are added to a wine containing many vigble
yeast cdls, the sorbate prevents the yeast from reproducing, but enough yeast cells may be present dl ready
to ferment the additiond sugar. Then, fermentation often occurs after the wine is bottled. The wine is
gpoiled, and the winemaker is unhappy.

A different Stuation exists when sorbate and sugar are added to a well-clarified wine. The clean wine
contains very few yeast cdls The sorbic acid prevents the smal number of exising yeast cells from
reproducing, and the added suger is unaffected. Even if fermentation occurred, only a tiny amount of the
added sugar would be lost because only a few yeast cdls are present in the wine. In time, the few active
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yeast cdls in the wine grow old and gradudly die. After afew months, the wine contains practicaly dl of
the added sugar and very few viable yeast cells.

Using just the right amount of sorbate can be a problem. Wine flavor can be adversdy affected when too
much sorbate is used, but the wine may restart fermentation if too little sorbate is added. The sorbate
needed to keep yeast cells from reproducing depends upon several wine properties. The norma dose is
about one gram of sorbate for each gdlon of wine. One gram per gdlon is equivaent to about 2 leve
teaspoons per 5 gdlons of wine. Wines with a high alcohol content, low pH and 30 to 50 milligrams per
liter of free sulfur dioxide present require less potassum sorbate.

An additiond problem sometimes devel ops when potassum sorbate is added to wines low in sulfur dioxide.
Large bacterid populations can exist in wines low in sulfur dioxide. Sometimes the bacteria in the wine can
react with the sorbic acid, and a strange geranium-like odor is produced.

Large quantities of potassum sorbate were used by commercia wineries to dabilize off-dry wines before
practical derile filtration equipment became available. However, sorbic acid is not widely used today
because of the potentid flavor problems and the high cost of potassum sorbate. Now, Sterilefiltration isthe
preferred treatment, and few commercia wineries use potassum sorbate. Potassum sorbate is not a very
dable materia.  Unopened containers have a reasonable shdf life, but after the package is opened,
potassium sorbate can deteriorate rapidly.

FILLING BOTTLES

New glass battles leave the factory in a sterile condition. However, new bottles often contain carton dugt,
and even new glass should be rinsed. Bottles stored for extended times should aways be rinsed before
filling. Some home winemakers turn up the hot water heeter a few hours before sarting to bottle wine.
Then dean (previoudy washed), used bottles are rinsed with very hot water just before filling. Other
winemakers rinse each bottle with a sulfur dioxide solution. The sulfur dioxide solution is made by mixing
1/4 tsp. of aulfite powder and B tsp. of citric acid in 750 ml of clean, cold water. This aulfite solution is
strong enough to sterilize the bottles, but care must be taken to drain the bottles completely.

Plagtic milk crates are a convenient way of handling glass while bottling. Milk crates hold about 20 bottles,
and they are easy to keep clean. If one end of the crate rests on a block of wood, the empty bottles will be
held on adant, and the angle makesfilling eeder.

Wineis dways exposed to asgnificant amount of air when the bottle isfilled, and a bottlefiller of some kind
should be used when bottling to reduce this oxidation. Most home winemakers sphon the wine into the
bottles with a piece of clear plastic hose fitted with a plastic wand type bottlefiller. A smple bottle filler has
asmdl vave on the end of arigid plagtic tube. The plagtic tube is placed in the empty bottle, and the vave
opens when it contacts the bottom of the bottle. Wine begins to flow when the valve opens, and the bottleis
filled from the bottom. Little solashing occurs when filling is done dowly, and wine oxidation is held to a
minimum.

Smadl, two or three-spout gravity type bottle fillers specificaly desgned for home winemakers can be
purchased for about one hundred dollars, and these fillers are very convenient moderate quantities of wine
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aemade. Gravity fillers are much faster than wand type fillers, and smdler commerciad wineries often use
larger, multiple spout gravity fillers. A gravity filler congsts of a amdl tank to hold the wine, a float vave
assembly that keeps the wine in the tank at a congtant level and filler spouts. Tanks on smdl, two and
three-gpout machines can be filled by sphoning with large diameter tubing. Tanks on machines employing
severd spouts mugt befilled with asmdl transfer pump.

Operdtion of gravity type boattle fillers is quite Smple. The operator places an empty bottle on an empty
spout, and the machine arts filling the new bottle. Filling continues unattended while the operator removes
other full bottles and places empty bottles on the spouts. When the new bottles become full, the machine
automaticaly stops filling. Once the filler is adjusted properly, dl of the bottles will be filled to the same
uniform leve. Little spillage occurs, and if the operator is careful, the outside surfaces of the bottles remain
clean and dry. Although these little machines are smple in design, they are surprisngly fast. Most gravity
battle fillers can fill two bottles per minute for each spout. For example, a machine with four spouts can fill
more than eight bottles a minute, and one person is kept quite busy changing the bottles.

Bottles should be filled until less than 1/4 inch space exists between the top of the wine and the bottom of
the cork. Most wand type bottle fillers leave too much air space in the bottle. Some winemakers prefer to
fill and cork one bottle at atime. Other winemakers prefer to fill severd bottles and then cork the lot. In
any event, leaving full bottles of wine open for long periodsis not a good practice.

Corking

Standard wine corks are sold in large, sealed polyethylene bags containing one-thousand corks. The corks
are gerilized with sulfur dioxide gas when packaged, and the corks remain in a sterile condition until the bag
is opened. The water content of the corks is carefully adjusted just before packaging, and the humidity in
the bags is carefully controlled. Corks taken from a seded bag are soft, pliable and resllient. They can be
driven easly, and the soft, pliable corks quickly conform to the neck of the bottle and form atight sedl.

Dry corks should be driven into the bottle whenever possible, but many small hand corking machines cannot
adequately compress hard, dry corks. Then the winemaker has little recourse, and softening the corks is
necessary. The norma procedure is to soak hard corks in cold water until they become soft enough to
drive with the corker available. A pinch of sulfite can be added to the water to help sterilize the corks as
they are soaking. Very wet corks are undesirable because excessve “cork water” will be left when the
corks are driven into the bottle. Cork water can be avoided by soaking the corks for afew hours, and then
the corks are covered with a clean cloth and drained overnight.

Corks can be quickly softened (and probably sterilized) in a microwave oven. However, corks burn eesily,
S0 some practice may be needed. First the corks are rinsed in clean water and then seded a plagtic, zip-
lock storage bag. The sedled bag is then placed in a microwave oven. Some experimentation with the time
and power settings will probably be necessary.

Corking machines should be adjusted so the top of the cork is set just below the lip of the bottle. Spilled
wine should be removed from the outside surface of the bottles when the corking operation is completed
because wine left on the glass makes labes difficult to gpply. In addition, mold often grows on the spilled
wine, and after afew weeks an ungghtly residue can form on the bottle.
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Labes

All wine should have a labd permanently attached to each bottle. Producing custom wine labels with a
home computer is easy and fun. If a scanner and a color printer are available, a variety of art work can be
incorporated into the label design, and very professond looking labels can be produced easly. Some
glues wrinkle light weight papers, so labels are best printed on medium weight paper. Some bond papers
seem to work well. Papers can be tested by wetting one side of a sheet with water, and then carefully
observing the paper for afew minutes. Papers that stretch and wrinkle excessively will probably will not be
auitable for labels. Layout 4, 6 or 8 labels on standard 8.5 X 11 inch paper. If the layout is carefully done,
the labels will be easy to cut with a paper cutter, and little paper will be wasted. A few extra labds should
be made when the |abels are printed. The extra labels can be pasted on the cartons to identify the contents,
and the labels give case goods a professona |ook.

Capsules and labels can be applied when the bottles are clean and dry. Home winemakers often use an
inexpengive, short bristled, 1 & inch brush to gpply glue to labds. White “Elmers’ glue works well with
heavy weight papers. Unfortunately, this glue is water-based, and it may shrink or wrinkle some types of

papers.

The following procedure works well for labeling small quantities by hand. Cut a piece of cardboard alittle
smaler than the label. Place the label face down on the cardboard and apply the glue with the brush.
Apply the glued labd to the bottle and quickly smooth out any wrinkles. Try to place the labdl in the proper
position the firg time to avoid smearing the bottle with wet glue. Clean the brush and glue container with
warm sogpy water when finished. A “glue stick” is very convenient when just a few bottles are being
labeled.

When labeling short runs, commercid wineries use a“labe paster” to apply just the right amount of glue to
the back surface of plain paper labds. These machines apply glue quickly and easlly, and they save a great
ded of time. Unfortunatdly, smdl pasting machines are expensve. New machines cost $600 or $700.
Second hand machines are in great demand, and they are very hard to find.

Capsules

Mogt home winemakers and many commercia wineries use plagtic cgpsules. Plastic cgpsules can be
obtained in a variety of colors, and they can be custom printed. Plagtic cgpsules are inexpensive, and they
provide an attractive, finished look to any bottle of wine. “Push-on” capsules are made of heavy weight,
plastic materiad, and many home winemakers prefer this type of capsule because they are easy to apply.
The capsule is Imply pushed onto the neck of the bottle.

Unlike push-on capsules, “hest-dhrink” type capsules are made from thin plastic materid. They are
available in a greater range of colors and finishes, and they are dightly less expensive. Heat-shrink capsules
are placed over the neck of the bottle, and then heset is gpplied to shrink the plastic materid tightly to the
bottle. Large wineries pass the bottles through a heat tunnd to shrink the capsules in place. Home
winemakers use dectric heat guns, or they dhrink the cgpsule by dipping the neck of the bottle in boiling
water.
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BOTTLE AGING

Timeisrequired to age wine properly. Although congderable research has been done, no practica way has
yet been found to speed up the wine aging process. Wine ages in two different ways, and each type of
aging changes the wine in a different way. Bulk aging takes place in large Sorage containers, and small
amounts of ar are dways present. Bottle aging takes place after the wine is bottled. Here, no air is
present, and oxygen is not involved.

Mot high quality dark red table wines are bulk aged from one to three years. After bottling, these wines
are aged in the bottle for a year or more to develop a bottle bouquet. Very tannic red wines often require
severd years of bottle aging to reach maturity. Heavier white wines are usudly bulk aged for severd
months and then aged in the bottle for an additiond time. Aging in the bottle is best accomplished by
placing the bottles on their sdesin acool, dark, quiet place.

Novice winemakers sometimes become very enthusiagtic about thelr first few winemaking efforts, and they
often consume their wines too early. Two cases of wine can be consumed in a short time, and many new
winemakers exhaust their supply before the wine ever approaches maturity. This is one argument against
making winein five gallon water bottles. A 15-gallon beer keg holds six cases, and thisis about the smallest
Sze container suitable for home wine production. Of course, five-galon glass bottles are handy for storing
|eftover wine.

SUMMARY

Dirty wine bottles are a potentid source of contamination in the home winery. Dirty bottles should be
washed and then placed in clean cartons. The cartons of clean bottles should then be stored in a clean, dry
place.

All wine mugt be brilliantly clear and stable beforeit is bottled. Any blending should be done severa weeks
before battling time. Early blending dlows the winemaker to check the wine for severd weeks to make
sure the new blend is stable before bottling time.

Wines containing more than 1/4 percent resdua sugar can restart fermenting anytime, and these wines must
be treated in some way to insure bottle stability. Home winemakers often use potassum sorbate to prevent
fermentation in off-dry or sweet wines. The right amount of sorbate must be added, and wines treated with
sorbate should aso contain at least 30 milligrams per liter of free sulfur dioxide.

Oxidation is the most common fault found in homemade wines, and some wine oxidation aways occurs
during bottling. A boattle filler of some kind should be used, and the bottles should be filled dowly from the
bottom with a minimum of splashing and bubbling. Corks should be st flush or dightly below the lip of the
bottle. All bottled wine should have an gppropriate labd to identify the contents. Custom wine labels are
easy to make usng a home computer.
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Chapter 18

RED WINE:
A CASE HISTORY

Carignane grapes are widdly grown in France, Spain, Cdifornia, Itay and Chile. Carignane is not a well-
known variety because it is seldom bottled as a varietd wine. However, Carignane grapes produce more
red wine than any other grape variety. Carignane wine is often blended with wines made from other grapes
varieties because it is astringent. In France, Carignane wine is the primary component of vin de pays. In
Cdifornia, it is the mgor component in “Hearty Burgundy” and in most other red jug wines. Sometimes,
Carignane grapes are cdled “poor mans grapes’ because Carignane produces such large quantities of
unremarkable, red table wine.

Wine made from Carignane grown in southern Cdifornia is often lacking in color. However, these
Carignane wines can be quite astringent, so the winemaker must handle the primary fermentation carefully.
When properly fermented and aged in wood for a few months, Carignane can produce a robust, amost
friendly, red wine,

Obtaining Grapes

A loca grape grower was contacted the third week in June 1993. Arrangements were made to purchase a
haf ton of Carignane grapes for $125. In early October, the grower |eft a message saying the Carignane
fruit was ripe. He said his crew would start picking at daybregk the following Saturday, and the grapes
could be picked up any time after 6:30 am.

Finding the block of Carignane vines in the dark was difficult, but the darkness did not bother the picking
crew. The bed of a pickup truck was lined with a large sheet of 4-mil polyethylene, and a haf-ton of
Carignane grapes was dumped directly into the bed of the truck. The grapes were loaded by 6:45 am.
They had been off the vinesfor just afew minutes, and the grapes felt cold.

GRAPE PROCESSING

Crushing gtarted shortly after 8:00 am. A smal, power crusher-semmer was placed on top of a half-ton
plastic fruit bin, and the crusher and bin were carefully washed and drained. The truck was backed closeto
the crusher-semmer, and the grapes were unloaded with a long handled fork directly from the truck into
the crusher-semmer.  Thirty-five milligrams per liter of sulfur dioxide were added as the grapes were being
crushed. The fruit bin was about 2/3 full when dl of the grapes had been crushed. Crushing, including
washing the equipment before and after, took about an hour.

Testing Fruit
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After the equipment had been washed, a small sample of juice was tested. The juice was measured with a
short range hydrometer, and the sugar was 23.8 Brix. The titratable acid was 0.56 percent, and the pH
was 3.73. The measured data showed the sugar content was fine. However, the acid content of the grapes
was low, and the pH of the juice wastoo high. In previous years, Carignane grapes from the same vineyard
aways had TA vaues ranging from 0.55 to 0.60 and a pH of about 3.8, so the low acidity was not a great
surprise,

Adjug Fruit

About seven ounces of tartaric acid was dissolved in a little water and added to the grapes. After the acid
addition, the titratable acid measured 0.67 percent, and the pH value of the juice had dropped to 3.64.
Grapes from this vineyard had been dow to ferment in previous years, and the juice was consdered low in
nitrogen. Four ounces of diammonium phosphate were dissolved in alittle water, and the DAP solution was
dirred into the fruit to give the yeadt alittle extra nitrogen.

Add Yeast

After lunch, a 500-gram package of dry Pasteur Red yeast was opened, and 120 grams of dry yeast were
weighed out. The temperature of 800 milliliters of water was adjusted to 98 degrees, and the dry yeast
granules were dowly girred into the warm water.  The yeast was girred severd times until the mixture
became smooth and creamy. After standing for about 25 minutes, the rehydrated yeast was added to the
crushed Carignane grapes.

FERMENTATION

The grapes showed definite Sgns of fermentation the following morning. By evening a cgp had formed, and
the cap was gently punched down for the first time. For the next severa days, the cap was punched down
three or four times each day. Fermentation was monitored carefully. Each afternoon the temperature was
measured, and the sugar content was checked with a hydrometer. Juice was tasted for astringency and
caefully smelled to make sure hydrogen sulfide was not developing. On the sixth day after crushing, the
hydrometer read 4 Brix. The color of the new wine was light, but a noticegble amount of astringency had
developed. It wastimeto press.

Pressing

A homemade hydraulic basket press was used to press the Carignane pomace. The fermentation mass was
transferred from the plagtic fruit bin directly into the press basket with a three-galon plastic bucket. Much
of the liquid ran through the press as the basket was being filled, and an eighteen-galon container caught the
liquid coming out of the basket. A smal magneticaly-coupled transfer pump and haf-inch plagtic tubing
were used to transfer the wine from the press sump into a pair of 42-galon polyethylene drums.

Pressure was applied dowly to reduce the quantity of foam agppearing between the dats at the bottom of the
basket. The pomace cake was broken up twice, and three press cycles were needed before the pomace

was acceptably dry.
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This press has a 1/3 ton capacity, so two partia press loads were needed. All of the press wine was added
to the main batch, and the haf ton of Carignane grapes produced about eighty gallons of wine. Including the
time needed to wash the press before and after and to clean up the mess, the pressing operation lasted
amodg four hours.

Completing Fermentation

Since the wine was nearly dry, foam problems were not anticipated, and the plastic drums were sedled with
fermentation locks. A wine sample was taken every day, and the Brix was measured with a “plus and
minus five degreeg” short range hydrometer. After the wine had been in the plagtic drums for eight days, the
hydrometer read -1.7 Brix. After ten days, the reading was -1.6 Brix, and after 13 days, it read -1.7 Brix.

Hydrometer readings had been less than -1 Brix, and the readings had remained steedy for severd days.
The hydrometer readings suggested fermentation was finished, so the resdua sugar in the wine was
measured with a Clinitest tablet. The measurement showed less than 1/4 percent sugar remained in the
wine, so fermentation was complete.

CELLAR WORK

Twenty days after the yeast addition, the wine was dry, and it had started to clear. The Carignane wine was
racked for the first time into a 12-year-old, 60-galon oak barrel, two glass carboys and a one-gallon jug.
Most of the gross lees had settled out, and care was taken not to disturb the muck. Seventy-one gallons of
new wine remained after the first racking.

ML Fermentation

Malolactic fermentation started spontaneoudy in the barrel just as it had in previous years, but the wine in
the glass containers showed no evidence of ML activity. After two weeks, 10 gdlons of wine was
withdrawn from the barrd. Wine in the glass carboys was pumped into the barrdl, and the carboys were
refilled with the trandferred wine. After three more weeks, a paper chromatogram showed no madic acid
remaned in the wine in any of the containers.

Post Fermentation SO, Addition

Sulfur dioxide had been added when the grapes were crushed, but very little of the initid SO, remains after
primary fermentation is complete. The absence of mdic acid meant malolactic fermentation was complete,
S0 a gandard post fermentation addition of 50 milligrams of sulfur dioxide per liter of wine was made to dl
of the containers. After another week, the fermentation lock on the barrel was replaced with a dlicone
rubber bung. The barrel was topped up once aweek for the first six weeks.

2nd Racking
About four weeks after the first racking, dl of the wine was racked into alarge, temporary container. The

barrd and both carboys were washed and then refilled with wine. A sample was tested, and the
measurements showed the wine contained 24 milligrams per liter of free SO,. The titratable acid was 0.61
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and the pH was 3.70.
Oak Chips

Ten ounces of loose oak chips were added to the 60-galon barrd on January 22, and a small sample of
wine was removed. The sample was measured, and it showed: color = ok, clarity = ok, aroma = ok, taste
= ok, SO, = 21 milligrams per liter, TA = 0.60 and pH = 3.70.

A sample of wine was taken from the barrd on February 25. The sample was measured, and the results
were: color = ok, clarity = ok, aroma = ok, taste = ok, SO, = 16 milligrams per liter, TA = 0.58 and pH =
3.73. Thefree SO, content of the wine was getting too low, so 20 milligrams per liter of sulfur dioxide was
added.

3rd Racking

The Carignane wine was racked for a third time in early March. All of the wine was racked into a large
temporary container. The barrd and the carboys were washed and then refilled with wine. More than a
gallon of Cabernet Sauvignon wine was needed to top up the second glass carboy.

WINE AGING
Aging was done in the 60-galon oak barrd and two 5-galon glass water bottles.

The wine was tasted and measured on March 29. The results obtained were: color = ok, clarity = ok,
aroma = ok, taste = ok, SO, = 24 milligrams per liter, TA = 058 and pH = 3.71. A wine sample was
tested on April 24, and this time the results showed: color = ok, clarity = ok, aroma = ok, taste = ? (wine
tasted harsh), SO, = 19 milligrams per liter, TA = 0.58 and pH = 3.75.

On May 30, the wine was tested with the following results: color = ok, clarity = ok, aroma = ok, taste =?,
SO, = 17 milligrams per liter, TA = 0.56 and pH = 3.70. The oak was starting to show. The wine seemed
adringent.

The wine was tested again on June 27. Thetest results were color = ok, clarity = ok, aroma = ok, taste =?,
SO, = 15 milligrams per liter, TA = 0.58 and pH = 3.74. The wine seemed too astringent at thistime. The
SO, was low, so an addition of 20 milligrams per liter of sulfur dioxide was made.

Geatin Fining

On duly 29, the wine was measured again, and it was criticaly tasted by severa people. The measurements
showed: color = ok, clarity = ok, aroma = ok, taste =?, SO, = 26 milligrams per liter, TA =057 and pH =
3.76. Everyone agreed that the oak flavors were good, but four out of five people felt the wine was too
adringen.

The wine was tasted severd additiond times on different days. Findly, a decison was made. The wine

was too adtringent to bottle, and it needed to be fined to remove some of the excess tannin.  About fifty
grams of dry gelatin powder were mixed with warm water, and the solution was stirred until smooth. The
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gdatin solution was added dowly while the wine was stirred continuoudy. The wine was dlowed to stand
for ten days, and then it racked off the gelatin lees.

Getting Ready to Bottle

Two samples of wine were removed a couple of days before bottling time. One wine sample was tasted
and used for lab measurements.  Everything seemed fine, but the pH was dmogt 3.8. This is not an
unusualy high pH vaue for a red wine made from grapes raised in southern Cdifornia. However, such a
high pH vaue reduces the effectiveness of sulfur dioxide. Therefore, enough sulfur dioxide was added to
increase the free SO, content of the wine to 40 milligrams per liter.

The second wine sample was used to fill aclear 375-milliliter wine bottle. The bottle was tightly seeled with
acork, and the sample was placed in arefrigerator. After two days the bottle was removed and alowed to
come to room temperature. After the bottle had been a room temperature for about 24 hours, the sample
was carefully examined. The wine showed no haze, and no tartrate crystals were found in the bottle. The
wine passed the stability test, so it was declared ready for bottling.

Bottling

The 1993 Carignane wine was bottled on 16 September, 1994. All of the wine was racked into a large
temporary container. The wine was pumped from the temporary container through a one micron absolute
pad filter and into a two-spout gravity bottle filler. The wine was bottled in clean (previoudy washed), used

bottles. Before being filled, each empty bottle was rinsed with clean hot water and then given a sterilizing
ringe with a sulfur dioxide solution.

About two hours were required to rinsg, fill and cork the bottles. The next day, plastic hest shrink capsules
and labels made on a home computer were applied to the bottles. The bottles were placed in cardboard
cases, and extra labels were applied to one sde and one end of each case. The cases were seded with
clear tape, s0 they could be stacked six cases high.

FOLLOW UP

At boattling time the Carignane wine was clear and stable. The wine had a medium ruby color and a clean,
nondescript nose. It had the typical “dusty” and “woody” taste of young, over-oaked Carignane wine.
The titratable acid was 0.58. The pH was 3.78, and the free sulfur dioxide was 40 milligrams per liter.
Twenty-eight cases were bottled at a cost of $7.39 per case ($0.62 per bottle). After several months, the
excessve oak taste had diminished, and the wine developed a pleasant, vanillin bottle bouquet.
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Chapter 19

WHITE WINE:
A CASE HISTORY

Many people fed Chardonnay is the premier white wine grape. 1t produces the great white Burgundy wines
incduding Chablis, Poully-Fuissy and Montrachet, and Chardonnay vines are widdly grown around the
world. 1n 1995 about 72,000 acres of Chardonnay were planted in Cdifornia vineyards, and it was the
most widely planted Cdiforniawine grape variety.

Chardonnay is an early ripening grape variety, and it is often the first variety picked each year. It has small
clugers of round, thin skinned, light ydlow colored beries. The thin skin and its early ripening
characteristics, make Chardonnay fruit vulnerable to bird, bee and wasp damage. Chardonnay prefers a
cool growing climate, and wines made from fruit grown in warm regions often lack acidity and varietd
intengty.

Chardonnay table wine is often produced in two different styles. A light fruity style emphasizes the dlean,
picy, apple characteridics of Chardonnay grapes. A heavier style wine integrates the rich, complex,
buttery qualities obtained from malolactic fermentation and aging in oak. Much of the Chardonnay wine
produced falls somewhere between these two extreme styles.

Obtaining Grapes

Arrangements were made to obtain Chardonnay fruit from a smal home vineyard about thirty miles away.
The arrangements were ssmple. The vineyard owner would supply the grapes. The winemaker would
supply the corks and bottles, and the winemaker would be responsible for harvest decisons and the
winemaking. Grower and winemaker would divide the finished wine evenly.

This vineyard was known to ripen early, and the grapes were usudly picked in the second or third weeks of
Augus. The first sugar sample was taken on July 26. The grapes were tested, and the TA, pH and Brix
values were recorded.  Sugar samples were gathered and measured each Friday morning until the grapes
were picked.

Picking & Transport

The grapes were picked very early the morning of 20 August 1995. When it was light enough to see the
grapes, three people started picking. Cluster sems were cut with small hand shears, and the picked fruit
was carried in 5-galon, plastic buckets. When the buckets were full, they were dumped directly into a half-
ton fruit bin in a pickup truck. About 600 pounds of Chardonnay grapes were picked in less than two
hours. The cold grapes were covered and transported to the crush area quickly before they became warm.
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GRAPE PROCESSING

A small power crusher-ssemmer was placed on top of a& ton plagtic fruit bin. The equipment was washed
and carefully drained. Crushing started around 9:30. The grapes were moved from the truck into the
crusher-semmer with along handled fork. Sulfite solution was added as the grapes were being crushed.
The aulfite solution provided 35 milligrams of sulfur dioxide per liter of crushed grapes.

A small vertical basket press was used to press the Chardonnay fruit. The crushed grapes were transferred
from the fruit bin into the press basket with a three-gdlon plastic bucket. As the basket was being filled,
about hdf the juice ran through the pressinto a 5-gallon bucket. When the bucket was full, it was emptied
into a 55-gdlon polyethylene drum.

Press pressure never exceeded 25 ps, and the pressure was applied dowly to reduce foaming. The press
cake was broken up and repressed three times before the pomace was dry. The small press had a 200-
pound capacity, and three compl ete press loads were required.

Including the time needed to wash the crusher and the press before and after, the entire crushing and
pressing operation lasted more than four hours. The 600 pounds of Chardonnay grapes (and much work)
produced forty-five gallons of juice.

Testing Fruit

Testing was done when juice became avalable. Sugar content was measured with a short ranged
hydrometer. A vaue of 23.3 Brix was obtained after a temperature correction was gpplied (the juice was
cold). The acid wastested, and it was 0.58 percent. The pH was 3.52.

Cold Settling Juice

The Chardonnay juice was settled in a homemade “cold-box.” The cold-box is made from 1-inch thick,
ridged foam insulation pands, and it measures four feet wide, four feet high and eight feet long. The top of
the box is hinged and can be raised for easy access. A smal 7000-Btu window air conditioner mounted in
one end of the insulated box keeps the temperature of the box below 56 degrees. The 55-galon drum of
Chardonnay juice was moved into the cold box when pressng was completed. The temperature of the
juice was 64 degrees when the it went into the box.

In the morning, the juice temperature was down to 57 degrees. Then, 39 gdlons of clear juice was racked
off the sediment into a clean 42-gdlon polyethylene drum. The remaining Sx galons of juice and sediment
were resettled in arefrigerator for two days, and an additiona two galons of clear juice was reclamed.
Adjug Fruit

The acid content of the Chardonnay juice was low just as it had been in previous years, and enough tartaric

acid was added to raise the TA of the juice to 0.69 percent. Juice pH was re-measured, and the tartaric
acid addition reduced the pH to a vaue of 3.41. Cdifornia Chardonnay grapes are often low in available
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nitrogen, o three ounces of diammonium phosphate were also added. The DAP crystds were dissolved in
alittle water and dtirred into the juice.

FERMENTATION

Forty grams of active, dry Prise de Mousse yeast were girred into 350 milliliters of warm water. Water
temperature was adjusted to 99 degrees, and the yeast mixture was stirred severa times. The mixture was
dlowed to rehydrate for about 25 minutes. When the yeast mixture
was smooth and creamy, it was girred into the juice, and the drum

No dgns of fermentation were found the following morning, and _
fermentation could not be detected on the second morning. 8/21 58

However, by the evening of the second day, the bel in the 23.3
. . 8/22 56
fermentation lock was up, and the Chardonnay juice was gassy. 233
Fermentation was underway. 8/23 57
23.3
The temperature of the Chardonnay juice was maintained at 56 to 8/24 57

58 degrees during the cold fermentation period. Each evening the 22.5

temperature of the fermentation was measured, and a hydrometer 281/215 56

was used to check the sugar content of the juice. Five days after the 8/26 57
yeast addition, the sugar was down to 17 Brix. After ten days, the 17.0
sugar was about 9 Brix, and the sugar measured 2 Brix after fifteen 8/27 56
days. 14.9
8/28 57
The Chardonnay wine was removed from the cold box on 182/'2% 58
September 5. The container was topped up, and the wine was 10.8
alowed to warm to room-temperature. After three days at room 8/30 57
temperature, the wine was measured with a short range hydrometer, 9.9
and the hydrometer read -2.3 Brix. After two more days, the 8/31 57
hydrometer reading had not changed, and the Chardonnay wine 8971 56
seemed dry. A complete fermentation record for the Chardonnay 77
wineis shown in Table 13. 9/2 56
6.4
ML Fermentation 9/3 56
5.0
9/4 56

Malolactic fermentation was started by adding dry Viniflora oenos 3.8
directly to the wine. Severd days later, the bell on the fermentation é/5

moved -
lock was up, and ML fermentation appeared to be underway. A 96 73
paper chromatogram was made on October 6, and the 0.8
chromatogram showed little mdic acid remained in the wine. 97 75 -
1.7
- 9/8 75 -
SO, Addition 24
9/10 74 -

Snce mdolactic fermentation seemed finished, an addition of 50 2.4

Table13. The Complete
117 Fermentation record for the
1995 Chardonnay wine.




milligrams of sulfur dioxide per liter of wine (mg/l) was made to the new Chardonnay wine. The container
was then topped up and sealed with a fermentation lock.

CELLAR WORK

The wine remained on the gross lees for another two weeks. After two weeks, the wine was racked into a
clean container, and the container was topped up and seded with a fermentation lock. A sample of wine
was tested, and the measurements showed the wine contained 22 milligrams per liter of free SO, The
titratable acid was 0.64 and the pH was 3.41.

Oak Chips

On December 2, five ounces of loose oak chips were added to the Chardonnay container. A sample of
wine was taken, and measurements showed: color = ok, clarity = ok, aroma = ok, taste = ok, SO, = 19
milligrams per liter, TA = 0.65 and pH = 3.40.

On January 6, a sample of Chardonnay was taken from the container. The wine was measured, tasted and
carefully examined. The following results were obtained: color = ok, clarity = ok, aroma = ok, taste = ok,
SO, = 16 milligrams per liter, TA = 0.64 and pH = 3.43. The free SO, was getting low, so 25 milligrams
per liter of sulfur dioxide was added to the wine a thistime.

Hot & Cold Stabilization

One liter of hot water was placed in a blender, and 60 grams of agglomerated bentonite were dowly added
to the water while the blender was running a high speed.  The bentonite mixture was adlowed to cool for
severd hours. The mixture was then sedled in aplastic bottle and placed in arefrigerator for afew days. In
mid January, the 60 grams of hydrated bentonite were stirred into the Chardonnay wine.

The next day, the container of wine was moved into a smal, upright freezer. The freezer is not equipped
with an adjustable thermostat, but the temperature can be controlled within a few degrees with an dectric
timer. The freezer operated continuoudy until the temperature of the wine reached 29 degrees. The timer
was then used to keep the wine temperature between 27 and 30 degrees. The wine was held at that cold
temperature for Sx days. Findly, the cold wine was racked into a clean container and alowed to warm to
ambient temperature.

Aging

On February 9, the Chardonnay was carefully tasted and measured. The February testing gave the
following information: color = ok, clarity = ok, aroma = ok, taste = ?, SO, = 24 milligrams per liter, TA =
0.61 and pH = 3.46. The winemaker fdt that the wine would benefit from more oak character, so two
additional ounces of oak chips were added to the container.

On March 6, the wine was tested with the following results: color = ok, clarity = ok, aroma = ok, taste = ?,
SO, = 20 milligrams per liter, TA = 0.60 and pH = 3.44. Little oak was showing.

The wine was tested again on April 10. The results of these tests showed: color = ok, clarity = ok, aroma =
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ok, taste = ok, SO, = 16 milligrams per liter, TA = 0.58 and pH = 3.45. Some oak was Starting to show.
An addition of 15 milligrams per liter of sulfur dioxide was made at thistime.

Getting Ready to Bottle

Two samples of the wine were taken a couple of days before bottling. Lab measurements were made on
one of the samples, and the data showed: color = ok, clarity = ok, aroma = ok, taste = ok, SO, = 19
milligrams per liter, TA = 0.61 and pH = 3.44. The sulfur dioxide was too low, so enough sulfur dioxide
was added to increase the free sulfur dioxide content of the Chardonnay wine to 28 milligrams per liter.

The second wine sample was used to fill a clear 375-milliliter wine bottle. The bottle was seded with a
cork and placed in arefrigerator. After two days, the bottle was removed from the refrigerator and brought

to ambient temperature. After the sample had been a room temperature for 24 hours, the wine was
carefully examined. The Chardonnay wine showed no haze, and no tartrate crystals could be found on the

bottom of the bottle. The wine was declared to be cold stable. The next day, the container of Chardonnay
wine was filtered with a 2-micron absolute pad filter to prepare the wine for bottling.

Bottling

The Chardonnay wine was bottled on 1 May 1996. To reduce handling, the wine was pumped directly
from the polyethylene drum, through a 0.5-micron filter and into a two-spout, gravity bottle filler. Each
empty bottle was rinsed with clean, hot water and a sulfite solution just before it was placed on the filler
goout. A little over an hour was required to rinse, fill and cork the bottles. Plagtic heat shrink capsules and
labels were applied to the bottles the following day, and the bottles were placed in cardboard cases. Labels
were placed on each case to identify the contents, and the cases were sedled with 2-inch, clear plastic tape.

FOLLOW UP
At bottling time the wine was brilliantly clear, and it had a pae straw color. It had a clean nose and an
“oakey” Chardonnay taste. The titratable acid measured 0.61. The pH was 3.44, and the free sulfur

dioxide content was 28 milligrams per liter.

Sixteen cases of Chardonnay wine were bottled. The oak taste diminished sgnificantly after the wine had
been in the bottle for a few months.

The grower seemed pleased with the wine when he recelved his eight cases.
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Chapter 20

MAKING
SPARKLING
WINE

Sparkling wines are produced in France, Spain, Itay, etc., but only those sparkling wines made in a small
region of France using the classca method are caled Champagne. Sparklers produced anywhere dse are
properly cdled “sparkling wines” Sparkling wines are blended from severd carefully sdected lots of ill
wine, and the French word for the batch of starting wine used to make Champagne is Cuvie. Classca
sparkling wines are made by gpplying a multi step process to the blended, dill wine. A second sugar
fermentation takes place in the bottle, and this fermentation produces a carefully controlled volume of
carbon dioxide gas and a smdl amount of ethyl alcohol. The carbon dioxide gas produces the desired
effervescence. The smal quantity of additiona acohoal is of little consequence.

Four steps are used to produce traditional sparkling wine. (1) First, sugar and yeast are added to a
finished dill wine, and the wine is bottled. (2) Fermentation converts the added sugar into acohol and

carbon dioxide gas. (3) The new sparkling wine is aged on the yeast lees for a year or more. (4) After

aging, the sparkling wine is finished. During finishing, upside-down bottles are turned repesatedly to work

the yeast lees down onto the bottle caps. After several weeks of turning, when the yeast is on the caps, the

yeest lees are disgorged from the bottles. Any wine logt in disgorging is replaced with asmall quantity of il

wine containing sugar, and the bottles are corked.

Novice winemakers may find this process complex, but the whole procedure becomes relatively smple
when each step is understood. Nevertheless, the production of traditional sparkling wine is by necessty a
lengthy and labor intensve process. The qudity of sparkling wine is determined primarily by the Sarting
cuvJ e, and by the length of time the wineis aged on the yeast lees. Long aging times and extensive handling
are required to produce a quality product. The considerable time and effort required to produce quaity
parkling wine accounts for its high codt.

CUVIE

Finished sparkling wine qudity depends largely on the characteridtics of the garting cuva e, and the starting
wine should have severd specific characteristics.  The gtarting wine must be dry, or if it contains sugar, the
quantity of the sugar must be accurately known. CuvJ e should have a clean, neutra bouquet, and any
varieta flavors should be subtle. Cuvd e has a high acid content ranging between 0.7 and 0.9 percent. In
addition, the starting wine should be low in free sulfur dioxide (less than 25 milligrams per liter), and the
acohol content should be between 10 and 11.5 percent.

Grapes harvested specificaly for making sparkling wines are picked before they are completely ripe. Sugar
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content is often only 17 to 20 Brix. Early picking helps insure subtle varietd flavors and a high acid levd.
Early harvested grapes dso produce a sarting cuvJ e with alow acohol content, and the low acohol makes
the second fermentation easier to Sart.

In the Champagne region of France, cuvJe is made from about 2/3 Pinot Noir grapes and about 1/3
Chardonnay grapes. Chardonnay is a white grape, but Pinot Noir is ared grape. Most red grapes have
colorless juice. The color is in the grape skins. Since the red color is in the skins, red grapes must be
handled gently and pressed quickly to avoid introducing a blush color into the cuvie. In Cdifornia, high
quality “blanc de blanc’ cuvJ eis often blended from wines made from Chardonnay and Pinot Blanc grapes.
In Italy, the famous “Agti Spumante’ sparkling wine is made entirely from White Muscat grapes.

Blending CuvJ e

Sparkling wine cuvie must be clean, sable and brilliantly clear. Home winemakers often produce a
satisfactory cuvd e by blending and modifying available dry white wines. Generdly, the dcohol content will
be too high when white table wines are used, and flavor levels are often to intense. However, the blend can
be diluted with a small amount of water. Often a 10 percent water addition will reduce the dcohol content
too lessthan 11.5 percent and dilute flavor intendties aswell.

The titratable acid and the free sulfur dioxide content of the cuvd e will aso need adjuging. Mogt avalable
table wines will require modest additions of acid to raise the TA to about 0.80 percent. Large additions of
tartaric acid should be avoided, or the wine may need to be cold stabilized again. Citric acid is often used
for smdl acid adjustments because it does not produce ingtability problems.

The second fermentation in the bottle will be very difficult to sart if the sulfur dioxide content of the sarting
wine is too high. When the free sulfur dioxide content exceeds 25 milligrams per liter, hydrogen peroxide
can be used. An addition of 3.5 milliliters of 3% hydrogen peroxide in 5 galons of wine will remove 10
milligrams per liter of free sulfur dioxide. Wine flavors or aromas are not affected sgnificantly when
hydrogen peroxide is used properly. However, hydrogen peroxide is a potent, oxidizing agent. Bench
testing should be done when usng hydrogen peroxide, and accurate sulfur dioxide measurements are
necessary.

M easuring the Sugar

The totd sugar content of the cuvi e must be very carefully controlled. If the sugar content is too low, the

finished wine will not have enough effervescence. However, if the sugar content is too high, excessive
pressures will be generated in the bottle, and high pressures can cause the bottles to explode. When
commercid sparkling wines are made, enough sugar is added to produce bottle pressures of about 90
pounds per square inch (ps). However, home winemakers are strongly advised to work with less pressure.
Exploding bottles are the subject of jokes, but they can be very serious hazards.

One and one-hdf (1.5) ounces of sugar for each galon of completely dry wine is recommended. This
quantity of sugar will produce a lively sparkle in the finished wine, and bottle pressures will be held to about
40 ps. Ordinary white, granulated household sugar should be used. The starting wine must be completely
dry, and the resdue sugar should be measured with a Clinitest tablet. The quantity of sugar must be

121



accuratey weighed, and the volume of the cuvi e accurately measured. Do not guess a any of these
quantities. The carefully measured sugar and a small amount of yeast nutrient should be added to the wine.
About 1/4 tsp. of diammonium phosphate in 5 gdlons of wine is the right amount. Stir the cuvd e until al of
the sugar and DAP are dissolved.

SECONDARY FERMENTATION

Sarting the second fermentation is very much like sarting a stuck wine. The process is quite Smple, but
condderable attention by the winemaker is required. Firdt, a pint of sarter is made from dry yeast and a
spoonful of sugar. Prise de Mousse or Cdifornia Champagne yeast should be used. These yessts are
tolerant to both alcohol and sulfur dioxide. Despite its name, Pasteur Champagne yeast is not very good for
gparkling wine production. This yeast will ferment satisfactorily, but Pasteur Champagne yeast lees are
difficult to riddle.

When the darter is active, an equa volume of cuvJ e is added to the starter, and the quart of Sarter is set
asde. Wait until the Sarter becomes active again, then add a quart of cuvie. When the starter is again
active, two quarts of cuvie is added. This doubling process is continued until the entire batch of cuvie
shows signs of active fermentation. The doubling process can be accomplished in twenty-four hours or so if
the gtarter is kept warm. Low temperatures will require more time. The cuvJ e is ready to bottle when a
ring of fine bubbles appears around the edge of the container, or when the winemaker observes other signs
of fermentation.

The garting wine must be bottled in Champagne type bottles. Do not use other kinds of bottles
because the pressures are too high. Each bottle should be cleaned and inspected carefully, and any
bottles with scratches, chips or cracks should be discarded. Clean, sound bottles should be filled until the
head space is about two inches. All domestic champagne bottles are made with a specid lip that dlowsthe
bottles to be closed with “crown” (beer) caps. Crown caps should be used to sed the bottles rather than
corks. Caps are less expensive, and they are much easier to remove later. Caps can be quickly and easly
goplied with asmdl, hand capping machine.

AGING

Much of the desired character of sparkling wine is derived from the wine being in contact with the yeast lees
for an extended time. Y east contact time is very important, and a high qudity product cannot be produced
quickly. In France, dl Champagnes must spend a least one year on the yeast lees or the word
“Champagne’ cannot be placed on the label. All high quality sparklers spend from one to four years on the
yeast lees. Some home winemakers produce a three or even four years supply of sparkling winein asingle
batch. Making alarge batch every three or four yearsis a good technique. Some wine is available to drink
after ayear, but much of the parkling wine can be aged for an extended time.

Sparkling wine should be aged in a cool, dark environment free from excessive vibration. The bottles can
be laid on their sides and stacked up like fire wood. When the bottles are stacked this way, the yeast lees
are spread over a large surface area, and the large surface area is an advantage. However, if adequate
gpace is not available, the wine can be stored in cardboard cartons with the bottles standing vertically with
the points up. In either case, the bottles should be shaken gently every sx months to agitate the yeast
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sediment back into suspenson. Considerable care, leather gloves and safety glasses are
appropriatefor the shaking procedure.
THE FINISHING PROCESS

Sparkling wine is ready to finish after it has aged on the yeast lees for an appropriate time. Finishing a
gparkling wine congsts of three basic steps. (1) Firdt, the yeast lees are induced to dide down the side of
the bottle until dl of the lees rest on the crown cap by riddling. (2) The yeast lees are removed from the
bottle by disgorging. (3) Findly, the new sparkling wine is sweetened to the desired level, and the bottle is
corked.

Riddling

When aging is complete, the next step is to remove the yeast lees from the bottle. Riddling is the name of
the process used to move the yeast sediment down onto the crown caps. Traditionaly, large wooden racks
were used to hold the bottles in a danted position with their points down, and each bottle was rotated about
an eighth of aturn each day. Traditional wood riddling racks are heavy, and consderable space is needed
when these racks are used.

Fortunately, other techniques have been developed to coax the yeast down the side of the bottle onto the
crown cap. A smple method of riddling consists of placing the bottles in ordinary cardboard cartons with
their points down. Then each day the bottles are jostled, bumped or twisted. Early in the process, the
cartons are propped over at an angle. Later, after the yeast has started to move down the side of the bottle,
the cartons are moved to amore vertical position. The riddling process is strongly influenced by the type of
yeast used and the cleanliness of the bottles. Usualy six or eight weeks are needed to complete the riddling
operation. However, under adverse conditions, three or four months may be required. If the bottles were
not scrupuloudy clean, sparkling wine can be dmost impossible to riddle.

Disgorging

Since andl producers often work with a minimum of equipment, removing the yeast sediment from the
bottle is often the most difficult step in the parkling winemaking process. The objective of the disgorging
operation is to remove dl of the yeast from the bottle without reducing the carbon dioxide pressure
sgnificantly.

The classica method of removing the yeast is a multi step process. (1) The bottles are chilled with their
points down until the temperature of the wine is less than 45 degrees. (2) The necks of the bottles are
placed in a cold brine solution until a plug of ice an inch or so long freezes in the necks of the bottles. (3)
The bottles are removed from the brine solution, and the necks of the bottles are dipped in clean, room-
temperature water. (4) After the brine has been washed away, the necks of the bottles are raised to a 45-
degree angle, and the crown caps are removed quickly. (5) The plugs of ice flies from the bottles, and the
ice carries most of the yeast sediment away. (6) The winemakers left thumb is judiciously applied to each
battle to control gushing. If thewineis cold and if the bottles were clean, gushing quickly subsides. (7) The
winemaker then uses the little finger on his right hand to wipe away any remaning yeast from the ingde
surfaces of the mouths of the bottles.
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A written description of this process sounds complicated, but after a few bottles have been disgorged, the
whole procedure becomes quite smple, and the work progress rapidly.

Sweetening and Corking

Most people prefer off-dry sparklers, and wines containing 1 to 4 percent residua sugar are common. The
desired level of sugar is introduced by adding a smdl dose of syrup to each bottle after the yeast has been
removed. This syrup aso contains a smal amount of sulfur dioxide to help preserve the sparkling wine.
The syrup is made up ahead of time, and the syrup must be well chilled before it is added to the disgorged
bottles.

A typicd syrup contains 375 grams of sugar, one gram of sulfite powder and 700 ml liters of dry white
wine. When 30 ml of this syrup is added to a sandard 750-ml bottle, the finished sparkling wine will
contain about 2 percent sugar and about 30 milligrams per liter sulfur dioxide. Of course, the sugar and
SO, can be adjusted to any desired levd.

Syrup should be added to the bottles after any remaining yeast has been wiped away. Each bottle is tipped
to a 60-degree angle, so the syrup runs down the insde surface of the bottle. The syrup must be cold, and
it must be added dowly and continuoudy to avoid gushing. After the syrup has been added, the liquid leve
in the bottle should be adjusted by adding wine from a reserved bottle of cold sparkling wine. When the
head space is correct, the bottle can be sedled with a polyethylene stopper, and a wire hood should be
attached to hold the stopper in place. After dl the bottles are seded, the outside surfaces should be rinsed
clean with cold water. Then the bottles can be set aside to dry, and labels can be gpplied after the bottles
reach room temperature. New sparkling wines should be alowed to rest for a few weeks in a cool, quiet
place to recover from bottle shock. After a short rest, the sparkling wine will be ready to use. Sparkling
wines usudly keep well, but after the yeast has been removed, the wine will show little improvement with
further aging.

SUMMARY

Sparkling wine is made by adding sugar and yeest to a dill wine, and the wine is tightly seded in bottles
specidly designed to withgtand high pressures. A second fermentation takes place in the bottle, and the
carbon dioxide gas produced gives the wine the desired effervescence.

Quadlity sparkling wine is aged on the yeast lees for ayear or more. Then the wine is ready to finish. The
yeast is worked down the side of the bottle until al the sediment rests on the cap, and then the yeast is
expdled from the bottle. The wine is then sweetened with syrup, and the bottle is seded with a

polyethylene stopper.

The starting wine must be dry, and the added sugar must be measured carefully. Only sound
Champagne type bottles can be used for making sparkling wine.
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Chapter 21

MAKING
FRUIT
WINES

The grape harvest period in southern Cdifornia extends from about mid August until early October, so wine
can be made from grapes only a few weeks each year. On the other hand, excellent wines can be made
from fresh fruit Sx or seven months of the year. When frozen fruit is used, wine can be made the year
around.

Making fruit wine is different from making wine from grapes. Grapes have just about the right amount of
sugar and acid to make a baanced wine, but most other kinds of fruit require large additions of sugar and
ggnificant acid adjustments.  Fruit winemaking is more complicated because the acidity of different types of
fruit varies over wide ranges. Consequently, when fruit wine is made, the winemaker must carefully measure
and adjust both the sugar content and the acid content of the fruit. These basc adjustments are made
before fermentation is Sarted.

Although dry wines can be produced easly, most people prefer off-dry or semi-sweet fruit wines. A smadl
amount of resdua sugar seems to preserve and enhance the characterigtics of the fruit used to make the
wine. Consequently, most fruit wines are finished with a sugar content ranging from one to four ounces of
sugar per gdlon of wine (0.75 to 3 percent sugar). Some types of fruit seem particularly suitable for making
dessart style wines. These wines often contain four to twelve ounces of sugar per gdlon of wine (3 to 9
percent sugar), and they are often fortified with additiona acohol. Dry, red table wines can be made from
elderberries, blackberries, blueberries, loganberries and boysenberries. Sometimes, dry, well-aged berry
wines are difficult to digtinguish from high qudity grape wine.

FRUIT WINEMAKING STEPS

Making fruit wine consgts of severd different steps, and some steps require consderable time. Drinkable
wine can be made in two or three months, but most high quality white or blush fruit wines are bottled when
they are about sx months old. Heavy, dark colored fruit wines are often nine to twelve months old when
bottled.

Fruit winemaking can be divided into five basc seps. Each of the following steps contributes to the overdl
qudity of the wine. However, the qudity of the finished wine depends primarily on using high qudity, ripe
fruit.

(2) Fruit isingpected and prepared for fermentation.
(2) Appropriate amounts of water, sugar, acid and sulfur dioxide are added to the fruit, and
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sometimes other materids are added to produce a fermentable “must.”

(3) Fermentation is Sarted by adding a suitable wine yeest to the prepared must.

(4) When fermentation is complete, the new wine is darified and stabilized by racking, fining and
filtering.

(5) Whenthewineisclear and stable, it is bottled.

FRUIT

Wine can be made from practicaly any type of fruit, but not dl types of fruit are suitable for making dl styles
of wine. Sdlecting awine style to match the type of fruit available is an important part of fruit winemaking,
and winemaking experience is needed when wine is made from exatic fruits like pinegpples, guavas or

mangos.

Amount of Fruit

The quantity of fruit needed to make a given wine style depends on the flavor intendty of the particular fruit
and on the flavor level wanted in the finished wine. Usudly from 3 to 6 pounds of fruit are needed for each
gdlon of wine. Raspberries and afew other types of fruit have very strong flavors, and wine made from six
pounds of raspberries per gallon have intense raspberry flavors. Other fruits such as bananas have very
bland tastes, and producing wines with strong banana tastes would be difficult.

Three to sx pounds of fruit per galon of wine generaly produce an acceptable product. However,

experience with a particular type of fruit is dways hdpful when a winemaker is trying to decide how much
fruit to use. Unless exceptiondly strong fruit characterigtics are wanted, three or four pounds of fruit is a
good starting point.

Fruit Preparation

Only sound, ripe fruit should be used for winemaking. Mot types of fruit should be washed to remove
insecticides, fungicides or bugs. Superficid blemishes on the fruit will do no harm, but rotten fruit should be
discarded. Moldy fruit will give the finished wine a moldy taste, and rotten or badly bruised fruit can carry
harmful bacteria into the wine. Off-flavors can be avoided by sorting over the fruit carefully and using a
sharp knife to remove gross blemishes, rot or mold.

Stems and leaves should be removed from the fruit. Generdly, seeds should be removed if they have a
diginctly bitter taste, and most fruit winemakers prefer to remove the stones from plums, prunes, peaches,
goricots and cherries. However, some winemakers ddiberatdly retain some seeds from these fruits to
provide extratannin. Most stone fruit wines are made in an off-dry or sweet style.

On the other hand, skins contain desrable flavor materids, so skins are usudly retained. Usudly, plums,
prunes, apricots, peaches and most berries are fermented with the juice, pulp and skins together for a few
days to extract flavors. Here, the fruit should be chopped and then crushed. Running fruit through a very
course grinder isa practica way of preparing large quantities of fruit for this type of fermentation.

Although mogt fruit wines are made with some residua sugar, some very pleasant dry red table wines have
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been made by fermenting a mixture of severd different kinds of dark colored berries. This style of red fruit
wine is often fermented, aged and finished just like a red grape table wine. Juice, skins, pulp and seeds of
blackberries, boysenberries, cranberries, elderberries, blueberries, gooseberries, Loganberries, mulberries,
ragpberries and strawberries are usudly included in the fermentation. Berries used for winemaking should
be very ripe and sorted carefully. Berries can be prepared for fermentation easily by mashing. Seeds
contain a variety of tannin materids. Too much tannin can give wine a bitter taste and make wine
excessvely astringent, so seeds should not be ground, mashed or cracked.

Wine made from oranges oxidizes very eadly, and good orange table wines are difficult to make. However,
pleasant sherry style wines can be easly made from oranges. Citrus fruit skins contain consderable oily
materid, and mogt winemakers prefer to diminate skins from citrus fruit fermentations.  The membrane
under grapefruit skins contains much bitter materia, and this white pulpy materid should be removed
caetuly.

Many fruit winemakers smplify the handling of skins and pulp by placing these materids in a nylon mesh
jely bag. When fermentation is started, the jdly bag full of pulp is suspended in the liquid. The wine gets dll
the benefits from the solid materids, but separating the liquid from the pulp a the end of fermentation is
much esdier.

MAKING THE MUST

Grapes contain dl the necessary ingredients to make a balanced wine, but other kinds of fruit require
additions of severd different materials before successful fermentation can take place. Besdes the fruit,
good qudity water will be needed, and a a minimum, the sugar and acid content of the must will need
adjuding.

The sugar content of the must can be measured easly with a Brix hydrometer. A reading of about 22 Brix
will be right for mogt fruit wine fermentations. Add a smdl quantity of sugar to the mug, dir until dl the
sugar is dissolved, then take a reading with the hydrometer. Continue this procedure until the hydrometer
reads 22 Brix. Ordinary, white, granulated table sugar (sucrose) should be used to increase the sugar
content of the prepared fruit.

An “acid test kit” should be used to measure the acid content of the must. A vaue of 0.65 to 0.70 percent
(grams per 100 ml) is about right for the starting acid content for off-dry fruit wines. A vaue of 0.60 to
0.65 percent may be more agppropriate when the wine will be finished dry. “Acid blend” is avallable at
winemaking shops, and most winemakers use this materid to increase the acidity of fruit musts. Acid blend
isamixture of citric, malic and tartaric acids, and this mixture seems particular suitable for fruit wines. The
acid crystals must be completdly dissolved.

Very smal amounts of sulfur dioxide should be added to musts made from fruit. One Campden tablet for
each gdlon of mud is the right amount. The sulfur dioxide reduces juice oxidation. Sulfur dioxide kills
bacteria, and it dso helps control wild yeasts dways present on fruit. Making a satisfactory fruit wine
without using small quantities of sulfur dioxide is difficult.

Depending on the specific circumstances, tannin may be added to fruit wine mugts. Tannin is a materid in
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the skins and seeds of fruit, and it adds desirable astringency to the wine. Tannin aso acts as awine purifier
and anatura preservative.

Y east requires nitrogen to multiply properly during the early stages of fermentation, and many fruits are low
in avallable nitrogen. Consequently, smdl quantities of a materid caled yeast energizer are often added to
fruit musts to supply extra nitrogen and help the yeasts multiply quickly.

Many fruits, particularly gpples and plums, have a high pectin content. Pectin causes fruit juice to solidify
into jam or jelly, and pectin can cause problems in wine. The pectin carries over through fermentation and
makes the wine difficult to clarify. Mog fruit winemakers add pectic enzymes (see below) to ther fruit
musts before fermentation is Started. Enzymes break down the pectin in the fruit, and then the wine can be
clarified easly. Enzymes dso help extract color from the fruit.

Many fruit winemakers add mashed, fresh bananas to their fruit wine musts. The bananas do not change
wine flavors ggnificantly, but after fermentation, the bananas help the new wine darify. Bananas dso
increase the body of the wine, and from & to 2 pounds per galon often improve the mouth-fed of the
finished wine.

FERMENTATION

Wine yeadt is available either as a liquid culture or in dry granular form. Either type works well, but dry
yeedt is easer to prepare and use. Many different strains of wine yeast are available. Some types of yeast
can produce high acohol levels. Other types of yeast cannot ferment a low temperatures. Some types of
yeast produce excessive amounts of foam, and the foam causes the containers to overflow. Epernay Il isa
dow fermenting yeest, and it is often used for light, off-dry, fruity style wines. Pasteur Champagne yeest is
more vigorous, and it is often used for dry wines when neutrd flavors are wanted. Prise de Mousse dry
yeadt is a generd purpose yeast. This yeadt is vigorous, but it produces little foam. The yeast used for
fermentation has little influence on the flavors of aged wine.

A good generd ruleisto use one gram of dry yeast for each gdlon of must. Some winemakers prefer usng
haf this amount, other winemakers prefer to use twice this amount. Many fruit winemakers just sprinkle the
dry yeast on the mugt, but dl yeast manufacturers recommend rehydrating dry yeast in a smdl amount of
warm water. About a cup of water for each tablespoon of dry yeast should be used. The temperature of
the water should be 95 degrees, so a thermometer should be used. The yeast mixture should be stirred
severd times, and then the yeast mixture should stand for 20-minutes before it is poured into the must.

Active fermentation should gtart 12 to 48 hours after the yeast is added. The time will depend upon the
temperature of the mugt, how much sulfur dioxide is used and severd other factors. When fruit pulp is
fermented in an open fermenter, the container should be covered with a sheet of plagtic. Stir the must at
least once each day. After two or three days of active fermentation, the liquid is separated from the pulp
with anylon jdly bag, by racking or by straining. The solid materids are discarded, and the liquid should be
placed in a cdosed container to finish fermentation. Carbon dioxide gas from the fermentation must be
vented from the closed contained. Fill a fermentation lock haf full of plain water and attach the lock to the
container.

Generdly, hot, fast fermentations are undesirable. Rapid fermentations produce large quantities of carbon
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dioxide, and much of the desrable fruit odors and flavors are carried away by the gas. In addition, fast
fermentations do not provide enough time to extract adequate fruit odors and flavors from the solid
materids. Long, dow fermentations produce more flavorful wines, and fermentation temperatures can affect
wine flavors congderably. Temperatures between 70 and 75 degrees are dedrable at the dtart of
fermentation. However, once fermentation is underway, the temperature should be reduced and kept
between 60 and 70 degrees. The lower temperature provides the dow fermentation needed for good wine

quality.
Dry White Wines

Making good qudlity, dry, white table wine from fruit is a difficult undertaking, but fruit winemakers become
very skilled in producing this style of wine. The mogt suitable types of fruit for making dry table wines are
pears, gpples or gooseberries. These types of fruit are also suited for making sparkling wines.

Dry white table wines are best made by fermenting only clarified juice. Firg the fruit is washed and then
converted to purJ e by crushing. Some winemakers prefer to use a food processor for preparing fruit for
dry white wine, but the seeds should not be ground up. Water, sugar, acid, sulfur dioxide and dl of the
other ingredients, except the yeast, are added to the finely chopped fruit. The must is then covered with a
sheet of plastic and cooled to a low temperature. The must is kept cold for 24 to 72 hours to extract as
much flavor from the pulp and skins as possble. After a suitable time, the liquid is separated from the solid
materid. Much of the solid materid settles to the bottom of the container while the mugt is standing, and the
clear liquid came be removed by sphoning, straining or pressing. The solids are discarded, and only clear
juiceis fermented when making dry table wines.

All fruit contains naturd yeadt, and this technique of cold soaking is only possible if the must is kept cold.
Otherwise, native yeasts will start spontaneous fermentation. Even at low temperatures, some danger of
gpontaneous fermentation exigts, and the winemaker should watch the cold mugt carefully. If any sgns of
spontaneous fermentation gppear (ring of bubbles around the edge of the container), the juice should be
racked off the solid materid, and a suitable wine yeast should be added.

An open fermenter is not needed when clarified juice is fermented, so a closed fermenter should be used to
reduce oxidation. Fill the closed fermenter about three-fourths full, and sed the container with a
fermentation trap filled with plain water. When fermentation is complete, rack the wine off the yeast lees
and add one Campden tablet for each galon of wine.

CLARIFICATION AND STABILIZATION

New wines contain yeast cdls, bacteria, smal bits of skin, pulp, eic. These particles are pulled down by
gravity, and they dowly sttle to the bottom of the container. The smdler the particle, the dower it Snksto
the bottom of the container. Some particles are so smdl they never sink to the bottom, and these particles
remain suspended in the liquid.

“Racking” is a process used to separate the clean wine from the lees (the muck on the bottom of the
container). After wine has been racked two or three times, the muck will be gone, and the wine will
become clear and bright. When small containers are used, racking is usudly done by sphoning the wine off
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the lees with a piece of transparent plastic hose. Exposing wine to air can cause oxidation, so wine should
not be splashed, frothed or bubbled when racking.

New wines should be racked into a clean container two or three weeks after the completion of
fermentation. Mogt of the yeast lees will be left behind if the racking is done carefully. One Campden tablet
for each gallon of wine should be added, and the container sealed with a fermentation lock.

When fruit wines are six to eight weeks old, they should be racked from the secondary lees, and a few
weeks after the second racking some fruit wines will be clear and bright. 1f a new fruit wine is not clear at
this time, it should be “fined” to remove the suspended particles. The fining materid causes the very smdl
particles to lump together. The particles grow in Sze, and the larger particles settle out of the wine more
quickly. Sparkolloid and bentonite are two effective fining materids for darifying fruit wines. Follow the
directions on the packages carefully when using these materids.

Sparkalloid is the least harmful fining material. Too much bentonite can gtrip desirable aromas and flavors
from fruit wine, 0 most winemakers prefer to clarify with Sparkolloid. Three weeks after a Sparkolloid
addition, the wine should be racked again to separate it from the Sparkolloid lees. Splashing and bubblesin
the wine should be avoided when racking. If Sparkolloid does not provide adequate wine clarity, a
bentonite treatment may be necessary.

Mogt off-dry fruit wines will be ready to prepare for bottling a month or two after clarification fining. Some
home winemakers hold back a smdl quantity of the origind juice by freezing. A few weeks before bottling
time, the juice is thawed, clarified by racking and added to the wine. The added juice provides more fruity
flavors, and it adds a smal amount of resdud sugar to thewine. However, the wine contains sugar after the
juice addition, and specid precautions are required to prevent renewed fermentation (see below). How
much juice is added can be best determined by tasting, but many winemakers add 5 to 20 percent juice
when this method is used.

BOTTLING

Fruit wines must be brilliantly clear and completely stable before bottling.  Wine bottled without sufficient
SO, will be short lived, so the free sulfur dioxide content should be raised to 30 or 40 milligrams per liter a
few days before bottling time. One crushed Campden tablet for each gdlon of wine is the correct amount.
If sugar is added to sweeten the wine, potassum sorbate should aso be added. The added sugar will start
to ferment without the sorbate, and fermentation after bottling will generaly produce a cloudy sediment and
gpoil the wine. Directions supplied with the sorbate should dways be followed, and sorbate additions
should dways be measured carefully.

Clean, used, wine bottles should be rinsed with very hot water before the bottles are filled with wine.
Although bottles can be filled with a plastic hose, a “bottle filler” of some kind should aways be used to
reduce wine oxidation. Bottles should be filled from the bottom, and filling should be done dowly to reduce
the quantity of foam produced. Bottles should be filled until no more than a quarter inch of space exigts
between the wine and the bottom of the cork. Mogt plastic wand type bottle fillers do not fill the bottles
high enough, and a bit more wine must be added &fter the filler is removed.

Dry corks should be driven into the bottles if possble. However, many smal corking machines will not
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adequately compress dry corks, so soaking corks in cold water for a few minutes may be necessary. A
pinch of sulfite added to the water may help dterilize the corks. After al the corks have been driven, the top
of each cork should be wiped to remove the excess “cork water.” The full bottles should stand upright for
severd daysto let the pressure equdize in the bottles. When the pressure has equalized, the bottles can be
laid on their sdes and stored in acool place.

After wine has been bottled for a year or two, the winemaker may have trouble remembering what type of
wineisin the bottles, o dl bottled wine should have an appropriate label permanently attached.

FRUIT WINEMAKING MATERIALS

Depending on the circumstances, winemakers use many different materias for the production of fruit wines.

Mog fruit wine fermentations are made using readily avalable materids, but an exotic materid may be
needed occasondly to solve a specific problem. Some common fruit winemaking materids are briefly
discussed here.

Acid

The three most important organic acids found in fruit are tartaric, mdic and citric. Acid baance is very
important for producing high quality wine, and the acid content of the fruit must be adjusted carefully. If the
wine contains too little acid, it will taste flat and bland. When too much acid is present, the wine will be too
tart or even sour tasting.  Wines containing considerable sugar, need more acid to be baanced. Tartaric
acid, malic acid, citric acid or acid blend (a mixture of dl three acids) are used to increase the acid leve in
fruit wines. Large quantities of citric acid should be used with some caution because a strong citric taste
may not be appropriate in some types of fruit wine.

Fining Materials

Fining agents are often used in the production of fruit wines. Gedatins are sometimes used to remove excess
adringency from fruit wines. The clay-like materid bentonite is used to remove excess protein and improve
the stability of these wines. Sparkolloid and bentonite are the two materids of choice for clarifying most
types of fruit wine. Wines are usudly fined with Sparkolloid firdt, then if the wine does not come dlear,
bentonite is used. Other fining materids like isnglass or casain are dso used to darify both red and white
fruit wines. Mogt fining materias require from a few days to two weeks to settle to the bottom of the
container. Then the clear wine is racked off the sediment, and very little of the fining materid remainsin the
finished wine. Ingructions supplied with fining materids should be followed carefully.

Pectic Enzymes

Pectin makes jam and jdly set. All fresh fruits contain some pectin, and some types of fruit like gpples,
goricots and plums contain large amounts.  Pectin often causes problems for the fruit winemaker. Pectin can
hold smal particles in suspenson, and wines containing excessive pectin often do not clear and remain
cloudy. “Pectinasg’ is an enzyme that bresks the large pectin molecules into smaller, lesstroublesome
molecules, S0 pectinaseisagreat help in darifying cloudy wines containing excessive amounts of pectin.
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Potassum Sorbate

Wines containing resdud sugar and less than 16 percent dcohol can dat fermenting anytime.
Consequently, dl off-dry and sweet wines must be stabilized by a specid trestment. Potassum sorbate
added to clean, clear wine can prevent fermentation from retarting. However, sorbate will not stop active
fermentations, and sorbate cannot stop wines containing many yeast cells from fermenting.  Sorbate only
works when the wine has been carefully racked or filtered to remove most of the viable yeast cdls.
Potassum sorbate is not a very stable materia, and poorly stored sorbate can deteriorate in afew months.

Sulfur Dioxide

Sulfur dioxide is used in wine to inhibit the growth of microorganiams and to help reduce the effects of
oxidation. However, sulfur dioxide is a pungent gas. This materid must be carefully measured, and it must
be used in very smdl quantities. Potassum metabisulfite (sulfite) crystas are added to juice or wine to
provide the sulfur dioxide gas. Campden tablets are made by compressing sulfite crystdsinto apill form, so
Campden tablets can also be used to provide sulfur dioxide. Some winemakers believe Campden tables
contain a “filler” and the filler causes haze problems in some kinds of wine. Campden tables are easer to
use when just a few gdlons of wine are being produced. However, when larger quantities of wine are
made, most winemakers prefer to use sulfite crystas. The crystd's should be mixed with an ounce or two of
water before being added to the wine.

Sugar

The dcohal content of the finished wine depends upon the quantity of sugar in the juice. Sometimes home
winemaking shops recommend specid kinds of sugar, but ordinary white household sugar (sucrose) is quite
satisfactory for making fruit wine. The yeast produces the enzymes needed to convert the sucrose into
glucose and fructose.

Tannin

Tannin maerids give wine its characteridic astringency. Tannin heps a young wine spontaneoudy dlear,
and it contributes to the longevity of the wine. Tannin originates in the seeds, sems and skins of fruit. Some
types of fruit, like bananas, contain very little naturd tannin, and producing a baanced wine from fruit low in
tannin can be difficult. Consequently, winemakers often add extra tannin to fruit musts that lack sufficient
natural astringency.

Y east Energizer

Yeast cdls need available nitrogen to reproduce and create the large population of cells needed for
successful fermentation. 'Y east energizers contain food grade diammonium phosphate (DAP), and the DAP
provides extra nitrogen to keep the yeast happy, hedthy and reproducing new yesst cells. High acohal
levels seem to prevent yeast from assimilating nitrogen, so nitrogen should be added early in the fermentation
cycle before alarge amount of dcohol has accumulated.

WineY east
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A variety of wine yeads can be obtained in dry form. Epernay is a very popular yeest for dl types of fruit
wines. Pasteur Champagne yeadt is vigorous and tolerant of sulfur dioxide. Prise de Mouseis an excdllent,
generd purpose wine yeast. Winemakers use many different types of yeadts, but the different yeedts are
used for reasons other than creating wine flavors.

FRUIT WINEMAKING EQUIPMENT

With one or two exceptions, little specid equipment is needed to make fruit wine, and many home
winemakers ferment smal quantities of wine each year usng implements from the kitchen. However,
gpecidized winemaking equipment can reduce time and labor, and purchasng specidized pieces of
winemaking equipment may be desirable when large quantities of wine are made. Beginning winemakers
should beware of the gadgets sold in some home winemaking shops. Many of these accessories are poorly
designed and chesply made. Like most other things, chegp winemaking equipment is generaly a poor
vaue. Severd basic pieces of fruit winemaking equipment are briefly discussed below.

Acid Test Kit

The acid content of different kinds of fruit varies widely, and acid content varies from year to year. The only
practica way of controlling acid baance in the finished wine is to measure and adjust the acid content of the
must before fermentation is darted. Wine qudity improves gregtlly when the winemaker obtains the
necessary equipment and takes the time to learn how to measure acidity. Acid test kits for measuring the
acid content of mugt, juice or wine can be purchased at most home winemaking shops.

Bottle Filler

To reduce wine oxidation, bottles must be filled from the bottom with a minimum of splashing and bubbling.

Filling bottles without splashing is difficult with a sphon hose, so an inexpengve wand type baottle filler
should be used. Wand type fillers consst of alength of rigid tubing with a smdl vave a the bottom end.
When the filler is inserted in an empty bottle, the vave presses againg the bottom, and the wine sarts to
flow. The flow stops automaticaly when the operator raisesthe tube. Fillers alow bottlesto be filled with a
minimum of plashing, and wine oxidation is minimized.

Corker

Driving a cork into a wine bottle by hand is very difficult, so a corking machine of some kind is needed
when using cork finished bottles. Inexpensive corking machines are dow and most are difficult to use.
Mog of the inexpensve machines are not suitable for corking more than a few gdlons of wine. A good
corking machine is indispensable when severd cases of wine are produced. Unfortunately, good floor
corkers cost about $100. Corkers are not used very often, and beginners can often borrow a corker from
afdlow winemaker.

Fermentation Locks

Fermentation locks are used on closed fermenters to let the carbon dioxide gas escape while keeping air
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from coming in. Rubber stoppers are used to attach the locks to the containers.
Fruit Wine Containers

Wine must dways be protected from air, or the wine will oxidize and become undrinkable. Winemakers
use two kinds of containers. During active fermentation, large amounts of carbon dioxide gas are produced,
and the gas effectively excludes the air from the wine. Consequently, open fermenters can be used for the
firgt few days of fermentation when lots of carbon dioxide gas is produced. When fermentation sarts to
subside, much less carbon dioxide gas is produced. Then the wine must be trandferred into a closed
container, and a fermentation lock must be attached. The lock lets the carbon dioxide gas escape, but it
keeps air out of the container.

Open fermenters are used for mixing ingredients, or they are used for fermentations that contain solid
materids like skins or pulp. A large, food grade, polyethylene container, equipped with a removable lid,
makes an ided open fermenter. However, many fruit winemakers have used new, plagtic trash cans as
open fermenters.

Closed fermenters have smal openings, and they can be seded easly with a cork, cap, bung or
fermentation lock. Closed containers are dways used when the fermentation does not contain solid
materias, and closed containers are dways needed at the end of al fermentations when the CO, gas starts
to subsde. Five-gdlon water bottles (carboys) make good closed fermenters, and they are very popular
for making fruit wine. Water bottles are easy to obtain, and glass is easy to clean and Serilize. However,
glass water bottles have several disadvantages. Glass water bottles are heavy, and they are expensive.
Glassisfragile, 0 glass carboys must be handled very carefully to avoid breskage.

Some winemakers prefer to use polyethylene drums for making fruit wines, and these containers are
avaladle in dzes ranging from 10 to 60 gdlons. Polyethylene containers have severd advantages.
Polyethylene drums are practically unbreskable, and they are inexpensve. Plagtic drums are light weight
and easy to gore. Some commercid wineries are now using polyethylene storage tanks. These new tanks
are made of high dengty polyethylene, and they are much less expensive than stainless sed tanks.

Sainless ged is ill the materid of choice for large commercid fermentation and storage tanks.  Stainless
tanks are easy to clean, and stainless stedl conducts heat well. Small sSze stainless sted containers are very
expensve and often cost severa dollars per gdlon of capacity. However, used, sainless sted beer kegs
are readily avallable, and they make excellent storage containers for dl kinds of wine.

Oak barrds are often used for aging high quaity commercid red wines. The oak wood imparts desirable
flavors to the wine. However, oak flavors are not suitable for many types of fruit wines. In addition, new
barrels are expensve, and oak barrels are difficult to maintain properly.

Hydrometer

Hydrometers are used to measure the sugar content of must before and during fermentation, and a
hydrometer is one of the few indispensable pieces of winemaking equipment. Mot fruit does not contain
enough sugar to make stable wine, 0 additiona sugar is usualy needed. Different kinds of fruit contain
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widdy varying amounts of sugar, and a hydrometer is ways needed to measure fruit wine musts. Some
fruit winemakers prefer hydrometers cdlibrated in pecific gravity because many fruit wine recipes list sugar
content in these units. Commercial winemakers use hydrometers cdlibrated with the Brix scale. A cylinder
is needed to use ahydrometer effectively.

Racking Hose

Racking is done to move wine from one container to another, and when racking is done properly, practicdly
al of the sediment is left behind.  Siphoning is the easiest way of transferring wine from one container to
another, and a 6-foot length of & inch plastic tubing should be kept specificdly for that purpose. The tubing
should dways be washed just before it is used and then washed again when racking is finished. Findly,
hang the tubing up on arack or severd nals driven into awal, so the water can drain completely.

Miscellaneous Equipment

A thermometer is often needed to monitor fermentation temperatures and to measure water temperature
when rehydrating dry yeast. An 8-inch plastic funnd is useful from timeto time. A large wooden spoon is
handy for stirring smal fermentations. Bottle brushes are necessary when old wine bottles are recycled. A
set of plastic measuring poons is helpful for measuring smal quantities of winemaking materiads. A large
plastic besker cdibrated in both milliliters and liquid ounces is handy for measuring liquids.

SUMMARY

Little specidized equipment is required to make fruit wines, and mogt of the items can be found in the
kitchen. Excellent wines can be made from fruit, and fresh fruit is available for severa months each year.
Mog fruit wines are finished in an off-dry or sweet style, but very pleasant dry, red table wines can be made
from a mixture of dark colored berries.

Many fruit wines are made by fermenting the pulp, skins and juice together. Dry white table wines are made
differently. First the must is prepared then chilled and alowed to stand. After about 48 hours, the clear
liquid is separated from the pulp, and only the clarified juice is fermented.

Most fruit wines do not require extensive aging. However, dry, red wines, made from dark colored berries,
are often finished and aged just like red grape wines.
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PEACH, APRICOT OR PLUM WINE
(Makes five galons)

STEP 1 INGREDIENTS STEP 3 INGREDIENTS

15 Ibs peaches or apricots or plums 1 pkt of Epernay wine yeast
5 gallons of water
8 Ibs white granulated sugar

1 level teaspoon yeast energizer STEP 5 INGREDIENTS

6 level teaspoons acid blend

2 level teaspoons grape tannin 5 Campden tablets

1 level teaspoon pectic enzyme

5 Campden tablets

STEP 2 INGREDIENTS STEP 7 INGREDIENTS

3 Ibs white granulated sugar 1-4 cups granulated sugar

2 teaspoons of acid blend 2 tsp. potassium sorbate
3 Campden tablets

METHOD

1. Useonly ripe fruit. Remove the stones and discard any rotten fruit. Crush the fruit, finely chop the fruit or
run it through a food processor (do not process into a fine pulp). Put al step 1 ingredients in an open fermenter
and stir well.

2. Use a hydrometer and adjust the sugar to 22 Brix by adding sugar in small quantities and stirring well. Use an
acid test kit and adjust the acid to 0.65 percent by adding small quantities of acid crystals and stirring well. If a
hydrometer or an acid test kit is not available, use the amounts shown in steps 1 and 2, but the quality of the wine
will suffer.

3. Open the packet of dry yeast and sprinkle it on top of the must. Cover the fermenter, in 20 to 40 hours
fermentation should start (bubbles form around the edge of the container).

4. Stir the must and measure the Brix each day.

5. When the hydrometer reads 12 to 14-Brix, strain out and discard the solids and siphon the liquid into a closed
fermenter. Attach a fermentation lock filled half full of plain water. Always keep the container full of wine and
always keep the fermentation lock half full of clean water.

6. After three weeks, rack the wine into a clean, closed container and add 5 crushed Campden tablets.

7. After three months the wine should be clear. If it is not clear, fine with Sparkolloid and rack three weeks after
adding the Sparkolloid.

8. In amonth or so, when the wine is clear and stable, add 3 Campden tablets. Add the sweetening sugar (to
taste) and 2 level teaspoons (5 grams) of fresh potassium sorbate. Finally, bottle the wine.
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DRY PEAR TABLE WINE
(Makes five galons)

STEP 1 INGREDIENTS STEP 3 INGREDIENTS
20 Ibs very ripe pears 1 pkt of Epernay wine yeast

4 3/4 gallons of water
8 |bs white granulated sugar

1 level teaspoon yeast energizer STEP 5 INGREDIENTS
8 level teaspoons acid blend

2 level teaspoons grape tannin 5 Campden tablets

1 level teaspoon pectic enzyme

5 Campden tablets

STEP 2 INGREDIENTS STEP 7 INGREDIENTS
3 Ibs white granulated sugar 3 Campden tablets

3 teaspoons of acid blend
METHOD

1. Try to get very ripe fruit. Remove the stems, quarter, remove all of the seeds and discard any rotten parts.
Run the pears through a food processor until they become course pulp. Put all step 1 ingredients in an open
fermenter. Stir the must until the sugar is dissolved completely.

2. Use a hydrometer and adjust the sugar to about 22 Brix by adding additional sugar in small quantities and
gtirring well.  Use the acid test kit and adjust the acid to 0.65 percent by adding small quantities of acid crystals
and stirring well. If a hydrometer or an acid test kit is not available, use the amounts shown in steps 1 and 2, but
wine quality will suffer.

3. Cover the fermenter and place it in arefrigerator. Let the must stand for 48 hours. Siphon the clear liquid off
the solids into a clean, closed fermenter, and attach a fermentation lock filled half full of plain water.

4. When the juice reaches room temperature, sprinkle the dry yeast on top of the juice. Fermentation should start
(ring of bubbles forms around the edge of the container) in 20 to 40 hours. Retain the solids in a smaller
container and place in the refrigerator. The next day, siphon off the clear juice and add it to the fermenter.
Discard solids or resettle a third time.

5. Keep the fermentation cool, 50 to 60 degrees is fine. After 3 weeks the wine should be dry. Measure with a
hydrometer. If the hydrometer reads minus 1 Brix or less, added 5 crushed Campden tablets and rack into a clean
fermenter. If the hydrometer reads higher than minus 1 Brix, wait another week and then repeat this step.

6. After three months the wine should be clear. If it is not clear, fine with Sparkolloid and rack 3 weeks after
adding the Sparkolloid.

7. In another month when the wine is clear and stable, add 3 crushed Campden tablets and bottle the wine. Be
careful not to disturb any sediment on the bottom of the container.
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BERRY PORT
(Makes five galons)

STEP 1 INGREDIENTS STEP 3 INGREDIENTS

6 Ibs Blackberries Pasteur Champagne yeast

6 |bs Loganberries

6 |bs Blueberries

6 Ibs very ripe bananas STEP 5 INGREDIENTS

2 |bs dried dates

2 Ibs dried figs 4-6 |bs white granulated sugar

4 1/4 gdlons of water
10 Ibs white granulated sugar
1 level teaspoon yeast energizer

6 leve teaspoons acid blend STEP 6 INGREDIENTS
2 B level teaspoons grape tannin

1 level teaspoon pectic enzyme 5 Campden tablets

5 Campden tablets 1 0z oak chips

STEP 2 INGREDIENTS STEP 7 INGREDIENTS
3 Ibs white granulated sugar 5 Campden tablets

3 teaspoons of acid blend 6 cups white sugar
METHOD

1. Cut dates and figs into thin dlices and bring to a boil in 3 cups of water. Simmer for 15 minutes and set aside
to cool. Crush the berries and bananas. Mix all step 1 ingredients in an open fermenter, and pour in the dates and
figsincluding the liquid.

2. Use a Brix hydrometer and adjust the sugar to 24 Brix by adding sugar in small quantities and stirring well. Use
the acid test kit and adjust the acid to 0.65 percent by adding small quantities of acid crystals and stirring well. 1f
test equipment is not available, use the sugar and acid shown in steps 1 and 2.

3. Open the packet of dry yeast and sprinkle it on top of the must. Cover the fermenter.

4. Measure the Brix each day. When the hydrometer reads about 5 Brix, siphon the liquid off into a closed
fermenter. Discard the solids. Attach a fermentation lock filled half-full of plain water.

5. Measure the Brix every few days. When the hydrometer reads O Brix, withdraw a half-gallon of must.
Dissolve 2 cups of sugar in the must. Return it to the fermenter and stir thoroughly. The hydrometer will now
read 2 or 3 Brix. Repeat this step until the hydrometer stays steady and reads dightly above 0 Brix (several sugar
additions).

6. When the hydrometer stays steady and reads above 0 Brix for 4 weeks, the wine will contain about 16 percent
alcohol. Rack into a clean container, add 5 crushed Campden tablets and 1 oz oak chips. Top up and attach the
fermentation lock. In about three months, rack the wine into a clean container. If the Port is not clear, fine it
with Sparkolloid. Rack the wine into a clean container three weeks after adding the Sparkolloid.

7. After another month, when the wine is clear and stable, it can be bottled. Add 5 crushed Campden tablets, 6
cups of additional sugar and stir well. Let the wine stand for six weeks to make sure it is stable, then bottle.
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STRAWBERRY DESSERT WINE
(Makes five galons)

STEP 1 INGREDIENTS STEP 3 INGREDIENTS
15 Ibs very ripe strawberries 1 pkt of Epernay wine yeast

4 3/4 galons of water
8 Ibs white granulated sugar

1 level teaspoon yeast energizer STEP 5 INGREDIENTS

8 level teaspoons acid blend

2 level teaspoons grape tannin 5 Campden tablets

1 level teaspoon pectic enzyme

5 Campden tablets

STEP 2 INGREDIENTS STEP 7 INGREDIENTS

3 Ibs white granulated sugar 2-6 cups granulated sugar

3 teaspoons of acid blend 2 tsp. potassium sorbate
3 Campden tablets

METHOD

1. Try to get one day old, overripe fruit. Remove the stems and the caps, discard any rotten fruit. Mash the fruit
or quickly run it through a food processor but do not process into a smooth pulp. Put al step 1 ingredients in an
open fermenter, stir well.

2. Use a hydrometer and adjust the sugar to about 22 Brix by adding sugar or water in small quantities and
gtirring well.  Use the acid test kit and adjust the acid to 0.60 percent by adding small quantities of acid crystals
and stirring well. If ahydrometer or an acid test kit is not available, use the amounts of sugar and acid shown in
steps 1 and 2.

3. Open the packet of dry yeast and sprinkle it on top of the must. Cover the fermenter, in 20 to 40 hours
fermentation should start (ring of bubbles forms around the edge of the container).

4. Stir the must and measure the Brix each day. When the hydrometer reads 12 to 14-Brix, siphon the liquid into
a clean fermenter, strain and discard the solids. Attach a fermentation lock filled half full of plain water. Always
keep the fermenter full of wine and always keep the fermentation lock half full of water.

5. After 3 weeks, rack into a clean closed fermenter and add 5 crushed Campden tablets.

6. After three months, the wine should be clear. If it is not clear, fine with Sparkolloid. Rack the wine 3 weeks
after fining.

7. In about a month, when the wine is clear and stable, add 3 crushed Campden tablets. Add sugar (to taste) and
2 level teaspoons (5 grams) of fresh potassium sorbate. Bottle the wine.
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Chapter 22

HINTS,
KINKS
AND GADGETS

Winemaking consigts of many small operations, and some winemaking procedures are only done once each
season.  Consequently, severd years of experience may be needed to develop basic winemaking sKills.
Novice home winemakers can get many useful ideas and gain experience by vigting experienced home
winemakers or smdl commercid wineries. Much practicd information can be learned smply by observing
how specific winemaking operations are done, and “tricks of the trade’ can be learned quickly. A variety
of information on methods, techniques and gadgets suitable for producing smdl quantities of wine is
presented here.

GETTING READY

Some home winemakers are disgppointed each crush season when they are unable to purchase wine
grapes.  These winemakers discover they have waited too long, and grapes are no longer available.
Beginning winemakers often experience this problem, and they become frudrated. Other winemakers
samply procrastinate, and they are never ready to make wine when the grapes become ripe. These
winemakers suddenly “discover” the grapes are ripe, and they scramble to get their winemaking equipment
checked, cleaned and ready to process the grapes.

Buying Grapes

Vineyard managers like to sl their crops early in the year. Commercid wineries usualy complete ther
arrangements for purchasing grapes by June or early July. Home winemakers should contact commercia
growers as early as possible and complete arrangements no later than the 4th of July.

Getting Equipment Ready

Mos home winemakers should consder the firg week in August as “get ready” time, and dl of the
winemaking equipment should be taken out of storage, checked, repaired and cleaned thoroughly. The
equipment will then be ready to handle the crush expeditioudy when the grapes are ripe. An inventory of
winemaking supplies should be taken, and orders should be placed for needed materials. Yeast and sulfite
should be replaced each year.

WineYidd

Commercid wineries use automatic or semiautomatic horizonta presses, and a minimum amount of labor is
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required to produce dry pomace with these machines. Depending on the variety of grapes, horizonta
presses produce 150 to 180 gallons of wine per ton of grapes. On the other hand, most home winemakers
use smal, vertica basket presses. These little presses can produce high qudity juice. However,
consderable work is required, and most home winemakers are not prepared to expend the labor needed to
dry the pomace completely. Consequently, home winemakers often get 140 to 150 galons of wine from a
ton of grapes. A case of wine contains 2.4 gallons, so most home winemakers get from 58 to 62 cases of
wine from aton of fruit.

Grape Quantities Needed

Sometimes beginning winemakers have trouble estimating how many Pounds _ Gallons _ Gallons

grapes are needed. The data shown in Table 14 provides a of of Red  of
reasonable basis for making fruit estimates. Home winemakers often |\y/hite
get about 150 gallons per ton for red wines. However, white grapes | Grapes Wine Wine

are more difficult to press than red pomace, and white grapes are | ----------ccemmmcmmmmeeeeeee
paticularly difficult to handle with a verticd basket press. |-

Consequently, most home winemakers only get 120 to 130 gdlonsof | 100 7 6
white juice per ton of grapes. The vaues shown in Table 14 were ggg ;g ig
caculated based on a yidd of 150 gdlons for red wine and 125 400 20 o5
gdlons for white juice. Experienced winemakers dways produce | sog 37 31
extrawine for topping up storage containers. 600 45 38
700 52 44

CONTAINERS 800 60 50

900 67 56

A vaiety of containers are needed for winemaking. Boxes or other ;888 175% 153

shallow containers are used to trangport grapes from the vineyard to
the winemaking area. Open containers are used for mixing and for
red fermentations. Closed containers are used for fermenting white
juice and for storing and aging wine.

Table14. Typical wineyieldswhen a
small basket pressisused..

Stainless ged is the materid of choice for wine storage containers because it is inert, cleans easy and ladts
for many years. Unfortunatdly, smal stainless sted tanks suitable for wine storage are very expensive, so
containers made of glass, polyethylene and wood are often used. Surplus beer kegs are an exception, and
many home winemakers use stainless steel beer kegs for wine storage.

Bulk Grape Containers

Standard 2-ton gondolas measure 96 inches long by 48 inches wide by 48 inches high. A 1-ton tank
messures about 48 x 48 x 48 inches. A fruit bin measuring 48 inches by 48 inches by 22 inches will hold
about 1000 pounds of grapes.

A 48-inch x 32-inch x 24-inch box will hold about 650 pounds of grapes, and standard 32-galon plastic

trash cans hold about 135 pounds. When lined with trash bags, plastic milk crates hold 35 or 40 pounds of
grapes. Round 5-gallon plastic buckets hold 22 to 24 pounds.
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Bulk containers are usudly not needed when home winemakers purchase grapes by the ton. Lage
quantities of grapes can be hauled easly by lining the bed of a pickup truck with a sheet of 4-mil
polyethylene. The fruit is dumped directly into the bed of the truck.

Open Fermenters

Many home winemakers use 32-gdlon plagtic trash cans for fermenting red wine. Pladtic trash cans are
inexpensive and light weight. Open red fermenters should only befilled to 80 percent of capacity to prevent
over flowing, so 32-gadlon trash cans can ferment about 230 pounds of crushed grapes. Almost 400
pounds of crushed grapes can be fermented in a 55-gallon polyethylene drum with the head removed, and a
plagtic, haf-ton bin will ferment about 1400 pounds of crushed grapes.

Beer Kegs

Surplus, stainless stedl beer kegs make excdlent wine storage containers. Modern beer “kegs’ hold 15.5
galons, and they are readily available. Beer kegs cost about adollar agalon. Stainless sted beer kegs are
easy to clean, and they last forever. A #11 stopper or asilicone bung can be used to sedl beer kegs.

Oak Barrels

Wine barrds are made in two standard sizes, 200 liters and 225 liters. Two hundred-liter barrels hold
gpproximately 52 gallons, and 225-liter barrels hold about 59 gdlons. Most American-made barrels hold
52 gdlons, and most French barrels hold 59 gdlons. Haf-barrels hold 25 to 30 gdlons.

Bungs

Some winemakers place small pieces of cloth or burlap under wooden bungs.  Although popular, such an
arrangement adlows consderable ar to enter the barrel, and this technique should not be used for quaity
table wine production.  Although more expensive, silicone rubber bungs are much better than old fashion
wood bungs. Rubber bungs sed the barrds tightly, and they are easy to remove. Best of al, they do not
deform the bung holesin expensive barrds.

Container Case Capacity

Five-gdlon glass carboys contain two cases of wine. Full 15.5-galon beer kegs hold six cases. A 27-
gallon polyethylene drum holds about 11 cases. A 52-gdlon barrel holds 22 cases of wine, and a 59-gdlon
barrel holds 24 cases. A 165-gdlon polyethylene tank holds about 68 cases, and a 1000-gdlon tank
contains 415 cases.

SANITATION

Maintaining sanitary conditions in the home winery entalls more than just hosing down the garage floor.
Sanitation activities include washing old battles, cleaning the equipment, disposing of pomeace, controlling
ants and fruit flies, kegping winemaking and storage areas clean, etc., etc.
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Wash Equipment Before and After Use

Washing the winemaking equipment just before use is necessary for good sanitation. Washing the
equipment immediately after use saves the winemaker agreat dedl of time. Grape resdues are easy to wash
away when wet, but dried residues are very difficult to remove.

Spray Nozzle

A hose equipped with a good spray nozzle is a necessity in the crush area. The nozzle should produce a
fine spray and a solid stream.  The hose and nozzle will be dropped from time to time, so the nozzle should

be well designed and congtructed of strong materids. Hang the hose from a hook conveniently placed in the

crush area because the hose and nozzle will be used often.

Hoses

Transfer hoses can remain wet for long periods, and then mildew can grow on the indde surfaces. Hoses
should be washed immediately after use and hung on a wal with both ends down, and the hoses will drain
completdy. Full strength Clorox will remove mold and other stains from the insde surfaces of hoses (or
other difficult to reach places). However, surfaces treated with Clorox must be rinsed carefully. Use
Clorox with care, and do not breathe the fumes.

Dirty Bottles

Dirty wine bottles usudly contain mold, yeast and a variety of bacteria. Dirty bottles are dways a potentid
source of contamination, and home winemakers should not store dirty bottles in the winemaking area. The
bottles should be washed as they are collected. Then the clean bottles should be stored upside down in
clean cardboard cases.

Liquid dish washing detergents are difficult to rinse away when used for washing old wine bottles, and they
can leave unsghtly water pots. A cup of automatic dishwasher powder in three-gdlons of very hot water
cleans bottles well, and the resdue rinses cleanly. A teaspoon of liquid detergent should be added to the
dishwasher powder if the water is hard.

Power Bottle Brush

Most bottle brushes have aloop on the end of the wine handle. Some home winemakers remove the loop
and chuck the wine handle in an dectric drill. This “power” bottle brush will remove stubborn bottle
resdues quickly. However, thismethod must be used with care and only with low drill speeds.

Jet Bottle Washer

A jet carboy washer attached to awater facet or hoseis a great convenience for washing old wine bottles.
These washers are made of brass, and they last for many years. The washers are inexpensive, and they
save much time and large amounts of hot weter.

Auto Whed Brush
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Brushes with long handles can be purchased in large automotive supply stores. These diff-bristled brushes
are used for washing auto hub caps and wheds, but home winemakers find them handy for scrubbing all
kinds of winemaking equipment. The long handles make these brushes particularly useful for scrubbing the
indde surfaces of small fermenters and tanks.

FERMENTATION TECHNIQUES

This section contains practicd information and severd suggestions on how to cope with some common
problems encountered during primary fermentation.

Under-ripe Grapes

Trying to make adry, red table wine from under-ripe grapes is seldom successful. When under-ripe fruit is
used, wine flavor and bouquet will be lacking, and wine color will be poor. Most red grape varieties are not
ripe until the sugar level reaches 22Y2 to 232 Brix. Unfortunately, home winemakers often have little control
over when their grapes are picked, and under-ripe fruit is often encountered. Most under-ripe, red grapes
are best used to make blush wines. The low adcohaol content, skimpy flavors and the high acid levels are
more gppropriate for light, fruity blush wine.

White grapes are not ripe until the sugar level reaches about 22 Brix, and Chardonnay grapes are often
picked well above 23 Brix. Rieding grapes, on the other hand, are usudly picked at low Brix vaues before
they lose their greenish color. Overripe, white grapes are often best used for producing dessert wines. At
the other extreme, under-ripe white grapes can be used to produce excellent sparkling wines.

Adding sugar to under-ripe grapes seldom produces high quaity wine. The sugar increases the acohol
content, but the added sugar does nothing to improve the poor color, the puny flavors or the lack of varietd
intengity. Sugared wines are usudly too acoholic, pae colored and under flavored. In addition, under-ripe,
red grapes often produce wine with unpleasant green or vegetal characterigtics.

Sulfur Dioxide

Making and aging high qudity table wine without usng smal quantities of sulfur dioxide is difficult, and mogt
winemakers add small quantities of sulfur dioxide when the grapes are crushed. About 1/2 level teaspoon
of sulfite powder for every 100 pounds of grapesis the right amount.

Practicdly dl of the free sulfur dioxide disgppears during fermentation, so winemakers add 1/4 leve
teaspoons of sulfite powder for every five gdlons of wine when fermentation is complete. This quantity of
sulfite powder will add about 40 milligrams per liter of sulfur dioxide to the new wine. However, about haf
the sulfur dioxide will combine with other materids in the wine quickly, so only 20 - 30 milligrams per liter of
free sulfur dioxide remains in the new wine. The sulfite powder should be dissolved in an ounce or two of
water before it is added to the wine.

Wine should aways be tested just before bottling time, and the free sulfur dioxide content should be
adjusted to about 25 milligrams per liter. Wines bottled with less than 20 to 30 milligrams per liter of free
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sulfur dioxide oxidize quickly, and they are short lived. Table 15 shows how much sulfite powder is needed
to produce 25, 50 and 75 milligrams per liter of sulfur dioxide in
various quantities of wine. The vaues given are in grams.  For
exanple, Table 15 shows that 5.8 grams of sulfite powder Gals 25 50 75

produce 50 milligrams per liter of SO in 15 gdlons of wine. of mg/l mg/l mgl
Wine SOZ SOZ SOZ

Hydrogen Suilfide 1 02 04 06

2 04 0.8 1.2
All wine yeads produce smdl quantities of hydrogen sulfide gas 3 06 1.2 1.8
(rotten egg smdll) during fermentation, but under norma conditions, 4 0.8 1.6 2.4
the quantities produced are very small and of little consequence. 5 09 18 27

10 1.8 3.6 54
15 29 5.8 8.7
20 3.8 7.6 114

The primary cause of excessve amounts of hydrogen sulfide is
elementd sulfur on the grgpes. Sulfur is used to control mildew in

vineyards, and sometimes excessve amounts of sulfur remains on 30 57 1.4 171
the grapes. Here, the winemaker should complete fermentation, 40 76 152 228
and then copper sulfate can be used to remove the hydrogen 50 95 190 285
sulfide. Some types of wine yeasts produce more hydrogen sulfide 60 114 228 342
than others. Montrachet yeast is a particularly bad offender, and it Table15. Gramsof sulfite
should not be used with grapes containing sulfur residues. powder needed to produce 25,

50 and 75 mg/l of SO,

Besdes the sulfur problem, yeast often produces objectionable
quantities of hydrogen sulfide gas when the grapes lack nitrogen,
micro-nutrients or vitamins, Commercid wineries and some home
winemakers added smdl quantities of yeast nutrients and a substance cdled pantothenic acid to
fermentations specificaly to reduce the production of hydrogen sulfide. Pantothenic acid is a common
vitamin, and it can be purchased at any drugstore.

Crushing by Hand

A mechanica crusher is not necessary for making red wine. Severa hundred pounds of fruit can be crushed
in afew hours usng the following technique. (1) Put a clean plagtic milk crate on a clean pladtic trash can.
(2) Put afew pounds of grapesin the crate. (3) “Scrub” the grapes through the holes in the bottom of the
crate into the trash can. (4) Remove the stems from the crate. (5) Add a few more pounds of fruit and
repeat. Some grapes will not be crushed, but whole grapes are not a problem. The juice from the
uncrushed grapes will be recovered when the fermentation is pressed.

Punching Down

A handy gadget for punching down smdl fermentations can be made quickly with afew hand tools. Find a
small block of wood and an old broom stick. A 6 x 6 x 12 inch piece of wood isfine. The exact 9zeis not
important. Bore a hole in the middle of the wood block, apply glue and insert the broom stick. The new
“puncher downer” will be easier to keep clean if it isfinished with three or four coats of varnish.

Skin Contact Time
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Mogt of the red pigment and fruit flavors are extracted during the first few days of skin contact. Four or five
days of skin contact are enough to produce a quaity product when the grapes are ripe. Tannins continue to
be extracted for many days.

Cooling Hot Fermentations

Fermentations can become violent when warm red grapes are fermented in hot weather. Much hest is
produced, and yeast cells can die when fermentation temperatures exceed 90 degrees for severd hours.
Such conditions require prompt action, and fermentation temperature must be reduced quickly. Stainless
ged containers can be cooled easily by flowing cold water over the outsde surfaces. Sometimes small
wineries use blocks of dry ice to cool hot fermentations. Home winemakers often fill plastic milk containers
with clean water and keep the containers in their freezer. Later, the sedled containers of ice can be placed
in hot fermentations to reduce the temperature. All winemakerstry to avoid fermenting hot fruit.

Completing Fermentation

Fermentation may be complete when three conditions are met.  First, check if the bubbling has stopped and
make sure the wine is gtill and quiet. Second, make sure the hydrometer reads less than zero Brix. Third,
measure the Brix for severa days and be sure the hydrometer reading remains congtant.

Beginning winemakers often have trouble deciding when fermentation has finished. The above procedure is
useful, but the only way to be sure fermentation has finished is to measure the resdud sugar in the wine.
Clinitest tablets can be purchased at most large drugstores, and these tablets are a very convenient way of
measuring small quantities of sugar in wine.  Use the “5-drop” method. When the sugar content measures
less than 1/4 percent, the wine is considered dry.

Short Range Hydrometers

“Plus and minus five’ short range hydrometers are very useful for monitoring sugar content near the end of
fermentation. These hydrometers have a speciad scde. Zero Brix isin the center of the scale, and plus five
degrees and minus five degrees run in each direction from the zero point. The scdeislarge, and 0.1 degree
Brix can beread easlly.

CELLAR TECHNIQUES

Cdlar operations sart when fermentation is complete and continues until the wine is rdleased. Cdlar
operations include clarification, Sabilization, bulk aging, etc.

Hot and Cold Stabilization

All white and blush wines should be both hot and cold stabilized before bottling. Many winemakers use the
following technique to accomplish both stabilization steps in a Sngle operation.  Three teaspoons of dry
bentonite and a cup of hot water are used for each 5 gdlons of wine. The water is placed in the blender,
and the blender isrun at high speed while the bentonite is added dowly. The bentonite mixture is chilledin a
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refrigerator for 24 hours, and then the mixture is stirred into the wine. After the bentonite addition, the wine
is placed in a refrigerator, and the temperature control is set to the coldest position. After a couple of
weeks in the refrigerator, the cold wine is racked into a clean container. Bubbling and splashing should be
minimized because cold wine oxidizes eeslly.

Gdatin

Gdatins are ussful for fining astringent red wines, and a suitable gdlatin can be found in the canning section
of mogt grocery stores. “Knox” gelatin comesin abox containing four handy, pre measured envelopes. Be
sure to buy an un-flavored gdtin.

Power Stirring Tool

Smadl wine containers can be mixed easily with a clean wooden dowd. However, sirring abarrd or small
tank of wineis not S0 easy, and a gpecid Hirring tool can be very hdpful. A variety of dirring tools can be
purchased, or a propeller type dirrer can be made easily. Firgt, form a small propeller by cutting and
bending a piece of stainless stedl sheet. Drill ahole in the center of the propeller blade and bolt the blade to
a 36-inch length of 1/4 inch sainlesssted rod. Secure the propeler with two stainless sted nuts and
washers. A bard of wine or a smal tank can be quickly mixed with the homemade sirrer and a smdll
eectric drill.

Oak Chips

Many home winemakers add oak chips to red wines stored in glass, plagtic or Sainless containers. About 2
oz of oak chips for every 10 gallons of wine is a good starting quantity. The chips can be placed in anylon
bag and suspended in the wine, or the chips can be added directly to the container. After the chips are
added, the wine should be tasted twice a month to make sure the wine does not get too “oakey.” When
the wine has the desired oak character, remove the bag of chips, or rack the wine off the loose chipsinto a
clean container. I1f more oak character iswanted, additiona chips can be added anytime.

WineFilter

Inexpengve but effective wine filters can be made from standard, 10-inch cartridge type water filters. These
filters are available at hardware stores, and a variety of cartridges are manufactured to fit these standard
housngs. Five-micron water filter cartridges are available a hardware stores. These cartridges are
inexpensve, and they are useful for rough filtering large quantities of wine. However, a 5-micron cartridgeis
quite porous and will not completely clarify dirty wine. One-micron cartridges are used for generd
clarification, and many home winemakers use cartridges with 0.5 or 0.2 micron ratings for filtering wine at
bottling time.

WineFilter Use

All filter media should be washed before any wine is filtered. First, completely assemble the filter system,
and then flush the system with severa gdlons of clean water. The water coming out of the filter should be
tasted to make sure no “paper” taste remains. If the rinse water tastes clean, the filter is drained and used.

147



Washing is continued if the water has a paper taste. Some winemakers prefer to wash the complete filter
system with a 1 percent citric acid solution. The citric acid seems to remove the paper taste quickly, and
the acid helps Serilize the filter. After the acid solution is removed, the filter system is washed with clean
water. A short length of plastic tubing permanently attached to a hose connector is handy for flushing smal
filters

Storing Used Filter Cartridges

Used filter cartridges are difficult to maintain, but the following method works well. Immediately after use,
the filter should be back flushed with severd gdlons of clean water. Then the water is drained, and the
housing is filled with a 50% ethyl adcohal solution (inexpensive 100 proof Vodka). The inlet and outlet of
the housing should be tightly sedled with small rubber stoppers, and the filter should be stored in a coal, dry
place. When the filter is needed, drain the dcohol, and flush the housing with clean weter.  Set the acohal
asde, 0 it can be reused later.

BOTTLING

Bottling is the last mgor step in the winemaking process. Lots of things can go wrong, so bottling is a
difficult operation for many home winemakers. Ways of avoiding severd common bottling problems are
discussed below.

Bottling Supplies

In 1997, seded bags of one thousand, number one, wine corks sold for about $135. The cost of new glass
ranged from $4.50 to $6.50 per case, and re-sterilized glass sold for $3.50 to $4.50 acase. A carton of
4800 fancy, heat-shrink, capsules sold for $130.

Handling Bottles

Plagtic milk crates are a convenient way of handling wine bottles. Plagtic crates are handy containers for
washing used bottles and for filling bottles. These crates are strong enough to hold full bottles easly. Milk
crates are easy to keep clean, and they are dways handy to have in any home winery. Standard size,
plastic milk crates hold about 20 bottles.

Softening Corks

Hard corks can be softened by soaking in cold water for afew hours. Excessive cork water is undesirable
because the water stains the top of the corks and makes amess. After soaking, the excess water should be
poured off. Then the container of corks should be covered with a clean cloth, and the corks should be
dlowed to drain overnight.

Old corks can be softened quickly in a microwave oven. Rinse the corks in cold water, and then sed the
wet corks in a plastic freezer bag. Heat the bag of corks in a microwave oven for a short time. A bag
containing 50 corks might require a one minute exposure at a 50 percent power setting. However, the time
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depends on the microwave oven, and some experimentation may be needed. Corks burn easily, so dways
use the minimum power and time necessary. The intense microwave energy may dso be effective in
derilizing the corks. Please note this technique should not be used with paraffin coated corks.

Bottle Filling

Always avoid oxidation by not splashing or bubbling the wine when bottles are filled. Smdl pressure heads
reduce bubbling, so the wine container should be just two or three feet higher than the bottles. Bottles
should be filled from the bottom dowly until no more than 1/4 inch ggp remains between the wine and the
bottom of the cork. The small pressure head increases time needed to fill the bottles. However, filling time
can be reduced sgnificantly by usng alarge, (1/2 inch diameter) wand type bottle filler.

Making Labels

Inexpengve labels can be made easily with a home computer. A variety of art work can be included, and
professond quality labels can be produced eesily if a scanner and color printer are available. Mogt light
weight papers wrinkle badly when the glue is applied, but many medium weight bond papers are suitable for
labels. Four, six or eight labels should be made from standard 8.5 X 11 inch sheets of paper, and very little
paper will be wagted if the layout is done carefully.

Label Paster

Smadl wineries use a labe pasting machine when smdl lots are labeled by hand. These handy machines
quickly apply just the right amount of glue to the back surface of any labd. Unfortunately, these little
machines sdll for severa hundred dollars, and most home winemakers do not produce enough wine to
judtify the codt.

Gluing Labeds by Hand

White Elmers glue is often a satisfactory adhesive for gpplying labels printed on heavy weight paper. Usea
wide, short bristled brush to gpply glue to the back of the labels. Pasting is easer when a piece of Hiff
cardboard smaler than the labdl isused. Thelabe is placed face down on the cardboard, and then the glue
is gpplied with the brush. A “glue gtick” is a very convenient adhesive when only a few bottles are being
labeled.

SUMMARY
Some winemaking procedures are done only once each year, SO severa crush seasons are needed for
novice winemakers to develop certain skills. Beginning winemakers can learn basic winemaking techniques

and get many ussful idees by vigting other home winemakers or smal commercid wineries, and visting
other winemakersis dways an enjoyable way to gain practical information quickly.
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Chapter 23

LABORATORY
WINE TESTING

About 30 tons of grapes are required to make 5000 gdlons of wine. High quality fruit might cost $1500
per ton, so the grapes needed to fill a 5000-galon tank can cost $45,000. Losing atank of wine can be
very expensve, O commercia winemakers depend on laboratory wine measurements to minimize the
number of gross wine falures. Laboratory measurements aso help winemakers produce wines more
consstent in syle and quality from year to year. Consequently, laboratory measurements are indispensable
in commercid wineries, and they play an important role in most home winemaking programs.

Large wineries maintain extendve in-house laboratory facilities containing much expensive equipment. On
the other hand, many small wineries cannot afford extensive measurement facilities because the equipment is
too expensve. Mog smdl wineries rely on basic wine tests that can be done with a minimum amount of
gpparatus, and they depend on the winemakers nose to provide much of the needed information.

Noses can detect and identify extremely smdl quantities of many different materials, S0 noses are wonderful
measurement tools for quickly determining the condition of wine. Noses are dways available (unless the
winemaker has a cold), and an educated nose is the most vauable measurement tool any winemaker
POSSESSES.

The equipment and methods for doing six bas ¢ wine measurements are discussed below.

BRIX
Sugar in juice or wine is measured using the Brix scde. This scae was developed specificaly for
winemaking, and one degree Brix is equa to one gram of sugar per 100 grams of juice. Winemakers
usualy measure Brix with an optica refractometer or a hydrometer.
Sugar content is one of severd criteria used to judge fruit maturity, and most grapes are picked when the
sugar content is between 20 and 25 Brix. Winemakers start measuring grape sugars severa weeks before
harvest time, and they continue sugar testing until the fruit is picked.
Taking hydrometer readings during fermentation is important. Maost winemakers measure Brix at least once
each day to monitor the speed and consistence of their fermentations. Moderate drops in sugar each day
shows normd fermentation. If an unusud change in sugar levd is observed, the winemaker can make
corrections promptly.

Novice winemakers often believe fermentation is complete when their hydrometers measure zero.
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However, dcohol has a dendty less than water, so hydrometers read | ess than zero Brix when a completely
dry wine is measured. Dry white table wines usualy measure -1.8 to -2.4 Brix, and dry red table wines
measure -1.4 to -2.2 Brix because of the accumulated a cohol.

Brix Measurement Materials

Sugar can be accurately measured using inexpensve ($20), short range, Brix hydrometers. Many
winemakers use a st of three instruments. One instrument reads from 16 to 24 degrees Brix. The second
instrument reads from 8 to 16 degrees, and the third hydrometer reads + 5 to - 5 Brix. All three
hydrometers are cdibrated in 0.1 Brix steps.  Some home winemakers rely on a single hydrometer with a
zero to 30-degree Brix scde. These long range indruments are inexpendve and readily avalable.
Unfortunately, these long range hydrometers are difficult to read accurately.

The following materias are needed to measure the sugar content of juice,

Brix hydrometers
A hydrometer cylinder

Brix M easurement Procedure

Hydrometers are made from very thin glass. They are fragile, and these ingruments must be handled
carefully. The following procedure can be used to measure Brix injuice.

1. Strain un-clarified juice to remove the solids.

2. Rl the hydrometer cylinder within afew inches of the top with juice.

3. Gently lower the hydrometer in the liquid and give it adight twist motion. The twist will release
any bubbles sticking to the glass.

4. When the hydrometer is floating fregly, wait a few seconds and then read the hydrometer scale.
Read the scalein line with the bottom of the meniscus curve.

5. Record the reading.

6. Discard the sample and rinse the cylinder and hydrometer with clean water.

TITRATABLE ACID

Titratable acid (TA) is a measure of the sum of dl the organic acids in juice or wine. In hedthy wine, the
magor acids are tartaric and mdic, but dl wines contain smal quantities of citric, succinic, acetic, butyric,
lactic and other organic acids. In the United States, wine acidity is expressed asif dl of the acids in the
wine were tartaric acid. The titratable acid of juice ranges from 0.4 to 1.2 grams per 100 milliliters of
liquid. One hundred milliliters of juice weighs gpproximately 100 grams, so “grams per 100 ml” is roughly
equal to percent.

The tart of wine is strongly related to titratable acid. When wine contains too much acid, it will be very tart
or even sour tasting. When too little acid is present, wine often lacks freshness and tastes flat. Grapes
grown in warm areas are usualy low in acid, and additions of tartaric acid are often needed to produce a
balanced wine. TA is dways measured when the grapes are crushed so any needed acid adjustments can
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be made before fermentation is started. TA isaso used to judge fruit maturity a harvest time.

The titratable acid of norma wine dowly decreases as the wine ages, and any rise in wine TA during the
aging period is a danger Sgna to the winemaker. When the TA rises, acetic acid may be forming, and the
wine may be turning into vinegar. Therefore, most winemakers measure titratable acid periodically from the
time fermentation is complete until the wine is bottled. Small producers often measure titratable acid once
each month, but many large producers measure the TA twice a month.

Titratable acid of wine or juice can be measured by severd different anaytical techniques. However, most
wineries use a titration method. This measurement procedure is smple, and the |aboratory apparatus is
inexpengve.

Acid Measurement Materials

Titratable acid can be measured by a smple titration procedure using acdibrated (0.1 N) sodium hydroxide
solution. Phenolphthaein solution is used as an indicator to show the titration end point.

The following materias are needed to measure the titratable acid of white wine, blush wine and juice.

5-ml serologicd (transfer) pipette
10-ml serologica (transfer) pipette
250-ml Erlenmeyer flask

0.1 norma sodium hydroxide

1% phenolphthalein solution
digtilled water

Titratable Acid M easurement Procedure
This procedure is satisfactory for measuring the titratable acid of juices and white or blush wines.

1. Draw 5 milliliters (ml) of juice or wine into the 5-ml pipette.

2. Trandfer the sample into the flask.

3. Add about 50 ml of ditilled water and three or four drops of phenolphthaein solution.
4. Fill the 10-ml pipette with 0.1 N sodium hydroxide solution.

5. Titrate with the sodium hydroxide while mixing the wine sample by rocking the flask

6. Stop titration when the sample turns afaint pink.

7. Record the quantity of sodium hydroxide solution used.

8. Rinsethe flask and pipettes with clean water.

Titratable Acid Calculations
Titratable acid can be cdculated using the following formula.
A TA (%) = 0.15 X milliliters of sodium hydroxide used.

In the above formula, the titratable acid is given in grams of acid per 100 ml of wine (percent), and TA is
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expresed asif dl of the acids in the wine were tartaric acid.
Two examples of how titratable acid is caculated from the measured data follow.
Example# 1.

A white wine sample was titrated drop by drop. During titration, the sample was mixed by rocking the flask
from sde to Sde. A faint but persstent pink color was reached, and the pipette scale was read. In this
example, the scde showed 5.3 ml of sodium hydroxide had been added to the sample. The titratable acid
of the sample was calculated by multiplying 0.15 times 5.3. Thisgave a TA of 0.79 grams of acid per 100
milliliters of wine or 0.79 percent.

Example# 2.

A pipette was used to add 0.1 N sodium hydroxide solution to a red wine sample. The titration was done
dowly, so the tir bar could keep the sample mixed, and the pH meter was carefully watched. Titration was
stopped when the meter read 8.2. The pipette scae was read, and it showed 3.9 ml of sodium hydroxide
had been added to the sample. The acidity of the red wine sample was caculated by multiplying 0.15 times
3.9 which give 0.58 grams per 100 milliliters (0.58 percent).An Alter native

Procedurefor Red Wines

The above procedure does not work well for dark red wines because the end point is very difficult to
recognize in dark red wines. Diluting red wine samples with up to 200 milliliters of water makes the
measurement easier, but most winemakers prefer to use the following procedure when testing dark red
wines. However, a pH meter, ring-stand and a magnetic tirrer are required for this procedure (see pH
measurement below).

1. Place the probe in aring-stand clamp and arrange the stand so the probe is centered above the
dirrer plate.

2. Draw 5 milliliters (ml) of wine into the pipette and transfer it into the beaker.

3. Add about 50 ml of ditilled water and place the tir bar in the beaker.

4. Pace the besker on the dtirrer plate. Adjust the ring-stand so the probe is emersed in the
sample but do not alow the stir bar to strike the end of the probe.

5. Turnthe girrer on.

6. Fill the pipette with 0.1 N sodium hydroxide solution. 7. Titrate the wine sample while watching
the pH meter.

8. Stop the titration when the pH meter reads 8.2.

8. Record the quantity of sodium hydroxide used.

9. Discard the wine sample and rinse the probe, beaker, stir bar and the pipettes severd times with
clean water.

FREE SULFUR DIOXIDE

Winemakers try to maintain 20 to 40 milligrams per liter of free SO, in their wine from the completion of
fermentation until the wine is bottled, but the amount of free SO, does not remain congtant.  Sulfur dioxide
is consumed as it does its job, and the free sulfur dioxide dowly decreases with time.  Consequently,
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winemakers measure the free sulfur dioxide in their wines every few weeks, and they make gppropriate
additions to maintain the sulfur dioxide near the desired levd.

SO, M easurement Materials

5-ml serologica pipette

10-ml serologica pipette

250-ml clear glass container

Dilute sulfuric acid (1 part acid in 3 parts water)
1% starch solution

0.01 N iodine solution

Didilled water

The gtarch indicator solution is made by mixing one half teaspoon of corn starch in aout 200 ml of weter
and bailing the mixture for a few minutes. The starch solution can be used when it is cool, but a fresh
solution should be made every week or so.  Starch solutions are prepared commercidly, and these
solutions last for severd months.

A 0.01 normd iodine solution is a weak solution, and wesk iodine solutions are not stable. Wesak iodine
solutions should be stored in dark brown glass bottles, and the bottle should be tightly stoppered and stored
in adark place. Even then, the cdibration (normdlity) of the iodine solution will change dowly.

Free SO, Measurement Procedure
The following procedure can be used to measure the amount of free sulfur dioxide in juice or wine.

1. Draw exactly 10 milliliters (ml) of wine into the pipette and transfer the wine into a smdl, clear
glass container.

2. Add about 5 ml of diluted sulfuric acid (H,SO,) to the wine sample.

3. Add 2 or 3 ml of the starch solution to the sample.

4. Immediady fill the 5-ml pipette with the iodine solution and titrate the wine sample until a faint
purple color isreached. Thisisthe end point. The purple color will fade in afew seconds, but do
not add more iodine.

5. Record the quantity of iodine solution used to reach the end point.

6. Rinse the pipettes and the glass container severd times in clean water and place them in drying
racks.

Most commercid wineries routindy use the iodine method to measure sulfur dioxide in white and blush
wines. However, this method is not very accurate when used with red wines because phenolic materias in
red wines aso react with the iodine. These sde reactions can give erroneoudy high results, and measured
vaues of free sulfur dioxide can be more than 20 percent too high.

Besides the gde reactions, the end point is difficult to recognize in dark red wines. Generdly, a digtinct
purple color does not occur when red wines are titrated. Ingtead, a dight darkening of the wine color
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indicates the end point. Diluting red wine with distilled water often makes the end point easer to recognize,
and as much as 150 ml of water is sometimes used. Viewing the diluted red wine with a strong yellow
gddight is often helpful. Some winemakers have a 75-waeit, yellow “bug light” in a desk lamp specificaly
for measuring sulfur dioxide in red wines. Measuring sulfur dioxide in dark red wines with the iodine method
requires some practice.

Sulfur Dioxide Calculations

The amount of free sulfur dioxide in the wine sample is caculated from the measured volume of the iodine
solution used in the titration and from the normdity of the iodine. The formula for free SO, can be written
as.

SO, = 3200 X volume of iodine X normdlity of iodine.

In the above formula, the free sulfur dioxide content of the wine sample is given in milligrams of sulfur
dioxide per liter of wine (mg/l).

Two examples of how free sulfur dioxide is caculated from the measured data are given below.
Example# 1.

A faint purple color was produced when 2.2 milliliters of 0.01 N iodine solution was added to 10 milliliters
of whitewine. Thefree SO, leve of this wine was obtained by multiplying 3200 times 2.2 (the quantity of
iodine solution) times 0.01 (the normdlity of the iodine solution). The multiplication (3200 X 2.2 X .01)
gives 70.4 milligrams per liter of free sulfur dioxide.

Example# 2.

A dak red wine sample was diluted with about 100 milliliters of digtilled water. When 1.2 ml of 0.01 N
iodine solution was added to the wine sample, the color darkened dightly. The free SO, leve of this red
wine was caculated by multiplying 3200 times 1.2 times 0.01. This measurement gave 38.4 milligrams per
liter (mg/l) of free sulfur dioxide.

pH
pH is one of severd parameters used to judge fruit maturity, and most winemakers start monitoring the pH
of the grapes severd weeks before harvest time. pH aso gives the winemaker important information about
how much sulfur dioxide is needed to control microbes. Wine stability characterigtics are dependent on pH.
Red wine color isinfluenced by pH. Red wineswith low pH vaues have more and better red color. Wines
with high pH vaues have a dull, less atractive color. Winemakers monitor wine pH every few weeks until
the wine is bottled.
pH Measurement Materials

A pH meter with athree-digit resolution is the only practicad way of measuring pH, and an instrument with a

155



Separate probe on a 36-inch cable is a great convenience for wine measurements. All pH meters should be
cdibrated just before use, and most instruments have long warm-up times.

pH meter

pH probe

7.00 standard pH solution
4,00 standard pH solution
100-ml beaker

ring sand

magnetic dirrer

gtir bar

pH Measurement Procedure
The following procedure can be used to measure the pH of any wine, must or juice.

1. Place the probein the ring-stand clamp and arrange the stand so the probe is centered above
the irrer plate.

2. Place 30 or 40 milliliters of the 7.00 standard solution in the beaker.

3. Place the begker on the dtirrer plate. Adjust the stand so the probe is emersed in the sample but

do not alow the stir bar to strike the end of the probe. Turn the stirrer on.

4. Adjust the“cdibration” knob until the meter reads 7.00.

5. Discard the standard solution and rinse the beaker.

6. Place 30 or 40 milliliters of the 4.00 standard solution in the beaker.

7. Place the beaker on the stirrer plate and adjust the stand so probe is emersed. Do not dlow the

gir bar to strike the end of the probe. Turn the stirrer on.

8. Adjust the“dope’ knob until the meter reads 4.00.

9. Discard the standard solution and rinse the beaker.

10. Place 30 or 40 milliliters of wine or juice in the beeker.

11. Place the besker on the dtirrer plate. Adjust the stand so the probe is emersed in the sample

but do not dlow the stir bar to strike the end of the probe. Turn on the stirrer.

12. Wait afew seconds, then read the pH meter and record the value.

13. Rinsethe probe, beaker and stir bar in clean water.

RES DUAL SUGAR

Fermentation can retart in wine containing sugar anytime, so winemakers dways measure the resdud sugar
contents of their wines shortly after fermentation to be sure no sugar remains. Large wineries use a wet
chemistry method, but small wineries and home winemakers use Clinitest tablets to measure resdua sugars
inwine. This measurement method is smple, and it provides reasonable accuracy when the resdud sugar
content is less than about 2 percent. Clinitest tablets are sold in most large drugstores.  Tablets and a
gpecia color chart can aso be ordered from winemaking supply companies.

Residual Sugar Measurement Materials
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The following equipment can be used to measure the resdua sugar content of any table wine.

eye dropper

smdl clear container
Clinitest tablets
Clinitest color chart

Residual Sugar M easurement Procedure

This procedure can be used to measure the resdua sugar content in any wine containing less than 2 percent

sugar.  Wines with higher vaues of sugar can be measured by diluting the wine gppropriately.

Measurements are made by comparing the color of a treated wine sample to the color on a cdibrated chart.
However, the color pigments in red wines do not seem to cause sgnificant errors.

Directions and a color chart are provided with the Clinitest tablets.

Draw asmdl amount of wine into the eye dropper.

Place 5 drops of winein the clear container.

Rinse the eye dropper carefully (severd times) with clean water.

Draw asmdl amount of distilled water into the eye dropper.

Place 10 drops of digtilled water in the clear container.

Place one Clinitest tablet in the container.

. After the boiling stops, wait 15 seconds then read the sugar content by comparing the color of
the liquid to the colors on the chart.

8. Rinsethe eye dropper and the smdl container severd times with clean water.

NogA~WDNRE

Clinitest tablets are sengtive to moisture, so the bottle should be kept tightly sedled.
CHROMATOGRAPHY

Mogt winemakers measure the malic acid content of their red wines when fermentation is complete. They
want to know ML fermentation is complete and if dl the malic acid isgone. An additiona trestment may be
needed to gabilize the wine when mdic acid remains, and paper chromatography is a smple and religble
means of determining what kinds of organic acids are present in wine.

Y eadts produce smdl quantities of lactic acid during primary fermentation, so al wine contains some lactic
acid. Therefore, the progress of ML fermentations should be judged by the disgppearance of malic acid,
not by the gppearance of lactic acid. ML fermentation is considered finished when the maic acid spot

completely disappears.
ML Chromatography Materials
The following materids are needed to measure ML fermentation status in any wine.

A 1-galon wide mouthed jar
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ML solvent

ML paper
Micro pipettes (capillary tubes)
standard malic acid solution

ML Measurement Procedure

The following procedure can be used to identify and estimate the quantities of tartaric, citric, maic and lactic

acidsinwineor juice.
1. Place a sheet of chromatography paper on a clean surface. Use clean hands and try to hold the
paper by its edges.
2. Make alight pencil line dong along side about 3/4 inches up from the bottom, and then make
marks about 1 1/4 inches gpart aong the pencil line. Labd each mark ether as the mdic acid
gandard or for each of the wine samples being measured. The first mark on the left is commonly
used for the malic acid standard.
3. Use capillary tubes to draw up a small quantity of the acid stlandard and wine samples. Do not
alow any contact between the tubes.
4. Touch the end of each tube to the mark on the line very quickly. The wet spots should not be
larger than about 1/4 inch in diameter.
5. Allow the spots to dry and then repeat the above step twice (3 applications). Let the dots dry
between each application.
6. Pour enough ML solution into the wide mouthed jar to cover the bottom. The solvent should
cover about 1/8 inch of the bottom edge of the paper. The solvent should not come up to the
pendl line,
7. When dl of the dots are completely dry, staple the short sides of the paper together forming a
cylinder.
8. Stand the paper cylinder upright in the jar with the pencil line near the bottom and place the
cover on thejar.
9. Let the jar gand until the solvent front has climbed nearly to the top of the paper (3x or more
hours).
10. Remove the paper from the jar. Pour the ML solvent back into the original container, wash
and dry the jar and discard the capillary tubes.

Remove the dstaples from the sheet of paper and hang the paper in a wel-ventilated place. The
chromatogram can be read when the paper is completely dry.
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APPENDIX A

STEPBY STEP
WINEMAKING

In southern Cdifornia, the annua grape crushes usudly startsin mid August and ends in early October.
Many factors influence grape ripening time including: grape variety, temperature, soils, irrigation practice,
sun light, etc.

Fruit

“Wine qudity is made in the vineyard,” and high qudity wine can only be made from qudlity fruit.

When grapes are picked too early, the wine may be high in acid, low in acohol and lack fruit flavors and
aromas.

When grapes are picked too late, the wineis often low in acid, high in dcohol and has stewed fruit, rassin or
prune flavors.

“Second crop” fruit often makes poor quality wine.

Professonad winemakers get 150 to 180 gallons per ton, but home winemakers seldom get more than 140
to 150 gallons.

Bulk wine containers must be topped up regularly and kept completely full, so winemakers aways produce
extrawine.

Nominal Sugar Levels

17 to 19 Brix for sparkling wine.

19 to 22 Brix for blush and light white wines.

22 t0 24 Brix for Chardonnay and Sauvignon Blanc.
23 to 25 Brix for most red wines.

GRAPE PROCESSING
Grapes can deteriorate quickly on ahot day.
Boxes of picked grapes should not be left in the hot sun.
Grapes should be moved to the winemaking area quickly.
Winemakers prefer fruit picked early in the morning when the grapes are cold.
Crusher

For most home winemakers, a hand crank crusher isthe most practical method of crushing fruit.
Both single and double roller crushers work well.
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Good machines crank easily, but poorly designed and poorly constructed machines do not.
Power crusher/stemmers crush the grapes and remove the stems in one smple, fast operation.
Removing the stlems from white grapes is not necessary if the grapeswill be pressed immediately.
Stemscan be removed from red fermentations by hand using the following technique.
(1) Place aclean, plastic milk crate on top of aclean, plagtic trash can.
(2) Place afew pounds of crushed fruit in the bottom of the milk crate and use a scrubbing
moation.
(3) The crushed fruit will drop through the crate.
(4) Discard the stems from the crate and repeet the process.

Sulfur Dioxide (SO,)

Making qudlity table wine without using smdl quantities of sulfur dioxide is difficuilt.

Sulfur dioxide helps control native yeast and bacteria.

Sulfur dioxide also reduces oxidation of the must and wine.

Usudly, about 35 milligrams per liter of sulfur dioxide is added when the grapes are crushed.
One-hdf leve teaspoon of sulfite powder in 100 pounds of grapes is the correct amount.

The sulfite should be dissolved in asmall amount of water and then stirred into the crushed grapes.

Press

Small quantities of red wine can be made without a press, but awine press is necessary to make white wine.
The following procedure works well with smdl, vertical basket presses.

(2) Fill the basket, add the top plates, blocks and press head.

(2) Apply asmadl amount of pressure until the liquid flows

(3) When the flow decreases, increase the pressure.

(4) Excessve foam between the basket dats show pressing is being done too quickly.

(5) When the flow stops, disassemble the press, crumble the press cake and repress.
Most home winemakers crumble the press cake two or three times when pressing expensive grapes.
Ratchet type basket presses can produce high pressures, but high pressures often produce harsh, bitter
wines.
Moderate pressures are desirable, and the fruit should be pressed dowly.

JUICE AND MUST CORRECTIONS

Acid content (titratable acid) strongly influences the taste of the wine.

Wine can taste flat and inspid when the acid content istoo low.

Wine tagtes too tart when the acid istoo high.

Grapes grown in warm aress are often low in titratable acid.

Titratable acid should be between 0.65 and 0.85 percent before fermentation.

Small quantities of tartaric acid should be added to the must if the acid leve is lower than 0.65 percent.
Acid crystds should be dissolved in asmall amount of water before the acid is added to the must.

Stir the must well, and then re-measure the acid content.

Only small amounts of acid should be added & atime.
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Sugar Corrections

Ordinary white table sugar can be used for sugar additions.

Low sugar isnot a problem in Cdifornia

If the sugar content istoo low, the grapes are not mature.

High qudity table wines cannot be made from immature grapes.

Grapes lacking sugar should be harvested later in the season when the fruit is fully ripe.

Yeast Nutrients

Y eadt requires nitrogen, vitamins and severa other materids to reproduce new yeast cdls and ferment the
grape sugars.

Grapes deficient in these materias can be difficult to ferment unless extra nutrients are added.

Chardonnay juice deficient in nitrogen occurs regularly, so winemakers often add extra nitrogen to dl
Chardonnay juice.

Directions for yeast nutrients should be followed carefully to avoid off-flavorsin the wine.

Settling White Juice

Fresher white table wines are produced when bits of skin, pulp and other debris is removed from juice
before fermentation.

When the solids have been removed, fermentations are cleaner and better controlled.

Juice is often settled over night and then the clear juice isracked off the sediment the next day.

Thejuice must be kept cold, and the proper amount of sulfur dioxide should be used.

Sometimes, additiona clear juice can be obtained by resettling the resdue.

FERMENTATION

Grape skins have awaxy coating, and the coating is covered with native yeasts.

Native yeast can spontaneoudy ferment grapes (without the winemaker adding additiona yesst).
Sulfur dioxide is used to arrest yeast activity, but reasonable quantities will not kill the yeest.
Most winemakers prefer to add pure cultured yeest to start fermentation.

Cultured Yeast

Most home winemakers prefer dry yeast because using it is eesier.

Some yeasts like Epernay does not tolerate high levels of acohal.

Steinberg yeast does not tolerate high levels of sulfur dioxide.

Montrachet yeast produces more hydrogen sulfide (rotten egg smell) than many other yeasts (Montrachet
should never be used with grapes containing resdua sulfur dust).

Pasteur Champagne yeast can produce large amounts of foam in warm fermentation.

Smadl wineries often use dry Prise de Mousse yeadt to ferment dl of their wines.

The type of yeast used haslittle impact on the flavor of aged wine.
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Dry Yeast Rehydration

Y east manufacturers recommend rehydrating dry yees.

Dry yeadt isrehydrated by adding asmall amount of warm water.

About a cup of water should be used for each teaspoon of yeest.

The water temperature should be between 95 and 100 degrees.

After dirring, the yeast mixture should stand for 30 minutes.

Most winemakers use about one gram of dry yeast for each galon of must or juice.

White Fermentations

Fermentation temperature is one of the most important factors for producing quality white table wines.

Light, fruity white wines like Rieding are dways fermented at temperatures ranging from 40 to 55 degrees.
At these low temperatures, white fermentations often continue for two or three weeks.

Heavier style white wines are often fermented at temperatures between 55 and 65 degrees.

White juice should dways be settled over night.

Only the darified juice is fermented.

White wines are dways fermented in closed containers seded with a fermentation trap.

All fermentations should be monitored by measuring the Brix each day.

When fermentation is complete, the new wine should be racked into a clean container, and 50 milligrams
per liter of SO, should be added.

Red Fermentations

Red grapes have colorlessjuice.

The color isin the grape skins.

Red wine is made by fermenting the juice, pulp, seeds and skins together for severd days.
Lengthy skin contact does not increase color, but it does increase wine astringency.

Short skin contact time produces softer, more fruity red wines.

Skin contact time is always a compromise, and winemaking experience is needed.

Usudly, four to seven daysis adequate for red fermentations.

“When in doubt, press early” isagood rule to follow.

A cap of skinswill begin to float after fermentation Sarts.

If the cap becomes dry, vinegar bacteria can grow and convert the alcohol into vinegar.

To prevent this acetification problem, the cap should be broken up periodicaly and kept wet.
Caps on andl fermentations will not be very thick, and smal cgps can be managed by dirring the
fermentation twice a day.

On larger fermentations, a specid toal is needed to punch the cap down into the juice.

Caps should be punched down twice a day.

More punching down will do no harm, and it may improve the color of the wine.

Pressing Red Must

Red musts are usualy pressed in a basket press, and the procedure is the same as pressng white juices
(see above).
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Small red fermentations can by pressed by hand if the grapes were thoroughly crushed.
The following procedure works well.

(1) Cut apiece of 3/4-inch thick plywood to fit ingde a plastic milk crate.

(2) Let the cap rise, and then the liquid can be carefully siphoned off.

(3) The plastic milk crate is placed on a suitable container, and a piece of plastic window screen

is placed in the bottom of the crate.

(4) Fill the crate half full of pomace, and place the plywood on top.

(5) Press by hand, and then place a heavy weight on the plywood.

(6) Let the crate drain for 15 or 20 minutes, and then stir the pomace and repest.
After pressing, red wine should be placed in a closed container, and the container should be seded with a
fermentation lock.
When fermentation is complete, the new wine should be racked off the gross lees and 50 milligrams per liter
of sulfur dioxide added.

CELLAR OPERATIONS
Cdlar operationsinclude wine darification, stabilization, bulk aging, bottling and bottle aging.
Clarification

Clarification is accomplished by racking, fining and filtration.

Maost white and blush wines will need to be darified by fining with Sparkalloid.

Most red wines become clear automatically.

Red wines are often fined with protein materids such as a gdatin, casein or egg-whites to reduce
adringency.

Un-flavored “Knox” gelatin, purchased a a grocery store, can be used to remove red wine astringency.
One levd teaspoon of dry gelatin powder for each 5-gallons of wine is an average dose.

The powder should be mixed in a cup of warm water.

Thewarm gdatin liquid should be added dowly while congtantly stirring the wine.

After aweek or o, the wine should be racked off the fining lees.

A light gelatin fining can be effective in reducing the amount of bottle deposit.

Stabilization

Stable wines remain clear after they are bottled.

Unstable wines often change color, produce hazes or throw ugly sediments after they are bottled.
Wine is made gtable by fining, racking, chilling, adding sulfur dioxide and aging.

White and blush wines should be hot stabilized with bentonite.

Two grams of dry bentonite per gallon of wine are often used, but testing should be done.

The wine should be racked aweek or so after adding the bentonite.

All white and blush wines should be cold stabilized by chilling the wine to about 28 degrees.
Excesstartrate crysta's precipitate when wine is chilled.

Some wineries do both hot and cold stabilization treatments at one time by adding bentonite and then chilling
the wine to the low temperature.

After aweek or two, the cold wine isfiltered or racked off the bentonite lees.
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White wines are normally racked two or three times before bottling.
Red wines should be racked about every month for the first three months, then twice ayear.
The free sulfur dioxide content of the wine should be maintained at 25 to 30 milligrams per liter.

Bulk Aging Wine

Agingisanatura process, and no way has been found to speed up the process.

Smadl amounts of oxygen are dways present when wineis aged in the cask.

Aging in the bottle, takes place in an absence of oxygen.

Light white wines and blush wines are usudly bottled a few months after harvest.

Chardonnay and Sauvignon Blanc are often bottled after sx to 12 months.

Most quaity red wines are bottled after one to three years of barrel aging.

Containers must be kept full, and the sulfur dioxide must be maintained at 20 to 30 milligrams per liter.

Oak

Oak wood can impart desirable flavorsto wine.

Oak flavors are best got by storing wine in oak barrels for extended periods.

Barrels are expensve, and they no longer produce the desirable flavors after four or five years.

Oak chips can aso produce oak flavorsin wine.

The quantity of oak chips needed depends upon the style of the wine and persond preferences.

Oneto two ounces of chipsfor 5-galons of wine is agood sarting quantity.

The wine should be tasted every few weeks after the chips are added, and the wine should be racked off
the chips when the taste is satisfactory.

More chips can dways be added, but removing excess oak flavor from wineis difficult.

Most aromatic wines (Rieding, Muscat, etc.) do not benefit from oak aging.

BOTTLING

Wine must be brilliantly clear and stable before bottling.
Bottling isasmple operation, but savera points should be considered before the bottles are filled.

Adjustments Before Bottling

Any blending should be done many weeks before bottling time so the winemaker can be sure the new blend
isgtable.

Large additions of tartaric acid can make wine unstable and require additiona cold stabilization.

Usudly, smdl amounts of citric acid can be added to white wines without upsetting cold stability.

Cold gahility should be checked before bottling white or blush wines by placing a wine sample in the
refrigerator for 48 hours.

Hot stability should be checked by holding a sample of the wine at 120 degrees for 48 hours.

The free sulfur dioxide content of the wine should be tested and adjusted to about 30 milligrams per liter a
day or two before bottling.
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Wines bottled with less than 30 milligrams per liter of sulfur dioxide will be short lived.
Bottle Filling

Clean battles should be rinsed with very hot water just before filling.

Then rinse each bottle with a sulfite solution and drain the bottles.

The sulfur dioxide solution is made by mixing 1/4 teaspoon of sulfite crystals and 2 teaspoon of citric acid in
750 ml of water.

This sulfite solution is strong enough to kill bacteria, but the bottles must be drained carefully.

A bottlefiller of some kind should always be used to reduce wine oxidation.

Bottles should be filled from the bottom and with a minimum amount of foam and splashing.

Bottles should befilled until no more than 1/4 inch exists between the wine and the bottom of the cork.

Corking

Driving dry corksis preferred.

Some small hand corkers cannot compress dry corks adequately and presoaked corks must be used.
Presoak corksin cold water for an hour or so to soften them.

A pinch of sulfite added to the water may help sterilize the corks.

Drive corks flush, or dightly below the lip of the bottle.

Remove spilled wine from the bottles, or the wine resdue will become moldy.

Labding

All bottles should have some kind of labd to identify the contents.
Attractive wine labels can be made with a home computer.

Common white glue is often used for attaching wine labels.

A few labels can be applied quickly with a“glue stick.”

Capsules and labels can be gpplied when the bottles are clean and dry.

Bottle Aging

Bottles should stand upright for aweek or two after corking.

After the pressure has equalized, bottles can be stored on their sides (or upside down) in a cool place.
Red wines are usudly aged in the bottle for one or more years to develop bottle bouquet.

Heavier style white wines dso benefit from bottle aging.

SUMMARY

High quality wine can only be made when high qudity fruit is picked in optimum condition.

Sulfur dioxide should be added to grapes when they are crushed.

Juice acidity should be adjusted to 0.65 to 0.85 percent before fermentation is Sarted.

White juice should be settled over night, and fermentation temperatures should kept below 60 F.
Red wine is made by fermenting the juice, pulp, seeds and skins together.

Caps on red fermentations should be punched down at least twice aday.
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Four to seven days of fermentation time will be adequate for most red grape varieties.
About 50 milligrams per liter of SO, should be added when fermentation is complete.
Wine is made stable by fining, racking and chilling.

White and blush wines require both hot and cold stabilization trestments.

All wine mugt be brilliantly clear and stable before bottling.
The free SO, level should be raised to about 30 milligrams per liter aday or two before wine is bottled.
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APPENDIX B

EQUIVALENTS
AND MEASURES

Except for metric units, the quantities given here are sandard US measure,

ABBREVIATIONS

mg = milligram = /1000 gram
g=gram

kg = kilogram = 1000 grams
ml = milliliter = 1/1000 liter
| =liter

mg/l = milligrams per liter
0z = ounce

Ib = pound

ga = galon

tsp. = teaspoon (level)
ppm = parts per million

CONVERSION FACTORS

1 ml of wine=1gram
1oz=284grams
1fluid 0z=29.6 ml
1g9=0.035ounce
11b =454 grams
1llb=160z
1kg=2.2 pounds
1ga =38liters

1001 =26.4 gdlons

SULFUR DIOXIDE DOSES

1 gram sulfite per gallon = 150 mg/l
1 gram sulfite per 5 gallons = 31 mg/l
1tsp sulfite per 5 gallons= 170 mg/l
2 tsp sulfite per 5 gallons = 87 mg/I
1/4tsp sulfite per 5 gallons = 43 mg/l
1/8 tsp sulfite per 5 gallons = 22 mg/l

EQUIVALENTS

1 mg per liter = 1 ppm

1 g per liter = 1000 mg/|

1 g per galon = 263 mg/l
1 g per5galons=52 mg/l

FINING DOSE RATES

11b per 1000 gallons= 0.5 gram/gal
2 Ibs per 1000 gallons = 1 gram/gal
4 |bs per 1000 gallons = 2 gram/gal
6 Ibs per 1000 gallons = 3 gram/gal
8 Ibs per 1000 gallons = 4 gram/gal
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EQUIVALENT DRY VOLUME -WEIGHTS

AAA charcoal

Acid blend

Ascorbic acid

Bentonite (agglomerated)
Calcium carbonate
Citric acid

Diammonium phosphate
Fumaric acid

Gelatin

Malic acid

Pectic enzyme

Polyclar AT (PVPP)
Potassium bicarbonate
Potassium bitartrate
Potassium metabisulfite
Potassium sorbate (prilled)
Sparkolloid

Sodium bisulfite

Tannin

Tartaric acid

Y east ghosts

1tsp equals 1.5 grams
1tsp equals5.1 grams
1tsp equals4.2 grams
1tsp equals 3.4 grams
1tsp equals 2.6 grams
1tsp equals 4.9 grams
1tsp equals 4.9 grams
1tsp equals 5.3 grams
1tsp equals 3.3 grams
1tsp equals 4.6 grams
1tsp equals 4.0 grams
1tsp equals 1.2 grams
1tsp equals 3.3 grams
1tsp equals 3.8 grams
1tsp equals 6.1 grams
1tsp equals 3.0 grams
1ltspequalsl.1lgrams
1tsp equals5.7 grams
1tsp equals 2.8 grams
1tsp equals 5.0 grams
1tsp equals 2.8 grams
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APPENDIX C

REFERENCES

WINEMAKING

Yar Margdit, Winery Technology & Operations, San Francisco: Wine Appreciation Guild Ltd., 1990.
(For the small to medium size winery or for the advanced home winemaker, $25).

David Jackson, Danny Schuster, The Production of Grapes and Wine in Cool Climates, Wdlington,
New Zedand: Buterworths, 1987.
(Wl written book covering grape varieties, grape growing and winemaking, $39).

Philip Jackisch, Modern Winemaking, Ithaca: Corndll University Press, 1985.
(Excdlent book for beginning winemakers, $25)

Jeff Cox, From Grapes to Wine, New Y ork: Harper and Row, 1985.
(Good book for beginning home winemakers, covers grape growing and winemaking, $29).

Emile Peynaud, Knowing and Making Wine, 2nd ed., New Y ork: John Wiley & Sons, 1984.
(Excellent reference book for advanced home winemakers afamous French enologist, $43).

Richard P. Vine, Commercial Winemaking, Westport: AV Publishing Co., 1981.
(Thisreference book is suitable for commercia wineries and afew advanced home winemakers, $38).

Amering, M. A., et d, Technology of Winemaking, 4th ed., Westport, Conn.: AVI Publishing Co.,
1980.

(Current text at UCD. A detailed work on wine technology for professonds, graduate students and
advanced amateurs, $40).

Desmond Lund, Leisure Winemaking, Calgary: Detsdlig Enterprises, 1978.
(Aninteresting book on the chemistry of winemaking, recommended for the serious home winemaker).

Philip Wagner, Grapesinto Wine, New York: A. A. Knopf, 1976.
(An excellent book for beginning home winemakers, the easy to read and clearly written text covers dl of
the basics, $15).

A. Dinsmoor Webb, editor, Chemistry of Winemaking, Washington, D.C.. American Chemica Society,
Advancesin Chemistry Series 137, 1974.
(A technicd reference book on wine chemigtry).
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Amering, M. A. and M. A. Jodyn, Table wines. The Technology of Their Production, 2nd ed.,
Berkdey: University of Cdifornia Press, 1970.
(This standard enology textbook is suitable for professionas and advanced amateur winemakers, $40).
Ough, C. S,, Winemaking Basics, New Y ork: Haworth Press, Inc., 1992,
(Thisisan excellent reference for the advanced home winemaker, $40).

GRAPE GROWING
D. P. Pongracz, Practical Viticulture, Cape Town, South Africac David Philip, 1978.

(Thisinteresting book reflects the European point of view).

Philip M. Wagner, A Grape Grower's Guide, 2nd ed., New Y ork: Knopf, 1978.
(This book covers grape growing basics from the eastern perspective, $15).

A.J Winkler, et d., General Viticulture, Berkeley: University of Cdifornia Press, 1974.
(This definitive work on commercia grape production is a standard university text, $40).
PERIODICALS
American Journal of Enology and Viticulture, American Society of Enology and Viticulture, P.O. Box
411, Davis, CA 95617.
American Wine Society Journal, American Wine Society, 3006 Latta Road, Rochester, NY 14612.

Grape Grower, Western Agricultura Publishing Company, 4974 E. Clinton Way, Suite 123, Fresno, CA
93727-1558. ($18 per year, published monthly).

Practical Winery & Vineyard, 15 Grande Paseo, San Rafael, CA 94903. ($30 per year, published
bimonthly).

Wines & Vines, 1800 Lincoln Avenue, San Rafadl, CA 94901.
($27.50 per year, published monthly).
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APPENDIX D

SOURCES OF
SUPPLIES
AND EQUIPMENT

All-World Scientific, 5515 186TH Place SW, Lynnwood, WA 98037, 1-800-289-6753.

Cole-Parmer Instrument Company, 7425 North Oak Park Ave., Niles, IL 60714, (708) 647-7600.
Fleming-Potter Co., Inc., 1028 SW. Adams Street, Peoria, IL 61602, (309) 676-2121.

Napa Fermentation Supplies, 742 California Blvd., Napa, CA 94559, (707) 255-6372.

Presque Isle Wine Cellars, 9440 Buffalo Road, North East PA 16428, (814) 725-1314.

Scott Laboratories, Inc., 2220 Pine View Way, P.O. Box 75049 Petaluma, CA 94975-0249, (707) 765-6666.
Vinquiry, 16003 Healdsburg Ave, Healdsburg, CA 95448, (707) 433-8869.

The Wine Lab, 477 Walnut Street, Napa, CA 94559, (707) 224-7903.
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APPENDIX E

SELECTED
WINE TERMS

ACETALDEHYDE - a voldtile wine component; only smal quantities are present in table wines; oxidized
wine contains excessve quantities; gives sherry its nut-like characteritics.

ACETIFICATION - the formation of acetic acid in wine; vinegar formation.

ACID - produces the sharp, tart, sour taste typical of wines.

AMINO ACIDS - naturally occurring in grapes, protein building blocks, necessary for yeast growth.
AROMA - the part of the wine fragrance produced by the grapes used to make the wine.

ASTRINGENCY - the puckering, drawing sensation in the mouth; produced by phenolic compounds
(tannins) in the wine.

BALANCED - when dl the dements of awine are in harmony.

BENCH TEST - testing done on smdl quantities of wine to make sure a wine trestment will produce the
desired result.

BENTONITE - a clay-like fining agent; used to remove excess protein and make white wine less sengtive
to high storage temperatures.

BINNING - laying bottled wine down for aging; bottles stacked on their sides like a cord of wood.
BOUQUET - fragrance produced by fermentation and aging.

BRIX - ascae used for expressing sugar content as grams per 100 milliliters (percent).

BROWNING - the undesirable color changes that occur when wine is exposed to excessive amounts of air.
CAP - adense layer of skinsthat floats on the surface of the liquid during red fermentations.

CASK - round wine container with curved sides (i.e., barrel).

CHARACTER - wine complexity showing ditinctive fegtures.

CHROMATOGRAPHY - ameasurement used to identify malic, lactic and other acidsin wine.

CITRIC ACID - one of the organic acids in grapes and wine.

CLEAN - the absence of foreign or unpleasant odors.

COLD STABILIZATION - a process used to remove excessive amounts of potassum bitartrate from
wine and prevent haze and crystds from forming after the wine is bottled.

COPPER SULFATE - achemica used to remove hydrogen sulfide from wine.

COOPERAGE - bulk wine storage containers.

CRUSHER - a machine or gpparatus used to break the grape skins and cause the juice to flow.
CRUSHER-STEMMER - amachine used to break grape skins and remove stems in a single operation.
CUVIE - the blend of Hill wines used asthe arting materia for making sparkling wine.

DECANT - to pour off aclear liquid leaving any residue behind.

DELICATE - light bodied, low acohol, young, fresh wine.

DRY - adill winethat contains dmost no sugar.

EARTHY - abouquet component that is reminiscent of rich, damp soil.

ENOLOGY - the art and science of winemaking.

EXTRA DRY - thisterm only gpplies to sparkling wines; “extradry” is sweeter than “dry.”
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FERMENTATION - the process of converting grape sugar into ethanol and carbon dioxide.
FLINTY - aclean, hard, dry, austere white wine.

FLAT - awinethat does not contain enough acid; an uninteresting or dull wine.

FLOWERY - wine with a sweetish, pleasant, appeding nose.

FOXY - the digtinctive flavor and nose produced by native American grapes like “Concord.”
FREE-RUN - the juice or wine that runs through the press before any significant pressure is gpplied.
FRUCTOSE - one of the primary, fermentable sugarsin grape juice.

FRUITY - an abundance of fruit-like aromas and flavors.

GLUCQOSE - one of the primary, fermentable sugarsin grape juice.

GREEN - thin, harsh, high acid wines that lack softness.

HOT STABILIZATION - process used to remove protein and prevent hazesin bottled wine.
HERBAL - wine odor characterigtic of herbs, afafa, hay, fresh cut grass, etc.

HYDROGEN SULFIDE - a noxious smdling gas; it produces the familiar “rotten egg” smell, and a minute
quantity of hydrogen sulfide will taint wine badly.

HYDROMETER - an ingrument for measuring the sugar content of grape juice.

LACTIC ACID - one of the organic acids in wine; produced from malic acid by bacteria action.
LEES - the sediment deposited on the bottoms of wine containers.

MALIC ACID - one of the mgor organic acids in grapes and wine.

MALOLACTIC FERMENTATION - bacterid converson of malic acid into lactic acid.
MELLOW - asoft, round, ripe, mature, easy drinking wine.

MUST - crushed grapes; thejuice, pulp, skins and seeds.

NOSE - awinetasting term for bouquet and aroma.

OFF-DRY - wine containing asmall amount of resdud sugar; any wine that is not completely dry.
OXIDIZED - the sherry-like smell that results when wineis exposed to excessive quantities of air.
pH - ameasure of the number of hydrogen ions present in a solution.

PHENOLIC - grape materids associated with color, flavor and astringency.

POMACE - the pulp, skins and seeds that remain after the liquid has been removed.

PRESS - gpparatus used to separate juice or wine from the solids.

PUMP OVER - pump juice from the bottom of atank onto the cap to keep it wet.

PUNCH DOWN - to break up the cap and mix the skins and pulp into the juice.

RACK - decanting wine off the sediment into a clean tank.

RIPE - wine aged to perfection: fruit that is ready to pick.

SOFT - wineslow in astringency.

SOUR - term used for wines containing vinegar; sour is not used to describe wines with high acidity).
STUCK FERMENTATION - a fermentation that stops prematurely before all the sugar has been
converted into acohol.

TANK - Bulk wine containers having straight sdes.

TANNIN - the phenolic compounds responsible for astringency and bitter flavors.

TART- any wine high in acid (see sour).

TARTARIC ACID - one of the mgor organic acids in grapes and wine.

TITRATABLE ACID - the sum of al acids present; usualy measured by titration.

TOPPING UP - adding smdl quantities of wine periodically to kegp wine containers completely full.
VINOUS - rdlating to wine; made of wine;, wine-like.

VINTAGE - the grapes or the wines from asingle harvest.

VITICULTURE - the art and science of growing grapes.
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ULLAGE - the empty space that develop in bottles or bulk wine
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