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Introduction

G

rapes are among the first fruit species to be domesticated and today are the world’s most economically
important fresh fruit crop used to make a variety of fresh, dried, and processed products such as wine.
The process of winemaking requires the grower to fully understand the principles of viticulture, as well as the
winemaker, also known as an enologist or vintner, to oversee the entire production process of creating wine. A
winemaker combines scientific concepts with practical experience to alter a wine’s chemical composition and
make key decisions based on the levels of acid, sugar, tannin as well as other wine components. Winemaking
is often described as the blend between science and art—winemakers must be well grounded in chemistry and
microbiology as well as have the creativity and artistic nature to create genuinely fine wine, consistently. Unlike
most books on winemaking, Wine Production: Science and Technology of Winemaking approaches winemaking
from a practical point of view, providing detailed, step-by-step instructions for ALL phases of contemporary
winemaking. While this book is a thorough discussion of the scientific fundamentals of winemaking, in laymen’s
terms, it also discusses hands-on winemaking practices, and provides a valuable insight into the inherently
cross-disciplinary nature of winemaking and a holistic view of contemporary enology. This book guides the
reader through the entire process of vinification—from the crush pad, through all the phases of juice processing,
fermentation, fining, wine stabilization, filtration, bottling, and storage—as well as other topics including winery
cleaning and sanitation, enzyme treatment, oxygen management, and equipment. The text is a complete reference
on winemaking operations and technologies, and the science of making wine. The information in this easy-to-use
reference guide is distilled from a variety of sources, including scientific literature, extension publications, and
winemaker experience and has the added value of numerous citations to more in-depth discussion on many topics.
The book is thoughtfully organized presenting a seamless flow of topics within chapters making it easy to find
specific information that interests the reader. Wine Production has removed some of the intuition and guesswork
from winemaking. The result is a more consistent product of higher average quality level.

Chapter 1: Chemical Components of Grapes and Wine

correlated with wine quality within a specific style or
grape variety. This is because wines with higher extracted
color are likely to be higher in extracted aroma and flavor
compounds. Wines with greater color are also usually
associated with full-bodied wine styles. It is very well
known that during the life of a wine a shift in the color of
red wines is produced from the purple-red hue of young
red wines to orange-brick hues typical of the aged ones.

Figure 1.6 Grape anthocyanins are responsible for the
purple‐red color of young red wines.

Tannins
In wine, tannin is derived from grapes (e.g., the pips
(seeds), skins, and the stems) as well as from oak (e.g., oak
barrels). On a fresh fruit basis 70 to 80 percent are seed
tannins and 20 to 30 percent are skin tannins. Tannins
provide texture and mouthfeel to wine as well as a sense of
weight and structure. Tannins derived from skins, seeds,
and stems differ by size and chemical composition giving
rise to different mouthfeel characteristics. Skin tannins
are often described as being a riper type of tannin, with
descriptors such as dustier or velvety, while seed tannins
are particularly rich in monomeric flavan-3-ols that
elicit bitterness. Wines fermented with grape stems are
often described as having green flavor-like components.
Tannins in wine adds both astringency and bitterness, as
well as complexity. Astringency is a drying and puckering
sensation in the mouth that is considered a desirable
characteristic of red wine while bitterness refers to taste. As
the degree of polymerization of tannin increases, bitterness
decreases, while astringency increases. Wines deficient in
tannin may be either blended or supplemented by addition
of commercial tannin. During aging, tannin levels in wines
decrease as a result of oxidation and precipitation with
protein.
There are two types of tannin present in wine, condensed
tannins and hydrolyzable tannins. Condensed tannins (also
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known as proanthocyanidins) are abundant in the different
parts of the grape (e.g., seeds, skins, and stems) and are
extracted in wine during winemaking. While seeds have a
higher tannin concentration, they are less extractable, so
skin tannin predominates in most wines. Concentration
of condensed tannins in the grape varies by cultivar, site
and viticultural practices. Condensed tannins are found
mostly in red wines because of the maceration time and
skin contact that is typically employed in red wine making
over white wine making, providing a better extraction
of tannins from skins and seeds to the wine. The second
type, called hydrolyzable tannins, are extracted from oak
barrels or oak alternatives used in wine fermentation
and maturation and are present in low concentrations
in comparison to condensed tannins. Hydrolyzable
tannins include gallotannins and ellagitannins, which
are respectively characterized by gallic acid and ellagic
acid units. Hydrolyzable tannins, especially ellagitannins,
have a greater contribution to astringency than bitterness
and are therefore considered to contribute to the wine
structure. However, an excess of hydrolyzable tannins in
wine can lead to a high wood flavor perception. Similar
to condensed tannins from grapes, hydrolyzable tannins
can improve the red wine color by their reaction with
anthocyanins, and the formation of stable pigments.
Hydrolyzable tannins can also protect against oxidation
due to their antioxidant properties. It has been observed
that enological tannins from wood have a similar effect on
oxygen consumption as sulfur dioxide
Tannin Co-Polymerization with Anthocyanins
Tannins contribute to the color intensity by polymerization
(associating with other compounds) with anthocyanins to
produce co-polymers (anthocyanin-tannin), which have a
more intense color than monomeric anthocyanins. These
polymeric phenols are more stable than the monomeric
forms. They provide greater color stability, have lower
bitterness and astringency properties, and are more
efficient antioxidants. So, the desired tannin level in wine
(responsible for the wine’s astringency and bitterness)
should be considered not only in prospects for aging, but
also in its color intensity effect. For example, in Pinot
Noir wines, which have low tannin levels, some wineries
ferment certain portions of the must with the green stems,
which are high in tannins, and blend this portion with
the rest. The blend is higher in tannins and somewhat
more complex (and green), but has a better chance for
higher color intensity. Micro-oxygenation is a technique
used to soften tannins and stabilize color by stimulating
the polymerization of tannins and anthocyanins (Section
17.3). During maturation tannins continue to polymerize
until such point as the larger molecules become insoluble

Chapter 2: Crush Pad Operations
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on how well the machine will work. For example, dumping
lugs directly into the destemmer-crusher greatly reduces its
ability to work properly, no matter how good the machine,
and how evenly one tries to empty the lug. Starting and
stopping is when the destemmer-crusher throws the most
stem bits in with the grapes, and grapes in with the stems.

Destemmers
A destemmer consists of a perforated circular or semicircular cage, and a main axle, with attached paddles,
mounted down the axis of the cage (Figure 2.8). When
the paddles are rotated, the berries are pressed through the
holes in the cage to the rollers of the crusher where the
berries are broken. The stems, however, are moved down
the length of the inside of the cylinder by the paddles
and discharged out the end (Figure 2.9). The paddles are
needed because the centripetal acceleration of the cage
alone is not quite sufficient to detach the berries from
the rachis. In older destemmer designs, the paddle took
the form of helical blades, but most modern destemmers
employ paddles that are chisel-shaped. Increasingly these
paddles are being made with rubber tips to minimize
the damage to the berries as they are being destemmed.
Adjustable paddles are a nice feature, both from screento-beater distance and the pitch of the paddles. Adjustable
paddles, especially the pitch of the paddle, ensure better
stem and berry separation. Flatter pitch at the front of
the screen (toward 90 vertical degrees) will help separate
fruit in a specific zone while 45 degrees and below will
help move stems quickly to the discharge end. In modern
destemmers, the cage typically rotates in the same direction
but at a slower speed to the main shaft. A good destemmer
should completely remove the stems without damaging
them nor impregnating them with juice nor breaking
the grapes. Grape stems contain many tannins. Tannins
cause the astringent taste when stems are chewed. If stems
are consequently crushed with the berries it will cause
an astringent taste in the resulting wine. Expelling the
stems and leaves in as dry a state as possible avoids juice
loss and facilitates disposal. Stems are often shredded
and dispersed throughout the vineyard, dumped as solid
waste, or incinerated. A destemmer should be of sufficient
capacity to ensure that the destemming process does not
delay or restrict the production output. Some vendors offer
machines that are stand ready and have adjustable (height)
extensions available.
Interchangeable Cages
If the winery processes varietals with substantially different
berry sizes, the winery should look at destemmers-crushers
with interchangeable cages and paddles so that the hole
size of the destemmer cage can be matched closely to the
berry size. The closer the cage holes and berries are in size,

Figure 2.8 Destemmer paddles. Photo courtesy of Della
Toffola.

Figure 2.9 Grape stems exiting destemmer-crusher.

the fewer jacks (stem bits) end up in the must. Ideally, the
holes in the destemmer cage should be just slightly larger
than the berries to be destemmed. Too small and berries
will be ejected with the stems; too large and there will be
more jacks in the must. Generally, 1.5 times berry size is
used. Many wineries have cages with multiple hole sizes,
from 18 to 26 mm, to accommodate different varietals. In

Chapter 4: Pressing and Clarification of White Wines
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Figure 4.8
Continuous flotation setup: The wine is floated in
this flattened cylindrical
tank, and the solids that
float to the surface are
skimmed off the top with
rotating paddles. The
clarified juice is removed
beneath this level, with
a weir to ensure no
top-floating solids are
entrained.

for clarifying juice or wine. Although centrifugation
equipment is expensive, minimal juice loss and speed have
made it popular. Very fine particles can also be removed
by treating the must with bentonite or pectinase-based
enzyme preparations. The must may be passed through a
heat exchanger to lower the temperature before undergoing
centrifugation. This not only prevents a premature onset of
fermentation, but also preserves freshness and flavors. Most
centrifuges used in winemaking are plate separators, with
regular, automatic sludge removal. The cost of a centrifuge
is however very expensive, putting it out of reach for
smaller cellars. Centrifuges have also been used to clarify
new white wines at the end of fermentation.

Figure 4.9 Centrifuge

Enzyme Treatment
To achieve clarification, must is often treated with pectic
enzymes, also known as pectinases or pectinolytic enzymes,

which hydrolyze pectins leading to increased settling rate,
juice yield, filtration rate, and ultimately wine clarity
(Chapter 20). Pectins are naturally occurring compounds
which occur in the grape cell wall, which increase the
viscosity of the must. The pectin content of grapes depends
on factors such as grape ripeness, vintage conditions, grape
variety, and grape health. Varieties such as Muscat have a
higher pectin content and require higher enzyme dosages.
After pressing, juice will contain positively charged proteins
which are surrounded by an outer layer of negatively
charged pectins. These negatively charged outer layers repel
one another, and result in a stable haze which increases
the overall viscosity of the juice impacting the efficiency of
the settling process. A pectolytic enzyme preparation will
degrade the outer pectin layer by cutting the long pectin
chains into molecules of smaller size. Addition of pectolytic
enzymes should be done as early as possible either during
crushing or in the press to help facilitate juice extraction.
Depectinization is temperature dependent, the lower the
temperature the slower the work done by the enzymes.
Winemakers are advised to do pectin tests and measure
clarity (NTU) to compare the performance of different
supplier’s enzymes. Pectinase enzymes can quickly produce
very clear juices but if over used can lead to excessive
clarification.
Clarification of press juice from Botrytis infected grapes
are often problematic because they often contain β-glucan
which can be broken down enzymatically after the addition
of an exogenous β-glucanase. This enzyme is not present in
the grape but frequently mixed with commercial pectinase
enzymes.

Chapter 6: Primary Alcohol Fermentation

something goes wrong. They can turn pumps on or off and
modulate speed. Also, some are capable of logging data,
such as Brix, temperature, and when valves are opening
or closing, and come with software that can tie into other
systems. There are several designs of automatic pumpover cap irrigators ranging from spinning discs to rotating
channels used with various degrees of success (Figure 6.6).
It is common for these spray devices to rotate just from the
force of the pumped over liquid impinging on the device.
However, some of these devices employ external power
sources to provide the rotation necessary to evenly cover
the cap. The winemaker has complete control over the
date, time and duration of the pump-over cycle. The main
advantages of an automatic pump-over tank are consistent
even pump-overs (at set intervals and precise lengths of
time), even temperature control throughout the fermentor,
and no hoses to move around and clean. Another
advantage is the reduction in labor costs. Manually moving
hoses from tank to tank, connecting and disconnecting
pumps, and cleaning each line after every use takes up a lot
of time. Using automatic pump-over tanks eliminates manhours, fatigue, and cleaning time in the winery.
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effectiveness with respect to pomace extraction is extremely
variable.
At larger scales, it becomes difficult, if not impossible,
to control temperature with a jacket alone, as the surface
area to volume ratio is too small. Larger wineries will often
take advantage of the necessary pumping action during a
pump-over to place a heat exchanger/chiller inline to chill
the fermenting juice during pump-overs.

Number of Pump-Overs
If the frequency of pump-overs is not excessive it
contributes to the tannic structure of wine and favors the
extraction of the highest quality tannins, making wine
rich and supple, but an excessive pump-overs can increase
the tannin concentration leading to hard, aggressive,
disagreeable wines. When the objective is to enhance the
extraction, a good option is to undertake this process
between one and three times per day, spaced out evenly to
allow the phenolic compounds in the solution to balance.
Concerning the volume, the best results are generally
obtained when between 40 and 60 percent of tank volume
is moved in each pump-over. Of course, these parameters
may vary according to variety, phenolic ripeness, skin
hardness and thickness, vine age, pH levels of the must,
and alcoholic degree.
Tannin Addition

Figure 6.6 Pumping over the cap using a cap irrigator.

Certain technical requirements must be met for pomace
extraction to be effective. During this process, the pomace
cap descends in the tank. Various systems (cables) permit
the cap to be broken up and reformed. Various types of
rotating irrigators exist too. They must be placed at the
center of the fermentor and assure the thorough soaking
of the entire surface. To be fully effective, their pump
delivery rate must be sufficient. All of the must should be
pumped over and the entire pomace cap should be soaked
to obtain satisfactory results. Even in ideal conditions, the
liquid may pass through preferred passages in the pomace
cap. Depending on operating conditions, pumping over

In red wine, fermentation tannins are used routinely
by some wineries to enhance mouthfeel and stabilize
color. Tannins can be added during fermentation
during the first pump-over, depending on the grape
quality. Additional tannin can be added with each
pump-over. During the maceration period of a red
wine fermentation anthocyanins and tannins increase
in concentration due to extraction as well as decrease
due to precipitation with proteins and absorption onto
grape solids and yeast. It is thought that early additions
of enological tannins will precipitate a large portion of
these proteins and reduce the precipitation of grape
tannins as they are extracted from the skins.

Pumps
Typically, each tank has its own pump, which is controlled
by a PLC for programming the frequency and duration of
the pump-over based on temperature, time, or other factors
(Chapter 23). Many wineries utilize centrifugal pumps
for this purpose; however, experience has shown that
centrifugal pumps tend to grind and break up any grape
seeds that are sucked in by the pump and become part
of the flow. The ground seeds introduce a high quantity
of tannins into the wine, which adversely affects product

Chapter 8: Maturation of Wine

Different types of yeast will have different effects on the
wine. Furthermore, the length of time the wine is aged on
the lees directly influences the flavor of the final product,
and the process can take anywhere from 3 to 9 months,
depending on the wine style desired.
When yeast autolysis proceeds too far, aromas reminding
of toasted bread, hazelnuts, and almonds will develop.
Although these aromas are an intrinsic flavor characteristic
of some white and sparking wine styles, they are usually
not desired when one is trying to create a very delicate,
fresh wine just highlighting the essence of the grape.

Benefits of Sur Lie for White Wines
There are several reasons as to why a winemaker may
choose the sur lie method of wine production. The most
important reason being the influence of yeast lees on the
organoleptic properties of wine. Sur lie aging is stylistic
in nature as lees can be enriching and beneficial to the
wine, giving it improved body, enhanced flavor, and
aroma complexity. Lees contact contributes complexity
by integrating yeast characteristics with existing fruit and
wood flavors adding greater depth of flavor. The technique
is said to impart a creamy texture to their mouthfeel while
helping to better integrate oak, fruit, tannins, and acidity
into a unified whole, besides introducing smoky, toasty,
and cheesy, flavors. The level of enhanced flavor depends
on the length of time the wine is in contact with the lees.
Figure 8.5
The cellars used to store
the oak barrels vary the
world over, from caves
to underground bunkers
and large buildings built
of masonry, wood, and
timber. They can be
anything from a single
story with barrels stacked
three high on top of
each other to palatized
buildings as high as the
forklift trucks and modern
robotic systems allow.
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Generally, the longer the wine is aged sur lie, the more
layered and complex the resulting wine. It also reduces
the yellowness of white wines. Sur lie increases ageing
potential and overall stability of finished wines, perhaps
due to increases in available oxidizable substrate. Wines
kept on lees for an extended period show an increased
concentration of nitrogenous compounds including
peptides and amino acids. It is known that amino acids can
act as flavor precursors, thus enhancing wine complexity.
The other reasons for choosing prolonged yeast contact are
(Dharmadhikari, 2021c):
1. To encourage malolactic fermentation. As
mentioned earlier, during lees contact, the wine
becomes richer with yeast autolysate which serves as
a source of nutrients for bacterial growth.
2. To minimize the use of sulfur dioxide. Use of sulfur
dioxide can be minimized since yeasts are good
scavengers of oxygen and yeast lees contribute to the
reductive atmosphere (when it is retained during
maturation.)
3. To soften the effect of aggressive oak tannins.
Prolonged maturation on lees with periodic
stirring causes a reduction in the concentration
of polyphenols in wine. The wood tannins
(polyphenols) are adsorbed onto yeast cell walls
and mannoproteins released during autolysis, and
are removed with the lees. In this manner yeast lees
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higher, depending upon solids levels. However, filter
operators should never allow differential pressure to exceed
operational specifications. Once filtration has begun,
operators should not increase the flow rate to shorten run
time. The practice leads to cake/pad compression; changing
the nominal porosity of the matrix and, eventually,
plugging the filter. It also increases the likelihood of media
migration and throughput. Likewise, once started, the
filtration should, optimally, proceed without interruption.
Hydraulic surges, arising from reactivation of pumps, lead
to already noted problems. When the cake has grown so
large that it fills the space between the adjacent leaves, the
resistance will increase rapidly, and the run will have to
be terminated. The wine will be drained from the filter
housing and the screens cleaned before the precoat cycle
begins again.

Lenticular Disc Filters
A lenticular filter, also referred to as a disc filter, is simply
a circular housing or canister that is secured to a base plate
with a clamp closure (Figure 11.2). Built to housings hold
circular stacks of filter discs, sometimes called frisbees,
either 12 inches or 16 inches in diameter. Several will
be contained as a single package, hence the term stack.
Discs are inserted, depending on the amount of wine to
be filtered. Normally a 12-inch diameter stack contains
approximately 18 square feet (1.67 sq. meters) of surface
area or roughly the equivalent of 12 pads in a 40 cm x 40
cm plate and frame. (A single 40 by 40 cm pad is 1.54 sq.
feet). Basically, three stacks of 12-inch discs will be close to
the same surface area of a 40-plate filter. Lenticular filters
are an alternative to the traditional plate and frame filters.
Compared with plate and frame filters, lenticular filters
have the absolute advantage of no leakage (product loss),
are more hygienic since it is fully enclosed, and affords the
winemaker considerable ease in set-up with quick-changing
discs. Although the filtration discs are more expensive than
filter pads, the advantages of such filters make them very
competitive compared to plate and frame filtration.

Plate and Frame Filters
Plate and frame filters, sometimes called pad or sheet
filters, contain a series of plates that hold the pads between
them (one plate, one pad) (Figure 11.3). Although plate
and frame filters are more commonly used with filter pads
(commonly referred to as sheets) as the filtration medium,
they can also can be setup using DE as the filtering
medium. These plate and frame filters are equipped plastic
or stainless-steel filtering plates for DE. The units are set
up with multiple plates within the frame, and each plate
is fed by a common manifold which provides access ports

Figure 11.2 Lenticular disc filter

to all other plates. The important point to note is that the
wine does not pass from one end of the filter to the other,
through all the pads, but is distributed by the plates in
such a way that each portion of wine passes through one
pad only. The cloudy wine enters the filter on one side, is
distributed to the pads, passes through them and collects
as bright wine on the other side of the filter. The reason
for having multiple pads is merely to increase the rate at
which the wine can be filtered; the more pads, the greater
the flow rate, but the quality of the filtration remains the
same. On some units, it is possible to add a crossover plate
that allows the user to load a second series of tighter pads
that the fluid will pass through after exiting the rougher
pads. In this way, one might start with, for instance, 10
µm nominal pore size pads, and then crossover to a 3 µm
nominal pore size pad. By filtering out the larger particles
first and then going to the tighter pads, it is often possible
to increase the volumetric flow rate and time to filter
blinding.

182

Wine Production

the wine, at least up to the point before bottling. These
parameters usually have a desired range that is considered
best for the style of wine made. So, it is paramount that
the actual quantities are known just prior to bottling to be
sure that the wine meets the desired specifications. Keeping
accurate records of these parameters is also helpful in case
something goes wrong while the bottle is in storage or after
it is purchased by a customer.

Alcohol
Primarily due to taxation and labelling considerations, this
parameter needs to be accurately known at the bottling and
labelling stage of wine production.

Free and Total Sulfur Dioxide
As the major preservative used in wine, this is a critical
parameter to check. The free sulfur dioxide level can
decrease rapidly and is usually adjusted just prior to
bottling so is normally measured then.

Glucose and Fructose
These major sugars can have a large impact on flavor
and are the main food source for microbes but their
concentration can easily change during the wine life
cycle—knowing the accurate level at bottling is therefore
considered important.

Malic Acid Concentration
While using paper chromatography to monitor malolactic
fermentation is useful, it does not give an accurate
reflection of residual malic acid concentration. In fact,
some winemakers find that a paper chromatography may

show a malolactic fermentation has been completed,
but would prefer to have lower residual malic acid
concentrations remaining in the wine. Concentrations
below 100 mg/L of malic acid and below are considered
dry (Section 7.8). This is typically a safe level of residual
malic acid to avoid post-bottling malolactic fermentation.

Microbial Stability
A wide range of wine faults can be caused by the growth
of microorganisms in packaged wine some of which
include gas/spritz, haze/deposit, volatility, oxidation, and
reduced acidity (Chapter 16). The control of unwanted
microorganisms at the time of packaging is therefore very
important, so it’s prudent to determine the microbiological
status of a wine before bottling. Along with chemical
analysis, microbiological analysis will help guide
winemakers in making any adjustments or treatments
that might be required just before, or at the time of
packaging. Typically, several plates with different media
are cultured with the wine to check for yeasts, bacteria,
and molds (Section 14.6). For wines that may have had a
Brettanomyces (Brett) bloom, knowing the concentrations
of 4-EP and 4-EG in the wine going into bottle is a good
result to keep on file. If a Brett bloom occurs later in the
bottle, it is likely (although, not guaranteed) that the
volatile concentration of 4-EP and/or 4-EG may increase
and confirm the problem.

Residual Sugar
Any remaining sugar in the bottle, whether through an
arrested fermentation or direct addition, can pose a risk
for re-fermentation post-bottling. This is especially true if
the winery lacks good cleaning and sanitation practices.
Figure 13.1
Bottling comes with its
own set of challenges and
risks, performing analytical
tests ensures wine quality
and compliance before
the wine enters into the
consumer market.
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Although more expensive than polyphosphates, EDTA
has the advantage of being relatively heat stable. Wineries
should not use chlorinated municipal water for rinsing
destemmer-crushers, tanks, or hoses, etc. The water needs
to be pre-treated with high capacity in-line carbon filters.
Water testing should include pH, alkalinity, calcium,
hardness, iron, silica, total dissolved solids, and a standard
plate count for microorganisms.

of harmful exposure. They also assure a more consistent
cleaning by removing some of the common sources of
human error in cleaning.

14.2 Manual or Clean-in-Place
Systems
Cleaning and sanitizing operations can be broken down
into two types: manual or mechanically by clean-in-place
(CIP) systems and barrel washers.

Manual
Manually cleaning is just exactly what it sounds like—a
worker physically cleans the winery equipment. Many
wineries do not have the luxury of cleaning-in-place (CIP)
systems and have to manually clean and sanitize their
equipment. They often have to use soft-bristled brushes,
non-abrasive pads, cloths, and handheld high-pressure
spray guns for cleaning. When cleaning manually, great
care must be taken to assure that brushes and equipment
are cleaned to avoid cross-contamination. The choice
and concentration of detergents and sanitizers are limited
in manual applications, given the risks to the worker.
Foaming detergents containing high amounts of wetting
agents but of low alkalinity are normally used for manual
scrubbing. In addition, the temperature of the water is
usually limited between 48 and 50 degrees C (118–122°F).
Manually cleaning often results in inconsistent cleaning
and the use of more cleaning chemicals and water that
is really necessary. In addition, there are safety concerns
about tank entry and exit and exposure to toxic fumes
from cleaning agents.

Clean-In-Place Systems
Clean-in-place (CIP) systems were developed by the dairy
industry as a means of reducing the amount of labor
needed for cleaning and sanitizing operations. One of the
main advantages of CIP systems is that they can often
readily remove organics and buildup at a fraction of the
cost associated with the use of an equivalent amount of
detergent or sanitizer needed to accomplish the same goal
manually. In addition, using water in a high-pressure
delivery system further improves cleaning operation
while decreasing both the amount of water used and time
required. Clean-in-place systems limit worker exposure
to cleaning and sanitizing agents, thus reducing the risk

Figure 14.1 Mechanical action (scrubbing) can also assist in
detaching the soil from the surface.

Anatomy of a CIP System
The size and number of tanks in your CIP system is
determined by the size and complexity of required cleaning
and sanitizing. Individual tanks may be used for freshwater,
caustic solution, acid solution, reusable washes, or rinses,
product recovery, or sanitizer (Figure 14.2). Most quality
CIP system manufacturers feature 316/316L as the
standard material for all wetted components, including
the tanks. A cleaning system may use one to four tanks,
or more, depending on the application. In addition to the
tanks, CIP systems include stainless-steel centrifugal supply
and return pumps as well as metering and dosing pumps
for chemicals. Other equipment includes a control panel,
heat exchanger, piping and valves necessary to ensure
system functionality, and tank spraying devices. Clean-inplace systems are usually equipped with in-line monitoring
instrumentation that measures the concentration and
temperature of chemicals. Correct chemical dosing is
usually controlled by conductivity sensors, which should be

Chapter 16: Wine Faults and Flaws

Acetobacter are allowed to grow when wine is exposed to
air (headspace, ullage). Wild yeasts such as Hansenula and
Kloeckera can produce high concentrations of ethyl acetate
before and during the early stages of fermentation. Small
amounts of ethyl acetate may also be formed during bottleageing. It is present in low concentrations in all wines
and can be beneficial to aromas, especially in sweet wines.
However, any excess, that is a concentration above the
sensory threshold, is considered a major fault. The sensory
threshold for ethyl acetate is typically 150 mg/L.
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Acetaldehyde can be formed by yeasts and acetic acid
bacteria. The amount formed by yeast varies with species,
but is considered to be a leakage product of the alcoholic
fermentation. Additionally, film yeasts (important in sherry
production) as does acetic acid bacteria oxidize ethanol to
form acetaldehyde. Acetaldehyde can also be formed as a
result of the oxidation of phenolic compounds. Apart from
the microbiological and chemical formation, winemaking
practices can influence the level of acetaldehyde present in
wine; addition of sulfur dioxide during fermentation can
increase the concentration of acetaldehyde, as can increases
in pH and fermentation temperature. Typical acetaldehyde
levels in red wine are around 30 mg/L whereas aged
sherries can contain 300 mg/L or more. The sensory
threshold for acetaldehyde is typically 100 to 125 mg/L
(Crowe, 2008). Because of their higher phenolic content,
red wines are less susceptible to acetaldehyde production
than whites.

Prevention and Treatment

Figure 16.5 Mousy off-flavors don’t appear immediately on
the palate, but after the wine has been swallowed.

Phenolic, Medicinal, Pharmaceutical
The volatile phenol 4-ethylphenol (4-EP) is the major
spoilage compound associated with the growth of
Brettanomyces yeast in wine. This compound imparts a
Band-Aid, medicinal, or pharmaceutical character to
wine. Brettanomyces also produces 4-ethylguaiacol (4-EG),
described as clove, spicy, or smoky aroma. Typically, 4-EG
is present in much lower quantities in wine than 4-EP.
Together both of the compounds influence the perceived
Brett character in wine. The sensory threshold for 4-EP is
typically 400 µg/L.

Sherry, Cut Apples, Nuts
Acetaldehyde is the most important and familiar sensory
aldehyde in wine and constitutes about 90 percent of
the total aldehyde content. At low concentrations it can
impart a fruity flavor to wine, which often occur in freshly
fermented wine. At higher concentrations it can, however,
be pungent and negative and is often associated with
over-ripe bruised apples, sherry, or nut-like characters.

Practicing effective sanitation in the cellar, excluding
oxygen from the wines and maintaining adequate levels
of free sulfur dioxide will go a long way to preventing
acetaldehyde formation. Acetaldehyde can be treated
by adding sulfur dioxide to the affected wine because
acetaldehyde binds readily to sulfur dioxide stripping
wine of its oxidative character. Filtration is another way to
exclude the film yeast or bacteria that may be causing your
acetaldehyde problem.

Smoke Taint
Smoke taint occurs in the vineyard by wildfires which
exposes wine grapes to high levels of smoke, thereby
conferring undesirable characters to wine (Figure 16.6).
These wines convey strong ashy, burnt, and smoky aromas,
with an excessively drying back-palate and retro-nasal
ash perception, usually described as smoke tainted. The
consequence is a significantly reduced market value, as
consumers have been shown to reject smoke-tainted wines.
Of all of the compounds present in smoke, the volatile
phenols guaiacol, 4-methylguaiacol, 4-ethylguaiacol,
4-ethylphenol, eugenol, o-cresol, p-cresol, furfural and
syringol are thought to have the largest impact on wine
sensory qualities (Section 1.8). Once absorbed into plant
tissues, these compounds typically bind to sugars, forming
nonvolatile glycosides. During fermentation and aging,
these glycosides may break down, releasing the free volatile
compounds. Two primary compounds associated with
smoke taint and the ones used as markers for lab analysis
and targeted in mitigation strategies are guaiacol and
4-methylguaiacol. The most effective time to test levels of
volatile and/or non-volatile phenols in grapes is as close
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acid bacteria, and certain wild yeasts. The level of sulfur
dioxide at which the microbe, either yeast or bacteria, is
affected varies widely by species. Acetic and lactic acid
bacteria vary in their sensitivity to sulfur dioxide. Sulfur
dioxide is generally more effective on bacteria and then
on yeast. Although, sulfur dioxide exhibits a germicidal
effect on yeast, some are more tolerant to molecular sulfur
dioxide than others. Generally, strongly fermentative yeasts
(e.g., Saccharomyces strains) are more tolerant to sulfur
dioxide than slower fermenting species (Dharmadhikari,
1990). Wild yeast is the term used for a number of nonSaccharomyces species of yeast that are present on grapes
and in the winery cellar. The non-Saccharomyces yeasts
contain numerous species including the genera Pichia,
Kloeckera, Candida, Zygosaccharomyces, Dekkera, Hansenula,
Torulaspora, Hanseniaspora, and Brettanomyces, and that are
found predominantly on grapes and in freshly processed
must.

dioxide depend on the pH. Each form has different
properties. The molecular form, usually present in relatively
small amounts, is the primary form responsible for the
antimicrobial activity of sulfur dioxide. The bisulfite
form has an important role in the antioxidant properties
of sulfur dioxide, while the sulfite form is present only
in small quantities and has no enological interest. For
practical purposes, we can define free sulfur dioxide as the
sum of the forms molecular sulfur dioxide and bisulfite,
which are commonly used as a measure for sulfur dioxide.
Of these three forms, at wine pH, between 92 and 99
percent is present in the bisulfite form. The proportions
of the three species will, however, shift with changes in
wine pH and other conditions. For instance, alcohol
concentration and temperature affect the equilibrium
between bisulfite ions and molecular sulfur dioxide
with the molecular fraction increasing at higher alcohol
concentrations and temperatures.

Enzymatic Deactivation
Sulfur dioxide inhibits the activity of the polyphenol
oxidase (PPO) enzyme. By suppressing the activity of PPO,
sulfite ions limit the oxidation of phenolic compounds
that serve as the primary substrates. The oxygen reacts with
phenols and produces a compound known as quinone
and in doing so causes browning reactions in juice. The
quinone can react with other phenols, and thus continue
the oxidative reactions. The oxidation can be enzymatic
or non-enzymatic, which is also called auto-oxidation
(Section 17.1). Sulfite is considerably less effective against
fungal oxidases (laccases) in the case of Botrytis cinerea. In
some cases where it is impractical to add sulfur dioxide,
ascorbic acid may have to be used as an anti-oxidant.

18.2 Chemistry of Sulfur Dioxide
When sulfur dioxide is added to wine, part of the added
sulfur dioxide combines with other wine materials and
becomes bound, and part of the sulfur dioxide added
to wine remains in the free form. The combined sulfur
dioxide is chemically bound to these materials and no
longer exists as free sulfur dioxide. The remainder of the
added sulfur dioxide remains in a free state. The sum of
the concentrations of both the bound and free portions of
sulfur dioxide are referred to as the total sulfur dioxide.

Free Sulfur Dioxide
Free sulfur dioxide in wine exists in three states: molecular
sulfur dioxide (SO2), bisulfite (HSO3¯ ), and sulfite
(SO32¯) and are in dynamic equilibrium (Figure 18.1).
The quantities of these different forms of free sulfur

Figure 18.1 Distribution of sulfur dioxide species: molecular,
bisulfite, and sulfite.

Sulfur dioxide concentration is measured in parts per
million (ppm) or as milligrams per liter (mg/L). A wine
with 19 ppm free sulfur dioxide and 51 ppm total sulfur
dioxide would be noted with 19/51. The concentration of
bound sulfites would be equal to the total sulfur dioxide
minus the free sulfur dioxide, (51 – 19 = 32). There is
no single free sulfur dioxide concentration that works for
all wines, rather a concentration based on the types and
conditions of the wine based off the wine pH, fruit quality,
acetaldehyde levels among many other factors. In general,
the ratio free to total sulfur dioxide will range from 40 to
75 percent.

Chapter 21: The Role of Oak in Winemaking
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Figure 21.4
During barrel production,
the insides of barrels are
typically toasted—either
over an open flame.
There are varying degrees
of toasting—from a
light toast to a heavy
toast. Photo courtesy of
Tonnellerie Darnajou.

sense of what will be best, because each cooper has the
expertise to extract the best possible characteristics.
Winemakers can choose from a light, medium, or heavy
toasting according to the finished style. Light toasting
is done just on the surface, with no penetration to the
inside of the wood. Medium toasting is more intense and
penetrates the wood to about 2 mm from the surface, while
heavy toasting goes as far as 3 to 4 mm deeper. The length
of time for toasting will have a different effect on the
wood’s chemical composition and, therefore, the substances
that are released into the wine during aging, which in turn
influence the wine’s sensory profile. For example, more
toasting causes higher phenolic aldehyde concentrations
and other favorable sensory compounds, but decreases the
tannin concentrations. On the whole, the woody aromas
are lessened as the degree of toasting increases. Charring
is avoided in the production of wine cooperage. Charcoal
on the inner surfaces can decolorize red wines, as well as
remove desirable flavorants. The influence of temperature
during toasting may be conveniently broken down into
three phases—light, medium, and heavy temperature
toasting.
▪ Light Toast. Light-toasting releases high amounts
of tannins and therefore can indicate an excess of
coconut notes, especially in the case of American oak
(Q. alba), and an excess of astringency/structuration,
especially in the case of French oak (Q. petraea).
▪ Medium Toast. Medium toast is the most commonly
used since it provides good balance and complexity.
While the coconut notes (lactones) decrease, other
volatile substances increase, such as vanilla, caramel,
coffee, and bread. On the palate it is characterized by
sweet and spicy notes combined with vanilla caramel
and milk chocolate as well as toast, smoke, spice,

and leather. In the case of French oak (Q. petraea),
aroma complexity is increased by spice notes and the
structure of the wine is complemented by the release
of ellagitannin.
▪ High Toast. High toast results in more pronounced
spicy and smoky notes, dry leaves, gunpowder, and
black chocolate with fewer tannins. While this goes
well in certain wines, it risks giving the final product
an overly roasted character.
Although barrel manufactures attempt to maintain
uniformity in the level of toasting, there are no industrywide standards for what light, medium, or heavy toasting
means. Consequently, there can be considerable variation
among manufacturers. Toasting conditions vary a great
deal from one cooperage to another, as well as within the
same cooperage. The human element, i.e., the fact that
these operations are carried out by true craftsmen, means
that these parameters can only be partially controlled.
Factors include: the type and intensity of the heat source
(e.g., wood, gas, or electricity), whether the top of the
barrel is open or closed, heating homogeneity, and final
temperature, as well as duration (risk of the wood charring
and blistering), and how often the wood is moistened.
Consequently, providing barrels with a consistent toast
level is still beyond reach.

Convection Toasting
Convection toasting uses an indirect heat source rather
than direct fire to toast the oak. The heat source heats the
air, and the hot air is recirculated from the heat source
to the inside of the barrel. The temperature of the hot air
can be much lower than that of a wood fire while toasting
the barrel in a more uniform manner. In convection
toasting, the barrel never gets hot enough to blister or

Chapter 23: Winery Pumps

and agitation of the pumped fluid. These pumps are
highly tolerant of sediment and solids. Progressive cavity
pumps are easy to clean and maintain, and they can be
packaged into compact portable packages. The pumps can
be expensive but are a good value. One limitation of the
progressive cavity pump is that it cannot be run dry. The
wine industry, in particular, generally relies on manual
batch production operation that can lend themselves to
dry-running conditions. For this reason, pumps, especially
larger size ones, should have a dry run shut-off sensor. And
because they are a positive-displacement pump, a shutoff for high pressure should also be employed to avoid a
dangerous overloading of the pump’s clutch or exploding
lines or valves downstream.

Figure 23.5 Progressive cavity pump

In the U.S., these pumps are almost exclusively used as
portable must pumps attached to a destemmer-crusher
but are also good for pump-overs during red fermentation.
The main benefit of this type of pump is its ability to move
large volumes of mixed slurries, that is, grapes, skins and
seeds along with juice or wine, smoothly, without pulsation
and with minimal shearing. The flow rates can easily be
variably controlled from zero to as high as you need to go.
These pumps can be very expensive but can work very well
for large wineries with hundreds of thousands of gallons
to move. This isn’t a pump for every winery. It has the best
application in the large winery, pumping 100 tons per
hour. Pumping at slower speeds, it helps to cut back on
unwanted maceration of fruit.

Rotary Lobe Pumps
Rotary lobe pumps are a type of positive displacement
pump featuring large, non-contacting chambers that
handle must, lees, juice, and wine (Figure 23.6). Rotary
lobe pumps are extremely common in the U.S. wine
industry. The internal structure of the pump generally
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consists of two intermeshed, counter-rotating, gearlike rotors in an ovoid chamber. Typically, the lobes are
equilateral trefoils, but bi-lobed, winged bi-lobe, and
helical lobe designs are available. The tolerances between
the two rotors and the chamber are tight, but usually not
airtight. This means that, unlike flexible impeller pumps,
most rotary lobe pumps are not self-priming. Rotary lobe
pumps are also less likely to be damaged during routine
winery operations and tend to require less extensive annual
maintenance than flexible impeller designs. However,
rotary lobe pumps are generally much more expensive, take
longer to repair, and are more complicated to repair than
flexible impeller pumps.

Figure 23.6 Rotary lobe pump

A rotary lobe pump is considered a versatile winery
pump and can handle many winery applications such as
transferring must, lees, juice, and wine. It can also be used
for pump-overs and wine filtration. For must transfer, a
sufficiently large-size pump with an inlet and outlet that is
at least three inches or larger in diameter is recommended.
Rotary lobe pumps are great for pumping over
fermentations because of their ability to move suspended
solids (i.e., must). They are more commonly used for tankto-tank wine transfers. In addition, they can be combined
with a control system and VFD, both standard features
that can be used for filling barrels. Rotary lobe pumps are
also frequently used to provide the back pressure needed
for filtrations (both pad and cartridge). If rotary lobe
pumps have a weakness when used as must pumps, it is
that the tight-tolerance stainless steel rotors and cavity are
susceptible to damage when metal is ingested by the pump.
While this is a more acute problem for machine-harvested
grapes, even hand-picked fruit can contain the occasional
vineyard staple in the picking lugs and bins. Any one of
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systems rely on a natural bacterial buildup in the leach
fields to consume organic contaminants. When properly
sized and functioning they provide for a very clean recharge
into the shallow ground water table.
Soil properties in particular are a primary factor in
determining the suitability of a site for a septic system. The
infiltration capacity and permeability of site soils should
be sufficiently high to allow penetration of wastewater. The
physical conditions of the soil that are relevant include soil
texture, soil depth, depth to groundwater, and soil layers
that may restrict water flow. State regulations generally
specify the amount of wastewater discharge per unit area
based on soil texture.

Ponds
Ponds are often used by smaller wineries to accomplish
biological stabilization (Figure 25.2). The ponds provide
an environment for aerobic degradation of wastewater
constituents near the surface, coupled with anaerobic
degradation by microbes at depth. The basic reaction that
occurs in ponds is removal and biological stabilization of
residual organic matter by aerobic bacteria that grow in
the ponds and remain in suspension. The ponds can also
facilitate nitrification if sufficient aeration is provided.
One of the primary drawbacks of pond systems for larger
wineries is that significant land areas must be dedicated
to ponds to meet treatment objectives and accommodate
storm inflows with reasonable detention times.

Pond Microbiology
A wide variety of microscopic organisms may be found in
process wastewaters, though the bacteria are the primary

mechanism of biological treatment. As bacteria multiply,
the individual cells form porous, fractal structures called
floc. A firm, dense floc enhances gravity settling to produce
clear effluent. A floc is a type of microbial aggregate that
may be contrasted with biofilms and granules, or else
considered a specialized type of biofilm. Thus bacterial
growth and floc structure control effluent quality.
It is not uncommon for winery ponds to generate dense
populations of algae that contribute suspended particles
in the pond effluent and cause problems associated
with the clogging or fouling of downstream irrigation
devices. Excessive algal growth must be checked as it
places additional substrate loading on the pond bacteria
that can result in overconsumption of available oxygen
and an associated crash in pond microbiology. Algae, as
well as some bacteria, may also produce odor-causing
organic substances. Algae control can often be achieved
with adjustments to aeration and/or nutrient loading.
Aeration provides mixing that can inhibit algae growth.
Like bacteria, algae require nutrients for growth, and their
presence is often an indication of excessive nutrient loading
and/or incomplete nutrient removal within the pond.
Algae are often limited by available phosphorous and in
many instances algae control can be achieved through
elimination of phosphate-based cleansers.

Aeration
Aerobic degradation can be accelerated by installing
aerators to increase available oxygen and preclude
stagnation. Aerated ponds, if properly designed,
constructed and managed, can reduce organic, nutrient,
and solids loadings and provide good quality effluent fit for
irrigation.
Figure 25.2
Waste stabilization ponds
or waste stabilization
lagoons are ponds
designed and built for
wastewater treatment
to reduce the organic
content and remove
pathogens from
wastewater. They are
man-made depressions
confined by earthen
structures.

