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Preface

Damage by oxidative stress is an important patho-
genic step in the initiation of disease. Targets of oxidative
stress and different free radical species include compo-
nents of the cell, such as proteins, carbohydrate, lipids,
nucleic acids and conjugated molecules. Organelles,
pathways and metabolic processes are also affected. It is
also becoming increasingly clear that some food compo-
nents may be protective in those diseases caused by oxi-
dative stress. For example, some epidemiological studies
show that the lower prevalence of some cancers is asso-
ciated with higher intake of foods that are rich in antioxi-
dants. This is also supported by in vitro studies as well.
On the other hand, excessive intake of some dietary anti-
oxidants may be damaging. This suggests it is important
to maintain a healthy balance between dietary levels of
antioxidants and prooxidants. In the food industry anti-
oxidants are added to preserve the shelf life of foods and
prevent off-flavors developing. For example, vitamin E
is used to prevent lipid peroxidation occurring. These
production-added components also contribute to the over-
all intake of essential nutrients. Moreover, some produc-
tion processes reduce the amount of naturally occurring
antioxidants. Thus, there is an important need to under-
stand not only the physiological importance of antioxi-
dants, but their amount in the different food types, how
they are reduced or enhanced by processing, what new
antioxidants are being characterized and how they are
measured. This is addressed in Processing and Impact on
Antioxidants in Beverages. We cover wine, beer, coffee,
tea, herbal infusions and other tea types, soft drinks, fla-
vored waters and a wide variety of fruit juices.

The book is divided into three sections:

[1] Composition and Characterization of
Antioxidants

[2] Effects of Production and Processing

[3] Selective Assays for Antioxidants

In Section [1] Composition and Characterization
of Antioxidants we have wine, beer, coffee, tea, herbal
infusions and soft drinks. In Section [2] Effects of Pro-
duction and Processing we cover fermentation, aging,
varieties and growing conditions, preparation tech-
niques, enzymes, storage, environmental factors, plant
composition, homogenization and debittering. As well
as the beverages mention in the previous Section we
also cover rooibos and mate tea, goji, acai, pomegranate,
grapefruit and juices in general. In Section [3] Selective
Assays for Antioxidants we describe assays in a vari-
ety of beverages. Methods include the cuprac methods,
the Oxygen Radical Absorbance Capacity (ORAC) and
Trolox Equivalent Antioxidant Capacity (TEAC) assays,
Off-line and Online HPLC assays, and methods for the
derivation of a global antioxidant score.

Processing and Impact on Antioxidants in Beverages is
designed for food scientists, technologist, food industry
workers, as well as research scientists. Contributions are
from leading national and international experts includ-
ing those from world renowned institutions.

Professor Victor R. Preedy,
King's College London
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CHAPTER POINTS

Definition of fortified wines.

Classification of Port, Sherry, Madeira, Moscatel,
Marsala wines.

Polyphenolic content of fortified wines.

Anthocyanins in fortified wines and factors
affecting degradation of these pigments.

Antioxidant capacity of fortified wines.

Aging process is a major factor influencing the
antioxidant activity of fortified wines.

INTRODUCTION

Fortified wines contain additional alcohol that has
been added to the base wine during fermentation, when
part of the original sugar content has been converted
to alcohol. Thus in these wines, must fermentation is
stopped by the addition of a neutral grape spirit, reach-
ing a final alcohol content around 17-22%. Many fortified
wines are blends of various grapes and various vintages.
Fortified wines are known for their long-standing con-
tribution to the world of wine as both an aperitif and a
dessert wine option (Jackson, 2008).

Fortified wines can be made in either dry or sweet
styles (with the middle-ground of medium-sweet or
medium-dry covered in virtually all types of fortified
wine categories). The determining factor of the sweet-
ness/dryness of fortified wine is the point at which the
addition of alcohol occurs during fermentation (Jackson,
2008). A sweeter fortified wine is obtained by adding

Processing and Impact on Anttoxidants in Beverages
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the alcohol within the first day and a half of fermenta-
tion; thus, the yeast stops converting sugar to alcohol
and all of the remaining grape sugar is left in the wine
as residual sugar. Conversely, to obtain a dry fortified
wine, the full fermentation process must occur, consum-
ing the remaining sugar and then the alcohol is added to
the wine. Table 1.1 summarizes classification of the most
common types of fortified wines (Port, Sherry, Madeira,
Moscatel, and Marsala) according to their sugar content.

Biochemical reactions catalyzed by enzymes of
yeasts and bacteria and chemical reactions between
molecules present in the must, which were extracted
from the grape solids during fermentation, derived
from metabolism, or released by the wood, start as
soon as the beginning of winemaking (crushing) and
continue through fermentation and aging (Perestrelo
et al., 2011). Aging is an important feature for fortified
wines and includes bulk storage maturation in barrels
or tanks and in-bottle aging (Pinho et al., 2012). The
aging time depends on the fortified wine, but in general
the cheaper the fortified wine, the less time it has spent
aging in oak. As a result of deep wood aging, many for-
tified wines will benefit from decanting and aeration.
Apart from location, grape varieties, soil, etc., there are
also differences in the way the most common types of
fortified wines (Port, Sherry, Madeira, Moscatel, and
Marsala) are fortified and aged (Table 1.2).

Port Wine

Port wine is produced primarily from red grapes
grown and fermented in the upper Douro Valley in
northern Portugal. Although originating in the upper
Douro, the wine is transported downriver to Porto for

© 2014 Elsevier Inc. All rights reserved
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maturation and aging. These processes occur in build-
ings called lodges in Vila Nova de Gaia, located at the
mouth of the Douro River, opposite the city of Porto.
The major red varieties are Touriga Nacional, Mourisco,
Mourisco de Semente, Tinta Roriza, Tinta Cao, and Tinta
Francisco, Tinta Barroca (Mateus et al., 2002). A small
amount of white Port is also produced. Codega, Malva-
sia, and Rabigato are the preferred white varieties. Most
of the present-day wine is vinified by regional coopera-
tives using modern crushing, pressing, and fermenting
equipment. When part of the original sugar content has
been converted to alcohol, must fermentation is stopped
by the addition of wine spirit obtaining around 20%
of the final alcohol content (Esteves et al., 2004). Aging
includes bulk storage maturation in barrels or tanks and
in-bottle aging.

Different types of Port wines are produced. Ruby
Port wine is the most extensively produced type. After
fermentation, it is stored (in general, for 2 years) in
tanks made of stainless steel to prevent oxidative aging
and to preserve its rich claret color. It is fined and cold

TABLE 1.1

Sugar Content

Classification of Fortified Wines According to their

Wine Category Residual Sugar (g/1)

Port Very sweet >130
Sweet 90-130
Semi-dry 65-90
Dry 45-65
Extra-dry <40

Sherry Dulce/Sweet >160
Pedro Ximénez >212
Cream 115-140
Medium 5-115
Pale Cream 45-115
Dry 545
Fino/ Manzanilla/Oloroso/ 0-5
Palo Cortado/ Amontillado

Madeira Sweet (Malvasia) 110
Medium dry (Verdelho) 90
Medium sweet (Boal) 65
Dry (Sercial) 25

Moscatel de 90-100

Setubal

Marsala Dolce >100
Semi-secco 40-100
Secco <40

filtered before bottling and does not generally improve
with age. Ruby Port wine is usually blended to match
the style of the brand to which it is to be sold. Tawny
Ports are wines made from red grapes that are aged in
wooden barrels and blended in such a way that the fin-
ished product is a mixture of ages. A Tawny without
an indication of age (usually named as Reserve) has
spent at least 2 years in wooden barrels, exposing it to
gradual oxidation and evaporation until a golden-color
is obtained, and it is blended in such a way that the
finished product is a mixture of ages. Tawny wines
with age categories (10, 20, 30, and over 40 years) indi-
cate a target age profile. Vintage Port is made entirely
from the grapes of a declared vintage year, aged in bar-
rels for a maximum of 2% years, and bottled unfined.
Generally, it requires another 10 to 40 years of aging
in the bottle. Late Bottle Vintage (LBV) is the product
of a single year’s harvest that was left in the barrel for
4-6 years. LBV can be fined and filtered or not before
being bottled (Pinho et al., 2012). White Port is made
from white grapes and can be made in a wide variety of
styles, from dry to very sweet (Jackson, 2008).

Sherry Wine

Sherry is a fortified wine made from white grapes
that are grown near the town of Jerez de la Frontera in
Andalusia, Spain. Sherry is produced in a variety of dry
styles made primarily from the Palomino grape. After
fermentation is complete, the base wines are fortified
with grape spirit in order to increase their final alco-
hol content. Wines classified as Fino and Amontillado
are fortified until they reach a total alcohol content of
15-17%. Those wines classified as Oloroso are fortified
to reach an alcohol content of at least 17-22% (BOJA,
2012; Stevenson, 2005). Sherry wines are aged and
blended using the solera system: a series of 3-9 barrels
are used, and the method involves moving the wine
down from one barrel into the next one. At the end of
the series only a portion of the final barrel is bottled and
sold. Depending on the type of wine, the portion moved
may be between 5 and 30% of each barrel. The amount
added is equivalent to that removed for transfer to older
wine or bottling. The age of the youngest wine going
into the bottle is determined by the number of barrels
in the series, and every bottle also contains some much
older wine. Sherry is aged in the solera for a minimum of
3 years. Fino Sherries require many and frequent trans-
fers and stages whereas Oloroso Sherries develop best
with few and infrequent transfers. Amontillado Sher-
ries begin similarly to Fino Sherry, but subsequently, the
frequency of transfer is slowed. Sweet Sherries (Pedro
Ximénez) are made either by fermenting sweet grape
varieties (Pedro Ximénez or Moscatel) or by blending
sweeter wines (Jackson, 2008).
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