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To my son, too young to drink wine
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Preface

This book focuses on the by-products of wine making and their valori-
zation in a broad spectrum. Vine cultivation and wine making pro-
cesses generate a significant amount of waste and several by-products,
including prunings, stems, pomace and seeds, yeast lees, tartrate,
carbon dioxide, and wastewater. Generally, only a very small por-
tion of these materials are used (e.g., as fertilizer, as animal feed, or
for fuel production). This book provides a comprehensive overview of
the by-products of wine making and their conventional and noncon-
ventional utilization with a number of value-adding technologies for
the valorization of such products (e.g., as a source of novel functional
ingredients). Over the past few years, these by-products, as well as a
number of other agricultural wastes from plant origins have attracted
considerable attention as potential sources of bioactive phytochemi-
cals, which could be used for various purposes in the pharmaceuti-
cal, cosmetic, and food industries. Considering the challenges in the
food industry arena, efforts need to be made to optimize food pro-
cessing technology in order to minimize the amounts of by-product
waste. The food industry generates an increasing amount of by-prod-
ucts throughout the chain of food production. The most important
means of waste minimization is the application of more efficient pro-
duction technologies; however, by-product generation is inevitable.
Environmental regulations and the high cost of waste disposal have

X111
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torced food processors to find better ways to treat, utilize, and pro-
cess waste. The efficient utilization of food processing by-products
is important for profitability in the food industry. By-products and
waste of plant-based food processing, which represent a major disposal
problem for the industry, are very promising sources of value-added
substances, with a particular emphasis on the retrieval of bioactive
phytochemicals and technologically important secondary metabolites.
In this sense, the huge amounts of by-products from wine making
generated by one of the most important agricultural activities in the
world, with low economic value but still characterized as being usable,
appear to be suitable raw materials to be industrially valorized. The
current trend is to utilize and convert waste into useful products and
to recycle waste products as a means to achieve sustainable develop-
ment. Over the next few years, the area of waste management in food
processing will expand rapidly. Future legislation regarding industrial
waste, including those of wineries, will become even more demand-
ing, thus increasing the cost of waste management. The recovery of
value-added products can help in this direction. These recovery pro-
cesses are part of a new philosophy of sustainable agriculture.

Matteo Bordiga, PhD
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1.1 Introduction

The food industry generates high amounts of solid waste/by-products
and high volumes of effluents with an organic component. Consi-
dering the challenges in the food industry area, efforts need to be
made to optimize food processing technology, minimizing the
amounts of by-products and waste. During food processing, the
generation of by-products is inevitable, and the amount and kind
of waste produced, which consists primarily of the organic residues
of processed raw materials, cannot be altered if the quality of the
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2 VALORIZATION OF WINE MAKING BY-PRODUCTS

finished product is to remain consistent. Instead of treating these
by-products as waste, increasingly food companies are turning them
into useful products, promoting the principle of sustainable develop-
ment. Environmental regulations and high waste disposal costs have
torced food processors to find better ways to treat and utilize pro-
cessing waste. Environmental legislation agencies have significantly
contributed to the introduction of sustainable waste management
practices throughout the world. In this context, by-product valoriza-
tion, a relatively new concept in the field of industrial residue man-
agement, holds immense potential for the prospective production of
biologicals of commercial significance, enzymes, pigments, flavors,
functional ingredients, micronutrients, nutraceuticals, active phar-
maceutical ingredients, phytochemicals, biofuel, and biomaterials
(Patras 2009; Rockenbach 2011; Rondeau 2013). In this sense, it is
reasonable to imagine that, over the next few years, the area of food
processing waste management will rapidly expand. Plant-based by-
products and waste, which represent the main disposal problem for
the industry concerned, are very promising sources of value-added
substances, with particular emphasis on the retrieval of bioactive
phytochemicals and technologically important secondary metabo-
lites (Basalan 2009; Deng 2011; Fontana 2013). The nutritional com-
position of such food waste appears to be rich in sugars, vitamins,
minerals, and various beneficial health phytochemicals such as fine
chemicals (antioxidants, polyphenols, etc.) and natural macromole-
cules (cellulose, starch, lignin, lipids, enzymes, pigments, etc.), which
are of great interest to the chemical, pharmaceutical, and food indus-
tries (Bordiga 2011, 2013; Pastor del Rio 2006). Moreover, the search
tor cheap, renewable, and abundant sources of bioactive compounds
(e.g., antioxidants) is attracting worldwide interest. Much research
is needed in order to select raw materials; those of residual origin
are especially promising due to their lower costs. Industrial biotech-
nology can offer effective strategies and tools for the valorization of
by-products and waste of the food industry, thus achieving a signifi-
cant increase of environmental, social, and economic sustainability
(International Organization for Standardization 2004; Kim 2006;
Laufenberg 2003). However, extensive research on potential sources,
optimization of extraction processes, knowledge of the mechanisms
of the in vivo action and assimilation are still required.
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1.2 Environmental and Economic Challenges

Agriculture generates waste stream (also co-products and by-products)
that is not taken care of properly. In plant production, losses take
place at the farm and postharvest levels and also at the lower level
of the retail sector. Co-products or by-products are generated,
which require sustainable use (Torres 2002; Yu 2013). For exam-
ple, straw has been given a significant amount of attention as a bio-
mass feedstock with potential trade-offs because of its relevance
to soil improvement, which needs to be considered. In livestock
production, manure and other effluent management appears to be
a challenge, particularly for industrial production systems. While
these effluents can be used as fertilizer, they can also be impor-
tant sources of bio-energy or valuable bio-products. However, the
impact on the environment needs to be evaluated (e.g., air, soil, and
water emissions). It is crucial to consider the entire efluent chain to
avoid pollution swapping and health issues (possible transmission
of pathogens). Other than the reduction and recycling of agricul-
tural waste, there may be several opportunities for new processes
which may enable innovative uses of these materials outside of the
agricultural sector. Both awareness and dialogue can be enhanced
between sectors towards options for smart use of agricultural waste
and by-products through the creation of joint stakeholder platforms
and other joint structures. Also, resource efficiency can be improved
through the reduction of waste and enhanced waste management in
primary production. And different opportunities for the valoriza-
tion of waste and by-products resulting in environmental and eco-
nomic benefits for the farming sector (development of new products
and processes) have to be increased. In this direction, competitive-
ness will be enhanced through more varied and new types of sources
for bio-products and bio-energy in the agro-food (conventional and
organic) and bio-economy sectors. Soil quality and crop productiv-
ity, through the optimal use of crop waste (taking into account the
need to maintain soil organic matter levels) and nutrient recovery,
can be improved. Similarly, water quality can be improved, by reduc-
ing pollution and the eutrophication of groundwater, and thus indi-
rectly improving marine waters. Even air quality can be improved by
reducing livestock emissions.
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1.2.1 Food Waste Issues

Food waste is a significant problem for economic, environmen-
tal, and food security reasons (Eurostat 2013; FAO 2012, 2014).
Efforts made by governments have focused on diverting waste away
trom landfills through regulation, taxation, and public conscious-
ness. However, efforts to understand why waste occurs have been
limited; therefore, detailed investigations are necessary in this field.
Environmental pollution problems associated with disposal meth-
ods have been the factors behind the search for alternative meth-
ods (environment-friendly) to handle food waste. This biodegradable
waste can be used to produce industrially relevant metabolites with
a great economical advantage (e.g., enzymes, organic acids, flavor
and aroma compounds, and polysaccharides). Thus, the cultiva-
tion of microorganisms on this waste may be a value-added pro-
cess capable of converting these materials into valuable products
(Beveridge 2005; Gonzalez-Paramas 2004; Molina-Alcaide 2008).
However, much remains to be done in this area to develop com-
mercial processes. For example, filamentous fungi are metabolically
versatile organisms, which are exploited commercially as cell facto-
ries for the production of enzymes and a wide variety of metabolites.
It has been possible to control simultaneous production of enzymes
(such as pectinolytic, cellulolytic, and xylanolytic) by fungal strains
of the genera Aspergillus, Fusarium, Neurospora, and Penicillium and
generate multienzyme activity using a simple growth medium con-
sisting of a solid by-product of the citrus-processing industry (orange
peels) and a mineral medium. The green production concept shows
a good utilization potential for solid vegetable waste. In addition to
accomplishing a reduction of investment and raw material costs, it
could contribute to waste-minimized food production. The exploita-
tion of by-products of fruit and vegetable processing as a source of
tunctional compounds and their application in food is a promising
field that requires more interdisciplinary research in several aspects.
Methods to utilize by-products from food processing on a large scale
and at affordable levels should be developed and optimized to mini-
mize the amounts of waste. This approach calls for the active partici-
pation of the food and allied industries with respect to sustainable
production and waste management. Designing new functional foods,
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to meet the demands of an innovative and rapidly growing food mar-
ket, requires careful assessment of the potential risks, which might
arise from isolated compounds recovered from by-products. The bio-
activity, bioavailability, and toxicology of phytochemicals need to be
carefully assessed. Furthermore, investigations on stability and inter-
action of phytochemicals with other food ingredients during process-
ing and storage need to be initiated and improved. It is still difficult
to regulate considering there are some that appear on the borderline
between foods and drugs. In any case, consumer protection must be
a priority over economic interests, and health claims need to be con-
firmed by sound and reliable studies.

1.2.2 Wine Production

Humans have cultivated vines for producing wine for thousands of
years. The origins of viticulture lie in the region between the Black
Sea and the Caspian Sea and date back to 6000 BCE. Only a few
products have such a long history with a production process that has
remained more or less unchanged. Early examples of viticultural
and enological literature date back to more than 2000 years. In De
agri cultura, the Roman statesman Marcus Cato—also known as
Cato the Elder (234-149 BCE)—provides detailed practical advice
on how to profitably run a wine farm. For example, he stresses that
grapes should be fully ripe when harvested and that all vats need to
be perfectly clean to prevent wine from turning into vinegar. In the
second book of his scientific treatise, De re rustica, Lucius Columella
(4-70 CE), one of the most important writers on agriculture of the
Roman Empire, discusses many technical aspects of Roman viticul-
ture. He elaborates on topics like which grape variety grows best on
which soil type. He lays out many criteria of modern vine training
and trellising. Wine production has been traditionally considered
as an environmentally friendly process. However, it requires a con-
siderable amount of resources such as water, fertilizers, and organic
amendments, and on the other hand, produces a large amount of
wastewater and organic waste. Environmental analysis of the wine
industry shows that the main effluents of the sector are wastewater
and organic solid waste. Innovative solutions must be proposed and
tested to develop a real sustainable industry.
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1.3 The Current State of the Vitiviniculture World Market

During the 37th World Congress of Vine and Wine held in Mendoza
(Argentina) in November 2014, the International Organization of
Vine and Wine (OIV) director general, Jean-Marie Aurand, presented
a global overview of the vitivinicultural sector. In 2013, the worldwide
area under vines was 7519 thousands of hectares (mha). The global
production of grapes has increased to 751 million of quintals (Mql) in
2013, despite the decrease in the vine area (Figure 1.1). 271 millions
of hectoliters (Mhl) was the first estimation for the wine produced in
2014. Sparkling wine market has expanded in recent years. The pro-
duction has increased by more than 40% and consumption by 30%
in 10 years. Regarding the area under vines, the world’s total vine-
yard surface area (7519 mha) is decreasing mainly because there are
fewer vineyards in Europe now (OIV 2004, 2008, 2012, 2012-2014,
2013). The increase in the planted surface areas in the rest of the world
has partially offset this reduction. In China and South America, the
total area under vines has continued to increase; these areas are the
world’s main vineyard growth centers. Meanwhile, the global pro-
duction of grapes (for all use) is 751 Mql. There is an increased trend
in grape production (+17% compared with 2000), despite decrease in
the area under vines. This can be explained in part by an increase in
yield because of the particularly favorable climate conditions in some

Oceania Oceania 2013

2% 2000 39%
Africa \
5% Africa
\ 6% -\

p -

Figure 1.1  Continental evolution as a percentage of global production, 2000-2013. (From 01V,
State of the Vitiviniculture World Market, 2014, http://www.oiv.int/oiv/info/en_vins_effervescents_
0IV_2014, accessed on December 2014.)
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countries and the continued improvements in viticultural techniques
(Figure 1.2). China with 115 Mgl produces about 15% of the world
grape production followed by Italy (79 Mql) and the United States
(75 Mql) (Figure 1.3). In 2014, there was an estimated global wine
production (excluding juice and musts) of 271 Mhl, which was 6%
less than the previous year. The year 2014 was marked by major cli-
matic hazards, which is the reason why there was a fall in production.
Europe remains the major producer of wine, despite the decreasing

% Change 2000-2013

France [u—
Italy —

Iran —
United States
Turkey
Spain
World
Argentina
Chile
India
China
-100 -50

I I 1
50 100 150 200 250 300

| i

o

Figure 1.2 Variation of grape production by leading countries. (Created using information
from OIV, State of the Vitiviniculture World Market, 2014, http://www.oiv.int/oiv/info/en_vins_
effervescents_0IV_2014, accessed on December 2014.)

Trends, 2008—-2013
140

120

100

80 -

Mql

60

40 -+

20 A

0.
China Italy United France Spain Turkey Chile India Argentina Iran
States

Figure 1.3 Leading grape producers (all uses). (Created using information from 01V, State of the
Vitiviniculture World Market, 2014, http://www.oiv.int/oiv/info/en_vins_effervescents_0IV_2014,
accessed on December 2014.)
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trend. France is the biggest producer (46.2 Mhl) ahead of Italy, which
saw a poor harvest (44.4 Mhl); Spain returned to an average level of
production (37 Mhl) after a record year in 2013. On the other hand,
the production in the Southern Hemisphere and in the United States
continued to increase: Argentina 15.2 Mhl (+1% compared with 2013);
New Zealand, a new record with 3.2 Mhl (+29%); South Africa 11.4
Mhl (+4%); and the United States registered a high level of produc-
tion (22.5 Mhl). The data available (about wine consumption) show a
consolidation of the global consumption in 2014 (estimated at around
243 Mhl). The data confirms that the wine consumption growth is no
longer driven by traditional wine-producing and -consuming coun-
tries. A change in wine consumption pattern has characterized the
period between 2000 and 2013. Today, about 39% of wine is con-
sumed outside European countries, compared with 31% in 2000. The
wine market is now an internationalized sector; the share of wine
production traded internationally has nearly doubled. In 2000, 25%
of the wine consumed in the world was imported; in 2013, this share
reached more than 40% (Figure 1.4). In 2013, the trade in wine

Figure 1.4 A modern wine bottling line.
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decreased by 2.2% in volume, representing 98 Mhl, even though the
growing prices resulted in an increase in the total revenue of 1.5% up
to U.S. $28.5 billion. OIV is focusing more on the sparkling wine
market, considering that in 2013, 17.6 Mhl of this wine typology was
produced, representing 7% of the global wine production. Its global
consumption was 15.4 Mhl in the past 10 years, a 30% rise reaching
8.7 Mhl in 2013, resulting in a revenue of U.S. $4.8 billion. The share
of sparkling wine exports accounts for nearly 9% of the volume of
wine exports and 18% of their value.

1.4 Vitivinicultural Production Potential

1.4.1 The Areas under Vines in European Vineyards

Since the European Union (EU) ended its program to regulate
wine production potentially under which the EU introduced per-
manent abandonment premiums for vineyards (Council Regulation
[EC] No. 479/2008; No. 822/1987; No. 823/1987; No. 1493/1999;
No. 491/2009; No. 607/2009), the rate of decline of EU vineyards
(the EU is now composed of 28 member states) has significantly
slowed down (European Landfill Directive [1999/31/EC]; European
Court of Auditors 2012; European Commission 2006a,b, 2007a,b,
2008, 2009-2012). Although between 2011 and 2012, the EU area
under vines decreased by 54 mha and between 2012 and 2013 EU
vineyards declined by only 19 mha overall (Table 1.1). The total
vineyards (vines for winegrapes, table grapes, or grapes for drying)
even grew by 5 mha in Spain, while Italian, Portuguese, and French
vineyards each declined by 6-7 mha. According to the latest data,
European vineyards started at 3481 mha in 2013, a decrease of 0.5%
between 2012 and 2013.

1.4.2 Qutside the European Union

'The information provided in Table 1.2 shows that vineyards outside of
Europe appeared to increase between 2012 and 2013 (+19 mha) (New
Zealand Wine 2009; New Zealand Wines 2014; SAWIS 2014; Wines
of Argentina 2011). This moderate overall growth is the result of con-
trasting developments. In China and South America, the total area
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Table 1.1  Areas under Vines in European Vineyards

1000 ha 2011 2012 2013 FORECAST
Austria 46 44 44
Germany 102 102 102
Bulgaria 83 78 78
Spain 1032 1018 1023
France 806 800 794
Greece 110 110 110
Hungary 65 64 63
Italy 776 759 752
Portugal 240 236 229
Romania 204 205 205
EU—28 total 3554 3500 3481

Source: Created using information from 01V, State of the Vitiviniculture World
Market, 2014, http://www.oiv.int/oiv/info/en_vins_effervescents_
0IV_2014, accessed on December 2014.

Table 1.2 Total Areas under Vines in Vineyards outside the European Union

1000 ha 2011 2012 2013 FORECAST
South Africa 131 131 130
Argentina 218 221 224
Australia 170 162 158
Brazil 90 91 87
Chile 200 205 207
China 560 580 600
United States 407 407 408
New Zealand 37 38 38
Russia 63 62 63
Turkey 508 497 504
Other African countries 242 239 239
Other American countries 86 88 87
Other Asian countries 615 615 615
Total outside the EU 3955 3936 3955

Source: Created using information from 01V, State of the Vitiviniculture World
Market, 2014, http://www.oiv.int/oiv/info/en_vins_effervescents_
0IV_2014, accessed on December 2014.

under vines has continued to increase; these areas represent the main
vineyard growth centers worldwide. Turkey has seen a break in the
downward trend observed in the previous years with a vineyard increase
of about 7 mha. On the other hand, Australia recorded a reduction
for a second consecutive year, even if only declining by half as much
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(-4 mha) between 2011 and 2012 (ABARES 2013; Wine Australia
2013). In 2013, vineyards had to reach 3955 mha outside of the EU,
a relatively moderate increase of 0.5% in relation to 2012. Finally, in
2013, the total world area under vines (including the area not yet in

production) had to therefore remain stable, similar to that in 2012 at
7436 mha.

1.5 Wine Production (Resulting from Grapes Harvested in the
Autumn of 2014 in the Northern Hemisphere and in the
Spring of the Same Year in the Southern Hemisphere)

1.5.1 Within the European Union

In the forecast for 2014, the EU vinified production may be described
as average. Wine production indeed began at quite a significantly
higher level than the very low 2012 production (146 Mhl), near-
ing production levels for the 2007-2009 period, but significantly
lower than 2013 production (170 Mhl). In 2014, the production
(excluding juice and musts) should reach about 159 Mhl, a decrease
of about 7% compared with 2013 (Figure 1.5). Indeed, compared

. Germany
Chile / o

South Africa o
o, \ 5%

China
5%*

Australia |
6%

Argentina
7%

80% of the world’s wine is produced by 10 countries. *Report
of 2013, 2014 data not yet available.

Figure 1.5 Forecast for wine production in 2014, in the 10 main producing countries. (Created
using information from 0IV, State of the Vitiviniculture World Market, 2014, http://www.oiv.int/oiv/
info/en_vins_effervescents_0IV_2014, accessed on December 2014.)
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with the extremely low production in 2012 excluding in Germany
(8.4 Mhl in 2013, which is -8% more compared with the produc-
tion in 2012), the expected outcome in 2014 was stable or posi-
tive. The significant increase in production in Spain, where a
record harvest of 52.5 Mhl (but including juice and musts) was
reported, should be noted. This situation led to Spain not vinifying
7.9 Mhl (compared with 5-6 Mhl normally), which is an exception.
However, Italy with almost 53 Mhl (excluding juice and musts)
became the largest wine producer in 2013. Spain, with 45.6 Mhl
vinified in 2013, along with the slow growth of 2013 French pro-
duction compared with that of 2012 (which in itself was very low
at 42 Mhl in 2013 compared with 41.5 in 2012), was the second
largest global wine producer after Italy. It should also be noted that
without returning to their production levels at the end of the 2000s,
Romanian and Hungarian production grew compared with their
extremely low 2012 production (+57% and +52% compared with
2012, respectively). Finally, observing the 2014 forecast, it seems
that France with 46.1 Mhl (+10% compared with 2013) would be
the largest wine producer. Italy and Spain would be second and

third, respectively, but both with a negative trend of production
(-15% and -19%)).

1.5.2 Qutside the European Union

In the key Southern Hemisphere countries, together with the
United States and China, production levels (excluding juice and
musts) reached 88.7 Mhl in 2013, which is a noticeable increase
(almost +6%) compared with 2012. This overall trend reflects con-
trasting developments, as outlined next (Table 1.3). The United
States recorded a significant rise in wine production in 2013 at
23.5 Mhl excluding juice and musts, particularly in California,
which produced +7% compared with 2012. In South America,
Chile reported a record production again reaching 12.8 Mhl
(+2% compared with the previous 2012 record). Meanwhile in
2013, Argentina returned to a wine production in line with its
potential (14.9 Mhl compared with 11.7 Mhl of 2012, which is
+28%). Again in 2013, Brazil showed a decline with a vinified
production of 2.7 Mhl, a level that is very close to its low 2009
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Table 1.3  Wine Production (Excluding Juices and Musts)

2014/ 2014/

2013 2014 2013 2013
VOL. %
1000 hL 2011 2012 PROVISIONAL ~ FORECAST ~ VARIAT. ~ VARIAT.  RANKING
France 50,757 41,548 42,004 46,151 4,147 10 1
Italy 42,772 45,616 52,429 44424 8,005 -15 2
Spain 33,397 31,123 45,650 37,000 -8650 -19 3
United States® 19,140 21,740 23,500 22,500  -1,000 -4 4
Argentina 15,473 11,780 14,984 15,200 216 5
Australia 11,180 12,260 12,310 12,560 250 6
China® 13,200 13,810 11,780 11,780 0 0 7
South Africa 9,725 10,568 10,980 11,420 440 8
Chile 10,464 12,554 12,846 10,029  -2,817 -22 9
Germany 9,132 9,012 8,409 9,725 1,316 16 10
Portugal 5622 6,327 6,238 5,886 -352 -6 11
Romania 4,058 3311 5113 4,093 -1020 -20 12
New Zealand 2,350 1,940 2,480 3,200 720 29 13
Greece 2,750 3,115 3,343 2,900 -443  -13 14
Brazil 3,460 2,967 2,710 2,810 100 4 15
Hungary 2,750 1,776 2,666 2,734 68 3 16
Austria 2,814 2,125 2,392 2,250 -142 -6 17
Bulgaria 1,237 1,442 1,755 1,229 =526 -30 18
Switzerland 1,120 1,000 840 900 60 7 19
Croatia 1,409 1,293 1,249 874 =375 =30 20

O0IV world total 267,243 256,222 287,600 270,864 -16,736 -6

Countries for which information has been provided with a wine production of more than 1 Mhl.
@ 0IV estimate (USDA basis).
b Report for the year 2013; 2014 figures were not yet available.

production. In South Africa, the production reached a consistent
level at nearly 11 Mhl (compared with 10.5 Mhl in 2012, which is
+4%). While Australian production continued its recovery to reach
12.3 Mhl (+1% compared with 2012), New Zealand production
hit a new record of 2.4 Mhl in 2013 after the previous record (of
2.3 Mhl) dating back to 2011. Finally China’s production, which
with 11.7 Mhl recorded a decrease of 2.1 Mhl compared with the
previous year (-15%), should be noted. These developments have
resulted in a 2013 global wine production (excluding juice and
musts) of 287.6 Mhl, which is +31.4 Mhl compared with the pro-
duction in 2012. This global wine production may therefore be
described as average to high.
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1.6 Evaluation of World Consumption

'The long-awaited recovery that will mark the end of the financial and
subsequently economic crisis, which began in 2008, is still to take
place. Furthermore, the 2012 vitivinicultural year was marked by a
very low global production that restricted global consumption levels at
the end of 2012, and particularly in 2013. Indeed, at the beginning
of the 2012/2013 harvest, stocks resulted low due to a succession of
modest productions, although there were some regional exceptions to
this macroeconomic vision. All this resulted in a 2013 global wine con-
sumption of between 234 and 243 Mhl, corresponding to 238.5 Mhl
at the mid-range estimate (-2.5 Mhl compared with 2012, resulting
-1.0%). However, this number should be noted with caution consid-
ering the realistic margin of error with respect to monitoring global
consumption. Since the 2008 crisis, global consumption appears to have
stabilized overall with 240.9, 240.3, 241.2, and 241.2 Mhl in 2009,
2010, 2011, and 2012, respectively. In Europe, in line with the trends
of previous years, traditional consumer countries resumed their decline
between 2012 and 2013 (Figure 1.6). A decrease of 2.1 Mhl in France
(28.1 Mhl of wine consumed), 0.8 Mhl in Italy (21.7 Mhl), and 0.2 Mhl
in Spain (9.1 Mhl) was recorded. In Portugal (4.5 Mhl) and the United
Kingdom (12.7 Mhl), consumption remained stable, while in Germany

Oceania Oceania
2% \2000 3% \2013
Africa Africa
3% \ 3% -\

Asia
6%

Figure 1.6 Shift in wine consumption geography. (Created using information from OIV, State
of the Vitiviniculture World Market, 2014, http://www.oiv.int/oiv/info/en_vins_effervescents_
0IV_2014, accessed on December 2014.)
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(20.3 Mhl) a slight increase was reported. The United States, with
29.1 Mhl of wine consumed (excluding vermouth and special wines),
became the primary market in the world in terms of volume in 2013.
However, this rate of growth did not continue between 2012 and 2013
(only +0.1 Mhl; +0.5% compared with 2012 but lower, for example,
related to +2% between 2011 and 2012). Meanwhile in China, the rapid
increase in consumption since the beginning of the 2000s appears to
have come to an abrupt end. The development in consumption between
year n - 1 and year n is considered here to be determined in two halves:
one by the apparent consumption for the current year (calculated by
“Production + Imports - Exports”) and the other by the consumption
for the previous year. Despite the information on a reduction in produc-
tion (from 13.8 Mhl in 2012 to 11.7 Mhl in 2013) and imports (from
3.9 to 3.7 Mhl), this approach results in the indirect inclusion of stocks
(being at a high level), thereby bringing down the effect of the reduced
“supply” (in terms of production + imports) on the estimated level of
consumption. Chinese wine consumption is measured at 16.8 Mhl
in 2013, showing a decrease of 3.8% compared with 2012. The main
South American countries, namely Argentina, Chile, and Brazil, as
well as South Africa, recorded an increase in consumption in 2013. This
growth resulted between 1% and 3% compared with 2012. Meanwhile,
Romania reported an interesting rise in consumption levels in 2013
(+24% compared to in 2012), even if it must be taken into consideration
that the absolute value remains fairly low (3.2 Mhl) compared with the
other countries. While Switzerland, New Zealand, and Hungary expe-
rienced stable levels of consumption between 2012 and 2013, Australia
suffered a modest reduction in its internal market after several years of
steady growth (MVSWGA 2012, 2013). All of this resulted in a global
wine consumption of 238.7 Mhl, showing a reduction of about 2.5 Mhl
compared with in 2012.

1.7 Trends in the World Wine Trade

'The world wine trade in 2013 decreased in terms of volume by 2.2%,
to 98 Mhl, although growing prices allowed for an increase in total
revenues of 1.5% up to U.S. $28.5 billion. 'The relative low harvest in
2012 in the Northern Hemisphere created an impression of a shortage
of wine, which pushed prices up to an average of U.S. $2.90 per L.
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Larger exports from Chile and South Africa could not compensate
for the reduced availability of wine particularly from Italy and Spain
(Wines of Chile 2010, 2011, 2013). Bottled wine took the biggest hit in
terms of the largest reduction in wine trade for the whole years, which
accounted for 2 Mhl out of the total decrease of 2.4 million. On the
other hand, sparkling wines were the only ones to increase in volume
terms by 3.4%. Wines in bulk and in containers above 2 L (represent-
ing the cheapest products) were the most dramatically affected by the
increase in prices, which declined for sparkling wines. Nevertheless,
bottled wines still account for almost 71% of the total sales, while
sparkling makes 20% of the total revenues (although it only represents
6.6% of the total volume), and wines in bulk and in containers account
for 11.7%, even though they are 38% of the total volume. The lower
average price of sparkling wine did not result from the price reduc-
tion of the principal suppliers (Italy, France, and Spain increased them
by 3.9%, 0.9%, and 1.2%, respectively), but from the fact that Italian
sparkling (particularly Prosecco) grew much faster. Italian sparkling
wine, at relatively lower prices than those of the French, increased its
consumption by 27%.

1.8 Top Wine Exporters

At the beginning of the year, wine export from Spain and Italy
was particularly affected by both the lack of wine in the Northern
Hemisphere and the correspondent increase in prices. This reduc-
tion accounted for 4.3 Mhl and was not entirely compensated by the
increase in wine sales in Chile and South Africa, which together grew
by 2.7 Mhl more than the previous year.

Since the beginning of the century, all the top 10 exporters increased
their value. Among the top wine exporters, the first five account for
more than 70% of the total exports in value and volume (Figure 1.7).
France remains clearly the leader. After the 2009 world crisis in wine
consumption, Italy and (partially) Spain showed a notable perfor-
mance during the past 4 years. All the major European countries
have been steady regarding the level of wine traded but recording
an increase with respect to the export value trends. In volume, Italy
and Spain are the leaders even though they were affected by a low
crop in 2012 in the Northern Hemisphere. In 2013, Chile surpassed
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Trend exports in value (2010-2013)
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Figure 1.7 Trends of top world exporters: France, Italy, Spain, Australia, and Chile (2010-2013).
(Created using information from 01V, State of the Vitiviniculture World Market, 2014, http://www.oiv.
int/oiv/info/en_vins_effervescents_0IV_2014, accessed on December 2014.)

Australia, and South Africa took advantage of lower inventories in
the North. Chile, South Africa, and New Zealand registered the big-
gest increase, both in volume and value. The United States decreased
in volume, but increased in value.

1.9 Top Wine Importers

Among the top world importers, in terms of volume France had the
biggest fall, although its cost increased by 3.6% up to U.S. $719 mil-
lion in 2013. The United States also imported less but more expensive
wine, keeping its first place in the ranking of world wine importers,
even further ahead from the second rank, the United Kingdom, which
decreased the value of its purchase by 5.2% in 2013. Germany stands
first in terms of the volume imported with more than 15 Mhl (-1.7%)
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Trend imports in value (2010-2013)
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Figure 1.8 Trends of top world importers: the United States, the United Kingdom, Germany,
Canada, Japan, China, France, and Russia (2010—2013). (Created using information from OIV,
State of the Vitiviniculture World Market, 2014, http://www.oiv.int/oiv/info/en_vins_effervescents_
0IV_2014, accessed on December 2014.)

of more expensive wines (Figure 1.8). In Russia, ranking fifth in terms
of volume behind France, there was also a huge price increase, leading
to an 11.9% growth up to U.S. $1,009 million. Six countries import
more than U.S. $1.1 billion of wine each. The United States surpassed
the United Kingdom as the top world importer, Germany and Canada
grew slowly, and China reached Japan’s level although there was a
decline in 2013. In terms of volume, France and Russia were among
the top six importers, while Germany, the United Kingdom, and the
United States import above 10 Mhl of wine. Among the top world
markets for wine, the first five in account for more than half the total
import in euros. The United States, the United Kingdom, Germany,
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Canada, and China reached about U.S. $14.4 billion. Since 2008,
both groups of importers recorded an increase in terms of value (China
showed the largest increase) and volume (France and the United
States). By observing each market, it was noticed that the biggest mar-
kets (the United Kingdom, the United States, Germany, and Canada)
decreased their import of wine in 2013 in volume, with Canada
also reducing its purchase in euros. On the other hand, four large
European markets, including two Scandinavian countries (Denmark
and Sweden) led to an increase in both volume and value terms.

1.10 The Five Largest Wine Markets

Among the top world markets, the first five account for more than half
of the total imports in euros and 49% of the total liters imported in
2013. The United States, the United Kingdom, Germany, Canada, and
China reached a total amount of U.S. $14.3 billion and 4.6 billion L
(California Sustainable Winegrowing Alliance 2004; CSWA 2013).
The United States, as the top global wine importer, bought 1096 mil-
lion liters (ML) of foreign wine in 2013 for U.S. $5.2 billion. This
shows a substantial decrease in volume (-6%). This fall was in the pur-
chase of wines in bulk and containers of more than 2 L (-24%), which
was not compensated by the increase in sparkling and bottled wines
(8.5% and 2.9%, respectively, in volume). Due to the scarcity in Europe
and a large crop in California, there was less quantity of cheap wine.
This forced an increase in the average price, related more to the change
of mixing the products than to the variation of prices. The severe fall of
bulk imports mostly affected Argentina, Spain, and Chile, with Italy
and France increasing their market share in volume and especially in
value terms. In 2013, imports in the United Kingdom decreased in
both value and volume, although in this case it was because of the lesser
number of bottled wines. All categories increased their prices, but espe-
cially the large volume of cheaper wines forced the decline of the global
average price of total imports by 0.2%. Wines introduced in the United
Kingdom in bulk and containers showed a 23% increase since the
beginning of the century, from 12.4% of total imports in volume in
2000 to 35.2% in 2013. In 2013, all the key suppliers except Chile
brought down their sales to the United Kingdom in volume, with only
Italy and Spain increasing their revenues as a result of higher prices.
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In 2013, Germany was a clear example of how less availability of wines
and keeping the price of the cheapest wines high affected difterent
markets. The total import of bulk wines (at a 20% higher price) reduced
by 2.5% in volume, although increasing the bill by 3.1% up to U.S. $2.8
billion. Meanwhile, huge increase in sales from Chile and South Africa
(44.6% and 20.7%, respectively) did not compensate for the decrease of
wine coming from Italy, Spain, and France. Also in the case of Canada,
the volume of import was less (-1%) although at higher prices (6.8%),
which increased the total cost of foreign wines by 5.7%. Particularly
affected by these changes was Spain, whose bulk export to Canada
decreased by almost 50% and could not be compensated by the sale of
other wine categories. Such a huge decrease in bulk wines, compensated
only slightly by larger purchases from South Africa and Chile, led to the
overall decrease of Canadian import in volume. China, the fifth largest
world importer, decreased in both volume and value down to 377 ML.
By category, such decrease was caused particularly by lower purchase
of wines in bulk (-26% in both volume and value) despite a stable price
(-0.3%). Actually, the prices decreased more dramatically for bottled
and sparkling wines (-6.5% and -24.7%, respectively), which had dif-
ferent effects, with a slight growth in the import of the former (4.8%
in volume) and a much higher growth for the latter (38% in volume),
although the amount of sparkling wine bought by China was still very
small. Chile took advantage of the situation with an increase of 37% in
volume and 10% in value, and South Africa, which had an upper hand
in the market at the expense of Spain. However, it must be noted that
Chinese wine imports were recently affected by legal debates over alle-
gations against European wine subsidies and potential dumping, which
was finally resolved.

1.11 Wine Production—-Consumption in China

Asia ranks second only to Europe in coverage (28.7%) of the global
vineyards. Although Asia accounts only for 6.9% of the global wine
production, since the vast majority of those vineyards are used for table
grapes and raisins. Combined with the relatively established wine
market of Japan, China is definitely fascinating (considering its rapid
growth). For example, Hong Kong is already playing a leading global
role as a fine wine hub. According to OIV data, wine consumption
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in China grew 67% by volume from 2000 to 2012. The main driving
force includes rising family income, urbanization, and changing life-
styles. Consumers too are evolving their tastes. They have gone from
expecting wine to be both sweet and sour (relatively low alcohol) to
a largely improved tolerance and acceptance of dryness and tannins.
Wine import has seen rapid growth during the last period. In 2012,
China Customs recorded about 400 ML of import (272 ML of bottled
and 122 ML of bulk wine, respectively). Bottled wine growth results
are impressive, up by more than six-fold from 43.5 ML in 2007 and
representing a rising share of the total import. The first half of 2013
reported a further 21% year-on-year rise by volume. Nevertheless,
China appears more than a wine importer. It also ranks as the fifth
largest wine producer according to OIV, and the biggest in Asia, with
about 10 times more volume than Japan and India. Some provincial
and regional governments strongly support the wine sector; particu-
larly, the northwest areas (Ningxia, Gansu, and Xinjiang) have ambi-
tious wine development plans. The wine industry is increasing not only
in the traditional highly populated northeastern coastal areas but also in
the more sparsely populated northwest ones, becoming a part of a shift
in wine production in China. This development fits into central gov-
ernment plans to maximize the use of farmland and water. Despite this
growth, China will not become a solid wine exporter considering pres-
ent conditions. Economically, it appears hard to produce good-quality
winegrapes on a large scale in China because vineyard coverage, even if
constantly increasing, is limited because of the limits to irrigation water
and relatively high production costs in north China. The domestic wine
sector has taken this situation into account as well as the increasingly
strong competition from imported wine. The wine industry is reflect-
ing the cooling period of economy, with Chinese wine production for
the first half of 2013 seeing a decrease of 7.2% compared with the same
period of 2012. Top producers reported a decrease in sales and profits.
In addition, although bottled imports have continued to rise, the vol-
ume and value of imported bulk wine has oscillated, dropping to 31.4%
and 24.2% in the first half of 2013, respectively. After years of unprec-
edented growth for both China and the wine sector, it shows we have
entered a period of slower growth. This evolving market will provide
both challenges and opportunities for importers and producers as they
pursue to succeed in the world’s largest consumer market.
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2.1 Overview

Industrial wine production and its complementary products are
accompanied by the generation of large quantities of waste streams,
namely, the organic waste (solids, skins, pips, marc, etc.), wastewa-
ter, emission of greenhouse gases (CO,, volatile organic compounds,
etc.), and inorganic waste (diatomaceous earth, bentonite clay, and
perlite). Uncontrollable variables due to both human and physical
infrastructures offer an explanation as to why waste management
is practiced as end-of-pipe (additive) technologies in numerous
wineries, notably wastewater treatment and landfilling of solid
waste. Due to the rapidly growing global demand on manufactur-
ing processes to produce more wine with minimal or no environ-
mental footprints, the wine industry is under tremendous legislative
pressure to become more efficient (Massette 1994). Thus, with the
increasing demand for greening industrial production processes and
products, both from customers and legislative authorities, coupled
with rising operational and waste treatment costs, the wine indus-
try has started to move toward the adoption of integrated waste
preventative approaches, as opposed to the traditional reparatory
environmental engineering practices. The final winery waste matrix
is usually found to be a combination of interactive factors. Examples
of such factors are the type of technology used, reuse and recovery
of useful by-products, and the operating practices within a given
winery. On the other hand, different production scenarios may have
a critical influence on the consumption of raw materials and effluent
quantity and quality. The standard vinification process consists of
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de-stemming, crushing, cooling (storage), screening, fermentation,
clarification (maturation), stabilization, and bottling. However,
various wine companies use different process routes, which signifi-
cantly impact waste management for both intrinsic and extrinsic
waste. To help frame the problem of waste minimization in wine
production, it is important to establish an understanding of the
product route from raw materials (grapes) to the final product (bot-
tled wine). This chapter acquaints the reader with two important
aspects of enology: grape culture and wine production. It begins
with a basic outline of grapevine and viticulture practices followed
by an exploration of pre-fermentation practices, fermentation and
post-fermentation operations, such as aging, fining, tartaric stabili-
zation, and filtration.

2.2 Vines

2.2.1 General Considerations

'The grapevine (Vitis vinifera L.) is an ancient crop with a com-
plex taxonomic structure because of its vegetative propagation and
wide distribution. It is represented by many cultivars with numer-
ous synonyms and homonyms (Vargas et al. 2007). The grape-
vine (V. vinifera) belongs to the family Vitaceae, which comprises
about 60 interfertile wild Vitis species distributed in Asia, North
America, and Europe under subtropical, Mediterranean, and con-
tinental-temperate climatic conditions. More than 60 species are
recognized in the grape genus Vitis, but globally, almost all wine
is made from V. vinifera, which is native to the area south of the
Caucasus Mountains and the Caspian Sea (Winkler et al. 1974).
It is the single Vitis species that has acquired significant economic
interest over time; some other species, such as the North American
Vitis rupestris, Vitis riparia, or Vitis berlandieri, are used as breed-
ing rootstock due to their resistance against grapevine pathogens,
such as Phylloxera, Oidium, and mildew. Indeed, a great majority of
cultivars widely cultivated for fruit, juice, and mainly for wine, clas-
sified as Vitis vinifera L. subsp. vinifera (or sativa), derive from wild
forms (Vitis vinifera L. subsp. sylvestris [Gmelin] Hegi) (Rossetto
et al. 2002; Sefc et al. 2003; Crespan 2004; This et al. 2004).
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2.3 Grapes
2.3.1 Grape Growing

The sequence of vineyard development processes from initial plan-
ning through to picking, starts with the selection of the vineyard site,
choice of the rootstock, vine variety, and clone (Figure 2.1). Soil test-
ing and the preparation and choice of vine density and trellis system
follow (the trellis system is the support structures for the vine frame-
work, required for a given training system). Once all of these aspects
have been decided, vine planting may start, followed by training and
pruning of the vines. Vine pests, vine diseases, and weeds should be
controlled throughout the development of a vineyard. The last phase
includes sampling the fruits and harvesting them when they reach
maturation (Robinson 1999). The duties of the viticulturist during this
final phase may include monitoring and controlling pests and diseases,

Figure 2.1  Early summer vineyard (Northern Hemisphere).


http://www.crcnetbase.com/action/showImage?doi=10.1201/b19423-3&iName=master.img-000.jpg&w=224&h=300

WINE MAKING PROCESS 31

tertilizing, irrigating, canopy management, monitoring fruit develop-
ment and characteristics, deciding when to harvest, and vine pruning
during the winter months. With these tasks in mind, viticulture prac-
tices may be divided roughly into two classes. The first is terroir deci-
sions, which may be defined as the “total natural environment of any
viticultural site” (Robinson 1999). The second is best practices con-
cerning viticulture. These two classes may once again be subdivided
into difterent topics and are briefly discussed in this section.

2.3.2 Terroir

'The French term zerroir defines the geographical and environmental ori-
gin where grapes were grown (Laville 1990). This word includes char-
acteristics such as soil composition (minerals, soil density), sunlight,
climate (temperature, precipitations), and topography. It can also take
into account strains of microorganisms usually found on the berry skin,
which participate in wine elaboration. The soil type depends on how
the geological parent material has been altered and shaped by physical,
chemical, and biological processes. In general, suitable soils for viticul-
ture are those that are not particularly fertile or deep. A zerroir offering
good conditions to a specific grapevine cultivar would then help the plant
to produce high-quality grapes (Dominé 2004). Terroirs may be subdi-
vided into three categories, namely, climate, soil, and slope (Figure 2.2).

N\

Temperature, rain, irrigation,
Climate ————— humidity, wind, hail, frost,
radiation, evaporation

[ h
Good drainage, soil depth,

Terroir Soil —— soil texture, soil potential,

water retention, clay capacity

\ y

Influence on temperature,
relative position to the sun,
airflow, choice of cultivar

Figure 2.2 Components of a terroir. (Created using information from Dominé, A, ed., Vineyard
and winery, in: Wine, Kdnemann, Koln, Germany, 2004.)
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2.3.3 Soil

Many vineyards are inherently heterogeneous in terms of soil proper-
ties because of the seemingly haphazard nature of soil-forming factors.
On alluvial plains, soil variability can be high, with important proper-
ties varying over a few meters. This results in considerable variability
for commercial vineyards in terms of vine vegetative growth (vigor),
grape yield, ripening, maturity, fruit, and wine composition. Variation
in vineyard vigor and soil properties can be associated with spatial vari-
ability in grape composition with implications for wine composition,
style, and quality. A considerable body of research has reported pat-
terns of spatial variation in vineyard attributes related to soil variability,
such as vine vigor, yield, fruit ripeness, and wine color and phenolic
composition (Johnson et al. 2001; Lamb et al. 2002; Johnson 2003;
Bramley and Hamilton 2004; Bramley 2005; Bramley et al. 2011;
Trought and Bramley 2011). Grapevines perform best when they have
healthy, well-developed root systems and a wide range of soils suit-
able for their existence. It has also been shown that it is the physical
characteristics of soil that affect the characteristic of the wine, not the
chemical characteristics. Physical characteristics include good aera-
tion, loose texture and moderate fertility, a good surface, and internal
drainage capability (Vine et al. 1997). Proper soil drainage is a neces-
sity for successful vine culture. Root growth in poorly drained soils is
usually limited to the top 2 ft or less, compared to well-drained soils
where roots may penetrate six feet or more. This restriction of the root
system may cause vine growth and fruit yields to decrease, resulting
in plant survival being limited to only a few years (Vine et al. 1997).
Too much damp and nourishing reserve in the soil may also stimulate
excessive growth of the grapevine that is unfavorable for the quality
of the wine. Deeper soil has a higher sustainability and enhances the
ability to guarantee stable growing conditions. The soil should also be
of medium and open texture and have medium potential that will not
induce excessive growth and cause a distorted balance between growth
and accumulation of essential components in the grapes. Water reten-
tion is determined by the depth, texture, and structure of the soil as well
as the quantity of organic material and rocks present. The ideal water
retention is medium to high (15-25 mm/m). In dry land conditions,
soil with a clay capacity of 10%-30% may improve water retention.
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2.3.4 Climate

A glance at the distribution of winegrowing regions on our planet
shows at once that wines will grow only in certain conditions. The most
important factor for viticulture is climate and, above all, temperature.
There is a striking difference between the Northern and Southern
Hemispheres. The world map shows that vines clearly prefer mod-
erate conditions. They seldom thrive where temperatures rise above
25°C in the summer months of July and January in the Northern
and Southern Hemispheres, respectively. In a large part of Western
Europe, which is the zone where the majority of Europe’s classic viti-
cultural regions lie, average July temperatures vary between 15°C and
25°C. Rainfall and drought also play an important part. It is almost
impossible to grow wine with less than 200 mm of rain a year; on the
other hand, too much rain also makes it difficult to cultivate grapes.
A moderate climate, with adequate to relatively high rainfall, provides
ideal conditions for producing both fragrant white wines with a good
structure and acidity and well-balanced red wines with good potential

for maturing (Dominé 2004).

2.3.5 Slope

Positioning a vineyard relative to the sun or on hills and valleys plays
an important role in the vineyard outcome. The most significant influ-
ence of a hill is on the temperature of the area. The slope of a hill
causes a 0.6°C decline in temperature with an increase in height of
100 m. Hills also provide warmer temperatures during the night and
no extreme temperatures during the day. Southern and southeastern
facing hills are cooler than northern and northwestern facing hills.
Hills also provide better airflow with cooler air coming down the hill.
The gradient of the agricultural site may also have an effect on which
cultivar is best suited for the land.

2.3.6 Good Viticulture Practices

The selection of a viticultural site and decisions regarding soil prep-
aration actions and the suitability of the soil for a specific cultivar

should be based on proper profile studies. Deciding on the right
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choice of plant material is crucial to the well-being of the vineyard.
The type of soil dictates the choice of rootstock, and the right type
of clone must also be selected, since different clones can improve the
complexity of a specific cultivar. Certified material should be used
whenever available. Certain rootstocks are more resistant to pests and
diseases in particular environments than others; therefore, the most
pest- and disease-resistant rootstock should be used. The prepara-
tion of the soil should only be done once the type of soil has been
identified through profile studies. Soil that is deeply cultivated has a
better resistance against unfavorable weather. The planting distances
also influence the growth of the vines and thus the quality of the
wine. The rows should be a standardized 2.2 m apart (based on the
potential of the soil), and the distances between the vines should be
between 1 and 2 m. The development of the vines should be done
in a way that ensures consistent vigor and quality in the vineyard.
Enough leaf roof for optimal ripeness is ensured by a large enough
canopy system, which should also suit the potential of the soil and
the cultivar. The vineyard layout is influenced by the choice of the
direction, which is determined by the climate. The direction should
also be chosen to prevent soil erosion, allow maximum airflow, and
reduce the occurrence of diseases. Decisions should be made on the
type of irrigation practice that will be followed. The irrigation system
relies on the resource, cultivar, pruning practices, and canopy sys-
tem; it should also suit the soil type and climate. The right pruning
and trellising system must be used, since it has a direct influence on
the harvest and is also a means of manipulating the vineyard. The
system should accommodate the vivacity of the vines to avoid form-
ing canopies that are too dense, rather allowing maximum airflow in
order to reduce the risk of disease occurrence. The foliage manage-
ment also has an impact on the growth and the strength of the vines.
A proper nutrition system should be derived to ensure moderate use
of fertilizers. This is of the utmost importance, since it should guar-
antee moderately growing vineyards. In order to produce the optimal
grape and wine quality, each individual situation requires the right
tertilizing practice. Fertilizers should only be applied in agreement
with soil analyses, since excessive fertilization causes water pollution
and induces excessive growth and leaf density. This is an unfavorable
situation for the vineyard in the long run. With cultivation practice,
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mechanical cultivation should be limited to a minimum. A system of
minimum cultivation by the use of cover crops is advised. For disease
and pest management, chemical control should be eliminated as much
as possible in management practices and control measures.

2.3.7 Grape Berry Development and Composition

The development and maturation of grape berries has received consid-
erable scientific scrutiny because of both the uniqueness of such pro-
cesses to plant biology and the importance of these fruits as a significant
component of the human diet and wine industry. For the winemaker,
an outstanding attribute of V. viniféra is its ability to store enormous
quantities of sugar in its berries. From the plant point of view, the ripe
phenotype is the summation of biochemical and physiological changes
that occur during fruit development and make the organ edible and
desirable to seed-dispersing animals (Giovannoni 2001). Control of
the ripening timing, berry size, pigmentation, acidity, texture, patho-
gen susceptibility, and the relative assortment of volatile and non-
volatile aroma and flavor compounds in winegrape cultivars are the
major concerns to viticulturists. Molecular and biochemical studies
of grape berry development and ripening have resulted in significant
gains in knowledge over the past years. Understanding how and when
various components accumulate in the berry is of critical importance
to adjust grape growing practices and thus modify wine typology
(Figure 2.3). Grape berries exhibit a double sigmoid growth pattern
(Coombe 1992). Growth first occurs mostly by cell division and later
by cell expansion. From flowering to approximately 60 days afterward,
a first rapid growth phase occurs during which the berry is formed and
the seed embryos are produced. Several solutes are accumulated in the
berry during the first growth period, contributing in some extent to
the expansion of the berry, and reach an apparent maximum around
60 days after flowering (Possner and Kliewer 1985). The most prev-
alent compounds among all the others are by far tartaric and malic
acids. Tartaric acid is accumulated during the initial stages of berry
development, and its concentration is highest at the periphery of the
developing berry. By contrast, malic acid is accumulated in the flesh
cells at the end of the first growth phase. These acids confer the acidity
to the wine and are therefore critical to its quality. Hydroxycinnamic
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Figure 2.3 Harvested Nebbiolo grapes.

acids are also accumulated during the initial growth period. They are
distributed in the flesh and skin of the berry and are important because
they are involved in browning reactions and they are precursors of vol-
atile phenols (Romeyer et al. 1983). Tannins, including the monomeric
catechins, are present in the skin and seed tissues but nearly absent
in the flesh, and they also accumulate during the first growth period
(Kennedy et al. 2000a,b, 2001). Several other compounds like min-
erals, amino acids, micronutrients, and aroma compounds also accu-
mulate during the first phase of berry growth and affect grape berry
quality and ultimately wine quality.

In most cultivars, the first growth phase is followed by a lag phase.
The duration of this phase is specific to the cultivar considered,
and its end corresponds to the end of the herbaceous phase of the
fruit. After this period of absence of growth, a second growth phase
takes place, which coincides with the onset of ripening. The French
word véraison used to describe the change in berry skin color, which
indicates the beginning of ripening, has been adopted to describe
the onset of ripening. The most dramatic changes in grape berry
composition occur during this second growth or ripening phase.
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Berries switch from a stage where they are small, hard, and acidic
with little sugar to a status where they are larger, softer, sweeter, less
acidic, and strongly flavored and colored. The flavor that builds in
grapes is mostly the result of the acid/sugar balance and the synthesis
of flavor and aromatic compounds, or precursors, taking place at this
time. The development of these characteristics will largely determine
the quality of the final product (Boss and Davies 2001). This ripening
phase begins in August in the Northern Hemisphere and lasts about
45 days, depending on the environmental conditions. Overall, the
berry approximately doubles in size between véraison and harvest.
Many of the solutes accumulated in the grape berry during the first
period of development remain at harvest; yet due to the increase in
berry volume, their concentration is significantly reduced. However,
some compounds produced during the first growth period are indeed
reduced (and not simply diluted) on a per-berry basis during the sec-
ond period of berry growth. Among these is malic acid, which is
metabolized and used as an energy source during the ripening phase.
Tannins also decline considerably on a per-berry basis after vérai-
son. Aromatic compounds produced during the first growth period
also decline (again, on a per-berry basis) during fruit ripening. These
include several of the methoxypyrazine compounds that contribute
to the vegetal characters of some wines (such as Cabernet Sauvignon
and Sauvignon Blanc) (Hashizume and Samuta 1999). The decline
in pyrazines is thought to be linked to sunlight levels in the clus-
ter. Therefore, if these compounds are deemed to be undesirable (the
current prevailing opinion), then canopy management can be used
to reduce them. Although the first growth period contributes to the
final quality of the berry, the most important event occurring during
the second growth period is a massive increase in compounds, the
major ones being glucose and fructose, as a result of a total biochemi-
cal shift into fruit ripening mode.

2.3.8 Vineyard and Grape Waste

2.3.8.1 Pruning Waste 'The net amount of vineyard pruning waste
has been recently estimated in about one oven-dry ton per hectare
with minor differences between grape varietals and harvesting tech-
nologies (Spinelli et al. 2012). This waste has usually low-average
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moisture content and a high cellulose and lignin content. The resi-
due generated by the annual pruning activity is generally disposed of
by mulching it into the vineyard or by on-site combustion, in both
cases representing an additional management cost. Mulching the
windrowed pruning residues into the soil by means of a mechani-
cal mulcher contributes to maintaining organic matter content, but
as a drawback, it may represent a dangerous mean of inoculation in
areas infected by diseases as Phomopsis viticola and Botrytis cinerea
(Jacometti et al. 2007). Most of this waste is also burnt and in much
smaller proportion is used as fuel. An open air combustion of residues
concentrated at the field hedge requires no specific equipment, hence
implying a lower cost, but this practice is generally restricted by the
environmental laws because of its polluting emissions and negative
consequences on air quality (Estrellan and Iino 2010). Furthermore,
woody residues from agriculture, similarly to forest residues, may
be collected and used as a fuel with an excellent energy balance, a
net reduction of polluting emissions, and a clear benefit in terms of
global warming control (Kimming et al. 2011). Vineyard pruning
residues could partly replace traditional wood assortments for energy
and industrial use, and they may play an important subsidiary role in
supplying bio-energy plants with renewable fuel, especially in rural
areas and where the forest resource is scarce (Moldes et al. 2007). On
the other hand, vineyard pruning residues have peculiar quality char-
acteristics compared to other lignocellulosic feedstock, which may
affect the choice and the performance of the conversion technology,
as well as the potential for cofiring (Molcan et al. 2009). Previous
studies have shown that many types of lignocellulosic waste, such
as vineyard pruning waste, can be hydrolyzed to extract hemicel-
lulosic sugars, which can be fermented easily and cheaply to produce
valuable substances, such as lactic acid and biosurfactants. However,
the cellulosic fraction of the lignocellulosic material remains as a

by-product of this process (Moldes et al. 2007).

2.3.8.2 Grape By-Products 'The wine making process generates large
amounts of solid waste, which might account for over 30% (w/w)
of the grapes used (Makris et al. 2007). The two main by-products
obtained from wine cellars are grape pomaces (10%—20% of processed
material) and stems (2%—-8%). Grape pomace consists of fruit skins,



WINE MAKING PROCESS 39

remnants from the fruit pulp, and in certain cases, some stems, with
the skins and seeds making up the major part. Several authors have
reported the important physicochemical properties of grape pomaces
and stems as they are good sources of dietary fibers and antioxidants
(Llobera and Canellas 2007). Grape skins, seeds, and stems are not
hazardous waste, but the high content of organic matter and their
seasonal production can contribute to potential pollution problems,
especially regarding the chemical and biological oxygen demand of
groundwater (Spigno et al. 2008).

2.4 Wine

Wine making generates different residues characterized by high con-
tents of biodegradable compounds and suspended solids (Figure 2.4).
In summary, the residues consist of plant remains derived from the
de-stemmed grapes, the sediments obtained during clarification,
bagasse from pressing, and lees, which are obtained after different
decanting steps (Navarro et al. 2005). The wastewater generated from
wine making contains grape pulp, skins, seeds, and dead yeast used in
alcoholic fermentation. Waste such as lees and grape marc may exert
phytotoxic effects if applied to crops or wetlands (IMoldes et al. 2008).
Contamination problems related to winery wastewater treatment and
disposal have raised concern about subsurface flow contamination and
the possibilities of establishing wastewater treatment systems. Wines
are generally categorized by experts in five classes: table wines, spar-
kling wines, dessert wines, aperitif wines, and pop wines. These wines
differ in the type of grape variety used and also in the wine mak-
ing method. The production lines in use in wine cellars for the grape
extraction must range from grape picking by hand, gravity tipping into
the press, and the gentle extraction of juice for later static settling and
racking, to more mechanical extraction including crushing, dynamic
drainers, use of pumps, augers, and presses. In any case, the production
line should be managed in such a way as to enhance quality. According
to various studies, careful handling of the vintage, use of gravity, or
conveyor belts and appropriate well-programmed pressing methods all
tavor the final wine quality (Boulton et al. 1996). Figure 2.4 shows a
scheme of both standard white and red wine making technology; the
steps in which waste is generated have been noted.
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Figure 2.4 A flowchart for making white and red wines. (Created using information from
Navarro, P. et al., Water Sci. Technol., 51, 113, 2005.)

2.4.1 Grape Harvest and Documentation

The quality of a wine is greatly affected by the quality of the grapes
used. A harvesting decision for “optimal ripeness” requires adequate
knowledge of grape compositional factors relevant to achieving a tar-
geted wine style, taking into consideration the grape cultivar, climate,
topography, seasonal weather conditions, and vineyard management
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practices. Traditional measures used to determine grape ripeness
include the assay of total soluble solids in juice as an estimate of grape
sugar accumulation or an estimate of grape acidity decline as titratable
acids or pH (Jackson and Lombard 1993). However, there is general
recognition that these measures alone are not sufficient to accurately
predict wine composition, notably as many key grape—derived com-
pounds do not track with sugar accumulation, and are also highly
dependent upon the grapevine genotype and its environment (Jackson
and Lombard 1993). The composition and soundness of the grapes
used for making wine is of major importance and dictates the quality
of the resulting wine. The degree of ripeness of the grapes at harvest
depends on the type of wine to be made with normal maturity being
between 18 and 22.5 Brix for dry white wine. However, other variet-
ies such as Chardonnay may benefit from more mature grapes. The
grapes used for red wine making usually range from 18 to 25.2 Brix
(Rankine 2004). The riper the grapes, the heavier the wine is in body
and (generally) in flavor, as well as the higher in alcohol. In opti-
mal conditions, grapes harvested should be cool (between 8°C and
16°C). In warmer areas, this may be achieved by machine harvesting
at night. If this is not possible, must cooling may be applied. Sulfur
dioxide and ascorbic acid may be added to the grapes directly after
harvesting (Rankine 2004).

2.4.2 Pre-Fermentation Opemz‘ions

2.4.2.1 General Considerations Once all of the requirements are met,
the grapes can be harvested and transported to the cellar by means of
a truck or tractor depending on the yield. Upon arriving at the cellar,
the grape quality is properly analyzed and documented. Grading tech-
niques may include the visual inspection of grapes, batch sampling,
or any other means. Grapes are then de-stemmed and crushed, after
which the stems are discarded (Rankine 2004). Crushing occurs in
order to break the grape skin and release the juice. The grape bunches
may be wholly or partially crushed. Stems may also be included in
the fermentation if the wine maker wishes to do so, but it is not usual
(Rankine 2004).

The thick liquid that forms as result from the crusher de-stemmer,
called must, is neither grape juice nor wine but a mixture of grape
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juice, stem fragments, grape skins, seeds, and pulp (Robinson 1999).
Tartaric acid may be added, if required, to ensure that the pH of the
resulting juice is within a range of 3.0-3.4. Certain enzymes may
also be added at this stage to hasten the yield of the drained juice
and should be added as soon as possible after crushing to allow the
longest period of time for them to act (Rankine 2004). The activity
of these enzymes is strongly dependent on temperature. At 10°C,
they have between 15% and 25% of their activity, with optimum
activity at a temperature of 45°C-50°C. At 60°C, their activity
rapidly starts to decrease until they become completely inactive at
80°C. Consequently, a conflict exists between the desire for cool
temperatures for grape-handling operations and the need for effi-
cient activity of the enzymes. In order to ensure that the must is the
correct temperature, a mash cooler may be used, which pertains to a
heat exchange device and cools the incoming pulp or grapes before
termentation. It is considered essential to maintain as low a temper-
ature as possible during the early stages of the process in hot climate
areas. A considerable loss in flavor may occur with higher tempera-
tures in the beginning phase of the wine making process, especially
with white wine. It may not always be possible to chill the grapes on
arrival at the cellar or during de-stemming processes, in which case
it should be done as soon as possible after. The type of mash cooler
used depends on the cellar environment. The wine maker may soak
the grape skin in the juice if he wishes to extract the flavors and aromas
trapped in the skins (Arkell 2003). Certain varieties benefit more from
skin contact, and the length of the contact depends on the tempera-
ture. Depending on the variety, skin contact may be for up to 18 h at
5°C-10°C. Skin contact is of greatest value with quality grapes from
cool regions. With certain production methods, such as premium white
wines and red wines produced by carbonic maceration and whole clus-
ter fermentation, the grapes may be pressed without being de-stemmed
and crushed.

2.4.2.2 Pre-Fermentation By-Products Stems are usually generated
during wine making after grape de-stemming. They are currently
disposed of by distilleries, landfill, or in rural areas. Many alter-
natives to these traditional disposals have been investigated, such
as composting, removal of heavy metals from aqueous solutions,
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recovery of natural antioxidants, and addition to culture medium
of the white-rot fungi Trametes versicolor to enhance laccase pro-
duction (Lorenzo et al. 2002; Bertran et al. 2004; Martinez et al.
2006). White-rot fungi, in fact, are capable of preferentially
degrading lignin when grown on lignocellulosics, because they are
equipped with extracellular oxidative enzymes (such as laccase,
manganese-dependent peroxidase, and the hydrogen-producing
enzyme aryl alcohol oxidase), which cooperate for oxidation and
depolymerization of lignin and several lignin-derived compounds
(Curreli et al. 2004). Since stalks, like many other agricultural
waste, are of a lignocellulosic nature (with cellulose, hemicellu-
loses, and lignin as structural components), their chemical pro-
cessing could be undertaken according to the “biomass refining”
philosophy, which is based on the separation of “fractions” accord-
ing to their chemical properties and employment of these fractions
as resources for large-scale commodity products such as fuels, bulk
chemicals, and materials.

2.4.3 Pressing

2.4.3.1 Pressing Methods 'The pressing may be achieved using dif-
ferent types of presses (Arkell and George 2003). Vertical presses
exert pressure downward or upward, imitating to a certain extent
the traditional treading of the grapes by man. In these presses, the
skins tend to accumulate parallel to the surface of pressing, and the
liquid is then filtered through the solid materials. In continuous
belt presses, the grapes or pomace are tipped into a preliminary
draining area from where they pass on to a “sandwich” compression
between two cloths and are flattened progressively between roll-
ers. 'This process is rapid, but the liquid extracted is highly turbid
since there is practically no self-filtering. In horizontal membrane
presses, the pressure is exerted by filling a membrane with com-
pressed air (pneumatic press) or water under pressure. Horizontal
plate presses contain plates that move around in a pressing circuit
within the basket of the press. They allow greater control over the
process, and by blocking the liquid outlets, pomace contact can
continue in the press cavity itself. Due to this flexibility in its use
for different quantities of vintage, its suitability for both red and



44 VALORIZATION OF WINE MAKING BY-PRODUCTS

white wines, and the quality of the results obtained from the press
fractions, the use of this press has become generalized. The internal
structure of the grape is heterogeneous. Three zones can be consid-
ered: central (pulp around the seeds and the fibrovascular bundles
leading to the peciole), intermediate, and peripheral zone (nearest
to the skin). Their main characteristics are described in Table 2.1.
In general, the malic acid content increases toward the center of
the grape. This heterogeneous distribution has technological reper-
cussions in the pressing. When grapes are subjected to pressure or
maceration, the first juice released is from the intermediate area
and the last from the peripheral zone. If we consider a pressing
program that permits progressive extraction of must with stepped
pressure increases, the first fractions will contain juice from the
intermediate zone, and these would be richer in sugars and tar-
taric acid. The later fractions would be richer in malic acid and
the last in phenolic compounds, salts, and oxidative enzymes. The
seeds contain essential oils and a large part of the catechins respon-
sible for bitterness. Excessive pressing might squash the seeds and
stems, releasing fatty substances responsible for unpleasant, exces-
sively bitter, and herbal tastes. In recent years, the use of membrane
presses has been progressively introduced into white wine produc-
tion. The appropriate use of these wine presses demands knowl-
edge of the conditions affecting must yield and quality, plan for
maximum production of high-quality must, minimum extraction
of phenols (when this is required for the particular type of wine),
minimum turbidity, and in many cases, minimum pressing time
(Price 2008). High-quality pressing should allow musts with mini-
mum polyphenols content and oxidation levels to be selected and
obtained. The guidelines normally set for this are progressive must
extraction with a slow increase in pressure, avoiding crushing the

Table 2.1 Grape Pulp Structure and Main Components

INTERNAL STRUCTURE OF GRAPES JUICE QUALITY MAIN COMPONENT

Central zone Average Sugar and malic acid

Intermediate zone High Sugar and tartaric acid

Peripheral zone Low Phenolics, minerals, aromas,
oxidases

Source:  Created using information from Arkell, J. and George, R., Wine, New Holland Publishers
(UK) Limited, London, UK, 2003.
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solid parts of the clusters, limiting enzyme activity especially where
it leads to oxidation, and in many cases, permitting self-filtering of
juices in the press itself (Benavente and Garcia 1993) (Figure 2.5).
Quality is conceived of as a pure must with turbidity between 50
and 150 nephelometric turbidity units (NTU) and generally a low
optical density at 420 nm, and also a low total polyphenol index of
280 nm. The pH and total acidity must be appropriate for white
wine making (Price 2008).

2.4.3.2 Pressing By-Products 'The grape marc results from press-
ing, and it represents the main by-product generated by the wine
industry. Pomace obtained as a winery by-product constitutes
10%-20% of the weight of the grapes, and the seed content, on
a wet basis, ranges from 20% to 30%. The grape marc cell wall is a
complex network composed of 30% neutral polysaccharides, 20%
acidic pectic substances, 15% insoluble proanthocyanidins, lignin,
and structural proteins and phenols, these last two are cross-
linked to the lignin—carbohydrate framework (Pinelo et al. 2006).
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Figure 2.5 Direct pressing with three fractions: (first) up to 0.5 bar, (second) up to 0.7 bar, and
(third) up to 1.5 bar. (Created using information from Benavente, J.L.A. and Garcia, M.)., Viticultura
Enologia Profesional, 24, 31, 1993.)
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Although it has a considerable economic and environmental impact,
it provides an opportunity for the development of value-added
products through innovative technologies (Llobera and Canellas
2007). Grape pomace from wine processing is already used for
the extraction of anthocyanins on an industrial scale. Increased
efforts are now directed toward more extensive valorization of the
residues from wine processing to obtain high-value co-products
such as natural health remedies, food supplements, and novel
nutrifunctional food ingredients or to use the material for enzyme
production by solid-state fungal fermentation (Arvanitoyannis
et al. 2006). This by-product is rich in phenolic compounds and
dietary fibers, making it an excellent candidate for nutraceutical,
medical, and food applications (Deng et al. 2011). Dietary fibers
may be used by the food industry to offer physiological function-
alities. Potential health benefits have been attributed to lignins
(Mitjans and Vinardell 2005), and the high Klason lignin content
of winegrape marc skins makes it suitable for several industrial
applications (Stewart 2008). Grape seeds and skins are rich in phe-
nolic compounds (Winkler et al. 1974). Approximately, 60% of
the polyphenols present in grape are found in the seed, and these
contain a relatively high concentration of flavan-3-ols, catechin,
and epicatechin being the majority compounds in the grape seed,
which account for 50%-70% of the total of flavanols according to
the variety (Monagas et al. 2006). In the wine making process,
the proanthocyanidins that remain in the grape seeds after the
fermentation stage are bioactive compounds that can be extracted
in order to obtain valuable products that could be employed by
the pharmaceutical or food industries. Different adhesive formu-
lations have been prepared from the phenolic compounds from
grape marcs, and many positive effects of the phenolic extract from
grapes on human health have been described. Grape-seed oil, on
the other hand, is considered to be a dietary oil of high quality
with a high concentration of unsaturated linoleic acid, vitamin E,
and phytosterols. The extracts of procyanidins from grape seeds
have an antioxidant activity in vive and could be as important as
vitamin E in the prevention of oxidative damage in tissues by the
reduction of lipidic oxidation and/or blocking the production of

free radicals (Tebib et al. 1997).
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2.4.4 Alcoholic Fermentation

2.4.4.1 Yeast During alcoholic fermentation, yeast converts sugars
into alcohol. The formed alcohol assists with the extraction of pig-
ments and tannins from the skins of the grapes during maceration.
In the last 30 years, the wine industry has tended to move away from
spontaneous fermentations toward controlled fermentations initiated
by inoculation, which are more reliable (Figure 2.6). In spontaneous
fermentations, other yeast species may affect the fermentation pro-
cess and wine characteristics, but these effects are variable and dif-
ficult to predict. Saccharomyces cerevisiae is the main yeast used in
wine making, due to its high fermentation capacity. More than 200
different §. cerevisiae strains are currently available commercially,
with highly diverse fermentation properties (Colombié et al. 2005).
Studies have shown that differences in assimilable nitrogen and oxy-
gen demands account for most of the differences between strains. The
amounts of nitrogen required to regulate the fermentation are highly
strain dependent and ranges between 48 and 110 mg/L of ammo-
niacal nitrogen (Julien et al. 2000). Temperature has been found to

Figure 2.6 Stainless steel tanks, at a controlled temperature.
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affect yeast nitrogen requirements in terms of both quantity and qual-
ity (Beltran et al. 2007). The choice of strain used by the winemaker
is increasingly motivated by the potential impact of that strain on the
wine characteristics. Specific strains are now widely recognized to be
useful for increasing the fruity character, for improving some varietal
characters, and for limiting the production of organic acids or increas-
ing the production of glycerol and volatile phenols (Scanes et al. 1998;
Shinohara et al. 2000; Dubourdieu et al. 2006). Some strains pro-
duce mannoproteins and improve the color of red wines through their
interactions with polyphenolic compounds (Medina et al. 2005). These
mannoproteins will have an important effect on the mouthfeel of wines
aged on lees.

2.4.4.2 Control of Alcoholic Fermentation Optimizing the control of
alcoholic fermentations for wine making is a difficult challenge
(Figure 2.7). The control of technological parameters, such as sugar
exhaustion, the duration of the fermentation, and the amount of
energy required to regulate the fermentation temperature, is impor-
tant. Several methods for fermentation monitoring have been

Figure 2.7 Stainless steel fermentation vessels.
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proposed as follows: density measurement, ethanol concentration,
and measurement of the CO, produced (El Haloui et al. 1988;
Warriner et al. 2002). CO, measurement is particularly promising
because it provides online estimations of density, sugar, or ethanol
concentration and calculates the instantaneous fermentation rate.
This rate is of prime importance both technologically (propor-
tional to the amount of energy produced by the fermenting tank)
and microbiologically (proportional to the activity of yeasts). Some
researchers have tried to develop online methods for measuring
specific fermentation by-products using biosensors. Others have
investigated the feasibility of simultaneous monitoring of several
products by Fourier transform infrared spectroscopy or electronic
noses (Pinheiro et al. 2002; Zeaiter et al. 2006).

2.4.4.3 Management of Alcoholic Fermentation Many works have
shown that fast fermentations may be detrimental to wine quality,
especially for white wines. On the contrary, too long a fermenta-
tion process both the subsequent processes and increases the risks
of wine damage. The control of fermentation kinetics is generally
considered a prerequisite for controlling the characteristics of the
wine. Despite progress in fermentation management, incomplete fer-
mentations remain a problem in several regions. Indeed, in recent
years, many winemakers have focused on flavor development in
ripening grapes. This has resulted in high-sugar musts becoming
much more prevalent, and stuck or sluggish fermentations may have
a major economic impact. Many factors can affect wine fermenta-
tion. Some practices such as acidification (or deacidification), clarifi-
cation by physical or enzymatic treatments, enrichment with sugar,
and addition of activators can impact the fermentation process. In
white wine making, fermentation occurs at temperatures cooler than
room temperature from 10°C to 18°C (Ough and Amerine 1961;
Robinson 1999). Temperature may have a direct impact on aromatic
characteristics, favoring either fermentative or varietal aromas. Low
temperatures increase the production of volatile compounds (esters,
acetates, medium-chain fatty acids) by the yeast during the alcoholic
fermentation (Mc Lellan 1986; Torija et al. 2003). Enhancing the
production of these volatile compounds may improve the aromatic
profile of some wines. However, low temperatures may also result
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in sluggish or stuck fermentations, and the choice of the yeast strain
and an increase in temperature at the end of fermentation are essen-
tial. In Sauvignon musts, temperature has been shown to affect the
concentrations of varietal aromas, with higher fermentation tem-
peratures (20°C) resulting in significantly higher concentrations of
thiols than lower fermentation temperatures (13°C), regardless of
the yeast strain used (Howell et al. 2004). In conventional red wine
making, the aroma compounds produced by yeast fermentation have
a much lesser impact than in white wine making. The fermentation
temperature is mostly regulated to favor the transfer of polyphenol
compounds from the solid to the liquid phase. A combination of high
temperatures (up to 30°C) and an increase in ethanol concentration
are generally considered to favor this extraction (Sacchi et al. 2005).
Oxygen is also essential, mostly for maintaining cell viability at the
end of fermentation. The amount of oxygen required during fermen-
tation has been estimated at almost 10 mg/L, and the best time for
oxygenation has been shown to be at the end of the growth phase
(Sablayrolles et al. 1996). The addition of nutrients may be useful,
particularly to avoid stuck fermentations. This practice is widespread,
and the number of commercial nutrient products available is increas-
ing. The addition of ammonium salts (diammonium phosphate or
ammonium sulfate) is a highly efficient way to increase the fermenta-
tion rate and lower the fermentation duration (Cramer et al. 2002),
but the timing of this addition is crucial. If nitrogen is added at the
time of inoculation, it is metabolized and used for additional yeast
growth. If added at the start of the stationary phase, it is mostly used
to reactivate the existing yeasts. The maintenance of sufficiently high
levels of turbidity (50-150 N'TU) is essential for white wine produc-
tion. Solid particles act as a source of lipid compounds and provide
nucleation sites for decreasing the concentration of dissolved CO,.
Unsaturated fatty acids or sterols may be added to compensate, at
least partly, for oxygen deficiencies. The addition of synthetic solu-
tions of lipids is not permitted, but some permitted additives, such as
yeast hulls and inactivated yeasts, contain lipid fractions. Most com-
mercial products are combinations of different nutrients, including
at least ammoniacal nitrogen, thiamine, and inactivated yeasts. They
have a strong impact on fermentation kinetics, particularly if com-
bined with oxygenation. New activators containing inactivated dry
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yeasts (IDY) for addition during the rehydration phase have recently
become available. IDY facilitates the rehydration of active dry yeasts
(ADY), due to the transfer of sterols from IDY to ADY, improving
fermentation in cases of sterol deficiency (Soubeyrand et al. 2005).
Certain metal ions in grape must have been shown to be an impor-
tant factor in governing fermentation performance by wine yeasts
(Birch et al. 2003). Magnesium plays an important role in protecting
cells from stress factors. During fermentation, winemakers may add
oak chips or shavings to create an oak complexity. It is important to
note that these additions only impart oak complexity and are never
a satisfactory replacement for oak cask maturation (Rankine 2004).

2.4.5 Maceration

The extraction of phenolics from grapes is a key aspect of red wine
making. Phenolic compounds are primarily located in the skins and
seeds of V. vinifera grapes. Leaving the partially fermented wine on
the skins to draw out more tannin, color, and flavor is referred to
as maceration (Arkell and George 2003). Without maceration, wine
made from dark-skinned grapes is merely pink (Robinson 1999). The
combined process of fermentation and maceration may take anywhere
between 24 h and 3 weeks depending on the color of the final product
required. Agitation of the must prior to, during, and after primary fer-
mentation has long been known to increase the extraction of pheno-
lics (Ough and Amerine 1961). Pre-fermentation maceration, or “cold
soaking,” is used by winemakers to improve the wine color intensity
through increased anthocyanin extraction (Parenti et al. 2004), but
without increased tannin extraction from seeds (Peyrot des Gachons
and Kennedy 2003). Scientists suggest that these methods of extrac-
tion will have different effects (Boulton et al. 1996). Winemakers are
able to implement various maceration techniques during red wine
fermentation, such as plunging or pump overs at regular intervals
during the fermentation so that they mix with the fermenting juice.
'The grape skins may also be submerged with headboards so that the
skins are in constant contact with the juice; there exist specifically
designed red wine fermenters to assist in this process. Namely, pump
overs may extract less color due to uneven leaching of the cap but may
extract rough, bitter tannins due to the harsh treatment of the must
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(which increases the level of fine solids in the wine), while plung-
ing results in a more gentle, even extraction of phenolic compounds
(Gonzilez-Manzano et al. 2004). Importantly, the rate of extraction
and the types of phenolic compounds extracted by maceration tech-
niques can change depending on the temperature and percentage of
alcohol in the must (Gonzilez-Manzano et al. 2004; Sacchi et al.
2005). It has been suggested that higher temperatures increase the
permeability of hypodermal cells of the skin and seed tissues result-
ing in greater release of phenolics, while certain phenolic compounds
become soluble at different ethanol concentrations, particularly those
from the seeds (Gonzilez-Manzano et al. 2004; Sacchi et al. 2005).
However, one of the most important factors in phenolic extraction
has been suggested to be the length of contact time between the
phenolic-containing tissues and the juice, must, or wine (Casassa and
Harbertson 2014). It is on this principle that winemakers base the use
of extended maceration on post-fermentation (Sacchi et al. 2005).

2.4.6 Malolactic Fermentation

Red wines usually undergo malolactic fermentation (MLF), also
referred to as secondary fermentation since it almost never precedes
alcoholic fermentation. It is practically a biological process of wine
deacidification in which the dicarboxylic L-malic acid (malate) is con-
verted to the monocarboxylic L-lactic acid (lactate) and carbon dioxide
(Davis et al. 1985). Deacidification is particularly desirable for high-
acid wine produced in cool climate regions. This process is normally
carried out by lactic acid bacteria (LAB) isolated from wine, includ-
ing Oenococcus oeni (formerly Leuconostoc oenos) (Dicks et al. 1995),
Lactobacillus spp., and Pediococcus spp. (Davis et al. 1985). Oenococcus
oeni is the preferred species used to conduct MLF due to its acid tol-
erance and flavor profile produced. This happens naturally but may
also be artificially induced via the injection of lactic bacteria (Arkell
and George 2003). During this stage, the wine may be given a light
fining of bentonite or egg white to settle the suspended material, and
if necessary, the acidity may be adjusted with the addition of tartaric
acid to between pH 3.3 and 3.6 (Rankine 2004). One of the main
reasons advanced in favor of MLF is that wines that have undergone
MLF are, in a microbiological sense, more stable than those that have
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not sustained MLF. Wines without MLF may undergo this reaction
in the bottle; as a consequence, the sediment, haze, and gassiness
produced would be considered as spoilage. It is now accepted that
the role of MLF is more than just a deacidification process, although
deacidification via MLF is still a primary objective in wine fermenta-
tion in cool climate regions. The complexity and diversity of the meta-
bolic activity of LAB suggest that MLF may affect wine quality both
positively and negatively. Despite the significant influence of MLF
on wine aroma, only certain wine attributes modified during MLF
can be related to the production or utilization of specific chemical
compounds by wine LAB. According to Henick-Kling (1995), MLF
enhances the fruity aroma and buttery note but reduces the vegeta-
tive, green/grassy aroma. The enhanced fruitiness may be the result of
the formation of esters by wine LAB. Esters, such as ethyl acetate and
C4 to C10 fatty acid ethyl esters, are largely, if not exclusively, respon-
sible for the fruity aroma of wine (Ebeler 2001). The increased buttery
note is known to arise from diacetyl produced from citrate fermenta-
tion by wine LAB. The final level of diacetyl in wine is affected by
a number of factors, such as bacterial strain, wine type, sulfur diox-
ide, and oxygen (Henick-Kling 1995; Nielsen and Richelieu 1999).
It should be pointed out that diacetyl is formed chemically from the
oxidative decarboxylation of a-acetolactate, an unstable intermediary
compound produced during citrate metabolism (Ramos et al. 1995).
The reduction in vegetative, green/grassy aroma may be due to the
catabolism of aldehydes by wine LAB. Hexanal, cis-hexen-3-al, and
trans-hexen-2-al cause the green, grassy, and vegetative aroma off in
wine (Ferreira et al. 1995). Presumably, wine LAB (especially oeno-
cocci) can also metabolize these aldehydes (Keenan 1968). Besides
aroma, MLF is believed to increase the body and mouthfeel of wine
and give a longer aftertaste (Henick-Kling 1995). This may be ascrib-
able to the production of polyols and polysaccharides by wine LAB.
'The production of glycerol, erythritol, and other polyols by oenococci
and other wine LAB has been observed (Liu et al. 1995). In addi-
tion to the fruity and buttery notes, other flavor characteristics asso-
ciated with MLF are described as floral, nutty, yeasty, oaky, sweaty,
spicy, roasted, toasty, vanilla, smoky, earthy, bitter, ropy, and honey
(Henick-Kling 1995). Some LAB possess decarboxylases that decar-
boxylate amino acids to form corresponding amines and carbon
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dioxide. Amines are toxic substances that have deleterious effects on
human health (Shalaby 1996). The wine LABs vary in their ability to
produce amines from amino acids. In wine, it appears that the lac-
tobacilli and pediococci are the main producers of amines, although
some oenococci can also produce amines (Leitdo et al. 2000). MLF
may also be applied to select a few white wine styles. In certain white
wines, it is definitely not desired.

2.4.7 Fermentation By-Products

Lees are one of the most important winery by-products. They are also
known as dregs, and they are defined as the residue formed at the bot-
tom of recipients containing wine after fermentation, during storage,
or after authorized treatments, as well as the residue obtained follow-
ing filtration or centrifugation. Wine lees are mainly composed of
microorganisms (mainly dead yeasts), tartaric acid, inorganic matter,
and phenolic compounds. Literature has also reported the presence of
anthocyanins and other phenolics in wine lees (Morata et al. 2003).
Autolysis phenomena undergone by yeast lees during wine aging pro-
duce breakdown of cell membranes, release of intracellular constitu-
ents, liberation of hydrolytic enzymes, and hydrolysis of intracellular
biopolymers into products of low molecular weights; thus, yeast lees
autolysis is of paramount importance in lees composition and in their
influence on wine aging (Guilloux-Benatier and Chassagne 2003).
'The most common microorganisms present in lees are yeast, which are
responsible for alcoholic fermentation, but bacteria from MLF may
also be present (Salmon et al. 2002). Thus, lees can be responsible for
the presence in wines of amino acids, decarboxylase-positive micro-
organisms, and decarboxylase enzymes (which can be released during
yeast lees autolysis), which, under favorable environmental conditions,
can lead to biogenic amines formation. The widely reported impor-
tance of lees for natural removal of undesirable compounds from wine
makes advisable the exploitation of this phenomenon in other fields
such as water detoxification and filters production, in which lees could
play a key role as natural and cheap decontaminant. Lees could be used
as a supplement in animal feed, but when recovered by centrifuga-
tion after column distillation, they have a very poor nutritional value,
making them unsuitable for this purpose (Maugenet 1973). This is
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probably due to the high amounts of polyphenols associated with
proteins, which render the proteins nonassimilable, or to the presence
of toxic elements (generated by treatment of the residues), which then
accumulate in yeast lipids (Maugenet 1973). Some of the studies on
wine lees have been focused on the role they play in the evolution of
toxic compound such as mycotoxins, volatile phenols, pesticides, and
defoaming agents during the vinification process. Some authors have
proposed the utilization of alcoholic fermentation lees as nutritional
media for lactic acid production. For example, wine making lees were
employed as nutritional media for Lactobacillus rhamnosus, and it was
demonstrated that lees from white wine making technology could be
employed as general nutritional media for LAB.

2.4.8 Post-Fermentation Operations

Solid waste obtained after de-stemming and grape pressing (skin, pulp,
seeds, lees, etc.) is not the only kind of residue obtained in a wine cellar.
After clarification and stabilizing, some other by-products are also
obtained. Post-fermentation treatment may begin almost immediately
after fermentation. These may involve any necessary adjustments to
the wine’s physicochemical composition, as well as procedures such as
aging on lees. Subsequent modifications involve various forms of clar-
ification and fining and chemical and biologic stabilization including
oxidation control. Both before and after bottling, further spontane-
ous chemical changes occur (aging). These affect the wine’s visual,
gustatory, and olfactory attributes, with potential beneficial or detri-
mental consequences. Post-fermentation treatments are also necessary
to prevent haze formation in finished wines. Undesirable suspended
particles and substances can induce turbidity, which is not usually
appreciated by consumers. Among all the techniques employed to
achieve a limpid wine, tartaric stabilization, fining, and filtration are
most favored by winemakers. Precipitation of unstable tartaric acid
crystals and colloidal substances is induced, together with the carry-
ing over of metal-polyphenol complexes, polysaccharides, proteins,
and ferric phosphate (Ribéreau-Gayon et al. 2000). Tartaric acid is
the only by-product generally processed for commercial uses. If we
keep in mind that coloring matter is also present, polyphenols are also
expected to be available in this residual product.
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2.4.9 Wine Aging

Wine aging is an important process for high-quality wines. The aging
process can be divided into two phases. The first one is called matura-
tion, which refers to changes in wines after fermentation and before
bottling, and the second phase of aging is bottling. During wine aging,
many reactions occur, which tend to improve the taste and flavor of
wine over time. These reactions may occur in either inert or wood
containers. Because of the significance of maturing premium wines
in barrels before bottling, the taxonomy, distribution, and structural
and chemical attributes of oak are noted, as well as barrel construc-
tion, conditioning, and care, as well as their alternatives. Only a small
percentage of white wine comes into contact with wood; therefore,
barrel fermentation and aging is sometimes present in the production
of certain white wines, especially wines made from the Chardonnay
grape. In addition to improving mouthfeel, body, and aromatic per-
sistence of white wines (Vidal et al. 2004; Pati et al. 2012), aging on
fine lees reduces protein haze, protects from tartaric acid precipita-
tion (Lomolino and Curioni 2007), and favors the growth of LAB
(Guilloux-Benatier et al. 1993). Polysaccharides and mainly manno-
proteins released during the yeast autolysis process seem to be respon-
sible for these enological benefits (Pati et al. 2012).

2.4.10 Wood

Traditional oak barrel aging technology is the oldest and widely
accepted technology. The application of wood fragments and physical
methods is also promising in accelerating aging process artificially,
while the application of micro-oxygenation and lees is reliable to
improve the wine quality (Del Barrio-Galdn et al. 2011; Guerrero
et al. 2011). Wine aging in barrels is one of the most common meth-
ods in the wine making process. Oak barrels are beneficial to wines
in two different aspects. On one hand, astringency-related phenolic
compounds and oak-responsible aromatic compounds are transferred
to wine during aging. The volatile compounds extracted from wood
are mainly furfural compounds, guaiacol, oak or whisky lactone,
eugenol, vanillin, syringaldehyde, and volatile phenols (Ortega-Heras
et al. 2004; Matejicek et al. 2005). On the other hand, atmospheric
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oxygen permeation through the barrel wall allows certain compounds
to be oxidized gently, which results in a reduction of astringency and
changes in color (Gambuti et al. 2010). The extradimensions of flavor
and oxygen ingress the wood provides depend on the origin of the
oak, the size and age of the barrels, the number of times they have
been used, and aging time. Oak species and their geographical origin
play an important role in defining oak compositional differences and
oxygen diffusion rates (Sauvageot and Feuillat 1999). There are three
different wood-toasting intensities: light, medium, and heavy. Light
toasting produces few pyrolytic by-products that result in less aro-
matic compounds but more tannin. Medium toasting produces many
phenolic and furanilic aldehydes, which provides woods a vanillin and
roasted character. Heavy toasting destroys or limits the synthesis of
phenolic and furanilic aldehydes and simultaneously generates vola-
tile phenols, which cause a smoky and spicy character (Ferndndez de
Simén et al. 2010). Several oak-related volatile compounds extracted
from oak gradually become exhausted with barrel reuse. Thus, the ini-
tial extraction rate of these compounds in new barrels is higher than
that in used barrels, and more compounds related to toasting can be
extracted from new barrels (Gémez-Plaza et al. 2004). Although the
oak barrel aging technology has been extensively applied for centu-
ries, several disadvantages of this traditional technology exist. Aging
in barrel is time, space, and money consuming and normally takes
from 3-5 months to 3-5 years or even longer. Moreover, as barrels
become older, undesirable microorganisms such as the yeast genera
Brettanomyces and Dekkera may contaminate them. These yeasts can
produce significant concentrations of undesirable aromas in wines
(Sudrez et al. 2007). In addition, during barrel aging, there is a great
loss of wine due to evaporation that causes a negative financial impact

(Ruiz de Adana et al. 2005).

2.4.11 Reactions

'The composition of wine is complex and changes continuously dur-
ing aging. It has been concluded that high-quality red wine storage
conditions (long period of time, permanent contact with wood, low
pH values, low temperature, and aqueous environment) are all in
favor of good molecular associations between the wine components.
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Small quantities of oxygen are usually present during oak matura-
tion. A barrel microoxygenation profile can be assumed to require
a long aging time during which the wine consumes practically all
the oxygen it absorbs (Nevares and Del Alamo 2008). Anthocyanins
tend to form new stable compounds during aging. These compounds
include the products resulting from direct and acetaldehyde-medi-
ated anthocyanin—tannin condensation reactions (Atanasova et al.
2002; Fulcrand et al. 2006) as well as the products originated from
the C4/C5 cycloaddition reaction of anthocyanins with other mol-
ecules bearing a polarizable double bond, including pyruvic acid,
4-vinylphenols, vinylflavanols, and acetaldehyde, which conform the
so-called pyranoanthocyanins (Rentzsch et al. 2007). Some of these
reactions may be favored by the presence of small quantities of oxygen
or by the acetaldehyde produced by the effect of oxygen on ethanol.
In this way, oxygen or reactive species seems to be involved in the
formation of A-type vitisins, while acetaldehyde seems to be involved
in the formation of ethyl-linked anthocyanin and tannin adducts,
B-type vitisins, vinyl-flavanols, and vinyl-pyranoanthocyanis (Lee
et al. 2004; Morata et al. 2007). All these reactions may influence the
color and color stability of wine, as well as gustatory qualities related
to the structure of the tannins. Their relative importance as well as
the structure of the end product depends not only on the initial wine
composition but also on the presence of yeast metabolites, which have
an effect on the reactivity toward the oxygen of wine polyphenolic
compounds (Mazauric and Salmon 2005).

2.4.12 Stabilization

Stabilization can be divided into physical, chemical, and microbio-
logical stabilization. Physical and chemical stabilizations (not insured
by filtration) prevent the formation of organic and inorganic hazes and
deposits after bottling. Microbiological stabilization by microfiltration
is guaranteed by eliminating yeasts and bacteria that can destroy or
modify a wine’s taste. Wine stability is defined as a state or condition
where the wine will not, for some definite period of time, exhibit unde-
sirable physical, chemical, or organoleptic changes. These undesirable
changes that denote wine instability are browning or other color dete-
rioration, haziness or very slight cloudiness, cloudiness, deposits, and
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undesirable taste or odor. Many examples of colloidal instability have
been identified in wines, for example, protein and polyphenol instabil-
ity, iron and copper cloudiness, and pectin and yeast polysaccharide
haziness (Ribéreau-Gayon et al. 2000).

After aging, red wines are blended and tasted again, analyzed, and
may be stabilized, then filtered and lightly sulfited if necessary. Red
wines may need two or three rackings before they can be filtered.
They are transferred between vats or barrels to rack off their lees and
to allow limited aeration (Arkell and George 2003). After fermenta-
tion or aging, white wines as allowed to settle, then racked under
carbon dioxide off gross lees and protected against bacteria (Robinson
1999; Arkell and George 2003). At racking, sulfur dioxide and ascor-
bic acid may be added (Rankine 2004). Racking may be delayed for
weeks with some varieties, such as Chardonnay, during which time
MLF may occur. Cool temperatures and minimized exposure to air
as well as the minimum handling of wine are of renowned importance
in white wine making (Rankine 2004). Once the various batches of
wine are blended to form a uniform bulk, the wines may be fined and
stabilized.

2.4.13 Fining

Fining agents are commonly used in wine production to clarify, to
control browning, and to improve stability and/or organoleptic char-
acteristics. In white wine, fining is frequently employed for clarifica-
tion or stabilization. It involves the formation of a floccular precipitate
in wine, which will absorb or entrain the natural haze-forming con-
stituents and colloidal particles while settling. Both the organic and
inorganic fining agents (bentonite) are commonly used to clarify and
stabilize wines, thus avoiding the appearance of haze in the bottle.
Bentonite fining is a low cost and effective method for removing pro-
teins from wine or grape juice. However, it has some negative attri-
butes including dilution of the wine by the bentonite slurry, removal
of positive flavor attributes, high labor costs, and handling and dis-
posal problems as well as loss of quality for wine recovered from lees
(Waters et al. 2005). Proteins have been used in wines as fining agents
for a long time. Protein-based fining agents can determine some
declines in astringency and bitterness of young red wines due to their
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interaction with tannins (Oberholster et al. 2013). Nevertheless, some
fining agents (like albumin and gelatin) can affect wine color due to
the precipitation of pigments. The various protein fining agents can
behave differently, depending on their composition, their origin, and
their preparation condition. Nowadays, a wide range of protein fining
agents are used, including gelatin, casein, potassium caseinate, egg
albumin or isinglass, and more recently, some proteins of vegetable
origin. The fining process must be reasonably rapid, and the loss of
saleable product in the sediment or lees should be minimal. Moreover,
it should not have any undesirable effects, such as the removal of a
desired flavor or the addition of undesired flavor components.

2.4.14 Tartaric Stabilization

Tartrate crystals (potassium hydrogen tartrate and calcium tartrate)
develop naturally in wine and are the major cause of sediment in bot-
tled wines. Alcoholic fermentation during wine making leads to a
decrease in tartrate salt (potassium hydrogen tartrate [KHT]) solubil-
ity due to the presence of ethanol. As a consequence, at normal stor-
age temperatures, an untreated wine is supersaturated in KHT, and
undesirable precipitation can occur in the bottles. To overcome this
problem, the excess of this salt is traditionally removed by cooling the
wine to -4°C over several days to induce KHT precipitation prior to
bottling. Potassium bitartrate crystals may be added if rapid stabiliza-
tion is required (Vine et al. 1997; Rankine 2004). The complexity of
the cold stabilization process does not allow a precise control of the
final KHT concentration achieved by this technique. Besides, this
operation can affect wine quality due to the simultaneous precipitation
of polysaccharides and polyphenols together with the KHT crystals
(Vernhet et al. 1999). These limitations led to the development of other
techniques like ion exchange resins and electrodialysis. The treatment
by ion exchange resins consists of equilibrating the wine with a cation
exchange resin that replaces the wine potassium ions by hydrogen or
sodium ions. The treatment by electrodialysis is based on ion elec-
trical migration and is a single-stage operation. This is in contrast
with ion exchange, which requires an additional stage of operation
for resins regeneration. Other methods include mannoproteins addi-
tion. Obtained from hydrolysis of the yeast cell wall, mannoproteins
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inhibit the crystallization of tartrate salts by lowering the crystalliza-
tion temperature preventing the occurrence of precipitates in wine.
Arabic gum is a protective colloid and also has some effectiveness to
prevent tartaric stability (Ribéreau-Gayon et al. 2000). The addition
of carboxymethylcellulose and metatartaric acid can also be used to
prevent tartaric stability (Gerbaud et al. 2010).

2.4.15 Filtration

'The key roles of filtration are to provide limpidity and also microbio-
logical stabilization of wines. Three groups of compounds have been
identified in crude wines according to the compound sizes as shown
in Figure 2.8. Measuring turbidity, which is expressed by NTU,
assesses wine limpidity. Table 2.2 summarizes the wines turbidity
and its correlation with the visual aspect of the wines. After filtra-
tion, the turbidity of wines must be less than 2 NTU. In order to
have a limpid wine before bottling, winemakers implement successive
solid-liquid separations using traditional technologies such as cen-
trifugation, filtration on sheets, diatomaceous earth filtration, and the
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Figure 2.8 Crude wine compounds classified according to their size.

Table 2.2 Correlation between Wine Turbidity (Nephelometric Turbidity Unit)
and Visual Aspects of Wine

TYPE BRILLIANT (NTU) HAZINESS (NTU)
White wine <11 >4.4
Rose wine <l4 >5.8
Red wine <2.0 >8.0

Source:  Created using information from Cook, A.G. et al., Biol. Trace Elem. Res.,
103(1), 1, 2005.
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use of exogenic additives. Although diatomaceous earth filtration is
the most used technique to clarify wines, it is nowadays classified as
dangerous substances due to the presence of crystalline silica. Massive
exposure may cause eye and airways irritations (Cook et al. 2005).
Diatomaceous earth has also a negative impact on the environment.
After use, it cannot be disposed of but must be transported to waste
disposal sites to be treated. So, restrictions for environment and health
force the enology sector to search for alternative techniques to tra-
ditional filtrations, and cross-flow microfiltration could represent
this alternative. Indeed, this one-step technology can substitute the
conventional processes, which imply several filtration steps on diato-
maceous earth previous to the final microbial stabilization obtained
by dead-end filtration on membranes. In addition to a great simplifi-
cation of the wine processing line, cross-flow microfiltration offers a
number of additional advantages such as elimination of earth use and
its associated environmental problems as well as the combination of
clarification, stabilization, and sterile filtration in one single continu-
ous operation.

2.4.16 Winery Wastewater

'The wine industry generates large volumes of wastewater, 1 and 4 L of
effluent for each liter of wine produced (Airoldi et al. 2004). The bulk
of winery wastewater emanates from cleaning equipment, vats, and
floors of wine cellars during seasonal activities associated with wine
making. Winery wastewater is typically composed of suspended solids,
polyphenols, organic acids, alcohols, sugars (maltose, glucose, and
fructose), aldehydes, soaps and detergents, nitrogen compounds, and
inorganics, including some traces of heavy metals. It is characterized
by a widely variable high organic strength (800-25,000 mg/L chemi-
cal oxygen demand [COD]), high salinity (3,000-4,000 uS/cm), high
sodicity sodium adsorption ratio (sodium adsorption ratio [SAR] =
8-9), and a high COD associated with its large biodegradable organic
fraction (Mosse et al. 2011). The volume, COD range, and organic
composition are directly related to cellar activities, including must pro-
duction, fermentation processes, maturation/stabilization processes,
and decanting, and are thus prone to seasonal variation. Each grape
varietal also has a unique organic fingerprint, so that, for example,
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wastewater generated during crushing of late harvest grape varietals
has a comparatively high sugar and low phenolic content, while the
converse is true for wastewater generated during the crushing of early
harvest red grape varietals (Devesa-Rey et al. 2011). The wine indus-
try recognizes the priority of the environmental and economical sus-
tainable management of its wastewater. There are numerous treatment
options (biological, physicochemical, and advanced), all of which aim
to achieve a significant reduction in the concentration of organic mat-
ter and the solids present, and some may also reduce inorganic load.
Biological treatment is particularly well suited to the treatment of win-
ery wastewater, because the majority of the organic components in the
waste stream are readily biodegradable. In terms of biodegradability,
there is considerable variation in the ratios of the different fractions
of winery effluent, including readily biodegradable sugars, moderately
biodegradable alcohols, and slowly biodegradable/recalcitrant pheno-
lics. Biological treatment processes include an activated sludge process,
a sequencing batch reactor, a fixed-bed biofilm reactor, an air-bubble
column bioreactor, a jet-loop-activated sludge reactor, and anaerobic
digestion (Mosse et al. 2011). Advanced oxidation processes are cur-
rently being proposed as an alternative to biological treatment for this
wastewater (Oller et al. 2011). Sand bioreactors have also been shown to
be effective for the treatment of winery wastewater (Welz et al. 2012).
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3.1 Overview

Approximately, 67.1 million tons of grapes were utilized in wine
production in 2013 (FAO 2014). This generates a considerable amount
of waste because as much as 20% of the weight of processed grapes is

not found in the final product (Mazza and Miniati 1993). Figure 3.1
shows the vinification process and waste materials generated at each

73
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Figure 3.1 The vinification process, composition of by-products and potential utilization.
(Modified from Pérez-Serradilla, J.A. and Luque de Castro, M.D., food Chem., 111, 447, 2008;
Gorena, T. et al., Food Chem., 155, 256, 2014; Zhang, A. et al., Molecules, 16, 2846, 2011a; Zhang, A.
et al., Molecules, 16, 10104, 2011b; Ye, Z.J., Characterization of bioactive compounds in lees from
New Zealand wines and the effect of enzymatic oxidation on their bioactivity, Masters’ of Food
Science, University of Otago, Otago, New Zealand, 2014.)
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production step. The three main by-products that are generated from
wine making are stalks, grape pomace/marc, and wine lees (Bustamante
et al. 2008). Stalks and grape pomace (comprising skin, seeds, and
pulp) are left over after crushing, draining, and pressing (Jin and Kelley
2009). Wine lees is a sludge (or mud-like) material generated in the
wine making process. This material contains dead yeast, yeast residue,
or particles precipitated at the bottom of wine tanks or barrels (Hwang
et al. 2009). Waste contains significant amounts of organic species
(such as sugars, phenolics, polyalcohols, pectins, and lipids) with high
chemical and biological oxygen demand and is therefore recognized as
an environmental pollutant (Lafka et al. 2007). There is growing inter-
est in the utilization of this waste including its conversion into biofuels
and use as nutrient supplements, food ingredients, and animal feeds.
For example, Shirikhande (2000) and Gonzélez-Paramis et al. (2003)
reported that extracts from grape seeds and skin contain phenolic com-
pounds that can be used as dietary supplements for better health and
well-being. Many studies have investigated the use of waste derived
from grapes as a source of natural antioxidants with most of the focus
being on the skins, stalks, and seeds (Van Dyk et al. 2013; Wadhwa
and Bakshi 2013; Naziri et al. 2014). However, the utilization of waste
from wine production, particularly wine lees, is still poorly investigated.

3.1.1 Industrial Economy

Wine making is a well-developed industry using both artisanal skills
and scientific knowledge to produce various styles of wines from dif-
ferent varieties of grapes (Jackson 2008). Quality wines are produced
from Vitis vinifera but other Vitis species are also used for wine making
(Jackson 2008). Some of the major commercial varieties used are as fol-
lows: Cabernet Sauvignon, Merlot, Pint Noir, and Shiraz for red wines,
and Chardonnay, Pinot Gris, Riesling, and Sauvignon Blanc for white
wines. Wine plays an important role in the world economy. In 2012,
approximately 26.4 million tons of wine were produced worldwide, with
approximately 80% of this in Europe, the United States, and China
(FAOSTAT 2014). A number of so-called “Old World” countries such
as France, Italy, and Spain lead world production with 5.29, 4.09, and
3.15 million tons, respectively (Figure 3.2).The United States, Australia,
China, Australia, New Zealand, Argentina, Chile, and South Africa are
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Figure 3.2  Wine production of major countries in 2012. (From FAOSTAT, World grape production,
http://faostat3.fao.org/download/Q/QC/E, accessed on December 22, 2014.)

regarded as “New World” countries with the United States being the
major producer of wine in this class with a production of 2.82 mil-
lion tons (about 10% of world production) in 2012. The combined total
wine production of Australia, New Zealand, Argentina, and Chile was
around 3.67 million tons in 2012. Large-scale production of wines
and increased awareness of the potential environmental consequences
of inappropriate disposal of wine making by-products have resulted
in the territorial authorities of many major wine-producing countries
introducing regulations to minimize the negative effects. For example,
European Council Regulation (EC) 479/2008 requires that grape marc
and lees be sent to alcohol distilleries to extract ethanol leaving behind
the exhausted grape marc and liquid waste (vinasse). Similarly, industrial
waste must be treated prior to disposal to prevent contamination accord-
ing to Spanish Law 10/1998. The cost of disposal fees generated when
wine companies discard wine making by-products may be significant.
Devesa-Rey et al. (2011) reported a higher disposal fee for wine making
by-products compared with the basic price for urban waste and indus-
trial wastewater (€0.01202 and €0.03005 m3, respectively) depending
on its nature, characteristics, and degree of contamination. In Spain,
heavy penalties are applied to unauthorized discharge of wastewater
and vinasse, from a €3,000 fine and temporary withdrawal of license to
fines in excess of €40,000 and possibly including a period of imprison-
ment (Devesa-Rey et al. 2011). Such regulations should encourage wine
industries to investigate the novel technologies for waste treatment and

to identify other value-added products.
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3.2 Opverall Nutritional Composition

Vineyard and winery by-products contain valuable chemical com-
pounds not extracted during wine making. Molina-Alcaide et al.
(2008) and Gonzilez-Centeno et al. (2010) have characterized the
nutrients available in various wine by-products (Table 3.1). Nutrient
concentrations vary depending on the by-product type (e.g., marc
versus lees) and wine making (e.g., red versus white versus spar-
kling). All the by-products were rich in organic matter (ranging from
696 to 888 g/kg DM). The content of polysaccharides was found to
be greater in shoots and marcs compared to lees. Lees were found to
be rich in protein and had total nitrogen concentrations ranging from
22.6 to 32.5 g/kg DM. Molina-Alcaide et al. (2008) suggested that
the combinations of by-products obtained from different vinifications
could be used as a valuable source of energy and protein for rumi-
nants. Phenolic compounds in by-products of wine making are cur-
rently of particular interest as they are an essential part of the human
diet with well-recognized health benefits. Phenolic compounds
found in these by-products can be divided into flavonoids and non-
flavonoids. Flavonoids consist of anthocyanins, flavonols, and flavan-
3-ols, which are collectively characterized by a C6-C3-C6 skeleton
with two phenolic rings connected by a pyran ring (Jackson 2008).
These compounds show different antioxidant activities based on their
structures, especially the number and positions of the hydroxyl groups
and the nature of substitutions on the aromatic rings (Balasundram
et al. 2006). In addition, shoots, marc, and lees have been found to
be rich (17.9-202.6 g/kg DM) in condensed tannins (polymers of
flavan-3-ols of various molecular weights) (Molina-Alcaide et al.
2008). Also termed proanthocyanidins, their structures have been
described in many studies (Marles et al. 2003; Xie and Dixon 2005;
Serrano et al. 2009). The four common flavan-3-ol subunits found
in grape berries are as follows: (+)-catechin, (-)-epicatechin, (-)-epi-
catechin-gallate, and (-)-epigallocatechin (Cheynier et al. 2006).
The combination of these four subunits can result in high structural
diversity of proanthocyanins and their degree of polymerization (nor-
mally referred to as the length of the chain) may vary greatly. Proan-
thocyanidins have been described with molecular weights of up to

20,000 Da (Watkins 1997). The non-flavonoids have simpler structures



Table 3.1 Chemical Composition of Different Vinification By-Products

COMPONENT

Dry matter (g/kg)

Ash

Organic matter

Carbohydrates
Pectin
Fructose
Glucose
Arabinose
Rhamnose
Mannose
Galactose
Xylose
Cellulose
Hemicellulose
Holocellulose

Soluble sugar

Neutral detergent fiber

SHOOT
506

885

741

POMACE

329-470

41-173
827-959
290

31

81

80

45-172
569-626

STEM

55-110
890-945

55-117

SEED

38-58
942-962

506-542

SKIN PULP LEES

144-271
20-183 80-135 201-304
817-980 863-934 696-799

40
510

31

12

42
330

72
125-200
125
465

350-423 122-321
(Continued)
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Table 3.1 (Continued)

Chemical Composition of Different Vinification By-Products

COMPONENT

Acid detergent fiber
Acid detergent lignin
Total dietary fiber
Crude protein
Total nitrogen
Fat
Dichloromethane
Ether
Hexane
Tannins
Free
Fiber-bound
Protein-bound
Total

SHOOT

518
166

7.2

458
1.25
9.45

57

POMACE

480-543
370-388
460
60-106
1-17

40-140
30-80

16-38
19-34
56-131
22-203

STEM

65-83
10-13

9-26

SEED

467-514
371-416

119-126
19-20

95-145

SKIN

50-190

24-55
10-60

34-138

PULP LEES
312-401 58-174
175-261 28-107

99-110
3-18 23-33
59-101
3-98
5-35
9-47
18-180

Sources: Molina-Alcaide, E. et al., J. Sci. Food Agric., 4, 597, 2008; Gonzélez-Centeno, M.R. et al., LWT—Food Sci. Technol., 43, 1580, 2010.

DM, dry matter.
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(C6—C1 or C6—C3 skeleton) than flavonoids. In addition to phenolics
derived from grape materials, some non-flavonoid phenolics are also
produced during yeast metabolism, the most prevalent being tyrosol
(Jackson 2008). Some non-flavonoids, such as resveratrol, also show

biological activity (Moreno-Arribas and Polo 2009).

3.3 Vines
3.3.1 Pruning

Pruning is an important practice in vineyard management and
involves the removal of living shoots, canes, leaves, and other vegeta-
tive parts of the vine (Winkler et al. 1974) (Figure 3.3). The goal is to
facilitate other vineyard management practices (e.g., those associated
with the control of disease) to produce grapes of a desired quality, to
produce fruitful shoots, and to regulate the vegetative growth of the
vine (Tassie and Freeman 2001). Pruning is carried out in both the
dormant and growing stages of the grapevine, normally referred to
as winter and summer pruning, respectively. Spur and cane pruning
are carried out during the winter. In spur pruning, the distal node

Figure 3.3 Pruning grapevine rows.
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and shoot are removed and the spur at the proximal node is retained.
In cane pruning, unwanted canes are removed. Summer pruning is
often regarded as a part of canopy management which aims to con-
trol the amount and position of leaves, shoots, and fruit in space
to achieve some desired arrangement (Tassie and Freeman 2001).
Therefore, the major waste generated in winter and summer pruning
are canes and leaves, respectively. The estimated amounts of mate-
rial generated during cane pruning varied from 0.56 to 2.01 kg/vine
depending on the trellis system and year (Reynolds et al. 1995).
Vine spacing varies globally from 500 to 50,000/ha (Coombe and
Dry 1992). Therefore, the estimated weight of cane prunings is more
than 2.1 million tons from about 7.4 million ha worldwide in 2009
(FAOSTAT 2010). In the vineyard, only moderately vigorous and
well-matured canes are used for grapevine propagation (Coombe
and Dry 1992). Cane prunings are generally disposed of by com-
posting or burning (Cetin et al. 2011). As an agricultural waste, this
material is largely ignored although its phytochemical content could
be used for value-added products in the food industry. Cetin et al.
(2011) characterized grape canes from 10 different table grape cul-
tivars in Turkey. They found that the total carbohydrate and protein
content varied from 35.0 to 44.2 and 12.1 to 28.1 g/100 g, respec-
tively, depending on the genotype. Grape canes are rich in calcium,
potassium, iron, magnesium, and zinc with concentrations varying
from 6.0 to 10.2, 5.2 to 8.2, 0.26 to 0.68, 1.9 to 11.1, and 0.7 to
9.8 mg/100 g, respectively (Cetin et al. 2011), and could be alterna-
tive sources of mineral dietary supplements. Grape canes have also
been found to be rich in phenolic compounds ranging from 25.4 to
36.6 mg gallic acid equivalents (GAE)/g. Catechin and epicatechin
had highest concentrations (Table 3.2) among phenolic compounds
in grape canes (Cetin et al. 2011). Currently, most studies focus on
stilbenoids, which are phytoalexins and play an important role in
grapevine response to fungal infection, especially Botrytis cinerea
(Rentzsch et al. 2007). Within this group, resveratrol and viniferin
are known to have health-promoting properties including antioxi-
dant and anti-inflammatory activities. Karacabey and Mazza (2008)
reported that the content of frans-resveratrol and #rans-e-viniferin
in Vitis viniferia L. Pinot Noir was 4.25 and 2.03 mg/g dry matter,
respectively.



Table 3.2 Summary of the Potential Bioactive Compounds from Grape Cane

VARIETY

V. vinifera
V. vinifera
V. amurensis, V. pentagona, V. vinifera
V. vinifera

V. amurensis, V. arizonica, V. berlandieri,
I/ etulifolia, V. cinerea, etc.

V. vinifera
V. vinifera, V. pentagona, V. davidii
V. vinifera, V. amurensis, V. pentagona, V. davidii

V. vinifera
V. vinifera

COMPOUNDS FOUND

trans-Resveratrol, e-viniferin

trans-Resveratrol, e-viniferin

Polyphenol

Stilbenoid

E-resveratroloside, E-piceid, E-piceatannol, E-resveratrol, £-e-viniferin, E-o-viniferin,
E-ampelopsin E, E-vitisin B, E-amurensin B

trans-Piceatannol, trans-resveratrol, e-viniferin

resveratrol

Gallic acid, protocatechuic acid, vanillic acid, syringic acid, catechin, epicatechin,
trans-resveratrol

trans-Resveratrol, trans-e-viniferin, ferulic acid
trans-Resveratrol, trans-e-viniferin, ferulic acid

REFERENCES
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3.4 Grapes

3.4.1 Stems

In traditional wine making, stems were often left with grapes dur-
ing crushing, pressing, and even during fermentation, especially for
the production of red wine (Jackson 2008) (Figure 3.4). This may
improve the drainage during pressing and add more tannins in a poor
vintage. However, this practice is no longer common because of neg-
ative organoleptic eftects in the wine, for example, increased astrin-
gency. The modern trend is to separate the processes of de-stemming
and crushing in order to minimize the excessive uptake of phenols
and lipids from vine parts (Jackson 2008). Until recently, grape
stems were another poorly characterized wine making by-product
(Tables 3.1 and 3.3). The grape stem is rich in dietary fiber which
constitutes up to 77% of its dry matter (Llobera and Cafiellas 2007).
'The dietary fiber in the grape stem comprises mainly neutral sug-
ars and lignin (43.4% and 31.6% of the dry matter, respectively)
(Llobera and Cafiellas 2007). Llobera and Cafiellas (2007) found

Figure 3.4 Grape stems.
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Table 3.3 Composition of Manto Negro Grape By-Products (% Dry Matter)

% DRY MATTER % DRY MATTER
Protein 7.29+0.20 Soluble pectins 1.04 +0.08
Soluble sugars 1.70 £ 0.06 Condensed tannins 10.3 +0.50
Qil 1.65+0.01 Total dietary fiber 772 +1.97
Ash 5.48 £0.16

Source: Llobera, A. and Cafiellas, J., Food Chem., 101, 659, 2007.

that the lignin in the grape stem contains important amounts of
condensed tannins which could explain its excellent ability to scav-
enge free radicals. In a later study of the carbohydrate composition
of stems from 10 different grape varieties, Gonzdlez-Centeno et al.
(2010) found cellulose was the predominant component followed
by pectin, ranging from 40 to 48 and 27 to 37 mol%, respectively.
Among pectin polysaccharides, homogalacturonan (about 68 mol%
of total pectin in fresh grape) was predominant, followed by rham-
nogalactoronan I (26.5 mol% of total pectin) and rhamnogalactoro-
nan II (about 7 mol% of total pectin). Phenolic compounds are the
second most abundant chemical component found in the grape stem,
and can amount to more than 10.3% of its dry matter (Llobera and
Caiiellas 2007). Anastasiadi et al. (2012) studied grape stems from
six native Greek red and white Vitis viniféra cultivars and found the
total phenolic content ranged from 367 to 587 and 372 to 574 mg/g,
respectively. In agreement with Barros et al. (2014), they found that
the phenolic content of stems from red varieties was greater than
that in white ones. The predominant phenolic compounds in both
red and white grape stems were (+)-catechin, followed by procyani-
din B3, e-viniferin, and frans-resveratrol (Anastasiadi et al. 2012).
Barros et al. (2014) analyzed the correlation between the concentra-
tions of extracted phenolic compounds and antioxidant activity as
measured by the DPPH, ORAC, ABTS, FRAP, and O radical
scavenging capacity; they found that procyanidin dimer B, isorh-
amnetin-3-0-(6-O-feruloyl)-glycoside,  quercetin-3-O-glucoside,
and malvidin-3-0-(6-0-caffeoyl)-glucoside were highly correlated
to antioxidant activities. In addition, grape stem extracts were also
found to inhibit cell proliferation of colon (HT29), breast (MCF-7
and MDA-MB-23), renal (786-0 and Caki-1), and thyroid (K1) can-

cer cells.
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3.4.2 Pomace

Grape pomace is a major by-product of wine making (Figure 3.5). It
consists of pressed skins, disrupted cells from grape pulp, seeds, and
stems (Figure 3.6). When grapes are processed for red wine, the skin
and seeds usually remain in contact with the fermenting grape juice
for an extended period of time ranging from a few days to a num-
ber of weeks. Thus, the grape skin and seeds are subjected to a pro-
longed extraction with a weak aqueous ethanol solution (Pinelo et al.
2006). Limited extraction during the wine making process results in
a high phenolic content in the grape pomace. The average distribution
of polyphenolic compounds is about 1% in the pulp, 5% in the skin,
and approximately 62% in the seeds (Thorngate and Singleton 1994).
Cheng (2011) investigated the phenolic composition of grape pomace
from Pinot Noir and Pinot Meunier. He found that catechin was the
major phenolic compound in Pinot Noir grape pomace ranging from
9.0 to 11.8 mg/g, followed by epicatechin (5.0 to 6.7 mg/g), procyani-
dins (2.88 to 3.98 mg/g), and malvidin-3-glucoside (5.2 to 5.9 mg/g)
(Table 3.4). Similar trends have also been found in other grape

Figure 3.5 The solid remains of grapes: stems, seeds, and skins.


http://www.crcnetbase.com/action/showImage?doi=10.1201/b19423-4&iName=master.img-003.jpg&w=239&h=239
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Figure 3.6 Grape skins.

varieties (Kammerer et al. 2004; Yilmaz and Toledo 2006; Ruberto
et al. 2007). Ye (2014) has also characterized the phenolic content of
five grape pomace samples from different locations and vinification
backgrounds. The total phenolic content ranged from 17.3 to 41.0 mg
GAE/g DM, and the total tannin content ranged from 10.1 to 19.2
mg epicatechin equivalents (ECE)/g DM. Vinification techniques,
including “no cap management” which is likely to result in higher
fermentation temperatures and extended maceration, were found to
result in a lower total phenolic content in the resulting pomace. Sacchi
et al. (2005) and Ough and Amerine (1961) have reported that higher
fermentation temperatures led to a higher total phenolic content in
Pinot Noir wine. Similarly, extended maceration is a common practice
to increase the release of phenolic compounds in wine.

3.4.3 Seeds and Seed Oil

As by-products of wine making, grape seeds account for approxi-
mately 17% of the weight of fresh grape pomace, and 38%-52% of

dry matter (Fernandes et al. 2013; Toscano et al. 2013) (Figure 3.7).
A grape berry usually contains two seeds which represent 0%—6% of


http://www.crcnetbase.com/action/showImage?doi=10.1201/b19423-4&iName=master.img-004.jpg&w=239&h=242

Table 3.4 Phenolic Profile of Extracts (mg/g of Extract) Obtained from Grape Pomace

PHENOLIC COMPOUNDS
Non-flavonoids
Gallic acid
Flavonoids
Flavanols
Catechin
Epicatechin
Epicatechin gallate
Procyanidin Ab
Procyanidin B?
Anthocyanins
Delphinidin-3-glucoside®
Cyanidin-3-glucosidec

VARIETIES
PNa PMa NA® NM®p NCb FRP csP Mee CMd

0.28-0.33 0.08-0.12 0.11

8.97-11.81 3.50-4.35

5.00-6.74 2.13-3.12

0.08-0.13 Trace

3.81-4.39 0.69-0.83

2.88-3.98 0.47-0.75

0.10-0.18 0.05-0.06 0.21 1.17 0.81 0.21 0.16 0.44-1.11

Trace Trace Trace 0.64 Trace 0.09 — 1.51-3.81
(Continued)
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Table 3.4 (Continued) Phenolic Profile of Extracts (mg/g of Extract) Obtained from Grape Pomace

VARIETIES

PHENOLIC COMPOUNDS PNa PMa NAP NMP [ FR® CSP Mes Che
Petunidin-3-glucoside® 0.34-0.53 0.13-0.16 0.43 1.43 1.30 0.38 0.32 0.53-1.34
Peonidin-3-glucoside® 0.33-0.46 0.57-0.76 0.20 1.48 0.42 0.39 0.15 0.99-2.49
Malvidin-3-glucoside® 5.18-5.94 1.74-2.44 5.61 4.09 10.38 2.16 5.70 4.12-10.19
Vitisine 0.04-0.07 Trace — — — — —
Total anthocyanin 6.01-7.18 2.55-3.47 28.7 9.10 45.27 3.75 9.61

Flavonols
Quercetin 0.33-0.68 0.15-0.18 1.19 0.88 2.77 0.68 0.54
Quercetin methyl glucoside 0.32-0.82 0.39-0.45 — — — — —

a Cheng (2011).

b Ruberto et al. (2007).

¢ Yilmaz and Toledo (2006).
d Kammerer et al. (2004).

NA, Nero d’avola; NM, Nerello Mascalese; Me, Merlot; PN, Pinot Noir; PM, Pinot Meunier; NC, Nerello Cappuccino; FR, Frappato; CS, Cabernet Sauvignon; CM, Cabernet Mitos.

Trace: <0.05.
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Figure 3.7 Grape seeds.

berry weight (Rankine 1989; Cadot et al. 2006). However, the number
and weight of seeds vary according to berry weight and ripening and
there appears to be a quadratic relationship between the average berry
size and the average seed number (Cadot et al. 2006). Worldwide,
over 3 million tons of grape seeds were discarded annually (Fernandes
et al. 2013). Grape seeds contain protein, lipids (fats and oils), carbo-
hydrates, and approximately 5%—-8% polyphenolics depending on the
variety (Amerine and Joslyn 1967; Shi et al. 2003). Polyphenolics in
grape seeds are mainly flavonoids, including monomeric flavan-3-ols
(catechin, epicatechin, gallocatechin, epigallocatechin, and epicate-
chin gallate), procyanidin dimers, trimers, and more highly polymer-
ized procyanidins (Silva et al. 1991; Prieur et al. 1994). Cheng (2011)
investigated the phenolic composition of Pinot Noir grape seeds and
showed catechin was the predominant flavonoid, followed by epicat-
echin and procyanidins; the concentration of epicatechin gallate was
low in grape seeds. The oil content of grape seeds varies from 8% to
20% on a dry matter basis (Rombaut et al. 2014). Sabir et al. (2012)
studied grape seeds from 17 varieties of Vitis vinifera, one Vitis labr-
usca variety, one hybrid variety, and two American rootstock varieties.


http://www.crcnetbase.com/action/showImage?doi=10.1201/b19423-4&iName=master.img-005.jpg&w=239&h=229
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They found that the oil content varied greatly among the genotypes,
ranging from 7.3% (Perle de Csaba) to 22.4% (Italy) (Sabir et al.
2012). Similar findings have been reported by Tangolar et al. (2009)
in which the oil content varied between cultivars and ranged from
10.5% (Razaki) to 16.7% (Salt creek). The oil content of grape seeds
is also affected by the stage of berry development. Rubio et al. (2009)
studied seed oil extraction throughout the different stages of berry
development. They found that the seed oil content of berries col-
lected in the period between fruit set and cell division was only 4.4%
(dry matter basis); seed oil content reached 15% prior to veraison and
remained approximately same until harvest (Rubio et al. 2009). The
stage of berry development also affects the fatty acid composition in
seeds in the early but not later stages of development (Rubio et al.
2009). Fernandes et al. (2013) studied 10 traditional Portuguese grape
varieties and found polyunsaturated fatty acids to be predominant
(63.6%—73.5%), whereas the proportion of monounsaturated and sat-
urated fatty acids were 14.2%-21.3% and 11.6%-14.9%, respectively.
Similar results have also been reported by Lutterodt et al. (2011). In
grape-seed oil, linoleic acid (18:2) is the most abundant fatty acid, fol-
lowed by oleic acid (18:1), stearic acid (18:0), and palmitic acid (C16:0)
(Table 3.5) (Lutterodt et al. 2011; Prado et al. 2012; Sabir et al. 2012;

Table 3.5 Effects of Origin and Grape Variety (Red versus White) on the Fatty Acid Profile in
Grape-Seed 0l

FATTY ACID (%)
VARIETY ORIGIN 14:0 16:0 18:0 18:1 18:2 18:3
Red United 0.04-0.06 5.8-7.1 25-3.1 13.7-20.3 69.7-77.8 Traces
States
New Zealand  0.01 6.76 371 12.38 76.23 0.45
White United 0.04-0.07 6.8-8.1 2.7-35 159-215 66.9-73.9 traces
States
Spain ND 8.12 5.6 19.59 66.16 0.37
Various Turkey ND 6.5-9.0 4.0-54 17.8-255 60.1-70.1 0.0-0.9
Unknown India 0.01 6.76 371 12.38 76.23 0.45

Sources: Bail, S. etal., Food Chem., 108, 122, 2008; Bekhit, A.E.D. et al., Manipulating the functionality
of grape seeds products through reflective mulching and wine fermentation, 43rd Annual
Conference of New Zealand Nutrition Society, Christchurch, New Zealand, December 9-10,
2008; De Marchi, F. et al., /. Mass Spectrom., 47,1113, 2012; Oomah, B.D. et al., J. Agric. Food
Chem., 46, 4017, 1998; Shivananda Nayak, B. et al., Phytother. Res., 25, 1201, 2011.

Note:  The results are presented in % of fatty acids of the extracted oils.

ND, Not detected.
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Fernandes et al. 2013). Lutterodt et al. (2011) found that the linoleic
acid content ranged from 66.0 g/100 g to 75.3 g/100 g of total fatty
acids in Ruby Red and Concord seed oil. In addition, trilinolein
was found to be the most abundant triglyceride in different hybrid
grape varieties, followed by dilinoleoyl-oleoylglycerol and dilinoleoyl-
palmitoylglycerol (De Marchi et al. 2012). The composition of fatty
acids in various cultivars can be different; for example, palmitic,
oleic, and stearic acids were found to be the predominant fatty acids
in Pkatsiteli grape-seed oil. Grape-seed oil is also rich in tocopher-
ols: a-tocopherol or vitamin E (ranged from 85.5 to 260.5 mg/kg
oil) is predominant, followed by y-tocopherol (ranged from 2.5 to
30.2 mg/kg oil) (Sabir et al. 2012; Fernandes et al. 2013).

3.5 Wines
3.5.1 Yeast Lees

EEC Regulation No. 337/79 defines wine lees as “the residue that
forms at the bottom of receptacles containing wine, after fermen-
tation, during storage or after authorized treatments, as well as the
residue obtained following the filtration or centrifugation of this
product.” Thus, wine lees is a complex mixture that may contain dead
yeast materials, plant cell debris, polyphenols adsorbed to proteins,
lipids, tartaric acid crystals, and many other compounds (Table 3.6).
Consequently, the composition of lees can vary greatly depending
on many factors including the composition of grapes, the conditions
of the vinification, including settling and aging periods. Dead yeast
cells and yeast debris are normally the major components of lees.
Numerous genera and species of yeasts are involved in wine mak-
ing (Bisson 2009), although most belong to Saccharomyces cerevisiae
(Reed and Nagodawithana 1991; Benitez et al. 2011). Dead yeast cells
start to appear toward the end of the alcoholic fermentation due to
increased ethanol content and lack of nutrients. Death of yeast cells
is followed by autolysis (destruction of cells by autologous enzymes)
of the cell material. Yeast cells contain lipids, amino acids, proteins,
nucleotides, p-glucan, and mannoproteins which are released during
autolysis and these compounds contribute to the stability and organo-
leptic properties of wine (Charpentier 2010). Protease A is the major
proteolytic enzyme which is responsible for 80% of nitrogen released
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Table 3.6  Summary of Elemental Composition and Main
Physicochemical Characteristics of Wine Lees

ELEMENTAL PHYSICOCHEMICAL
COMPOSITION RANGE PARAMETERS RANGE
Ca (g/kg DM) 3.6-15.5 Cy (g7kg DM) 226-376
Cu (mg/kg DM) 13-1187 C, (g/kg DM) 44.3-168.9
Fe (mg/kg DM) 84-1756 EC (dS/m) 4.0-13.8
K (g/kg DM) 17.6-158.1 OM (g/kg DM) 598-936
Mg (g/kg DM) 0.4-3.7 pH 3.6-7.2
Mn (mg/kg DM) <0.2-21 Pol (g/kg DM) 1.9-16.3
P (g/kg DM) 1.61-10.3 TN (g/kg DM) 17.2-59.7
Zn (mg/kg DM) 14-84 Proteins (%) 14.5-15.7
Lipids (%) 5.0-5.9
Sugars (%) 3.5-4.8
Dietary fiber (%) 21.2-21.9
Tartaric acid (%) 24.5-24.7
Ash (%) 10.5-10.6

Sources: Bustamante, M.A. et al., Waste Manage., 28, 372, 2008; Gémez,
M.E. et al., J. Agric. Food Chem., 52, 4791, 2004.
EC, electric conductivity; OM, organic matter; C,,,, oxidizable organic carbon; C,,
water-soluble carbon; TN, total nitrogen; Pol, water-soluble polyphenols.

during autolysis (Charpentier 2010). Polysaccharides (primarily man-
noproteins and B-glucan) are the major components of yeast cell walls
and account for 20%-30% of the cell dry matter (Alexandre and
Guilloux-Benatier 2006). Charpentier and Feuillat (2008) determined
the nitrogen and polysaccharide content in lees at different stages of
wine making and concluded that the composition of lees is dependent
on the settling duration. In a recent study, lees were divided into two
groups (heavy lees and light lees) according to the settling duration:
heavy lees were defined as that which settles within 24 h correspond-
ing to a particle size range of approximately 100 um to 2 mm, and
light lees which settles after more than 24 h with a particle size from
1 to 50 pm (Charpentier 2010).

3.5.1.1 Soluble Components of Lees During wine making, lees is sepa-
rated from wine and this process is called racking. Solid materials sep-
arated from wine are then pressed for maximum wine yield. However,
some wine cannot be extracted by pressing and remains in lees. Rice
(1976) reported the moisture content of pressed lees of white and
red wine after post-alcoholic fermentation to be 52.9% and 54.0%,
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respectively. These “wet” lees contained 5.38% (w/w) and 5.41% (w/w)
of alcohol. Lees from different stages of wine making may have dif-
ferent moisture contents. For example, lees obtained post-malolactic
acid fermentation had a moisture content of about 60% which was
slightly higher than that obtained after fermentation (Rice 1976),
although alcohol content (5.54% w/w) was similar. Lees also contain
lipids extracted from grape seeds during fermentation and from yeast
cell walls. Gémez et al. (2004) studied lees from a sherry (a forti-
fied white wine) production and found that the major fatty acids were
palmitic (C16) and linolenic acids (C18) (Table 3.7). The degree of
unsaturation of lipids extracted from lees is close to that of grape seeds
lipids (Prado et al. 2012). The composition of amino acids, proteins,
nucleotides, f-glucan, and mannoproteins in lees are unknown due
to limited studies in this area. Tartaric acid (TA) can also be a major
chemical component of wine lees. Ye (2014) studied 16 wine lees
(6 Riesling [RL] and 10 Pinot Noir [PN]); the TA content obtained
in RL and PN lees was 1.49-3.23 and 1.08-5.90 g TA/kg fresh lees,
respectively. This research also suggested that the TA content might
depend on the vinification technique and grape origin. Most RL lees
had lower total TA content than PN lees, which might be attributed
to cold settling prior to fermentation during which potassium bitar-
trate precipitates and is removed by racking, and it also reflects the
acid content of grapes at harvest required for different styles of wine.

Table 3.7 Fatty Acid Composition of Sherry Wine Lees

FATTY ACID RELATIVE AMOUNT (%)
Capric acid C10:0 2.32
Lauric acid C12:0 4.42
Miristic acid C13:0 1.98
Palmitic acid C16:0 33.29
Palmitoleic acid C16:1 1.80
Margaric acid C17:0 0.30
Stearic acid C18:0 10.40
Oleic acid C18:1 7.82
Linoleic acid C18:2 21.26
Linolenic acid C18:3 5.88
Araquidonic acid C20:0 2.10
Erucic acid C22:0 6.10
Lignoceric acid C24:0 2.32

Source:  Gomez, M.E. et al., J. Agric. Food Chem., 52,4791, 2004.
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3.5.1.2 Interaction between Protein Compounds in Lees and Phenolic
Compounds  Wine lees is known to adsorb phenolic compounds from
wine as well to release phenolic compounds, enzymes, fatty acids, man-
noproteins, glucans, amino acids, and polypeptides to wine. This can
modify the initial composition and consequently the wine quality (Pérez-
Serradilla and Luque de Castro 2008). For example, mannoproteins
released during the autolysis of yeast cell can stabilize the wine color
and reduce wine astringency by interaction with phenols (Fornairon-
Bonnefond et al. 2002; Guadalupe et al. 2010). Bustamante et al. (2008)
reported that wine lees contain between 1.9 and 16.3 g of polyphenols/kg
depending on the wine type and processing. Therefore, the estimated
weight of polyphenols potentially obtained from wine lees of 20,000 tons
was determined to be between 38 and 326 tons. Phenolic compounds
would be potentially recoverable from wine lees and can add value to the
wine industry. Ye (2014) studied the composition of phenolic compounds
extracted from lees itself (Tables 3.8 and 3.9). Vasserot et al. (1997)
reported that the interaction between lees and anthocyanins was mainly
based on weak and reversible hydrogen bonds. However, Mazauric and
Salmon (2005) argued that hydrogen bonding could not entirely explain
the adsorption of anthocyanins on yeast lees in a complex environment
such as wine. For example, anthocyanins were not only adsorbed by
lees during oak aging of red wine, but they react with oxygen and gen-
erate new compounds (e.g., anthocyanins bound to proanthocyanidins
by ethyl bridges) (Rivas-Gonzalo et al. 1995). Moreover, anthocyanins
also react with flavanol polymers (King et al. 1980; Rivas-Gonzalo
et al. 1995). Nonanthocyanin phenolic compounds are also adsorbed
by yeast lees (Mazauric and Salmon 2005, 2006; Pérez-Serradilla and
Luque de Castro 2008). Mazauric and Salmon (2005) measured wine
polyphenols after contact with yeast lees in wine suspensions, and
showed that adsorption followed biphasic kinetics. Other mechanisms
of interaction between phenols and yeast lees have been proposed by
researchers. For example, Salmon et al. (2000) who are in agreement
with earlier researchers (Haslam et al. 1992; Kawamoto and Nakatsubo
1997) hypothesized that yeast can adsorb polyphenols by reacting with
the yeast cell membrane possibly by polyphenol colloids interacting with
proteins by van der Waal’s bonds. In general, the available information
suggests that the mechanisms of interaction are very complicated and
turther investigations are still required for a full understanding,.



Table 3.8 Phenolic Profile of PN Lees Extracts (mg/g DM Extracts) Quantified by LC-MS Analysis

PHENOLIC COMPOUNDS

Flavonoids

Flavan-3-ols
Catechin
Epicatechin
Epicatechin gallate
Epigallocatechin
Procyanidin A
Procyanidin B
Procyanidin C

Anthocyanins
Cyanidin-3-glucoside
Delphinidin-3-glucoside
Malvidin-3-glucoside
Peonidin-3-glucoside
Petunidin-3-glucoside

WINE LEES

PN1

2.24 +0.04
1.64 +0.10
0.72 £0.04
0.02 £ 0.00
1.08 +0.10
1.62 +0.10

2.80 +0.02

PN2

1.88 +£0.08
1.24 +0.04
0.38£0.12
0.02 £0.00
0.70 £ 0.48
1.22 +0.08
0.02 +0.02

2.49 +0.05

PN3

3.32+0.20
3.34 +0.04
0.76 £ 0.08
0.02 £ 0.00
1.38 +0.04
3.30 +0.06
0.10 £ 0.02

2.71 +£0.02

PN4

1.32 +0.06
0.90 £ 0.04
0.42 £ 0.16
0.02 £ 0.00
0.54 £ 0.08
1.10 +0.04
0.00 +0.00

3.13+0.16

PNS

2.70 +0.26
1.74 +0.12
0.54 £0.18
0.02 £ 0.00
1.08 +0.10
1.56 + 0.04
0.06 +0.00

2.81+0.08

PN6

3.30 +0.82
1.82+0.12
0.96 + 0.04
0.02 £ 0.00
0.82 +0.04
1.90 £ 0.10

3.03+0.02

PN7

2.18+0.20
1.64 +0.02
0.78 £0.00
0.02 +0.00
0.74 £0.00
1.72 £ 0.04

0.76 +0.02

PN8

0.42 +0.00
0.90 £ 0.01
0.56 £ 0.00
0.00 £ 0.00
0.32 £0.02
1.04 +0.02

1.45+0.01

PN9

7.98 +6.56
578 £0.10
1.48 +0.64
0.08 £ 0.00
3.38£1.68
3.52+2.12

1.27 £ 1.06

PN10

5.96 + 0.46
2.72 £0.02
0.98 +0.04
0.04 +0.00
1.82 +0.04
246 £0.10
0.14 £ 0.00

2.09+0.03

(Continued)
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Table 3.8 (Continued) Phenolic Profile of PN Lees Extracts (mg/g DM Extracts) Quantified by LC-MS Analysis

WINE LEES

PHENOLIC COMPOUNDS PN1 PN2 PN3 PN4 PN5 PN6 PN7 PN8 PN9 PN10
Flavonols

Quercetin 149+013 1.14+0.09 243+0.13 2.05+0.11 2.24+0.08 299+0.03 0.61+0.03 072+0.03 3.24+1.94 0.95+0.02

Quercetin methyl-glucoside  0.55+0.06 0.45+0.05 0.53+0.05 0.38+0.04 0.44+0.04 0.55+0.07 049+000 0.49+0.00 0.93+0.23 0.55+0.01
Non-flavonoids

Gallic acid 1.80+£0.02 1.88+0.06 2.24+0.04 157x0.08 1.98+0.04 1.76+0.03 0.89+0.02 053+0.00 1.66=+0.82 1.57 +0.04
Hydroxycinnamic acids

Caftaric acid 1.22+0.18 114+032 136+0.07 143+0.16 1.27+0.32 150+020 089+0.18 1.98+0.12 3.27+141 215+0.05

Cinnamic acid — — — 0.01+0.00 — — — — — —

p-Coumaric acid 0.02+0.00 0.02+0.01 0.03+0.02 0.04+0.00 0.06+0.04 0.05=+0.02 — — 0.02+0.01 0.01+0.00

Hydrobenzoric acid 0.05+0.01 0.12+0.01 0.00+0.00 0.02+0.00 — — 0.02 +0.02 — 0.04 £0.04 0.03+0.03
Stilbenoids

Resveratrol 0.07+0.01 0.03+0.01 0.04+0.01 0.03+0.00 0.06=+0.00 0.07+0.01 0.03+0.00 0.17+0.00 041+0.16 0.15+0.00

Source: Ye, Z.)., Characterization of bioactive compounds in lees from New Zealand wines and the effect of enzymatic oxidation on their bioactivity, Masters’ of Food Science,

University of Otago, Otago, New Zealand, 2014.
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Table 3.9 Phenolic Profile of RL Lees Extracts (mg/g DM Extracts) Quantified by LC-MS Analysis

PHENOLIC COMPOUNDS

Flavonoids

Flavan-3-ols
Catechin
Epicatechin
Epicatechin gallate
Epigallocatechin
Procyanidin A
Procyanidin B
Procyanidin C

Anthocyanins
Cyanidin-3-glucoside
Delphinidin-3-glucoside
Malvidin-3-glucoside
Peonidin-3-glucoside
Petunidin-3-glucoside

WINE LEES

RL1 RL2 RL3 RL4 RL5 RL6
066034 0.78+0.02 0.50 + 0.04 794+060 3.36+054  0.22+0.02
0.02+0.02 0.14+0.02 0.06 £0.10 1.20 +0.14 1.04 +0.32 0.28 +0.04
0.10+£0.06 0.16+0.00 0.02 +0.00 356006 7.12+074 336+0.18

— — — 0.06+0.00  0.02+0.00 —
0.28+012 0.78+0.10 0.38 +0.08 0.00+0.00 1022+1.22 0.72+0.02
040022 0.00+0.00 0.02 +0.02 062+028 0.80+0.34 0.00+0.00
030045 2.32+0.02 2.44 +0.14 742+036 734+0.12 3.58+0.66
(Continued)
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Tahle 3.9 (Continued) Phenolic Profile of RL Lees Extracts (mg/g DM Extracts) Quantified by LC-MS Analysis

WINE LEES

PHENOLIC COMPOUNDS RL1 RL2 RL3 RL4 RL5 RL6
Flavonols

Quercetin 6.78+0.79  0.65+0.02 1.52 £0.23 502+0.14 521073 077031

Quercetin methyl-glucoside 055+£0.03 0.22+0.03 0.61+0.14 0.75+0.00 415+0.13 0.95+0.04
Non-flavonoids

Gallic acid 0.76 £0.03  0.00=0.00 0.09+0.15 0.00+£0.00 0.24+0.02 0.00=«0.00
Hydroxycinnamic acids

Caftaric acid 0.84 £0.00 — 0.05+0.01 025+0.06 881x057 320x0.14

Cinnamic acid 1.74 021  0.01+0.00 0.17 £0.02 — 0.04x0.04 0.02=+0.02

p-Coumaric acid 237+029 0.12+0.01 0.31+0.07 035+0.02 0.07x0.12 0.01=+0.01

Hydrobenzoric acid 599+ 1.11 0.14+0.01 0.59 +0.03 1.80£0.04 097+003 0.10+0.01
Stilbenoid

Resveratrol 0.49+0.09 0.02=+0.01 0.04 +0.01 — — —

Source: e, Z.)., Characterization of bioactive compounds in lees from New Zealand wines and the effect of enzymatic oxidation on their
bioactivity, Masters’ of Food Science, University of Otago, Otago, New Zealand, 2014.

86

S1ONAOoUd-A9 ONIMVIN ANIM 40 NOILVZIYOVA



WINE MAKING BY-PRODUCTS 99
3.5.2 Tartaric Acid

Tartaric acid is one of the major acids synthesized by plants. In grapes,
tartaric acid is mainly located in the cells of the skin and outer flesh,
with smaller amounts distributed throughout the flesh. Although
it can exist in three stereoisomeric forms, only L-(+) tartaric acid is
found to be naturally occurring. The other forms are p-(-) tartaric
acid and the achiral meso form (Dega-Szafran et al. 2009). During
wine making, a considerable amount of tartaric acid from cell fluid
is extracted as a result of crushing and pressing of the berries. Two
different tartrates may be precipitated during wine making, namely
potassium bitartrate and calcium tartrate. Juice is often supersatu-
rated with respect to potassium bitartrate. As alcoholic fermenta-
tion progresses, the solubility of potassium bitartrate decreases with
the increase in alcohol concentration. This triggers a slow precipita-
tion (Amerine and Singleton 1977; Jackson 2008). Cold treatments
are commonly used to remove the excess potassium bitartrate. This
treatment speeds up the crystallization of potassium bitartrate and
its precipitation rate compared to normal storage temperatures. The
precipitate is then filtered while cold to prevent re-dissolving of the
crystals (Amerine and Singleton 1977). Calcium tartrate is the other
salt of tartaric acid that potentially can precipitate from wine. This can
occur when amounts of calcium carbonate are used in deacidification
of wine. Moreover, the use of cement cooperage, filter pads, and fin-
ing agents can increase the calcium concentration in wine. Calcium
tartrate crystals are more difficult to remove during wine making
than potassium bitartrate crystals since their rate of precipitation is
not increased by chilling. Fortunately, the formation of calcium tar-
trate crystals in wine is less common (Jackson 2008). Recently, the
recovery of tartaric acid from winery waste has attracted the atten-
tion of researchers (Andrés et al. 1997; Versari et al. 2001; Yalcin
et al. 2008; Kaya et al. 2014). In general, four different processes are
used to recover tartaric acid from waste including adsorption, extrac-
tion, ion exchange, and electrodialysis (Table 3.10) (Kaya et al. 2014).
Alumina and amberlite IRA-67 were used as adsorbents to recover
tartaric acid from winery wastewater, the latter showed the maximum
adsorption efficiency of 97% (Uslu and Inci 2009; Uslu et al. 2009)
under laboratory conditions. In other work, a tri-iso-octylamine and
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Table 3.10 Summary of Some Processes Applied in the Recovery of Tartaric Acid

PROCESS RELATIVE ISSUES REFERENCES

Adsorption Alumina was used as an adsorbent to recover 22% Uslu and Inci (2009)
(maximum % at 298 K) of L-(+)-tartaric acid from
winery wastewater. Adsorption is dependent on the
acid concentration and the amount of alumina.

Amberlite IRA-67 was used as adsorbent which Uslu et al. (2009)
achieved the maximum adsorption efficiency of
97.18%.

Extraction Tri-iso-octylamine and /so-decanol mixture was used  Poposka et al. (2000)

for the extraction of tartaric acid solution at 25°C.

Aqueous Amberlite LA-2 (amine) solution used for Marchitan et al. (2010)
extraction. The extraction efficiency was 83.06%.

MIBK, hexane, 1-octanol, 2-octanol, 1-decanol, Upadhyay and Keshav

1-hexanol, and tri-n-butyphosphate (TBP) was used (2012)
for the extraction of model waste (aqueous tartaric
acid solution). The highest extraction of tartaric acid
was found in aqueous TBP solution (0.25 mol/L).
50% acidified ethanol (contains 1% HCI) was used Ye (2014)
to extract tartaric acid from lees of Pinot Noir (PN)
and Riesling (RL) wine. 1.49-3.23 and 1.08-5.90 g
tartaric acid/kg fresh lees were obtained from lees
of PN and RL, respectively.
lon exchange Aqueous KOH solution (at 80°C) was used to dissolve Yalcin et al. (2008)
the waste material, followed by adding saturated
pure tartaric acid to precipitate potassium tartrate.
K+ and [SO,]%- ions were removed using ion exchange.
Electrodialysis  Tartaric acid from elute of ion exchange after grape Andrés et al. (1997)
juice treatment was recovered by using
electrodialysis. Obtained tartaric acid has purity
about 60%. The maximum concentration of
200 kg/m3 can be achieved.
Bipolar membrane electrodialysis with three- Zhang et al. (2009)
compartment configuration provides the membrane
with high selectivity which helps increase the purity
of tartaric acid. Strong acid possess lower electrical
resistance which helps reduction of energy
consumption.

iso-decanol mixture, Amberlite LA-2 (amine), hexane, 1-octanol,
2-octanol, 1-decanol, 1-hexanol, and tri-n-butyphosphate (TBP)
were used to extract tartaric acid from aqueous solutions (Poposka
et al. 2000; Marchitan et al. 2010; Upadhyay and Keshav 2012); Ye
(2014) extracted the tartaric acid from Pinot Noir and Riesling lees.
'The weaknesses of solvent extraction are the use of a batch process and
no unique solvent is able to cover all different winery waste materials.
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Ion exchange can only recover tartaric acid from aqueous solution.
Electrodialysis is a novel technology, which can recover the tartaric
acid from an eluate post ion exchange. Zhang et al. (2009) applied
bipolar membrane electrodialysis with three-compartment configura-
tion which improved the selectivity of membrane and the purity of
tartaric acid. In addition, this configuration also showed a potential
in the reduction of energy consumption.

3.5.3 Carbon Dioxide

In wine making, carbon dioxide is generated and released during both
alcoholic and malolactic fermentations. During alcoholic fermenta-
tion, large volumes of carbon dioxide (approximately 260 mL carbon
dioxide per g of glucose) accompany the conversion of sugars to etha-
nol by yeasts (Jackson 2008). Also, small amounts of carbon diox-
ide are generated by lactic acid bacteria and the breakdown of amino
acids and phenols (Jackson 2008). Ciani and Maccarelli (1998) stud-
ied both Saccharomyces and non-Saccharomyces strains and found
that Saccharomyces strains generally release more carbon dioxide
(>1.0 g CO,/day) than non-Saccharomyces strains (<0.6 g CO,/day).
The rate of carbon dioxide release was different and even within spe-
cies depended on the yeast strain (Ciani and Maccarelli 1998). Most
of the carbon dioxide produced by yeasts during fermentation is lost
to the atmosphere, while a proportion remains dissolved in the wine;
turther loss of carbon dioxide occurs during maturation with only 2 g/LL
remaining in finished wine. In addition, carbon dioxide produced
during wine making stage is not pure but is mixed with various vola-
tile compounds including ethanol, higher alcohols, monoterpenes,
ethyl, and acetate esters (Jackson 2008). CO, capture technologies
are required to recover CO, lost during fermentation. These have
been well investigated with major applications in gas production and
flue reduction. CO, can be captured and separated from gas mixtures
by using different processes including absorption, adsorption, mem-
brane, and cryogenic distillation (Table 3.11). The most well-known
commercialized process is absorption with amine solutions (such as
MEA) which are commonly used to strip CO, from gas mixtures.
However, this process is also regarded as having a low CO, loading
capacity, requires intensive energy inputs, and is associated with poor
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Table 3.11  Summary of Some Technologies Used for CO, Capture or Separation

PROCESS CHEMICAL COMPOUNDS USED COMMENTS

Absorption MEAa Low CO, loading capacity, intensive energy input,
degradation of amine. Capacity: 0.5 mol CO,/
mol MEA.

MEA/MDEA Mixture of MEA and MDEA, Lower energy
consumption than MEA.

Aqueous ammonium Sorbent used in wet scrubber, the energy
consumption is only 60% of MEA; by-products
are (NH,)NOs, (NH,)HCO,, (NH,),S0,.

Adsorption PEIb May be a cost-effective technology with
adsorption capacity of 246 mg/g PEI.

Activated carbon Loading capacity can reach 65.7 mg C0,/g
adsorbent.

Lithium compounds High-temperature CO, adsorbent; the reaction
between lithium zirconate and CO, is reversible at
450°C-590°C; lithium silicate adsorbs CO, at 720°C
and releases when temperature keeps increasing,
along with large capacity (360 mg CO,/g sorbent),
rapid adsorption, and good stability.

Membrane Polyimide All polymeric membranes. The costs of

PDP¢ membranes are low but cannot achieve high CO,

Polysulfone purity. High-energy consumption when creating

Polyethersulfone a pressure difference across the membrane.

Polyetherimide

Cryogenic N/A Physical method. Separation of gas based on
distillation condensation point. The purity of 0, separate in

this system is no less than 99%.

Source:  Yang, H. et al., J. Environ. Sci., 20, 14, 2008.
2 Methylaminoethanol.

b Polyethylenimine.

¢ Polydimethylphenlene oxide.

stability of the amine solutions. Adsorption processes with lithium
compounds are able to handle high-temperature flue gases, as well as
having a large CO, loading capacity (360 mg CO,/g sorbent) and good
stability. However, this process is not suitable for recovering CO, at
typical wine fermentation temperatures as lithium compounds adsorb
CO, at 720°C (Yang et al. 2008). Processes using low-cost gas separa-
tion membranes are economical. However, further improvements are
required in the areas of CO, purity and energy consumption. De Assis
Filho et al. (2013) have recently demonstrated the feasibility of cryo-
genic distillation for CO, recovery from fermentation. This method is
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based on the different condensation points of the components of air
(at 1.8 MPa, the dew point of O,, N,, and CO, are -130°C, -154°C,
and -12°C, respectively) such that a CO, condensate can be collected
while O, and N, remain in the gas phase (De Assis Filho et al. 2013).
However, Xu et al. (2010) have suggested that the fact that the feed
stream from fermentation is highly concentrated in CO, (>90%, v/v)
means that dehydration and compression are possibly the only purifi-
cation processes required to recover CO,, and these two processes are
simple and relatively cheap.

3.5.4 Wastewater

Large amounts of wastewater are generated every year throughout
wine production. Kumar and Kookana (2006) reported that a ton of
crushed grapes produced 3-5 kL of wastewater. However, the volume
of winery wastewater generated varies greatly depending on the size
of the winery and the processing stage. These factors also affect the
composition of the winery wastewater (Table 3.12) (Chapman et al.
2001). Organic compounds, such as organic acids, sugars and alcohol
in wastewater mainly came from juice, wine, and lees lost in transfer
operations, while the residues of caustic soda/citric acid arise from
the cleaning of pipes (Chapman et al. 2001). Phenolic compounds

are a major contaminant in winery wastewater which includes simple

Table 3.12 Chemical Parameters and Composition of Winery Wastewater (mg/L)

VINTAGE2 ~ NONVINTAGE® VINTAGE NONVINTAGE

Tartaric acid 530 350 BOD 1500-6000 500-3500

Lactic acid 250 120 EC 1.5-35 0.9-1.3

Acetic acid 100 50 pH 4-8 6-10

Glucose 2500 230 T0C 2162 1542

Fructose 2500 270 Total Kjeldahl 34.1 30.4
nitrogen

Glycerol 190 120 Total 7.3 1.2
phosphorus

Ethanol 2400 2900

Source: Chapman, J. et al., Winery Wastewater Handbook, Adelaide, South Australia, Australia,

2001.
@ The term vintage means the period involving major wine making activities, such as harvesting,
crushing, and pressing.
b The term nonvintage means the period not involving major wine making activities.
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phenolics, phenolic acids and aldehydes, cinnamic acids, couma-
rins, benzophenones and xanthones, and stilbenes, benzoquinones,
anthraquinones, lignans, and flavonoids (Soto et al. 2011). The total
organic content of winery wastewater is normally measured as bio-
chemical oxygen demand (BOD), chemical oxygen demand (COD),
and total organic carbon (TOC), which provides information on the
overall quality of wastewater (Mosse et al. 2011). BOD and TOC of
wastewater ranged from 500 to 6000 and 1542 to 2162 mg/L, respec-
tively, through the year (Chapman et al. 2001). The COD of waste-
water from wine making in so-called Old World countries ranged
trom 738 to 296,000 mg/L. and was found to be greater than that
from the New World which ranged from 320 to 45,000 (Mosse et al.
2011). Moderate quantities of winery waste and wastewater can be
used to enhance the fertility of the soil due to its high organic matter
(Bustamante et al. 2011). However, continuous application of win-
ery wastewater to soil can increase soil salinity, which can eventually
cause soil dispersion (Conradie et al. 2014). Therefore, the manage-
ment of winery wastewater has attracted the attention of researchers
from wine making regions around the world. A number of treatments
have been designed to achieve significant reduction in the organic
matter content of winery wastewater. These can be divided into bio-
logical treatments (e.g., aerobic treatment, anaerobic treatment, wet-
land), physicochemical treatments (e.g., electrodialysis, ion exchange,
and reverse osmosis), and some emerging technological treatments
(e.g., advanced oxidation process). Currently, three biological aerobic
treatments (aerated lagoons, activated sludge, and sequencing batch
reactors) are in widespread use in industries; in contrast, anaerobic
treatments, including anaerobic sequencing batches, upflow anaero-
bic sludge blankets (UASBs), and anaerobic lagoons are only used
occasionally. Most of the physicochemical treatments are rarely
used, although pilot-scale applications of ion exchange and reverse
osmosis have been undertaken (Mosse et al. 2011). The major barrier
to the application of more effective treatments are financial, includ-
ing the cost of equipment/land, equipment maintenance, energy/
chemical consumption, and employment of expertise (Mosse et al.
2011). Therefore, there is a demand for the development of affordable
winery wastewater treatment using emerging technologies. Although
organic carbon can be removed from winery wastewater by both
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biological and chemical oxidation, the latter can oxidize non-bio-
degradable substances in wastewater (Mosse et al. 2011). Hydrogen
peroxide is an oxidant often used for waste water treatment, such as
wet air oxidation (WAOQO) and advanced oxidation processes (AOP).
In WAO, hydrogen peroxide is often applied with the presence of
different catalysts (copper and iron ions are most commonly used). In
AOQP, a high dosage of hydrogen peroxide was used to reduce chemi-
cal oxygen demand (COD) instead of using different catalysts. The
dosage of hydrogen peroxide required to achieve the desired level
of oxidation varies with different techniques and substrates. Several
metal ions can be used with hydrogen peroxide acting as catalyst
to increase the modification of phenol structure rate. Rivas et al.
(1999) reported a combined addition of hydrogen peroxide and a
bivalent metal (copper or manganese) to enhance the rate of phenol
removal. The use of H,O, can lead to a fast structural changing of
phenolic compounds and accelerate the oxidation of phenolic com-
pounds. Horseradish peroxidase (HRP) can also be used to catalyze
the oxidation reaction. Ye (2014) studied the oxidation of a model
waste system using hydrogen peroxide in the presence of HRP
(Figure 3.8). In a period of 24 h, there was no oxidation of tannins in

120.00
100.00
80.00
60.00
40.00
20.00 i
0.00 ﬁ
Initial HRP— Final HRP- Initial HRP+ Final HRP+

Model waste system treatments

Total tannins content
(Epicatechin pg/mL)

Figure 3.8 The concentration of the total tannins in a model waste system containing catechin:
grape-seed extract (50:50 w/w) oxidized with (HRP+) and without (HRP—) horseradish peroxidase.
(From Ye, Z.J., Characterization of bioactive compounds in lees from New Zealand wines and the
effect of enzymatic oxidation on their bioactivity, Masters’ of Food Science, University of Otago,
Otago, New Zealand, 2014.)
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the control (untreated) sample. In the treated sample, a significant loss
of tannin occurred (P < 0.05) within a minute. Ye (2014) also studied
the free radical scavenging capacity and found that antioxidant activ-
ity at pre- and post-oxidation stages were not significantly different.
'Therefore, the hydrogen peroxide—induced oxidation (in the presence of
HRP) has the potential to reduce organic carbon in winery wastewater
with the products possessing free radical scavenging capacity.

3.6 Challenges and Opportunities

By-products and wastewater produced during wine making require
significant further research both to fully extract their economic value
and to minimize the unwanted environmental effects arising from
their disposal. Current utilization of wine by-products focuses on
grape stems, pomace, and seeds for nutrient supplements, oenologi-
cal additions, and animal feed. The extraction of bioactive compounds
from vine prunings and lees is less well considered. Vine prunings are
produced at various times of the year and require chopping and grind-
ing before solvent extraction. Mechanical reduction of particle size is
not required for lees, but the amounts produced are very small com-
pared to pomace so that there are difficulties associated with their
collection for further processing. Carbon dioxide is mainly released
during wine fermentation. Currently, there is no evidence that it is
being recovered from production. The financial investment required
to set up the wastewater treatment systems is a major barrier, although
emerging technologies such as advanced oxidation processes are
promising. Most studies have focussed on the reduction of chemical
oxygen demand in wastewater, but in future more emphasis on the
recovery of useful products is required.
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4.1 Introduction

Several by-products are generated by de-stemming, pressing, and
decantation steps during the wine making process. These materials
are very rich in biodegradable organic matter and can support micro-
bial growth and emission of environmentally undesirable odors and
compounds. The wine residues, if not treated efficiently, have the
potential to initiate environmental hazards ranging from surface and
groundwater pollution to foul odors. Indeed, a significant negative
environmental impact is seen due to discharge of wine waste (News
2014) and significant fines have been issued for dumping of wine
residues (Devesa-Rey et al. 2011; EPA 2014). Inappropriate dis-
posal of grape pomace attracts flies and pests and this can create
unwanted hazards (Bustamante et al. 2007). In some cases, where
the wine solid residues are used as fertilizers or composts at exces-
sive rates, plant growth is affected due to nitrogen immobilization
or an increase of nitrogen leaching in soils treated with wine sol-
ids (Flavel et al. 2005; Bustamante et al. 2007). Supplementation
of the wine by-product composts with minerals and micronutrients
such as phosphorous can lead to problems pertaining to their heavy
metal content (Del Castilho et al. 1993; Karaka 2004). Pinamonti
et al. (1997) argued that the heavy metal content is a critical fac-
tor leading to restricted agriculture use of wine waste compost.
Furthermore, tannins and other compounds from pomace can
cause oxygen depletion in the soil and infiltrate surface, soil and
groundwaters (Arvanitoyannis et al. 2006). The problems mentioned
indicate that current wine waste management practices can poten-
tially lead to serious environmental pollution. It is becoming more



ASPECTS OF BY-PRODUCT UTILIZATION 119

important and a subject of increasing concern for wine processors
and scientists to find a safe and economical use for grape and wine
waste. Furthermore, utilization of wine by-products and the produc-
tion of environmentally sustainable wine can have marketing advan-
tage. Research from New Zealand indicated that consumers support
the purchase of wine produced by green production practices and
are prepared to pay a higher price for sustainably produced wine
(Forbes et al. 2009). By-products generated from wine making can
be broadly classified as follows: solid by-products (stalks and grape
pomace), highly viscous by-products (wine lees), and low-viscosity
by-products (wastewater) (Figure 4.1). The physical nature of the
materials can to a large extent affect their economic potential for
utilization, influencing the composition and level of compounds
of interest as well as the costs associated with bioconversion and
maintaining the stability of the by-product (i.e., handling of solids
or liquids will need different engineering requirements and storage
of the material will depend on their stability against microbial and
oxidative processes). Grape pomace (GP) is equivalent to about 20%

Figure 4.1 Grape stems.
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of the grapes used in wine making and is responsible for the largest
amount of by-product generated from wine making with an esti-
mated 10,930,834 Mt (Van Dyk et al. 2013). Grape pomace contrib-
utes to approximately 62% of the organic waste (Naziri et al. 2014)
and therefore practical utilization is an urgent issue from an environ-
mental perspective. GP may contain grape skin and pulp (10%-12%
of grapes), seeds (3%—6%), and stalks (2.5%—7.5%) (Wadhwa et al.
2013) (Figure 4.2). The composition depends largely on the wine
production system (white wine versus red wine), the grape variety and
maturity, production size, the use of machinery for the separation of
grapes before crushing, separation techniques used, and type of wine
variety that is being produced. Several compounds can be recovered
from GP such as oil (12%-17% of the grape seeds weight), protein,
carbohydrates (up to 15% sugars and 30%—40% fiber), phenolics/
pigments (0.9%), and tartrate (0.05%—-0.08%), which are suitable for
a range of useful products that can be used in food, pharmaceutical,
and agricultural industries. Given the massive amounts produced
and its organic load, the utilization of GP is seen as an important
activity to eliminate the environmental problems associated with

Figure 4.2  Grape skins.
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the disposal of GP as well as an opportunity to add value and gen-
erate extra income from the by-product. Lees and stalks represent
significant sources of organic waste, 14% and 12% of organic by-
product generated during wine making, respectively (Naziri et al.
2014). Grape seeds can be separated from GP and used for the
production of linolenic-rich oil (12%-20%), carbohydrates (60%—
70%), protein (about 11%), and phenolics (5%-8%) (Naziri et al.
2014) (Figure 4.3). These valuable compounds have several useful
applications as animal feed, and food, cosmetic, and pharmaceuti-
cal ingredients. The conventional uses of solid wine by-products are
animal feed (Louli et al. 2004) and fertilizer/compost (Kammerer
et al. 2005) without or with little further processing. However, in
recent years, there has been a growing interest in the exploitation
of wine industry waste in other applications as the awareness of the
potential commercial value has become known. For example, it was
found that during the wine making process, while soluble pheno-
lic compounds that are present in the vacuoles of the plant cells
are extracted, a large amount of phenolic compounds bound to the

Figure 4.3 Grape seeds.
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cell walls are not (Meyer et al. 1998). Compounds extracted from
wine by-products with high phenolic content may be able to exert
positive effects on human health, to protect against cardiovascular
disease, to produce anti-inflammatory activity and anticarcinogenic
effects as well as being used as food antioxidants (Shrikhande 2000;
van de Wiel et al. 2001; Khanna et al. 2002). Many researchers have
reported that the extracted natural antioxidants and various pheno-
lic compounds from wine by-products, including grape seeds, skin,
exhausted pomace, grape stalks, wine lees, and grape pomace, are
safer to use than synthetic antioxidants (Alonso et al. 2002; Negro
et al. 2003; Arvanitoyannis et al. 2006). The recovery and utiliza-
tion of winery by-products could not only reduce the waste dis-
posal burden and other environmental issues, but could also lead to
the development of new healthier, robust ingredients, and extract
compounds for both the pharmaceutical and food industries. Due
to the aforementioned beneficial properties, wine by-products are
now available as dietary supplements. Products such as GSE, grape
extract, and red wine powder are sold commercially. Table 4.1 sum-
marizes the physicochemical properties and potential use of wine
by-products. Recently, viable new business opportunities have
emerged from within the wine industry. There is an increasing inter-
est from several industries, including the food industry, to utilize
antioxidants and other phenolics from wine by-products and this
has resulted in several applications being developed. One of these is
the extraction of anthocyanins, known as “enocyanin,” to be utilized
as food colorants (Alonso et al. 2002). Patents have been awarded
to researchers related to their work in processing and developing
commercial products in cosmetic and pharmaceutical industries
from grape seeds, skin, and related flavonoids (Carson et al. 2001;
Henry et al. 2001; Pykett et al. 2001; Ray and Bagchi 2001). Other
than human-orientated applications, wine waste can also potentially
be utilized for alternative applications such as absorption of heavy
metals (namely lead and cadmium) (Farinella et al. 2007); and for
the production of pullulan, a polysaccharide that has many food and
pharmaceutical applications (LeDuy and Boa 1983). An interesting
and newly reported approach toward the integrated utilization of
grape skins consists of consecutive or simultaneous extraction with a
neutral organic solvent and water under reflux (Mendes et al. 2013).
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Summary of Compounds Available in Wine By-Products and Their Use

Wastewater

Grape
pomace

Grape
seeds
Grape skin

Grape
waste

Grape
stalks

Grape
bagasse

Wine lees

COMPOUND OF
INTEREST

Tartaric acid and
malic acid
Tartaric acid

Fiber

Anthocyanins
Qil

Phenolic

Total sugar
Total sugar,
tartrates and
malic acid
Solid-state
fermentation
Dietary fiber,
phenolic
Flavonol
Ethanol precipitate
Phenolic

Lignocellulosic
Phenolic

Organic matter,
minerals

Phenolic
Organic residues

Organic matter

Carboxyl, amino or
phenolic groups

Phenolics

FUNCTIONS

Food and pharmaceutical
industries

Additive in medicine and
cosmetics, acidulant
compounds in soft drinks

Dietary fiber supplement,
bread improver

Antioxidant and colorant
Grape-seed oil

Bioactives

Yeast production
Energy production

Animal feed

Prolong shelf life of fish
products

Source of flavanols

Pullulan production

Dietary supplements/
bioactives

Laccasse production

Grape-seed snack

Fertilizer for cultivation of
strawberries

Tea infusions

Gas production for heating
purpose

Fertilizer for corn seed

Effluents decontamination

Low-cost alternative
biosorbent of metals for
effluent treatment

Improves rheological,
antioxidants, antiviral,
anthelmintic properties

REFERENCES
Smagge et al. (1992)

Andrés et al. (1997)

Torre et al. (1995), Valiente et al.
(1995), Martin-Carron et al.
(1997), and Saura-Calixto (1998)

Zeller (1999)

Molero et al. (1995a,b) and
Bustamante et al. (2007)

Bonilla et al. (1999) and Louli
et al. (2004)

Lo Curto and Tripodo (2001)
Rodrigo-Sener and Pascual-Vidal
(2001) and Bustamante et al.

(2007)
Sanchez et al. (2002)

Séanchez-Alonso et al. (2007)

Torres and Bobet (2001)

Israilides et al. (1998)

Shrikhande (2000), Alonso et al.
(2002), Gonzalez-Paramés et al.
(2004), and Bekhit et al. (2011a)

Moldes et al. (2003)

Louli et al. (2004)

Manios (2004)

Cheng et al. (2010)
Di Blasi et al. (1999)

Ferrer et al. (2001)
Villaescusa et al. (2004)

Farinella et al. (2007)

Hwang et al. (2009), Bekhit et al.
(2011b), and Ye et al. (2011)
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4.2 Animal Feed and Health

Wine by-products have been considered as a potential cheap animal
teed since limited processing is required. Generally speaking, GP has
poor metabolizable energy per kilogram of dry matter compared to
commercial animal feed (Table 4.2; Dairy 2014). GP from red grapes
has better animal nutrition value compared with white GP due to
higher contents of dry matter, crude protein, and fibers (Table 4.2,
Basalan et al. 2011). White GP has a lower content of dry matter and
crude protein compared to red GP (Basalan et al. 2011), probably due
to the presence of the high sugar content and pulp found in white GP
that can bind moisture, leading to an apparent lower, proximate com-
position. The composition of GP varies greatly among different grape
varieties and geographical production locations as indicated by the
range of the values in Table 4.2. Pinot Noir GP from central Otago
has higher ME (7.9 M]J/kg DM, unpublished data) and the nutrients
profile is better than red GP of varieties from various countries,
including Pinot Noir. This may be related to several factors associated
with wine making (e.g., fermentation and pressing conditions) or
environmental effects. Therefore, the nutritional value of GP needs to
be determined on a case-by-case basis. The nutritional value of seeds
and skin plus pulp is higher than that of GP, but the nutritional con-
tent of stalks is lower than that of GP (Table 4.2). The digestibility of
GP in situ was reported to be less than half of that normally found
in vitro (Basalan et al. 2011). The digestibility of three varieties of GP
(Cabernet Sauvignon, Gewiirztraminer, and Tinta Maderira) with
cow rumen fluid were 38.6%, 35.9%, and 25.9% (Famuyiwa and
Ough 1982), which appeared to be related to the polyphenol content
of the GP (19.4, 22.9, and 32.8 gallic acid equivalent g/kg GP). These
results suggest an inherent digestibility variation among GP from
various grape varieties. Therefore, care should be exercised in the
evaluation of nutrition based on 7 vifro methods and from different
grape varieties. Generally, there is no difference in the digestibility of
white GP or red GP (Spanghero et al. 2009); but some reports sug-
gested a lower digestibility of red GP (Baumgartel et al. 2007).
The presence of polyphenols and tannins (Table 4.3) is the main con-
tributor to the low digestibility of wine by-products. Polyphenols and
tannins complex with proteins in the feed and with digestive enzymes



Table 4.2 Nutrient Content and Composition of Various Wine Waste Used for Animal Feed

Dry matter (g/kg)
Seeds (g/kg DM)
pH

Organic matter
Crude protein (CP)
Ether extract

Neutral detergent fiber (NDF)
Acid detergent fiber (ADF)
CP bound to ADF

Lignin

Calcium (mg/kg)
Phosphorus (mg/kg)
Potassium (mg/kg)
Magnesium (mg/kg)
Sulfur (mg/kg)

Zinc (mg/kg)

Manganese (mg/kg)

Iron (mg/kg)

Copper (mg/kg)

ME (MJ/kg DM)

POMACE

243-494 0.81
426-567a 1.51
3.98-4.434.21
827-962 NC
62.2-108.4a
47.7-56.3a
117-145b
409-626a
495-543a
130.6-143a
388-437a
4.4-5.9a
3.1-3.2a
7.0-14.0
1.2-1.3b
1.3-1.4a
9.8-14a
8.2-23a
58-180.8a
40-49b
5.58-6.89

SEED (g/kg DM)
488

942; 910 (dehulled)
125-126; 259.8 (dehulled) 2.5
95; 12.4 (dehulled) 12.6]

506; 465.1 (dehulled) 7.81
467; 380.1 (dehulled) 11.41
140 29.81

371; 281.7 (dehulled) 10.91
5.3;10.3 (dehulled) 3.6
3.2; 8.6 (dehulled) 6.3
15.4; 104.9 (dehulled) 7.11
1.2; 29.4 (dehulled) 8.31
1.5NC

17; 42.5 (dehulled) 6.7
175.04

174; 119.5 (dehulled) 6.91
16591

12.05

VINE SHOOT

SKIN/PULP (g/kg DM) (g/kg DM)
188 506
863a; 920-934b 0.4 885
99-110a3.7) 45
59-101a4.7] 4.74
350a; 402-423b 6.61 741
312a; 380-401b 12.51 518
183a; 214-275b 63.51 9.45
175a; 242-261b 19.41 166
3.9-4.9a 4.81
2.9a;2.7-3.0b 7.41
23.1-45.2a 3.81
1.0a; 0.9-1.1b 10.07
1.7-1.8a;bNC
12-18 NC
13a; 17b 6.71
111-398a 151
23-124a 1.21
5.52-12.70 4.47

STALKS
(g/kg FM)

6.1

LEES
185a, 144b, 277¢

799a, 790b, 696¢
149.4a, 203.1b, 141.3c
15.1a, 8.4b, 23.1c

291a, 321b, 122¢
149a, 174b, 57.5¢
46.9a, 19.4b, 9.29¢
97.1a, 107b, 28.4c

Sources: Spanghero, M. et al., Anim. Feed Sci. Technol., 152, 243, 2009; Mirzaei-Aghsaghali, A. and Maheri-Sis, N., World J. Zool., 3, 40, 2008; Cavani, C. et al., Ann. De
Zootech., 37, 1, 1988; Basalan, M. et al., Anim. Feed Sci. Technol., 169, 194, 2011; Sousa, E.C. et al., Food Sci. Technol. Camp., 34, 135, 2014; Alipour, D. and
Rouzbehan, Y., Anim. Feed Sci. Technol., 137, 138, 2007; Molina-Alcaide, E. et al., J. Sci. Food Agric., 8, 597, 2008; Prozil, S.0. et al., Ind. Crops Prod., 35, 178, 2012.

Arrows indicate the change due to ensilage: 1, increase; |, decrease; NC, no change; a, red; b, white; ¢, sherry.
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Table 4.3 Contents of Antinutrient Compounds in Wine By-Products

BY-PRODUCT
FRACTION

Total Seeds
phenolics Pulp

Pomace
Seed
Bagasse

Skin
Seed
Pomace

Saponins Seed
Pulp
Alkaloids Seed
Pulp
Anthocyanins?  Seed
Pulp

Total White GP
condensed

tannins White skin

GP (white and
red)

Vine shoots
Red GP

White GP
White lees
Red lees
Sherry lees

Mixed GP and
lees

Stalks
Pomace (red)

Stalks

CONCENTRATION
(GAE g/kg DM)
51-90
31-62
19.4-32.8

671-704 mg CAE/g
extract

24 mg CAE/g
extract

20
1.43-22.23
24-138 TAE
24.1

40-48
2647
13-15
9-11

3-99

6-44

39.7 (CS)

138 g/kg DM
215.6-516.4

56.5
90.5

202.6
94.9
180.3
17.9
107.1

159
223

103

REMARKS

White > red

White > red

Red > white

REFERENCES
Spanghero et al. (2009)

Famuyiwa and Ough
(1982)

Baydar et al. (2007)

Saura-Calixto (1998)
Bartolomé et al. (2004)
Larrauri et al. (1996)
Louli et al. (2004)
Spanghero et al. (2009)

Spanghero et al. (2009)

Spanghero et al. (2009)

Famuyiwa and Ough
(1982)

Mendes et al. (2013)
Rondeau et al. (2013)

Molina-Alcaide et al.
(2008)

Prozil et al. (2012)

Llobera and Cabéellas
(2007)

2 (mg/kg DM).

GAE, gallic acid equivalent; TAE, tannic acid equivalent; CAE, catechin equivalents.
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leading to disruption to the digestion process and loss of nutrients.
Tannins can interfere with the absorption of important minerals
(e.g., iron) and can cause aberration and damage to the mucosal lin-
ing of the gastrointestinal tract. Ensiling could be a useful technique
to improve the nutrition of wine by-products. For example, ensiling
tor GP 45 days reduced antinutrients, anthocyanins, and saponins
(Spanghero et al. 2009), condensed and free tannins (Alipour and
Rouzbehan 2007), but not the bound tannins. The addition of poly-
ethylene glycol, which binds to tannins, can improve the digestibility
and the nutrition of GP (Alipour and Rouzbehan 2007). The inclu-
sion of tannase (tannin acyl hydrolases, EC 3.1.1.20) may be useful to
improve the digestibility of feed since tannase can catalyze the break-
down of tannins (Lekha and Lonsane 1997). While these techniques
can improve the digestibility of wine by-products, the low energy of
these materials still remains a hurdle toward the use of wine
by-products as 100% feed. The use of wine by-products as part of a
teeding regime to support high-energy feed is a more realistic target.
Famuyiwa and Ough (1982) concluded that Cabernet Sauvignon may
be used as an animal feed due to its relative high digestibility and low
polyphenol content. The authors also cited Prokop (1979) who
reported the use of GP at 20% supplementation level in beef cattle
finishing without any negative impact on the growth rate of the ani-
mals. The effect of dried GP, containing 5.4% total tannins and
0.34% total polyphenols, on the growth of Lori-Bakhtiari male lambs
was investigated by Bahrami et al. (2010). Standard feed was formu-
lated to contain 5%, 10%, 15%, or 20% dried GP and the diet was fed
to the lambs over 84 days. Dried GP at 5% and 10% significantly
increased the crude protein, neutral detergent fiber, and lamb growth
compared to the control diet. A high percentage of dried GP (15% or
20%) significantly negatively affected the growth rate of lambs. It is
worth mentioning that 10% replacement of dried lucerne and soy-
bean meal did not affect the performance of rabbits (Cavani et al.
1988). The inclusion of wine by-products at 6% and 7%, compared to
6% and 7% water, did not affect the daily growth of beef cattle and
the meat quality of the treated animals (Moote et al. 2014). Nistor
et al. (2014) used dried GP (composition on dry matter basis (88.6%),
which was 68% ash, 12.17% crude protein, 49.41% crude fiber, 6.11%
lipids, 1.82% soluble sugars, 0.38% calcium, 0.42% phosphorus,
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0.13% magnesium, and 5.2% tannins) to supplement the feeding of
Tsigai lambs over 90 days at 0.1, 0.125, and 0.15 kg/head/day. The
authors found no significant negative effect on the growth of lambs
up to 0.125 kg/head/day and significant reduction and weight gain at
0.15 kg/head/day. The authors found similar trends for milk produc-
tion in Romanian Spotted cows with 3 and 4 kg of GP/head/day
having no effect on milk production and composition, but these
parameters were affected negatively at a supplementation rate of
5 kg/head/day. GP was used as a supplementary feed to high-energy
forages to reduce methane emissions (Molina-Alcaide et al. 2008;
Tsiplakou and Zervas 2008; Beef Central 2011). Research from
Australia indicates that feeding dairy cattle with GP reduced meth-
ane emissions by 20% and improved milk production by 5% as well as
improved the profile of fatty acids in milk (Beef Central 2011).
An alternative strategy to use the wine by-products for animal feed is
to generate single-cell protein, which can be incorporated in animal
feed (Nicolini et al. 1993). Zepf and Jin (2013) reported a 280%
increase in the protein content of grape marc (from 7% to 27%) by
using three fungal strains (Aspergillus oryzae DAR 3699, Aspergillus
oryzae RIB 40, and Trichoderma reesei RUT C30). The process can be
optimized through controlling inoculum size, steam treatment, tem-
perature, and moisture content to achieve the bioconversion in 5 days.
Grape by-products contain significant amounts of tannins and con-
densed tannins, especially in the stalks. While the presence of tan-
nins in animal feed is undesirable from a nutritional point of view,
tannins can play an important role in animal health. Tannins in feeds
can increase the growth of the bacterium Busyrivibrio fibrisolvens and
decrease the numbers of the bacterium Butyrivibrio proteoclasticus
(Vasta et al. 2010), thus leading to reduction bloating and rumen
acidosis. Therefore, tannins from wine by-products can potentially
reduce the need to supplement the feed with yeast or antimicrobials
such as monensin to prevent bloating in animals. The potential
antiparasitic of lees from several wine varieties was investigated with
an in wvitro anthelmintic assay using Haemonchus contortus eggs
(Bekhit et al. 2011a). Shiraz lees did not exhibit any anthelmintic
activity whereas an inhibitory effect on larval development was found
with Pinot Noir samples. Geographical eftects were found in the lar-
val development of Pinot Noir lees. Pinot Noir lees from the South of
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New Zealand was more effective than its counterpart from North
Island. The use of Pinot Noir lees as drench for lambs grazed on con-
taminated pasture resulted in insignificant (7%) increase in cumula-
tive live weight gain relative to Control (P > 0.05). Gastrointestinal
parasitism is a major problem for animal growth and causes signifi-
cant financial losses for farmers. Moreover, its treatment is a
significant cost for farmers—with drenching accounting for 57% of
farm expenditure on animal health with an average cost of $2 per
head. Anthelmintic drugs are commonly used for the treatment of
gastrointestinal parasites. However, increasing drug resistance,
environmental issues, and heightened consumer awareness and con-
cerns about the use of chemicals in animal production are driving the
demand for new, effective, and environmentally sustainable approaches
to parasite management. The problem of parasitism is even more severe
in organic farming systems where anthelmintic drug use is restricted.
Parasitic gastroenteritis is the most challenging aspect of high-value
organic livestock production. The use of wine waste as an anthelmintic
treatment option could reduce the average drenching cost substan-
tially and enable many more farmers to migrate toward an organic
production system—thereby enabling them to capture the market pre-
mium organics offer. The international organic farming sector has
enjoyed an average growth of 25%-35% pa, with organic produce
fetching price premiums of ~25% more than conventional produce.
Wine waste could provide the critical means of achieving organic cer-
tification—particularly for North American markets where no chemi-
cal drenches are permitted for organic products. Moreover, in doing
so, farmers will reduce their impact on the environment by avoiding
the use of chemical drenches and also help reduce waste streams from
the wine industry.

4.3 Fertilizers

Vine prunings (about 5 tons/ha/year) are rich in lignins, cellulose,
and several elements such as nitrogen and potassium (Wadhwa
et al. 2013), which can be transformed to compost and used in other
applications. The use of wine sludge and grape stalks at a ratio of
1:2 resulted in a rich compost suitable for vineyard solids, which
commonly have a low organic matter content (Bertran et al. 2004).
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The best results were found when ground stalks were used and the
composting was carried out at a moisture content around 55%, tem-
perature around 65°C, and an oxygen concentration not less than
5%-10%. This led to conditions suitable for microbial activity and
better carbon:nitrogen ratio. Vermicomposting of GP, lees, vinasse,
and vine shoots using Eisenia andrei for 8 months was investigated
by Romero et al. (2007). The process resulted in reductions of total
organic C content and C/N ratio, and an increase of total extract-
able C and humic acid contents. The addition of poultry or cattle
manure can improve the physicochemical and the biological char-
acteristics of the compost. Fresh GP, mixed with chicken droppings
at a level of 10% w/w, and applied at 1-4 tons/ha, improved the
germination of corn in greenhouses and in field trials (Ferrer et al.
2001). The compost was supplemented with triphosphate salt for
the field trial and the optimum application rate was found to be
3 tons/ha. Better performance was achieved by GP compost com-
pared to industrial chemical fertilizers as judged by the higher dry
matter of corn. A mixture of exhausted GP and stalks was used in
the plug seedling production of lettuce, tomatoes, peppers, and mel-
ons (Carmona et al. 2012). The use of 100% wine waste had a low
water holding capacity and resulted in shorter seedlings (about 30%
shorter) and lower dry weight and root neck in the tomatoes and
melons compared to commercial compost. The authors suggested
the addition of conditioner or mixing commercial compost with GP
to decrease any negative effects that whole GP compost may exert
on seedlings, but no phytotoxicity or nitrogen immobilization was
tound due to the use of GP compost. GP composting can include
the addition of other vine crushed green waste (Lempereur and
Penavayre 2014). The cost of composting GP is estimated to vary
trom $69.3-$110/ton, depending on the distance and processing of
the material (Lempereur and Penavayre 2014).

4.4 Combustion Process

The gross heat of combustion of grape charcoal briquettes and dried
pressed GP was estimated to be about 90% and 65% of commercial
briquette (Walter and Sherman 1974). Direct combustion of grape
and wine dried residue is easy to use but has low efliciency. Air and
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steam gasification can potentially be used as solutions for improving
the thermal efficiency (Fiori and Florio 2010). The production of bio-
tuel pellets from grape waste was investigated by Gil et al. (2010). The
pellets had low durability but this property could be enhanced by mix-

ing with other agriculture residues.

4.5 Biomass for Biofuels

High production wine regions have the economic potential of pro-
ducing biodiesel from grape seed due to the large amounts produced
(Ramos et al. 2009; Fernindez et al. 2010). The extraction yield
of grape-seed oil varies among different varieties and depending
on the extraction method used (conventional press, solvent, CO,
supercritical, microwave-assisted, pulsed electric field). The extrac-
tion efficiency can be improved by using a combination of these
methods or the addition of extraction aids such as triacetin, a food
grade adjuvant used in oil extraction, which can improve the extrac-
tion of grape-seed oil by 23% (Fernindez et al. 2010). Grape seeds
contain a large amount of unsaturated fatty acids (Figure 4.4).

Figure 4.4 Grape seeds separated from pomace.
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Figure 4.5 Conversion of grape-seed oil to biofuel.

This high level of unsaturated fatty acids can improve the low-
temperature properties of biodiesel (e.g., flow characteristics, cloud
points, and pour points) (Figure 4.5); however, it has the disad-
vantage of a low oxidation stability (Bhale et al. 2009; Fernindez
et al. 2010). The conversion of crude oils into biofuels involves refin-
ing (removal of water, phospholipids, free fatty acid, and any other
impurities) and transesterification (reaction of the refined oil with
ethanol or methanol to form methyl or ethyl esters in the presence
of catalysts such as NaOH, KOH, or CH;NaO) steps. The use of
ethanol or methanol for transesterification can influence the proper-
ties of generated biodiesel. For example, methyl esters have lower
melting points and crystallization temperatures compared to ethyl
esters (43.1°C versus 56.7°C; and 0°C versus -10°C) (Ferndndez
et al. 2010) and thus ethyl esters offer some advantages in a cold
climate. Wine yeast has been an obvious candidate for ethanol pro-
duction from GP since ethanol is the main end product of their
anaerobic glycolysis metabolism. Hang et al. (1986) produced etha-
nol from GP after solid-state fermentation using wine yeast. Several
yeast types (Saccharomyces cereviseae Montrachet #52, Saccharomyces
cereviseae Epernay #2, Saccharomyces bayanus California Champagne
#505, Saccharomyces bayanus Pasture Champagne #595) can be used
for ethanol production. Recently, Lempereur and Penavayre (2014)
reported the cost associated with distillation of wine by-products in
France. The authors estimated the transport and recovery of product
cost to range from $23.1-$27.5/ton depending on the distance and
wine distillery, which can be in part subsidized by local authori-
ties. The same authors reported the use of wine by-product for the
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production of methane through anaerobic digestion. The range of
methane produced ranged from 37.5 to 260 mL. CH,/g of wine
by-product depending on the grape variety, treatment, geographical
location, and storage time. The cost associated with the anaerobic
digestion process was estimated to be in the range of $22-$90.8/ton
(Lempereur and Penavayre 2014). Interest in using GP to generate
butanol has emerged due to its safety (butanol is less volatile than
ethanol), technological (butanol has about 25% more energy and less
corrosive than ethanol), and environmental advantages. Law (2010)
termented Chardonnay grape pomace using Clostridium saccharobu-
tylicum to generate acetone, butanol, and ethanol mixture (ABE).
The optimum conditions for ABE generation resulted in the pro-
duction of 0.21 g/L/h. The use of GP can be very useful to improve
the economics of biogas production from dairy manure. Lo and Liao
(1986) found the addition (3% wine lees at an addition rate of 1:1
dairy manure and wine lees) of fresh wine lees and aged wine waste
improved methane production (liter CH,/L/day) by 11- and 3-fold,
respectively. Biogas can also be generated using thermophilic anaer-
obic digestion of alcohol distillery wastewater. The biogas contained
up to 76% methane (Vlissidis and Zouboulis 1993).

4.6 Distillation

Wine GP and lees contain residual ethanol, which can be recovered
by distillation. Naziri et al. (2014) estimated the recovery of 4-8 L
of ethanol (96% v/v) per 100 kg of wine lees with an estimated
extra income of $0.45/% vol/hL for 52% v/v or $1.58/% vol/hL for
92% v/v strength. The nutritional value of the distilled wine by-
product is normally lower than undistilled material, but the mate-
rial can be used for other applications such as recovery of tartaric
acid, fermentation for further ethanol/methanol production or
organic acids. Zheng et al. (2012) suggested that the best strategy to
utilize wine by-products for the generation of ethanol starts by the
recovery of the residual ethanol in the by-product and then to use
the remaining substrate for cellulosic ethanol production. The high
ethanol content in GP obtained after alcoholic fermentation dur-
ing wine making and the low pH of that GP inhibited the growth
of lactic acid bacteria and negatively affected ethanol production.
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Zheng et al. (2012) found that Lactobacillus plantarum B38 gen-
erated a high ethanol content (160.7 mg/g DM) after 7 days of
termentation, whereas Lactobacillus brevis NRRL B-1836 gener-
ated the highest ethanol content (161.1 mg/g DM) after 28 days
of fermentation of fresh GP which was obtained from white wine
production. In that study, simultaneous saccharification and fer-
mentation of raw fresh GP generated the highest ethanol concentra-
tion (about 0.4 g/g DM) compared to ensiled fresh GP (about 0.14
g/g DM) and raw fermented GP (about 0.02 g/g DM). The use of
white grape skin water-soluble hexose for the production of ethanol
using Saccharomyces cerevisiae 4072 yielded 0.42-0.51 g/g of sugar
in the skin (Mendes et al. 2013). One of the most famous distilla-
tion products of wine by-products is the well-known Italian spirit
“grappa.” Da Porto (1998) stated that grappa (at least 37.5% v/v alco-
hol) accounted to about 40% of the Italian spirit production. Data
reported by Galletto and Rossetto (2005) show that the produc-
tion of grappa increased by 7.4% over the period of 1999-2003 and
grappa accounted to about 57% of distilled spirits. The product is
traditionally made by steam distillation of marc or mixture of wine
lees and marc (25 kg/100 kg of marc). The addition of aniseeds or
other botanicals is permitted in Italy (Da Porto 1998). The product
is very rich in volatile compounds and thus does not require a matu-
ration step, as with other spirits such as whisky, brandy, or cognac.
The quality of grappa is dependent on the quality of the materials
used (grapes, viticulture practices and factors influencing the berry
composition), wine making conditions, and handling of the marc/
lees after pressing/racking (Da Porto and Freschet 2003). Similar
products are produced in Portugal (bagaceira) and Spain (Orujo).
The distillation process generates three fractions. The first (called
the head fraction) contains components that are more volatile than
ethanol (methanol, methyl-butanol/propanol, ethyl acetate, acetal,
and acrolein), which have a pungent and strong aroma, as well as
several other compounds such as ethyl hexanoate, ethyl octanoate,
ethyl decanoate, and acetaldehyde (Silva et al. 2000). The second
fraction called the heart fraction, contains mostly ethanol but also
contains some higher alcohols such as propanol, hexanol, and buta-
nol. The third fraction called the zai/ fraction, contains long-chain
alcohols, esters, and lesser volatile acids. Some chemical reactions
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(esterification, hydrolysis) occur because of the high distillation
temperatures, direct contact with the copper distillers, and the
pomace properties (pH, acidity, and so on). Silva et al. (1996, 2000)
reported that bagaceira, orujo, and grappa have 45.0%, 58.1%, and
72.9% v/v ethanol and 3389.2, 5169, and 8869.2 mg of methanol/L,
respectively. The European Community regulations (EC Regulation
No. 1567/89) have set the acceptable methanol content in the spirits
above not to exceed 10 g/L of absolute alcohol. The legal limit for
methanol in grappa in the United States is set at 7.0 g/L of absolute
alcohol or 2.8 g/L of 40% alcohol (Hang and Woodams 2008). Da
Porta and Freschet (2003) reported that the concentrations of meth-
anol in Italian grappa to be between 27.61 and 39.39 g/L of absolute
alcohol in marc stored for 80 days under various treatments. The
highest methanol content (39.39 g/L of absolute alcohol) was found
in grappa from marc treated with potassium metabisulfite solution
(10%) treated as a rate of 20 g/0.1 ton of marc. Grappa produced in
the United States from Niagara, Cayuga White, Gewurztraminer,
Chardonnay, and Riesling GP contained 0.44, 0.38, 1.38, 0.55, and
1.12 g of methanol/L of 40% alcohol, which is lower than the legal
limit (Hang and Woodams 2008). The use of citric acid (20 g/L)
to preserve white GP decreased methanol content in the obtained
distillate (Gerogiannaki-Chrisopoulou et al. 2004). There is a close
relationship between the pectin methylesterase activity of grape
pomaces, the degree of pectin methylation, and the concentration
of methanol before distillation. The inhibition of grape pomaces
pectin methylesterase can control methanol concentration (Zocca
et al. 2008). High-quality spirits are obtained from fresh GP which
has not been exposed to air or further secondary fermentation that
causes the generation of methanol. Diéguez et al. (2001) reported
that the most suitable method to store GP is to keep it in contain-
ers that permit little or no contact of the pomace with air (a plastic
sack or plastic container), and is small enough to avoid accumulation
of heat, and increase in temperature during alcoholic fermentation
(Diéguez et al. 2001), but small containers (50 kg capacity) can pro-
mote aerobic fermentation and increase methanol formation (Cortés
et al. 2010). Also time plays an important role due to the increased
activities of Acetobacter that can affect the quality of the distillate
(Silva et al. 2000; Hang and Woodams 2008).
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4.7 Conventional and Nonconventional Extraction
Techniques for the Extraction of Phenolics

With beneficial impacts on health, the environment, and the econ-
omy, it is only rational that researchers and the wine industry strive
to implement the extraction and the recovery of valuable phenolic
compounds from wine by-products. Different components of wine
waste (grape seeds, skin, and stalks) possess different phenolic com-
pounds that differ in activities and properties. Both the nature of
the occurring species (structure and the degree of polymerization)
and the overall quantity could vary markedly among the wine waste.
Flavonols are abundant phenolic compounds in grape skin, while
grape seeds are rich in flavan-3-ol. Grape-seed extract from Merlot
contains 2323.5 mg tannins/kg seeds while the skin and stalks con-
tain 1605 and 221.3 mg tannins/kg, respectively. Wine by-products
from different varieties of wine also contain different compounds,
even if they are subjected to the same extraction parameters. For
example, anthocyanins are present in red grapes but they are not
present in white grapes. Extraction efficiency is commonly a function
of process conditions. The aim of an extraction process is to obtain
maximum yield of the compound of interest at the highest quality/
purity (concentration of target compounds and the efficacy of the
extracts). At present, numerous and frequently contradictory results
can be found regarding the optimization of the extraction process
for bioactive compounds from wine by-products and ambiguous data
on the methods and extraction parameters are available, particularly
it different raw materials are compared. A summary of previously
published research on the optimization of processing parameters for
conventional solvent extraction of active compounds from grapes
and wine by-products (grape pomace, seeds, skin, and stalks) is pre-
sented in Tables 4.4 through 4.6. Conventional solvent extraction
is the extraction method most often investigated. Several novel and
more advanced extraction technologies have been proposed, such as
supercritical fluid extraction, microwave-assisted extraction, ultra-
sonically assisted solvent extraction, and high hydrostatic pressure,
as well as a pulsed electric field (Table 4.7). However, some of these
technologies are still at the experimental stages and mostly require
substantial investment to set up. The most common processing



Table 4.4 Summary of Conventional Solvent Extraction Methods Used to Optimize the Extraction of Polyphenols from Grape Seeds

SAMPLE

Dried whole white grape seeds after
vinification (ltalian Riesling)

Dried powdered de-fatted fresh grape seeds
(V. vinifera var. Bangalore blue grapes)
Dried powdered de-fatted fresh grape seeds

(V. vinifera var. Bangalore blue grapes)

Dried powdered grape seeds after
vinification

Dried powdered de-fatted grape seeds from
fresh grapes

EXTRACTION PARAMETERS

Solvent: Ethyl acetate with 3.3%, 5%, 10%,
15%, 20% water content

Time:1,12,24 h

Solvent: Acetone, ethyl acetate, methanol, ethyl
acetate with 10%—15%—20% water content

Temperature: 60°C—70°C

Time:5, 10 h

Solvent: Acetone:water:acetic acid (90:9.5:0.5),
Methanol:water:acetic acid (90:9.5:0.5)

Solvent: Ethanol with 5%, 20%, 30%, 40%,
50%, 60%, 70%, 80% water content

Temperature: 25°C, 45°C, 65°C

Time:1,1.5,2h

L/S ratio: 5:1,7.5: 1, 10:1 (v/w)

Stage: Multiple-stage extractions (single,
double, and triple steps)

Solvent: Acetone:water:acetic acid (90:9.5:0.5),
Ethyl acetate:methanol:water (60:30:10),
Ethanol:water (95:5)

Temperature: 60°C—70°C

Time: 8 h

OPTIMUM EXTRACTION

Solvent: Ethyl acetate with
10% water content

Time: 24 h

Solvent: Ethyl acetate with
15% water content

Temperature: 60°C—70°C

Time:5h

Solvent: Acetone:water:
acetic acid (90:9.5:0.5)

Time: 8 h

Solvent: Ethanol with 50%
water content

Temperature: 65°C

Time: 1.5 h

L/S ratio: 7.5:1 (v/w)

Stage: Double-stage
extraction

Solvent: Ethyl
acetate:methanol:water
(60:30:10)

Temperature: 60°C—70°C

Time: 8 h

TOTAL POLYPHENOLS

Proanthocyanins: 5.18
g/kg seeds

54% total flavanols
(in CE/100 g extract)
46% (w/w) (in CE/

crude extract)

39.246 mg GAE/g

667.87 mg GAE/g

REFERENCES

Pekic et al.
(1998)

Jayaprakasha
et al. (2001)
Jayaprakasha

et al. (2003)

Shiet al.
(2003a)

Baydar et al.
(2004)

(Continued)
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Table 4.4 (Continued) Summary of Conventional Solvent Extraction Methods Used to Optimize the Extraction of Polyphenols from Grape Seeds

EXTRACTION PARAMETERS

Solvent: Acetone:water:acetic acid (90:9.5:0.5),
Ethyl acetate:methanol:water (60:30:10),
Ethanol:water (95:5)

Temperature: 60°C—70°C

Time:8 h

Solvent: Ethanol with 50% water content

SAMPLE

Dried powdered de-fatted grape seeds from
fresh grapes

Powdered seeds after vinification
Temperature: Room temperature

Time:1h

L/S ratio: 0.1:1, 0.15:1, 0.2:1, 0.25:1 (v/w)

Stage: Multiple-stage extractions (single,
double, and triple steps)

Membrane pore size: 0.22, 0.45 um

Solvent: Ethanol, methanol, acetone (all with
0%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 100% water content)
Temperature: Room temperature

Dried powdered grape seeds after
vinification (Merlot and Chardonnay) and
muscadine seeds

Time: 30 min
L/S ratio: 10:1 (v/w)

OPTIMUM EXTRACTION

Solvent: Ethyl
acetate:methanol:water
(60:30:10)

Temperature: 60°C—70°C

Time: 8 h

Solvent: Ethanol with 50%
water content

Temperature: Room
temperature

Time:1h
L/S ratio: 0.2:1 (v/w)

Stage: Double-stage
extraction

Membrane pore size: 0.22 um

Solvent: Ethanol, methanol,
and acetone (all with
50%—70% water content)
Temperature: Room
temperature

Time: 30 min

L/S ratio: 10:1 (v/w)

TOTAL POLYPHENOLS REFERENCES
667.87 mg GAE/g Baydar et al.
(2004)
11.4% of total seed Nawaz et al.
weight (2006)
28-53 mg GAE/g,, Yilmaz and
Toledo (2006)

(Continued)
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Table 4.4 (Continued) Summary of Conventional Solvent Extraction Methods Used to Optimize the Extraction of Polyphenols from Grape Seeds

SAMPLE

Dried powdered de-fatted red grape seeds
(V. vinifera var. Syrah)

Dried powdered de-fatted grape seeds after
vinification (from Narince grape cultivar)

Dried powdered white grape seeds

EXTRACTION PARAMETERS
Solvent: Ethanol, methanol, ethyl acetate,
acetone (all with 30%—-50% water content)
Temperature: 45°C, 50°C, 55°C, 60°C (ending
with boiling point of each solvent)
Time: NA
L/S ratio: NA

Solvent: Acetone:water:acetic acid (90:9.5:0.5),
Ethyl acetate:methanol:water (60:30:10)

Temperature: 60°C
Time: 8 h
Solvent: Ethanol with 50% water content

Temperature: 25°C, 40°C, 50°C, 60°C, 70°C,
80°C

Time: 0—200 min

L/S ratio: 2.5:1, 5:1, 7.5:1, 10:1 (V/W)

Particle size: 0.125, 0.16, 0.4, 0.63, >0.63 mm

OPTIMUM EXTRACTION TOTAL POLYPHENOLS REFERENCES

Solvent: Methanol with 57.16% Youssef and
40%-50% water content El-Adawi

Temperature: 65°C (2006)

Time:3 h

L/S ratio: 7-8:1 (v/w)

Solvent: 704 mg CE/g extract Baydar et al.
Acetone:water:acetic acid (2007)
(90:9.5:0.5)

Temperature: 60°C

Time: 8 h

Solvent: Ethanol with 50%
water content

Temperature: 80°C

66.81 mg GAE/g,, of
seeds

Buci¢-Koji¢
et al. (2007)

Time: 40 min
L/S ratio: 10:1 (v/w)

Particle size:
0.16-0.125 mm
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Table 4.5 Summary of Conventional Solvent Extraction Methods Used to Optimize the
Extraction of Polyphenols from Grape Pomace/Marc

EXTRACTION OPTIMUM TOTAL

SAMPLE PARAMETERS EXTRACTION POLYPHENOLS ~ REFERENCES
Red grape marc after  Feed pretreatment:  Feed pre- 112 mg/L Bonilla et al.

vinification (Cabernet  Crushed, treatment: (1999)

Sauvignon: uncrushed marc Crushed marc

Tempranilio; 1:1) - g5r/ent. Ethyl Solvent: Ethyl

(W/w) acetate with 50%  acetate phase

water content

Temperature: 20°C  Temperature: 20°C
Time: 5, 10, 20, Time: 10 min

30 min
L/S ratio: 10:1 (v/w) L/S ratio: 10:1
(v/w)

Dried powdered Solvent: Ethyl Solvent: Methanol  35.7% (w/w) CE Murthy et al.
de-fatted marc after ~ acetate, methanol, (2002)
juice processing water
(V. vinifera var.

Bangalore blue
grapes)

Red grape marc after feed pretreatment: Feed pretreatment: 13.8% (w/w) Louli et al.
vinification Crushing and Crushing and GAE (2004)
(V. vinifera var. removal of stems  removal of stems
Agiorgitiko)

Solvent: Methanol, ~ Sofvent: Ethyl
ethyl acetate, KOH acetate
(3%)

Temperature: 18°C, Temperature: 75°C
20°C, 30°C, 60°C,
75°C

Time: 8, 24 h Time: 8 h

L/S ratio: 3:1,10:3  L/S ratio: 10:3
(v/w) (v/w)

Pressed red grape  Solvent: 70% Solvent: 710% 6717.9-6782.8 Lapornik et al.
marc after Ethanol, 70% Methanol mlL/g extracts  (2005)
vinification V. methanol, water
vinifera var. Pinot o herature: Room  Temperature:

Noir) temperature Room
temperature

Time:1,12,24h  Time: 24 h
(Continued)
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Table 4.5 (Continued) Summary of Conventional Solvent Extraction Methods Used to
Optimize the Extraction of Polyphenols from Grape Pomace/Marc

EXTRACTION OPTIMUM TOTAL
SAMPLE PARAMETERS EXTRACTION POLYPHENOLS ~ REFERENCES
Dried red and white  Solvent: Methanol,  Solvent: Methanol  493.4 mg GAE/L Pinelo et al.
grape marc with two  96% ethanol, (2005a)
different water
pretreatments: Temperature: 25°C, Temperature: 50°C
pressed and 37.5°C. 50°C
distillated ' , _
(Garacha grapes) ﬁme:30, 60, Time: 90 min
90 min
L/S ratio: 1:1, 3:1,  L/S ratio: 1:1 (v/w)
5:1 (v/w)
Powdered white Solvent: Water Solvent: Water 52.7 mg GAE/L  Pinelo et al.
grape marc after (2005b)

distillation

(Garnacha grapes)
Solvent flow rate: 2, Solvent flow rate: 2

2.5, 3 mL/min mL/min
Sample amount: ~ Sample amount:

Temperature: 50°C  Temperature: 50°C

25,575¢ 25¢
Particle size: 0.5, 3, Particle size:
5.5 mm 0.5mm
continuous
extraction
Powdered white Solvent: Ethanol,  Solvent: Ethanol ~ Catechin: 89.31/ Pinelo et al.
grape marc after methanol, water 0D¥/min/(mg,,) (2005c)
distillation Temperature: 50°C  Temperature: 50°C Resveratrol:
(Garnacha grapes) 91.12/0D3/min/
(mg,,)
Time: 30 min Time: 30 min
Storage Storage
temperature: temperature:

22°C-37°C-60°C  60°C

Storage time: 0,5,  Storage time:
10, 15, 20, 25, 1-2 days
30 days

(Continued)
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Table 4.5 (Continued) Summary of Conventional Solvent Extraction Methods Used to
Optimize the Extraction of Polyphenols from Grape Pomace/Marc

SAMPLE

Dried powdered
de-fatted red grape
marc after
vinification
(V. vinifera var.
Agiorgitiko)

Dried red grape marc
after vinification
(Barbera red grape)

Red grape pressed
marc after
vinification
(Barbera red grape)

EXTRACTION
PARAMETERS

Solvent: Methanol,
ethanol,
ethanol:water
(1:1), isopropanol,
ethyl acetate

Temperature:
Ambient
temperature

Time: 30 min, 5, 10,

17,24 h
pH:1.5,2,2.4,3.3,
36,37

L/S ratio: 3:1, 4:1,
5:1,6:1, 7:1, 81,
9:1,10:1. 11:1,
12:1 (v/w)

Stage: Continuous
extraction and
multiple-stage
extractions
(double and triple
steps)

Degreasing
pretreatment with
hexane: 24 h for
marc

Solvent: Ethanol,
ethyl acetate with
10% water

Temperature: 28°C,
60°C

Time: 5, 24 h

First phase

Solvent: Ethanol

Temperature: 45°C,
60°C

OPTIMUM
EXTRACTION

Solvent:
Ethanol:water
(1:1) (v/v)

TOTAL

2.89% (w/w)
(GAE)

Temperature:
Ambient
temperature

Time:3 h
pH:-1.5

L/S ratio: 9:1 (v/w)

Stage: Triple-stage
extraction

Degreasing is not  0.4%-0.6%

a useful (w/w) (GAE)
pretreatment
Solvent: Ethanol
Temperature: 60°C
Time:5h
2.03-4.05¢
GAE/100 g,

POLYPHENOLS

REFERENCES

Lafka et al.
(2007)

Spigno and De
Faveri (2007)

Spigno et al.
(2007)

Solvent: Ethanol
with 0%—-30%
water content

Temperature:
6060°C

(Continued)
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Table 4.5 (Continued) Summary of Conventional Solvent Extraction Methods Used to
Optimize the Extraction of Polyphenols from Grape Pomace/Marc

EXTRACTION OPTIMUM TOTAL
SAMPLE PARAMETERS EXTRACTION POLYPHENOLS ~ REFERENCES
Time:1,3,5,7,9, Time:5-8h
15,20, 24 h

Second phase

Solvent: Ethanol
with 10%—-60%

water content
Temperature: 60°C
Time:5h
Dried red grape marc Solvent: Acetone  Solvent: Ethanol ~ 17.3-20.2 mg  Vatai et al.
after vinification with 309%—-50% with 50% water  GAE/g,, (2009)
(Refosk, Merlot and  water content, content, acetone
Cabernet) ethyl acetate with ~ with 50% water

30%—-50% water  content
content, ethanol
with 30%—-50%
water content
Temperature: 20°C, Temperature: 60°C
40°C, 60°C
Time: 2 h Time: 2 h
L/S ratio: 20:1 (v/w) L/S ratio: 20:1
(v/w)

parameters investigated for extraction were as follows: pretreatment
of the sample (de-oiling and size reduction), solvent-to-sample ratio,
type of solvent, contact time, and the temperature at which extrac-
tion is carried out.

4.7.1 Extraction Parameters

4.7.1.1 Sample Pretreatment ‘The de-oiling/de-fatting of grape
seeds slightly decreases the yield of total phenols of extracts as
parts of the phenolic are normally removed with the oil. Numerous
researchers have reported on the use of de-oiling prior to the
extraction process since the presence of oil might affect the mea-
surement of activities (Murthy et al. 2002; Baydar et al. 2007,
Lafka etal. 2007). However, Spigno and De Faveri (2007) claimed
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Table 4.6  Summary of Conventional Solvent Extraction Methods Used to Optimize the
Extraction of Polyphenols from Grape Skins and Stalks

EXTRACTION OPTIMUM TOTAL
SAMPLE PARAMETERS EXTRACTION POLYPHENOLS ~ REFERENCES
Skin from fresh ~ Solvent: Methanol, 80%  Solvent: 267 mg/100 g of Revilla et al.
red grapes methanol, water, 75% Methanol/12N grapes (1998)

(Cabernet acetone, methanol/12N  HCI (98:2)
Sauvignon) HCI (99:1), methanol
12N HCI (98:2)

Temperature. —25°C, Temperature: 4°C
4°G, room, 25°C

Time:1,4,12,16,24h  Time: 24 h
Stage: Multiple-stage Stage: 5 stage

extractions (double, extraction
triple, and more)
Dried powdered PLE (pressurized liquid 179.4-189.5 mg Ju and Howard
grape skin extraction) at 10.1 MPa GAE/g,, (2003)

from fresh red - gy1yent. 0.1% HClin -~ Solvent: 0.1% HCI
WINEErapes  dejonized water, 0.1%  in 40:40:20

HCl in 60% ethanol, (Methanol,
0.1% HCl in 60% acetone, water,
methanol, 0.1% HCl'in  solvent mixture)
40:40:20 (methanol,

acetone, water, solvent
mixture), 7% acetic
acid in 70% methanol,
0.1% trifluoroacetic
acid in 70% methanol

Temperature: 20°C, Temperature:
40°C, 60°C, 80°C, 120°C
100°C, 120°C, 140°C
Time & stage: 5 min x 3 Time & stage:

extraction stages 5minx 3
extraction stages

Dried red grape Degreasing pretreatment Degreasing is not  ~0.2% (w/w) Spigno and De

stalks after with hexane: 6 h for a useful GAE Faveri (2007)
vinification stalks pretreatment

(Barberared  gorent. Ethanol, ethyl  Solvent: Ethanol

grape) acetate with 10% water

Temperature: 28°C, 60°C  Temperature: 60°C
Time: 5,24 h Time: 5 h




Table 4.7 Examples of Emerging Technologies for the Extraction of Polyphenols from Wine By-Products

TECHNIQUE MATERIALS COMPOUNDS
Supercritical fluid Grape-seed Polyphenol
extraction (SCE) cake
Proanthocyanidins
Ultrasonic (US) Grape seed Qil and polyphenol
Polyphenol,
anthocyanins
Electricity-assisted ~ Grape seed Polyphenol

extraction methods

EXTRACTION CONDITIONS
30 MPa, 40°C, 15% methanol, 180 min

30 MPa, 50°C, 20% of ethanol, 60 min

25 g sample in 200 mL hexane, 20 kHz, 150 W for
30 min for oil extraction.

10 g of de-fatted grape-seed flour in 100 mL of
methanol, 20 kHz, 150 W for 15 min, <30°C for
polyphenols

2 g of grape-seed flour in 100 mL of 52% ethanol,
55°C—60°C, 40 kHz, 250 W, 30 min in US water
bath

PEF (8-20 kV/cm, 0—20 ms); 2000 pulses with a
frequency of 0.33 Hz. Time was 15 min.
HVED (10 kA/40 kV, 1 ms)

YIELD

>90% low molecular weight
polyphenols

Gallic acid, epigallocatechin
and epigallocatechingallate
were extracted at their maximum
level

14% oil yield by ultrasonication
was similar to 16 h maceration

105.20 mg GAE/g flour and
antioxidant activity (109 Eq
oToc/g flour)

Total phenolics (5.41 mg GAE/100
mL), antioxidant activity (12.28
mg/mL), and total anthocyanins
(2.29 mg/mL)

Both treatments produced
increase in polyphenols

Better yield at 50°C and with
50% ethanol

Maximum yield 9 ¢ GAE/100 g
seeds

REFERENCES

Murga et al.
(2000)

Yilmaz et al.
(2011)

Da Porto et al.
(2013)

Ghafoor et al.
(2009)

Boussetta
etal. (2012)

(Continued)
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Table 4.7 (Continued) Examples of Emerging Technologies for the Extraction of Polyphenols from Wine By-Products

TECHNIQUE MATERIALS COMPOUNDS EXTRACTION CONDITIONS YIELD

Polyphenol Pulsed arc treatment (3—10 J, specific pulse energy Effectiveness Arc >> streamer >
was in the range 41.8-139.4 J/kg). Electric arc was PEF
1800 pulses at 2 Hz. The total treatment time was
15 min. Streamers treatment (1-1.5 J, specific pulse
energy was about 14—20.9 J/kg). Number of pulses
was 60,000 at freq. of 20 Hz
PEF (20 and 40 kV/cm, pulse number = 60,000,
5.2-20.9 J/kg)

Microwave-assisted  Grape seed Polyphenols Ethanol (10%—90%), solid:liquid ratio 1:10-1:40 0.092-0.169 (g extract/g FW)
extraction (w/v), 2-32 min, 40°C-60°C
Wine lees Phenolic 200 W, 75% ethanol, 17 min Total phenolic content, 36.8%
compounds (mg GAE/g FW)
Grape skin Anthocyanins 40% methanol, 100°C, 5 min, 500 W Total anthocyanins (118%)

REFERENCES

Boussetta
et al. (2013a)

Liet al. (2011)

Pérez-
Serradilla
and de Castro
(2011)

Liazid et al.
(2011)

FW, fresh weight; DW, dry weight; GAE, gallic acid equivalent; W, watt.
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that de-oiling did not seem to be a useful pretreatment to enhance
extract purity. Size reduction is another pretreatment used prior to
the extraction of phenolic compounds from wine by-products. A
smaller particle size increases the surface area available for mass
transfer, and subsequently increases the extraction yield, especially
in continuous extraction systems (Pinelo et al. 2006b). Bucic¢-
Koji¢ et al. (2007) reported a higher concentration of extracted
polyphenols (66.81 mg GAE/g dry basis) for a smaller particle
size of grape seeds (0.16—0.125 mm) compared to the concentra-
tion of polyphenols (23.907 mg GAE/g dry basis) obtained from
seeds with a larger particle size (>0.63 mm). Crushing of grape
pomace also resulted in a higher extraction of phenolic compounds
(Bonilla et al. 1999). Moure et al. (2001) reported that particle
size reduction increased the antioxidant activity as a result of both
increased extractability and enhanced enzymatic degradation of
polysaccharides. However, the increment is not very large, thus
crushing cannot be considered as a decisive parameter for process
efficiency (Louli et al. 2004).

4.7.1.2 Solvent-to-Sample Ratio 'The effect of solvent-to-sample
or liquid-to-solid (L/S) ratio on the extraction of phenolic com-
pounds has been investigated by Shi et al. (2003a), Pinelo et al.
(2005a), Nawaz et al. (2006), Buci¢-Kojié et al. (2007), and Lafka
et al. (2007). The influence of L/S ratio was more significant at
higher temperatures than at room temperature (Shi et al. 2003a).
According to the mass transfer principles, the higher the L/S
ratio, the higher was the amount of extracts attained, regardless
of the type of solvent used. However, an equilibrium between
the use of high and low L/S ratios, involving a balance between
high costs, solvent waste, and avoidance of saturation effects has
to be reached (Pinelo et al. 2005b). A L/S ratio of 40 mL/g gave
the best extraction yield from grape seeds at all tested tempera-
tures (Bucié-Koji¢ et al. 2007) but other studies reported different
preferable L/S ratios; 0.2/1 (v/w) (Nawaz et al. 2006), 1/1 (v/w)
(Pinelo et al. 2005a), 4/1 (v/w) (Spigno et al. 2007), 8-10/1 (v/w)
(Bonilla et al. 1999; Shi et al. 2003a; Yilmaz and Toledo 2006;
Youssef and El-Adawi 2006; Lafka et al. 2007), and 20/1 (v/w)
(Vatai et al. 2009) (Tables 4.4 through 4.6).
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4.7.1.3 Types of Solvents 'The type of solvent used for extraction is
one of the most important variables in the extraction process. The
extraction of polyphenols is dependent upon two mechanisms:
(1) the dissolution of each phenolic compound in the plant mate-
rial matrix and (2) their diffusion in the external solvent medium
(Kallithraka et al. 1995). Previously, all extractions were per-
formed with organic solvents such as ethanol-benzene combina-
tions (Kofujita et al. 1999), hexane and methanol combinations
(Santos-Buelga et al. 1995), and sulfur dioxide (Cacace and Mazza
2002). These solvent extraction procedures have proved to be effi-
cient; however, the extracts were not safe for human consumption
due to the potential toxic effects from the residual solvents. These
health concerns have sparked research into methods that reduce
or eliminate organic solvents in the extraction procedures. A U.S.
patent investigated the extraction of procyanidins from grape seeds
using hot water extraction at high temperature and high pressure
(Nasis-Moragher et al. 1999). However, water alone can cause the
undesired dissolution of proteins and polysaccharides, especially
under conditions of high pressure and temperature. In recent years,
alcoholic solvents have been employed to provide efficient pheno-
lic extractions from natural sources. This provides high yields of
total extract but is not highly selective for phenols (Spigno et al.
2007). Generally, mixtures of alcohols and water have been found
to be more efficient in the extraction of phenolic constituents com-
pared to a corresponding mono component solvent system (Pinelo
et al. 2005a; Yilmaz and Toledo 2006). The use of a single solvent,
such as acetone or methanol, gives a high yield of extract with
low antioxidant activity and low reducing power, while mixtures
of solvent and water give the opposite results (Jayaprakasha et al.
2001). Other than this, high concentrations of a single solvent also
increase the cost of extraction and limit the operating temperature
due to their volatilities (Shi et al. 2003a). Several hydro-alcoholic
solvents have been claimed to be the best solvent for the maxi-
mum qualitative and quantitative extraction of polyphenols from
wine by-products. These include ethanol (Shi et al. 2003a; Pinelo
et al. 2005¢; Spigno and De Faveri 2007), methanol (Murthy
et al. 2002; Lapornik et al. 2005; Pinelo et al. 2005a), and acetone
(Jayaprakasha et al. 2003; Baydar et al. 2007). Many publications
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have reported that 50% aqueous ethanol acts as the best and the
safest extraction solvent (Shi et al. 2003a; Nawaz et al. 2006;
Youssef and El-Adawi 2006; Buci¢-Koji¢ et al. 2007; Lafka et al.
2007; Vatai et al. 2009) and is the most widely employed solvent
because it has hygiene benefits and is compatible with food mate-
rials. Ethanol effectively extracts flavonoids and their glycosides,
catechols, and tannins from raw materials (Bazykina et al. 2002).
However, the addition of water over a limited range up to 50%
can enhance the solubility of these compounds (Cacace and Mazza
2003; Shi et al. 2003a; Spigno et al. 2007). Ethyl acetate is capable
of selectively extracting proanthocyanidins (5.18 g/kg seeds) and
addition of water up to a certain level (10%) increased the yield
of proanthocyanidins due to increased permeability of the seeds,
thus enabling a better mass transfer by molecular diffusion (Peki¢
et al. 1998). Ethyl acetate preferentially extracts phenols that are
readily dissolved in the lipid fraction due to its low boiling point
that facilitates its removal (Pekié et al. 1998). On the other hand,
Kallithraka et al. (1995) reported that methanol is the best solvent
for qualitative extraction of (+)-catechins, (-)-epicatechin, and epi-
gallocatechin from grape seeds. This indicates that the selective
extraction of polyphenols from wine by-products by an appropri-
ate solvent mixture is very important in obtaining a fraction with
maximum polyphenols yield and selective function.

4.7.1.4 Time and Temperature Extraction time and temperature are
among the most important parameters to be optimized, in order to
minimize the energy cost of the process and increase process effi-
ciency. Many authors have highlighted the fact that an increase in
temperature, in conjunction with extraction time, favors increased
extraction by enhancing both the diffusion coefficient of the solute
and its solubility. Bucié-Koji¢ et al. (2007) concluded that extrac-
tion at 80°C for 40 min resulted in the maximum extractable
total polyphenols (66.81 mg GAE/g dry basis). A higher tempera-
ture can enhance the mass transfer into the internal liquid phase
which raises the pressure, causing centrifugal circulation of the
solutes through membranes of the plants. Additionally, heat treat-
ment can assist in breaking the phenolic-matrix bonds and modify
the membrane structure of plant cells by coagulation of lipoproteins
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making them less selective (Shi et al. 2003a). However, the tem-
perature should be maintained at a level that maintains the stabil-
ity of phenolic compounds and does not promote denaturation of
membranes (Cacace and Mazza 2003; Pinelo et al. 2005b; Yilmaz
and Toledo 2006; Spigno and De Faveri 2007). Extraction at room
temperature or moderately high temperatures (approximately 60°C—
70°C) is most commonly used for the extraction of phenolics from
wine by-products (Jayaprakasha et al. 2001; Shi et al. 2003a; Baydar
et al. 2004, 2007; Youssef and El-Adawi 2006; Spigno and De
Faveri 2007; Spigno et al. 2007; Vatai et al. 2009). There is some
controversy over the optimum time for the extraction process. Some
authors have found that shorter extraction times (<1 h) (Bonilla et al.
1999; Pinelo et al. 2005¢; Yilmaz and Toledo 2006; Buci¢-Koji¢
et al. 2007), while others have found that a longer extraction time
(5-8 h) (Jayaprakasha et al. 2001, 2003; Baydar et al. 2004, 2007;
Louli et al. 2004; Spigno et al. 2007), or even a considerably longer
extraction time (224 h) (Revilla et al. 1998; Lapornik et al. 2005)
was required for maximum yields. The yield of polyphenols in grape
alcohol extracts increased with the extraction time (approximately
6—7-fold increment from 1 to 24 h) (Lapornik et al. 2005). On the
other hand, Spigno and De Faveri (2007) found that there was no
significant difference between extraction times of 5 and 24 h. It is
worth noting that while the yield may increase with the time of
extraction, the antioxidant activity per mass unit may decrease as a
result of oxidation. Additionally, it has been reported that a longer
extraction time decreases the total phenolics extracted, possibly due
to some loss of phenolic compounds via oxidation or polymerization
into insoluble compounds (Shi et al. 2003a; Youssef and El-Adawi
2006). Therefore, time—temperature combinations are important and
should be optimized, possibly by considering each material (e.g., a
separate type of waste or a mixture of different types and sources)
individually to optimize the extraction of polyphenols. From a recov-
ery of compounds point of view, extraction at a lower temperature
longer time would be the best solution. However, considering the
low extraction rates and bearing in mind an industrial application of
the process, it would be more rational and cost-effective to work at a
higher temperature for a shorter time (possibly less than 8 h) (Spigno
et al. 2007). Drying the red GP extract at 60°C did not change the
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total phenolics or condensed tannin contents, but drying at 100°C
and 140°C resulted in 18.6% and 32.6% reduction in total phenolics
and 11.1% and 16.6% reduction in condensed tannins compared to
freeze-dried samples (Larrauri et al. 1997).

4.7.2 Novel Conventional Technologies for the Extraction
of Bioactives from Wine By-Products

Several technologies have been investigated to improve the yield of
extracted bioactive compounds from wine by-products (Table 4.7).
A high recovery of proanthocyanidins can be obtained with CO,
supercritical fluid extraction (SCFE) when 20% of ethanol was used
as a modifier (Yilmaz et al. 2011). This is because individual poly-
phenol compounds possess varying polarities for maximum recov-
eryfromgrape seeds. Maximumyields of gallicacid, epigallocatechin,
and epigallocatechingallate were extracted when 30 MPa, 50°C, and
20% of ethanol was used, while the maximum recovery of catechin
and epicatechin was obtained when 30 MPa, 30°C, and 20% of eth-
anol was used for extraction (Yilmaz et al. 2011). Maximum yield of
epicatechingallate was obtained at 25 MPa, 30°C, and 15% of etha-
nol. According to Murga et al. (2000), an ethanol concentration of
<5% was only able to extract low-molecular-weight compounds such
as gallic acid, protocatechuic acid, and protocatechuic aldehyde.
However, higher-molecular-weight compounds such as catechin,
epigallocatechin, and epicatechin require higher concentrations
(>15%) of ethanol and pressures for maximum SCFE. There are
several factors that need to be considered to insure the stability of
extracted compounds by SCFE. Generally, polyphenols are easily
degraded due to the natural characteristics of their molecular struc-
ture and matrix composition. This instability of phenolics should be
taken into account while designing the SCFE conditions such as
temperature, pressure, and extraction time. The optimum SCFE
conditions vary for each plant material due to different classes of
polyphenols and type of matrices. In addition, the stability of
extracted polyphenols is affected by oxygen, light, solvents, and the
existence of enzymes. Overall, SCFE resulted in higher recovery of
phenolic compounds and antiradical activity of extracts from grape
pomace compared to solid-liquid extraction (Pinelo et al. 2007).
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Longer extraction times and higher temperatures in the conven-
tional solid-liquid extraction method led to degradation of poly-
phenols. Exposure to light and air accelerates the deteriorative
process of polyphenols (Tura and Robards 2002). SCFE operates
under an inert atmosphere at a low temperature and less processing
time in the absence of oxidizing agents such as oxygen and light and
thus it results in highly active polyphenols. It is generally believed
that temperatures above 70°C can negatively affect the antioxidant
activities of polyphenol extracts. Increasing the temperature
increases the number of molecular collisions and formation of
polymerization and can consequently decrease the antioxidant
capacity of the material (Durling et al. 2007). Ultrasound-assisted
extraction (UAE) is another useful technology to improve the yield
and quality of extracted wine by-products depending on the tem-
perature, time, frequency, and solvent concentration. Ghafoor et al.
(2009) used response surface methodology that involved ethanol
concentration (40%, 50%, and 60%), temperature (40°C, 50°C, and
60°C), and time (20, 25, and 30 min) to maximize the extraction of
polyphenols from grape seeds using ultrasound. Increasing the eth-
anol concentration at a fixed extraction time and temperature
increased the total phenolic content. Also, increasing the extraction
temperature at a constant ethanol concentration and extraction time
resulted in an increased total phenolic content. Pulsed electric field
(PEF) and high voltage electric discharge (HVED) are commonly
investigated for the extraction of bioactive compounds from plants.
PEF is a milder treatment than HVED since only electroporation
(rupture) of cell membranes occurs whereas HVED is a more
destructive treatment that causes physical disintegration of cell
walls and membranes. The main effect of PEF on biological materi-
als is believed to be due to electropermeabilization and electropora-
tion of cell membranes. The application of PEF at 10 kJ/kg energy
input increased the yield of anthocyanins from GP by 30%-35%
compared to conventional liquid extraction (Topfl 2006). HVED is
more powerful compared with PEF and results in physical disinte-
gration of the cell wall and cell membrane, thus it is regarded as a
destructive method. The use of HVED in solutions can create a
high energy arc and cause the formation of bubble cavitation (either
from dissolved air in solution or vapor generated from rapid
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localized heating of water), high pressure (up to 10 kbar) shock-
waves and liquid turbulence (Boussetta et al. 2012). Collectively,
these effects can lead to destructive effects on the structure of
the material and promote the extraction of compounds from the
cytoplasm of the cells. Both the techniques demonstrated various
levels of success in maximizing the extraction of polyphenols from
plants, including grapes and their by-products (Corrales et al. 2008;
Boussetta et al. 2009a,b, 2011, 2012, 2013a). PEF technology
(3 kV/em) increased the extraction of polyphenols from grape
by-products fourfold compared to conventional extraction (Corrales
et al. 2008). PEF was more effective in the recovery of the polyphe-
nols than ultrasound (35 kHz) or high hydrostatic pressure
(600 MPa) and demonstrated a selective extraction toward antho-
cyanins. The use of PEF (8-20 kV/cm, 0-20 ms) and HVED
(10 kA/40 kV, 1 ms) improved the extraction of polyphenols from
grape seeds (Boussetta et al. 2012). Synergistic effects with the treat-
ment were found with temperature and use of ethanol with maxi-
mum yield of 9 g gallic acid equivalent/100 g seed at 50°C and 50%
ethanol. PEF had the advantage of producing cleaner extracts that
do not require subsequent extensive separation processes. In terms
of energy use per unit mass of grape seeds, PEF was found to be 47
times higher than electric arc treatment whereas HVED treatment
was 27 times higher than arc (Boussetta et al. 2013a). It was noted
that HVED treatment increased the temperature of the extraction
medium and that the increase can partially contribute to the
observed faster rate of extraction. Microwave-assisted extraction
(MAE) technology uses very short wave electromagnetic radiation
to achieve extraction of the phenolic compounds from materials.
'The oscillating electromagnetic waves penetrate into the material,
interact with the polar components of the material (e.g., water),
and generate heat due to molecular friction. Subsequently, the gen-
erated heat acts directly on the molecules in the sample via ionic
conduction (migration of ions) and dipole rotation (realignment of
dipoles) leading to the release of compounds of interest. The eftect
of microwaves can be selective and target specific materials depend-
ing on their dielectric constant. The MAE method is very attrac-
tive for the extraction of phenolic compounds from materials due
to the fact that it requires shorter extraction time, uses less solvent,
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has only a moderate capital cost, performs well under atmospheric
conditions, and is not polluting (Chan et al. 2011). Generally, it has
been reported that the extraction yields of the phenolic compounds
obtained with MAE were higher or at least equivalent to the yields
achieved with conventional extraction techniques (Chan et al.
2011). There are many parameters that strongly affect the perfor-
mance and efficiency of MAE which are important for extraction of
polyphenols. These factors include microwave power, temperature,
extraction time, sample characteristics, solvent nature, and
solvent:solid ratio. The presence of water can enhance the heating
efficiency due to molecular friction and improve the penetration of
solvent into the sample matrix. The organic solvent can also play an
important role in dictating the yield extracted. For example, Casazza
etal. (2010) reported that methanol resulted in a higher MAE poly-
phenols yield from grape skin and seed (30.9% and 21.3% higher
yield for skin and seed, respectively) after 19 min of extraction.
Polysaccharides in the cell wall of wine by-products contain hydro-
gen groups, aromatic and glycosidic oxygen atoms, which form
hydrogen bonds and hydrophobic interactions with polyphenols
making them less readily available for extraction. Enzymatic treat-
ment of grape pomace which enhanced recovery of phenolics was
reported by Meyer et al. (1998). Treatment of PG with tannase and
pectinase or a combination of both for 24 h released catechin and
increased gallic acid, procyanidin B2, and the antioxidant activity
of the phenolic extract (Chamorro et al. 2012). The use of cellulose
was not successful in improving the yield of phenolics. However,
other research found moderate temperature (e.g., 40°C) at low pH
required for optimum enzymatic activity may degrade polyphenols
and brings about a loss of antioxidant activity (Maillard and Berset
1995). Aqueous solutions of cyclodextrins (, f, and y forms) were
used to extract phenolics compounds from GP (Ratnasooriya
and Rupasinghe 2012). The use of 2.5% (w/v) B cyclodextrin for
24 h at 60°C resulted in the extraction of 35.8 mg/100 g fresh GP.
B-Cyclodextrin recovered more flavan-3-ols than flavonols.
Trans-resveratrol, rutin, epigallocatechin, and chlorogenic acid
form inclusion complexes with f-CD at a 1:1 molecular ratio.
Gamma irradiation can be used to extend the shelf-life of GP as
well as improving the yield of anthocyanin (Ayed et al. 1999).
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4.8 Food and Non-Food Applications

Grape pomace is a rich source of high-value products including ethanol,
tartrates, malates, citric acid, grape-seed oil, hydrocolloids, and dietary
fiber (Valiente et al. 1995; Igartuburu et al. 1997; Bravo and Saura-
Calixto 1998; Nurgel and Canbas 1998; Girdhar and Satyanarayana
2000). Pomace has been utilized in Italy to produce a spirit called
grappa, which contains between 38% and 80% of alcohol by volume.
'The high phenolic and flavonol contents in grape pomace make it a good
source of natural antioxidants (Revilla and Ryan 2000; Jayaprakasha
et al. 2001, 2003; Murthy et al. 2002), dietary supplements, and phy-
tochemical products (Sanchez et al. 2002; Gonzilez-Paramis et al.
2004). Walter and Sherman (1974) reported grape pomace to be an
excellent source of low-ash carbon whose extensive porosity would be
an advantage in adsorption operations. All the aforementioned prop-
erties of grape pomace make their utilization worthwhile and support
sustainable agricultural production (Kammerer et al. 2004). The recov-
ery of phytochemical compounds from wine by-products has attracted
great interest in food and nutraceutical industries (Gonzilez-Paramds
et al. 2004) due to the numerous beneficial health effects and the anti-
oxidant properties. Phenolic phytochemicals are the largest category of
phytochemicals in grapes, wines, and wine by-products.

4.8.1 Phenolics

'The phenolic content in grape seeds ranges from 5000 to 8000 mg/kg
seeds, compared to 285 to 550 mg phenols/kg skin, depending on
the grape variety and the type of pretreatment (Pinelo et al. 2005a).
During wine making, parts of the phenolics from the seeds and skin
are passed onto the wine. The amounts of phenolics that are present
in the wine are more or less dependent on the processing conditions of
the wine making process. Given the fact that the major parts of phe-
nolic compounds are found in the grape solids and that the ethanol
content is not strong enough to enable efficient extraction, a high pro-
portion of phenolics remains in the vinification residues. Thus, the use
of wine by-products as a good source for the recovery of phenolics is
justifiable (Kammerer et al. 2005). The general distribution and con-
tents of phenolic compounds found in the different fractions of wine
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by-products (seeds, skin and stalks) and grape pomace are depicted in
Table 4.8. Phenolics in wine by-products can be classified into two
main groups: (1) Non-flavonoids phenolic acids: mainly hydroxy-
cinnamic acids (found esterified with tartaric, caftaric, and coutaric
acids); hydroxybenzoic acids (gallic acid); stilbenes (resveratrol and
piceid). (2) Flavonoids flavanols, also known as flavan-3-ols, found in
grape seeds, skin, and stalks (exist in monomeric, oligomeric, or poly-
meric forms; the latter two forms are known as proanthocyanidins
[PACs]) (Figure 4.6); flavonols (kaempferol, quercetin, and myric-
etin are present in the vacuoles of the epidermal tissues as glycosides
[sugar attached]); anthocyanins, a color pigment mainly located in
the grape skin (3-O-monoglucisodes and 3-O-acylated monogluco-
sides of cyanidin, peonidin, delphinidin, petunidin, and malvidin)
(Figure 4.6). While grape seeds are regarded as the main source of
phenolics, grape skins are increasingly getting more attention and
interest from researchers and are gaining ground as a valuable source
of biological compounds (Yilmaz and Toledo 2006). Phenolic extracts
from wine by-products could potentially play a significant role in the
medical and pharmaceutical fields.

4.8.1.1 Health Supplements and Extracts Grape—seed extracts (GSEs)
are a group of natural antioxidants, known to possess a broad spec-
trum of pharmacological activity. GSE was found to increase the
antioxidant activity in rat plasma after oral administration (Koga
et al. 1999) and was reported to be useful in protecting against the
oxidation of the low-density lipoproteins (LDL) by reducing lipid
oxidation (Bouhamidi et al. 1998) and/or blocking the production of
free radicals (Bagchi et al. 1998). GSE can also be used to improve
the oxidative stability of meat products such as cooked beef (Ahn
et al. 2002b) and turkey patties (Lau and King 2003) due to the
fact that these extracts contain a heterogeneous mixture of mono-
mers, oligomers, and polymers formed by subunits of flavan-3-ol
(Revilla and Ryan 2000; Waterhouse et al. 2000) as well as other
antioxidants (vitamin C and B-carotene). Grape-seed extracts are
known to exhibit various properties including antiulcer (Saito et al.
1998), anticarcinogenic, antimutagenic (Liviero et al. 1994), antivi-
ral (Takechi et al. 1985), hypocholesterolemic as well as antiathero-
sclerotic activities (Tebib et al. 1994, 1997; Yamakoshi et al. 1999).
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Table 4.8 Main Phenolic Compounds in Different Fractions of Grapes

POMACE ~ SEEDS STALKS
GROUPS COMPOUNDS (mg/g) (mg/g)  SKIN (mg/g) (mg/g)
Non-flavonoids Gallic acid 0.03-0.112> 0.10-0.112 0.03" —
Coutaric acid ~ 0-1.23¢ — 0.03-1.23¢ Traces®
Caftaric acid  0-6.97¢ —  0.11-6.97%¢ 0.04¢

Phenolic acids  0.03-8.31 0.10-0.11 0.17-8.23 0-0.04
Resveratrol 0-0.015"  Traces"  0.05-0.12 —
Flavonoids (1) Flavan-3-ols Catechin 0-0.18 2.14-2.15% 0-0.16  0.06¢
Epicatechin 0-0.16' 0.88-0.91% 0-0.13»  0.28¢
Epigallocatechin 0-0.05¢ 0.05¢ Tracesb 0.01¢
Epigallocatechin 0-0.07% 0.06-0.07% — —

3-gallate
Epicatechin 0-0.03' 0.25-0.31% 0.04i 0.07¢
3-gallate
Procyanidin 0.11-0.6'm 0.14-0.16% 0.11-0.6im —
dimers B1
Procyanidin 0.01-0.84im 0.04-0.18% 0.01-0.84m  —
dimers B2
Tannins 0.22-2.32¢ 2.32¢ 1.61¢ 0.22-0.39%¢
Total flavan-3-  0.34-4.25 3.56-6.15 0.12-3.38 0.22-0.89
ols content

(2) Anthocyanins Delphinidin 0.44-1.11¢ —  0.44-1.11¢ —
3-0-glc
Cyanidin 1.51-3.81¢ —  1.51-3.81¢ —
3-0-glc
Petunidin 0.53-1.34¢ —  0.53-1.34¢ —
3-0-glc
Peonidin 3-0-glc 0.99-2.49¢ —  0.99-2.49¢ —
Malvidin 3-0-glc 4.12-10.19¢ —  4.12-10.19¢ —
Delphinidin 0.08-0.19¢ — 0.08-0.19¢ —
3-0-acgle
Petunidin 0.11-0.28¢ —  0.11-0.28¢ —
3-0-acgle
Peonidin 0.27-0.30¢ — 0.27-0.30¢ —
3-0-acgle
Malvidin 0.62—1.74¢ —  0.62-1.74¢ —
3-0-acgle
Cyanidin 0.07-0.22¢ —  0.07-0.22¢ —
3-0-pcmgle
Petunidin 0.19-0.49¢ —  0.19-0.49¢ —
3-0-pcmglc
Peonidin 0.43-1.37¢ —  0.43-137¢ —
3-0-pcmgle

(Continued)
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Table 4.8 (Continued) Main Phenolic Compounds in Different Fractions of Grapes

POMACE SEEDS STALKS
GROUPS COMPOUNDS (mg/g) (mg/g)  SKIN (mg/g) (mg/g)
Malvidin 2.11-6.29¢ —  2.11-6.29¢
3-0-pcmglc
Total 11.47- — 11.47-
anthocyanin 29.822 29.82¢
content®
(3) Flavonols  Quercetin 0.01-0.2¢ 0.01-0.02¢ 0.15-0.2¢  0.02¢
3-glucoside
Myricetin Traces® — — Traces®
3-glucoside
Quercetin 0.01-0.29¢ 0.01-0.02¢ 0.22-0.29¢ 0.2¢

3-glucoronide
Kaempferol 0.01-0.14¢ 0.01¢ 0.11-0.14¢ Traces®
3-glucoside
Myricetin Traces® — — Tracese
3-glucuronide
Total flavonols ~ 0.03-0.63" 0.02-0.05" 0.48-0.63" 0-0.22

Oszmianski and Sapis (1989) (unspecified variety).
Yilmaz and Toledo (2004) (var. Merlot).

Borbalan et al. (2003) (var. Cabernet Sauvignon).
Kammerer et al. (2004) (var. Cabernet Mitos).
Souquet et al. (2000) (var. Merlot).

Vatai et al. (2009) (var. Refosk).

Joe et al. (2002) (unspecified variety).

Zhu et al. (2000).

Arts et al. (2000) (unspecified variety).

Freitas et al. (2000) (var. Cabernet Sauvignon).
Guendez et al. (2005) (var. Cabernet Sauvignon).
Mendes et al. (2013).

Mateus et al. (2001) (var. Touriga Nacional).
Kammerer et al. (2004) (var. Weisser Riesling).

o Anthocyanin content is exclusive for red grapes.

s 3 — = — — = m — ®© a o o o

'The production of laccase from grape seeds is a viable alternative for the
utilization of this raw material due to its high lignocellulose content
(Moldes et al. 2003). Grape-seed oil is another by-product that has
commercial potential since it is rich in vitamin C, f-carotene, tocoph-
erols (0.8%—1.5%), steroids, omega-6 fatty acids (69%—-78%), omega-9
fatty acids (15%—-20%), omega-3 fatty acids (0.3%-1%), and several
other fatty acids (Arvanitoyannis et al. 2006). Grape skins are good
sources of phytochemicals such as gallic acid, catechin and epicatechin,
and polyphenolic tannins that provide the astringent taste to wine. The
main constitutive units of skin tannins are (+)-catechin, (-)-epicatechin
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and (-)-epicatechin gallate, although (+)-gallocatechin and (-)-epigal-
locatechin are present in minor quantities (Shi et al. 2003a; Yilmaz
and Toledo 2006). Structures of the main constitutive units of skin
tannins are shown in Figure 4.6 (Shi et al. 2003a). Grape skin extracts
are considered as a valuable source of anthocyanins and procyanidins
(Shrikhande 2000). Anthocyanins (Figure 4.6) are a group of phe-
nolic compounds that belong to the flavonoid family and are consid-
ered the most valuable phenolic compounds which can be used as a
natural food colorant (Shrikhande 2000; Arvanitoyannis et al. 2006).
Anthocyanins in grape skins are the pigments responsible for the red
grape and wine colors and these include delphinidin, cyanidin, petun-
idin, peonidin and malvidin 3-glucosides, 3-(6-acetyl)-glucosides and
3-(6-p-coumaroyl)-glucosides, and some pyruvates (Monagas et al.
2006). The anthocyanins from winery waste, known as enocyanin,
used as a natural food colorant, have been commercialized since
1879 (Alonso et al. 2002; Arvanitoyannis et al. 2006). Procyanidins
(Figure 4.6) are polymers from catechin and flavan-3,4-diols and
can be found in dimer, trimer, tetramer, or other polymer forms.
Procyanidins could inhibit the oxidation of LDL and display an
antiatherosclerotic activity by reacting with reactive species in plasma
and interstitial fluid of the arterial wall (Yamakoshi et al. 1999).

4.8.1.2 Bioactivity of Phenolic Compounds In recent years, growing inter-
est in phenolics from grapes and grape products has focused on their
bioactivities associated with human health benefits such as anticancer,
anti-inflammatory, anticarcinogenic, antiallergic, and cardioprotective
properties as well as antioxidant, antibacterial, antifungal, and antivi-
ral activities. A summary of the biological activities of phenolic com-
pounds commonly isolated from grapes, wines, and wine by-products
is shown in Table 4.9.

4.8.1.3 Antioxidant Activity 'The antioxidative properties of grapes and
its products, being the most notable bioactivity, have been widely studied
in different biological or food systems. Phenolic compounds extracted
trom different fractions of grapes, such as catechins, flavonols, anthocya-
nins, tannins, resveratrol, and proanthocyanidins, have been considered
to be powerful antioxidants iz vitro (Fernandez-Panchon et al. 2008)
and have been proved to be more potent antioxidants than vitamin C,
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Table 4.9 Biological Properties of Some Phenolic Compounds from Grapes, Wines, and Wine

By-Products

PHENOLIC
COMPOUNDS

Anthocyanins

Flavan-3-ols
(Catechin,
epicatechin, PACs)

Flavone
Flavonol
Gallic acid
Resveratrol

Quercetin

BIOLOGICAL ACTIVITY

Vasorelaxing and antioxidant activities

Antiangiogenic activity

Antitumor activity

Antibacterial activity

Anti-inflammatory and antiedema activities

Apoptosis-inducing activity

Inhibitory activity on lipid peroxidation and
platelet aggregation

Free radical scavenging activity

Anticancer activity

Antiviral activity
Antibacterial activity
Anti-inflammatory activity

Apoptosis-inducing activity

Regulating activity on lipid metabolism
Antiulcer activity

Antiproliferative activity

Free radical scavenging activity

Free radical scavenging activity
Anticancer activity

Inhibitory activity on cardiovascular disease,
lipid metabolism regulating activity,
inhibitory activity on lipid peroxidation and
platelet aggregation, copper chelating
activity

Apoptosis-inducing activity

Antioxidant and antimicrobial activities

Free radical scavenging activity

Antiviral activity

Antiaging and anti-inflammatory activities

Antibacterial activity

Antimutagenic and antioxidant activities

REFERENCES

Mullen et al. (2002)
Bagchi et al. (1998)
Kamei et al. (1998)
Radovanovi¢ et al. (2009)
Wagner (1985)

Lazze et al. (2004)
Ghiselli et al. (1998)

Castillo et al. (2000) and
Cos et al. (2004)

Isemura et al. (2000) and
Faria et al. (2006)

Song et al. (2005)
Mabe et al. (1999)

Cos et al. (2004) and Li
et al. (2011)

Mantena et al. (2006)

Auger et al. (2005)
Saito et al. (1998)

Wenzel et al. (2000)
Makris et al. (2006)
Yilmaz and Toledo (2006)

Kuwajerwala et al. (2002)
and Qian et al. (2009)

Frémont (2000) and Auger
et al. (2005)

Surh et al. (1999)
Filip et al. (2003)
Leonard et al. (2003)
Palamara et al. (2005)

de la Lastra and Villegas
(2005)

Rodriguez Vaquero et al.
(2007)

Geetha et al. (2005)
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vitamin E, or carotenoids (Rice-Evans et al. 1997). Several mecha-
nisms exerted by these phenolic antioxidants include scavenging of
free radicals by donating hydrogen or an electron, protecting biologi-
cal molecules from oxidation, inhibition of lipid oxidation, reduction
of hydroperoxide formation, and by metal-ion chelation (Robak and
Gryglewski 1988; Hamilton et al. 1997).

4.8.1.4 Antibacterial and Antifungal Activities Phenolic compounds
extracted from grapes and their products have long been demon-
strated to exhibit antimicrobial activity against several microor-
ganisms (Masquelier 1959). Table 4.10 shows the investigation of
microorganisms inhibited by isolated phenolic compounds or extracts
obtained from grapes, wines, and wine by-products. Various micro-
bial species have different sensitivities toward phenolic compounds,
tor example, Staphylococcus aureus was found to be the most sensitive to
wine extracts, followed by Escherichia coli and the least effect of inhi-
bition was detected in Candida albicans (Papadopoulou et al. 2005).
In another study by Radovanovi¢ et al. (2009), the diameter of the
growth inhibition zone of various wine samples at the concentration
of 50 uLL/disc for S. aureus and for E. coli were 16—22 and 12-20 mm,
respectively. The diameter of the inhibition zone for S. aureus was
larger than that for E. co/i strain, indicating that the gram-(+) strain
was more sensitive than the gram-(-) strain. Grape-seed extract was
more potent than cranberry juice in suppressing the growth of gram-
positive and gram-negative bacteria, but only grape-seed extract
inhibited Candida albicans. Thus grape-seed extract, alone or in com-
bination with cranberry juice, can be used for prolonging the shelf-
life of aqueous hypromellose gels. Grape-seed extract (5%) alone with
the activity independent of pH, or 0.7% grape-seed extract combined
with 10% cranberry juice active only in pH 2.5-5, has been sug-
gested. A combination of a grape-seed extract with an amine fluoride
(Fluorinol®) displayed an inhibitory action on dental plaque and bio-
film formation and oxidative damage caused by oral bacteria (Furiga
et al. 2009). Phenolic compounds from different fractions of grapes
also displayed difterent antimicrobial activities. Grape pomace exhib-
ited either similar or better antimicrobial activity against Streptococcus
mutans compared with extracts from whole grapes (Thimothe et al.

2007). Seeds were found to display better inhibitory effects than
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Table 4.10 Summary of Inhibition Effects of Phenolic Compounds or Extracts Obtained from
Grapes, Wines, and Wine By-Products against Microorganisms

EXTRACTS/PHENOLIC
COMPOUNDS MICROORGANISMS INHIBITED REFERENCES
Grape seeds Bacillus cereus, Bacillus coagulans, Jayaprakasha
Bacillus subtilis, Staphylococcus aureus, et al. (2003)
Escherichia coli, Pseudomonas aeruginosa

Grape pomace Aeromonas hydrophila, Bacillus cereus, (Ozkan et al.
Enterobacter aerogenes, Enterococcus (2003)
feacalis, Escherichia coli, Escherichia coli
0157:H7, Mycobacterium smegmatis,
Proteus vulgaris, Pseudomonas
aeruginosa, Pseudomonas fluorescens,
Salmonella enteriditis, Salmonella
typhimurium, Staphylococcus aureus,
Yersinia enterocolitica

Grape seeds and bagasse Aeromonas hydrophila, Bacillus brevis, Baydar et al.
Bacillus cereus, Bacillus megaterium, (2004)
Bacillus subtilis, Enterobacter aerogenes,
Enterococcus feacalis, Escherichia coli,
Klebsiella pheumoniae, Listeria
monocytogenes, Mycobacterium
smegmatis, Proteus vulgaris,
Pseudomonas aeruginosa, Staphylococcus
aureus

Red and white wine Escherichia coli, Staphylococcus aureus, Papadopoulou
Candida albicans et al. (2005)

Grape extracts (red, white, Helicobacter pylori Brown et al.
black and muscadine grape (2009)
skin, muscadine grape seeds,
and muscadine pomace)

Red, white, and rosé wine, Campylobacter jejuni Gafian et al.
ferulic acid, methyl gallate, (2009)
epicatechin, synaptic acid,
p-hydroxybenzoic, gallic acid,
vanillic acid, tryptophol,
cumaric acid, caffeic acid

Red wine Staphylococcus aureus, Escherichia coli Radovanovié

et al. (2009)

Grape skin Staphylococcus aureus, Bacillus cereus, Katalinic et al.

Escherichia coli 0157:H7, Salmonella (2010)

infantis, Campylobacter coli
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other parts of the grapes (Anastasiadi et al. 2009; Brown et al. 2009).
Therefore, the potent function of phenolic compounds extracted from
grapes and grape products as natural preservatives and antimicro-
bial agents for food is promising. The in vifro antifungal activity of
Cabernet Sauvignon, Carmenere, and Syrah extracts against Bosrytis
cinerea was investigated by Mendoza et al. (2013). The extraction was
carried out using hexane, chloroform, and ethyl acetate. The highest
inhibitory activity (ICs, = 40 ppm) was found in hexane or chloroform
fractions. Liquid-liquid extraction generated better antifungal activ-
ity than soxhlet extraction, but the activity was affected by the
form (whole versus ground) and the solvent used for extraction. The
antifungal activity of various phenolics against Bofrytis cinerea are
in the following order: kaempferol = p-coumaric acid > quercetin >
syringic acid = catechin > epicatechin = vanillic acid > gallic acid >
ellagic = protocatechuic acid. In vitro and in situ (in apple and orange
juices) growth inhibition activity against Zygosaccahromyces rouxii and
Z. bailii was reported for Gamay and Kalecik varieties GP (Sagdic
et al. 2011). The activity was lower in extracts from other grape culti-
vars (Emir, Narince, and Okuzgozu) due to variations in polyphenol
composition.

4.8.1.5 Antiviral Activity Studies have been carried out to investigate
the antiviral activity of phenolic compounds extracted from grapes
and grape products (Konowalchuk and Speirs 1976, 1978; Nair et al.
2002) as well as from wine by-products (Matias et al. 2010). Grape
extracts (skin and whole black grapes), grape juice, and wine were
reported to inactivate various enteric viruses and herpes simplex virus
(HSV) type 1 (Konowalchuk and Speirs 1976). Grape juice had a
higher antiviral activity than wine, and red wine was more active than
white wine (Konowalchuk and Speirs 1976). It has also been demon-
strated that black table grapes had higher antiviral activity than green
table grapes and the antiviral activity of red grapes resides in the skin
of the grapes. Wine residues exhibit antiadenoviral activity (Matias
et al. 2010). Isolated pure compounds from plant materials such as
resveratrol (Palamara et al. 2005), catechins (Song et al. 2005), tan-
nins (Nakashima et al. 1992), and proanthocyanidins (Iwasawa et al.
2009) were shown to possess antiviral activity. These pure compounds
can also be extracted from grapes and grape products.
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Since the early study by Green (1949) which first reported the inhi-
bition of influenza virus replication in egg embryos by tea extracts,
numerous studies have reported anti-influenza virus activity for plant
phenolics (Cos et al. 2004; Droebner et al. 2007; Liu et al. 2008; Mori
et al. 2008; Saladino et al. 2008). Polyphenol compounds which are
found in tea, grape products, and other plant sources such as epigal-
locatechin gallate (ECGC), epicatechin gallate (ECG), epigallocat-
echin (EGC), and theaflavin digallate exhibit several mechanisms
which promote the prevention of the virus infectivity, such as by
binding to the haemagglutinin (HA) of influenza virus (Nakayama
et al. 1993) or by altering the physical properties of the viral mem-
brane (Song et al. 2005). Hudson (1990) reported that viral inactiva-
tion in vitro is attributed to preferential binding of phenolics to the
protein coat of the virus, thus arresting virus absorption. Sakagami
et al. (1995) suggested that the antiviral activity in phenolics could be
derived from their direct inactivation of the virus and/or from inhi-
bition of the virus binding to the cells. Several investigations have
drawn attention to possible antiviral activity attributable to other phe-
nolic compounds such as proanthocyanidins, which are the oligomer
or polymer form of flavan-3-ol units and resveratrol. Proanthocyanins
(PACs) have been shown to exhibit antiviral activity against poliomy-
elitis virus (Konowalchuk and Speirs 1976). Three PAC compounds
existing in dimer, trimer, and tetramer form showed pronounced anti-
viral properties against herpes simplex and coxsackie viruses (Fukuchi
etal. 1989; Balde et al. 1990). Several potential mechanisms have been
reported for the antiviral activity of PACs. For instance, PACs have
been shown to inhibit enzymes involved in the replication of rhino
virus (common cold) and HIV virus (Hocman 1989; Amouroux et al.
1998). Furthermore, Cheng et al. (2005) found that PCAs A-1 puri-
fied from Vaccinium vitis-idaea had the ability to suppress HSV-2
infection through the inhibition of viral attachment and penetration.
Resveratrol has been found to affect influenza virus replication both
in vitro and in vivo by several modes of action as follows: (1) by block-
ade of the nuclear-cytoplasmic translocation of the viral ribonucleo-
protein complex, (2) by reducing the expression of late viral proteins,
and (3) by inhibition of protein kinase C (PKC) activity and PKC-
dependent pathways (Palamara et al. 2005). Resveratrol is able to
inhibit the replication of HSV types 1 and 2 in a dose-dependent and
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reversible manner (Docherty et al. 1999). Resveratrol also synergisti-
cally enhances the anti-HIV activity of a number of nucleoside analogs
in combating infection in peripheral white blood cells (Heredia et al.
2000). Pflieger et al. (2013) reported that grape stilbenoid compounds
encompassing E-resveratrol, £-e-viniferin glucoside, E-pterostilbene,
and E-piceid inhibited HIV-1 integrase. Bekhit and Bekhit (2012)
demonstrated the anti-H1N1 influenza activity of GP extracts.

4.8.2 Food Ingredients

Tartrates can be recovered from wine waste (Braga et al. 2002).
An estimated 100-150 and 50-75 kg of calcium tartrate can be recov-
ered from a ton of wine lees and GP, respectively.

GP is a good source of soluble dietary fiber. Llobera and Canéllas
(2007) found Manto Negro GP and stems had 74.5% and 77.2% (dry
matter) total dietary fibers of which 10.8% and 3.8% total soluble fibers
were in GP and stem, respectively. White and red GP from varieties
grown in the United States had 17.3%-28.0% DM and 51.1%-56.3%
DM, respectively (Deng et al. 2011). The content of water-soluble pec-
tin was in the following order: Merlot > Pinot Noir > Morio Muscat
> Cabernet Sauvignon = Muller Thurgau, but total extractable pectins
and dietary fibers were the highest in Merlot and Cabernet Sauvignon
and the lowest in Morio Muscat. Grape and wine by-products offer the
potential of having fibers with high antioxidant activity due to the nat-
ural presence of polyphenols and other bioactive compounds (Saura-
Calixto 1998; Llobera and Canéllas 2007; Deng et al. 2011). These
high antioxidant fibers can be used in novel healthy products such as
yoghurt and salad dressing (Tseng and Zhao 2013). Wine by-products
have also been used for the production of organic acids (e.g., lactic
and citric acids), and improving the quality of wine (e.g., color and
phenolics profile) before bottling. The use of red and white grape skins
can significantly increase anthocyanins and low-molecular-weight
phenolic compound content. Important compounds that are located
in the skin (e.g., gallic acid, anthocyanins, resveratrol, and catechins)
can be translocated to wine by further treatment (Pedroza et al. 2013).
Improved volatiles from the skins can also be released leading to the
ability to tailor the final product sensory profile. Grape skins can also
be used for the production of sensory acceptable tea (Cheng et al. 2010).
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4.8.3 Health Applications

These include anti-obesity, antihyperlipidemic, and anti-inflammatory
activities, inhibitory activity on heterocyclic amine production and
metabolic effects. Grape-seed extract and resveratrol are potent inhib-
itors of fatty acid synthase and they may be useful for treating obesity.
In diet-induced obese mice, grape seed proanthocyanidin extract
prevented weight gain, mitigated hepatic lipid infiltration, and low-
ered serum lipid levels. In obese mice with collagen-induced arthri-
tis, grape seed proanthocyanidin extract inhibited the development
of autoimmune arthritis. In both types of mice, grape seed proan-
thocyanidin extract suppressed Th17 cells and stimulated regulatory
T cells. Thus grape seed proanthocyanidin extract shows promise
for use in treating immunologic diseases associated with enhanced
STATS3 activity such as autoimmune diseases and metabolic disor-
ders (Jhun et al. 2013). Wild grape seed procyanidins counteracted
inflammation by suppressing COX-2 and iNOS through the regula-
tion of NF kB and p38 MAPK pathway. Grape seed proanthocyani-
din extract suppressed plasma levels of triglycerides, free fatty acids,
glycerol, and urea in rats receiving oral administration of lard oil. The
extract enhanced oxygen consumption using pyruvate as substrate in
skeletal muscle mitochondria. It upregulated the expression of genes
involved in energy metabolism like peroxisome proliferator-activated
receptor gamma, coactivator 1 alpha, and modified the enzyme activ-
ity of proteins in the electron transport chain and tricarboxylic acid
cycle in brown adipose tissue (Pajuelo et al. 2011). In rats, addition
of oil rich in docosahexaenoic acid to lard oil in the diet augmented
insulin sensitivity and redirected fatty acids toward skeletal muscle,
stimulated fatty acid oxidation, and improved adipose mitochon-
drial function and uncoupling. Grape seed proanthocyanidin extract
reduced lipidemia, suppressed generation of muscle reactive oxygen
species and the consequent damage, and stimulated mitochondrial
biogenesis and lipogenesis in adipose tissue. The addition of both
grape seed proanthocyanidin extract and oil rich in docosahexaenoic
acid to lard produced a less dramatic profile. Polyphenols that were
present in grape seeds, green tea, oranges, and grapefruits inhibited
adipogenesis and induced lipolysis. Rats that were fed a diet contain-
ing fructose and an excess of fat, manifested inflammation, hepatic
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steatosis, elevated lipid storage, lipogenesis, and suppressed lipoly-
sis. Grape seed proanthocyanidins intake in these rats produced a
decline in hepatic triglyceride level, mRNA expression of sterol reg-
ulatory element binding protein 1c and hepatic lipid droplet proteins
that was more effective than metformin, a standard anti-diabetic
drug (Yogalakshmi et al. 2013). The flavonoids in the Concord grape
Vitis labrusca exerted a vasodilatory action probably via their antioxi-
dant effect. The consumption of grape seed proanthocyanidin extract
(100 mg/kg/day) might help reduce cisplatin-induced nephrotoxic-
ity which was a result of oxidative damage. Grape seed proanthocy-
anidin extract prevented cisplatin A-induced nephropathy and that
this effect was achieved by antiapoptotic and antioxidant activity. In
overweight or obese female subjects given grape-seed oil (consuming
15% of energy from grape-seed oil) within a weight loss program
for 2 months, a homeostatic model assessment of insulin resistance
scores, high sensitive C-reactive protein, and tumor necrosis factor-o
decreased, indicating an improvement in the inflammatory condition
and insulin resistance (Irandoost et al. 2013). In genetically obese
Zucker rats, grape seed procyanidin extract inhibited the accumula-
tion of oxidized glutathione, elevated the total reduced glutathione/
oxidized glutathione ratio in liver and reduced the activation of anti-
oxidant enzymes, including glutathione S-transferase, glutathione
reductase, and glutathione peroxidase, and enhanced the total cel-
lular antioxidant capacity (Ferndndez-Iglesias et al. 2014). De-fatted
milled grape-seed extract, a wine by-product from the extraction
of grape-seed oil, protected cell membranes from oxidative dam-
age and proteins and lipids from oxidation. The extract ameliorated
changes in the levels of adenosine triphosphate and glutathione in
liver cells brought about by adriamycin (Valls-Belles et al. 2006).
Daily treatment with grape-seed extract concurrent with oral eth-
anol administration for 10 weeks reduced the deleterious changes
in the following parameters brought about by the oxidative dam-
age of ethanol: serum testosterone level; epididymal spermatozoal
analysis; and weight, histopathology, glutathione level and malo-
ndialdehyde level in the brain, liver, and testis. Grape polyphenols
maintained endothelial function and protected against the oxidation
of low-density lipoprotein. Grape seed and skin extracts exerted a
protective action against high-fat diet-induced obesity, relative heart
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mass, cardiac oxidative stress and accumulation of triglycerides and
total cholesterol, and hepatic oxidative stress of male rats (Charradi
et al. 2013). Polyphenols from Concord grape pomace, stabilized
by complexation to soy protein isolate, facilitated the capture of
grape pomace polyphenols in a protein-rich food matrix. It mani-
tested hyperglycemic activity in obese and hyperglycemic C57BL/6
mice (Roopchand et al. 2013). Grape-seed extract improved renal
function and ameliorated the alterations in the circulatory levels of
inflammatory cytokines and reactive oxygen species production and
Nox activity, and the protein expression levels of the NADPH sub-
units (Nox,, p47phox, and Nox,) brought about by arsenic admin-
istration. TGF-B/Smad signaling was attenuated, as seen in the
decreased protein levels of pSmad2/3 and TGF-p1 in kidney tissue
(Zhang et al. 2014). In streptozotocin-induced diabetic rats, grape
seed proanthocyanidins improved the abnormal peripheral nerve
function and impaired nervous tissues (Ding et al. 2014). A com-
bination therapy utilizing grape seed proanthocyanidin extract and
a niacin-bound chromium lowered the levels of total cholesterol,
low-density lipoprotein (LDL) cholesterol, and oxidized LDL in
hypercholesterolemic human patients. The extract, used alone and in
conjunction with niacin-bound chromium, reduced oxidative lipid
damage as seen in the inhibition of production of thiobarbituric acid
reactive substances (Vinson et al. 2002). Grape seed proanthocyani-
dins mitigated carrageenan-induced edema in rat paws and croton
oil-induced swelling in murine ears, lowered malondialdehyde con-
tent in inflamed paws, suppressed N-acetyl-beta-p-glucosaminidase
and nitric oxide synthase activity, and lowered nitric oxide,
interleukin-1beta, tumor necrosis factor-alpha, and prostaglandin
E2 levels in edema exudates. The mechanisms of anti-inflammatory
action involved scavenging of oxygen free radicals, attenuation of
lipid peroxidation, and suppression of the generation of inflamma-
tory cytokines (Li et al. 2011).

4.8.4 Applications in Meat Products

Replacing pork fat with a mixture of grape-seed oil (0%, 5%, 10%, and
15%) and 2% rice bran fiber can improve the healthiness of pork sau-
sage. The ash content, moisture content, uncooked pH value, cooked
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pH value, yellowness, cohesiveness, chewiness, gumminess, and sar-
coplasmic protein solubility were increased in the grape-seed oil and
rice bran fiber samples compared to control samples. The low-fat meat
sausage mix with escalating grape-seed oil concentrations were char-
acterized by lower cooking loss, emulsion stability, and apparent vis-
cosity. The changes were all desirable. Similarly, decreasing pork fat
levels in frankfurters from 30% to 10% and partly replacing the pork
fat with grape-seed oil ensued in higher moisture and ash content;
lowered caloric values, cholesterol level, trans-fat level and fat content;
increased pH and cooking yield; and comparable sensory properties
compared with control frankfurters containing pork fat (Choi et al.
2010). The use of grape-seed extracts can improve the nutritional and
the quality of meat products. Lau and King (2003) reported that the
addition of grape-seed extract to dark poultry meat patties at 1.0%
and 2.0% effectively inhibited the development of TBARS by about
10-fold compared to untreated control. Similar results were reported
by Pazos et al. (2005) in fish oil-in-water emulsions and GP extracts
were as effective an antioxidant as propyl gallate. Natale et al. (2013)
examined the suppressive action of liposome-encapsulated grape-seed
extract on the generation of heterocyclic aromatic amines during fry-
ing of beef patties. PhIP (2-amino-1-methyl-6-phenylimidazo[4,5b]
pyridine), MelQx (2-amino-3,8-dimethylimidazo[4,5-f |quinoxaline),
Norharman, and Harman were detected following marinade applica-
tion and frying. There was a decline in PhIP level after marination with
grape-seed extract (0.1%) and grape-seed extract—containing liposomes
(1% and 5%) MelQxlevel declined but no alterations in -carboline levels
were discernible. Liposomal encapsulation of grape-seed extract failed
compared with grape-seed extract, to produce further inhibition of the
generation of MelQx and PhIP. The data appeared to be contradictory
to earlier findings that liposomal encapsulation, and also a water-in-oil
marinade with grape-seed extract being encapsulated in water droplets
suspended in an oil phase, augmented the efficacy of polyphenols to
suppress radical reactions and lipid oxidation in model systems. Natale
et al. (2014) attributed the discrepancy in the observations to mecha-
nisms aftected by the structural and physical features of the encapsula-
tion system employed and its interaction with the application matrix
involving diffusion and partitioning behavior and interaction behavior
(Natale et al. 2014). Grape-seed extract suppressed the production of
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heterocyclic amines including 2-amino-3,8-dimethylimidazo[4,5-f]
quinoxaline and 2-amino-1-methyl-6-phenylimidazo[4,5b]pyridine
in fried beef patties (Gibis and Weiss 2012). The production of these
compounds was decreased upon marination with grape-seed extract
(0.1%) and grape-seed extract—containing liposomes (1% and 5%).
A correlation between inhibition of the formation of heterocyclic
amines 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline, 2-amino-
1-methyl-6-phenylimidazo[4,5b]pyridine, and the antioxidant activ-
ity of grape-seed extract (expressed as Trolox-equivalents) was found.
Sensory tests showed a high acceptance of flavor and color for controls
and samples (Gibis and Weiss 2012). Inclusion of grape-seed extract
in the diet of Merino Branco lambs protected the meat against lipid
oxidation but did not influence the color or sensory characteristics of
the meat. Although addition of grape-seed extract, grape seed flour,
and grape-seed oil had some undesirable consequences on the sensory
characteristics of frankfurters, all three of them demonstrated differ-
ent positive effects in frankfurter production. Grape-seed extract was
the best with regard to p-oxidation and overall acceptability (Ozvural
and Vural 2014).

4.8.5 Grape-Seed Oil

Grape-seed oil is rich in unsaturated fatty acids with linoleic acid con-
tributing to 72%-76%, w/w (Martinello et al. 2007; Da Porto et al.
2013; Fiori et al. 2014) and may contain significant amounts (63-1208
ppm) of tocopherols and tocotrienols (Crews et al. 2006; Fernindez
et al. 2010). The oil can be extracted by pressing, solvent extraction,
or combination of both techniques. Mechanical pressing generate a
low yield and therefore it is used only for economic reasons (small pro-
duction or boutique products). Different solvents can be used for the
extraction of oil from grape seed (Figure 4.7). Diethyl ether and hex-
ane produced the highest oil yields (20.8% and 18.4%, respectively),
whereas ethanol and methanol produced the lowest yields (11.2% and
12.9%, respectively) (Ferndndez et al. 2010). The oxidation stability of
oil obtained from these solvents was 8.4, 3.8, 15.8, and 25 h for diethyl
ether, hexane, ethanol, and methanol, respectively. Hexane is used for
conventional oil extraction, but the use of CO, supercritical extraction
(SC-CO,) system (Fiori 2007) can be extremely useful to generate oil
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Figure 4.7 Grape-seed oil extracted using hexane.

with high purity or rich in antioxidants. Supercritical extraction tech-
nology offers many advantages (see above) compared to hexane. The
cost associated with the step-up of the technology, however, is pro-
hibitive for small-scale operations. Fiori et al. (2014) investigated the
lipid profile and bioactive concentration in oil extracted from six grape
varieties using hexane extraction to SC—CO,. The grape-seed oil yield
was most comparable from both extraction methods (11.0-15.0 and
11.1-16.6 for SC-CO, and hexane, respectively), but significant sea-
sonal effects were observed. The concentration ranges (mg/kg oil) of
a-tocopherol, a-tocotrienol, y-tocopherol, and y-tocotrienol of the six
grape seed varieties were 51-196, 81-170, 18-55, and 110-253 for SC-
CO, and 27-114, 68-124, 11-62, and 52-224 for hexane-extracted
oils, suggesting higher levels of tocols in SC-CO, oils compared with
conventional hexane-extracted oil. The use of the CO, supercritical
extraction system (Beveridge et al. 2005; Fiori 2007) results in higher
tocol contents from GP and grape seed. It is worth noting that the
concentrations of tocols in mechanically extracted oils were not dif-
ferent from those found in SC-CO, (Fiori et al. 2014). The concen-
trations of tocols vary widely depending on the extraction system and
location. Crews et al. (2006) reported a wide range of tocol contents
in hexane-extracted grape-seed oil from various European countries
(63-1208 mg/kg). Fernindez et al. (2010) found slight changes in the
tocol content due to refining (total tocol was 529 and 555 mg/kg oil
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in refined and raw oils, respectively). The tocol contents in that study
were 345-368, 145-147, and 39.7-40.1 mg/kg oil for a-tocotrienol,
B-tocotrienol, and a-tocopherols, respectively. This profile for Spanish
grape-seed oil is different from that reported by Fiori et al. (2014) for
Italian grape-seed oil, confirming the impact of environmental eftects
and inter-variety variations. The use of ultrasound-assisted extraction
in the extraction of oil from grape seeds can improve the efhciency of
extraction greatly. Ultrasound treatment (20 kHz, 150 W for 30 min)
of grape seed in hexane produced the same yield as that generated by
soxhlet extraction for 6 h (Da Porto et al. 2013). Another method
used to enhance the yield of oil is treatment with enzymes (cellulose,
xylanase, and proteases) to release the oil from the seed structure.
A long treatment time was very effective in enhancing the oil yield
(Passos et al. 2009), whereas a short treatment time had limited suc-
cess (Rosenthal et al. 1996). The use of methanol/ethanol in addition to
hexane to extract oil produces oil that has high oxidation stability due to
the extraction of phenolics or due to synergetic effects of the extracted
polar and nonpolar compounds. Grape-seed oil is employed for culi-
nary, pharmaceutical, and cosmetic applications as well as its potential
use as a biofuel. The presence of squalene, an organic compound that
consists of 30 carbon atoms, in red and white wine lees was confirmed
(Naziri et al. 2014). Squalene is an all-trans linear triterpenoid hydro-
carbon, which has important biological activities (Kamimura et al.
1992; Kohno et al. 1995; Newmark 1997; Smith 2000). The yeast strain
used in wine making has the greatest impact on squalene formation.
Squalene contents ranged from 2.43 to 5.90 g/kg dry lees in white wine
lees and 0.54 to 1.54 g/kg dry lees in red wine lees.

4.8.6 Non-Food Applications

Grape seed alcoholic extracts have been shown to have molluscidal
and insecticidal activities. They brought about mortality in the snail
(Biomphalaria alexandrina, Lymnea cailliaudi) but did not exert ovicidal
actions in snails or larvicidal effects on Culex pipiens (Taher et al. 2012).

Grape pomace (pulp and skin) could speedily and concurrently
remove 77 vitro a number of mycotoxins from liquid media, with the
biosorbent efficacy in the order aflatoxin B1 > zearalenone, ochratoxin A
and fumonisin Bl >> deoxynivalenol (Avantaggiato et al. 2014).
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Several heavy metals can bind lignin and the fibers of wine by-products
such as copper and nickel ions (Villaescusa et al. 2004). In cosmetics,
a mixture of grape-seed oil, linseed oil, retinyl palmitate, tocopheryl
acetate, and coenzyme Q10 encapsulated in nanoparticles produced a
significant wrinkle-reducing eftect after topical application for 3 weeks
(Felippi et al. 2012). Grape-seed extract is promising for dermatological
applications. Grape-seed oil has an abundance of the essential fatty acid
linoleic acid, vitamins and minerals, which are beneficial to the skin.
Grape oil has a wound-healing potential as revealed by a study using an
excision wound rat model (Shivananda Nayak et al. 2011). Grape skins
were used to make low-density (0.38 g/cm?) boards (Mendes et al.
2013). 'The boards were fabricated by hot-pressing grape skins into a
mold and using urea—formaldehyde (UF) as a binder with a loading
level of 8% of dry weight of the board. The produced boards had a mod-
erate bending strength compared to low-density particle boards from
agricultural residues, but had good dimensional stability under humid
conditions. The thermal conductivity of the boards (0.09 W/m/K) at
40°C was similar to commercial insulating materials, such as cork and
polymeric foams, suggesting a potential use as insulating material. The
authors estimated a potential of 1.25 m? of thermal insulation boards
to be produced from 1 ton of absolutely dry grape skins (Mendes et al.
2013). GP extracts can be used in adhesive applications due to their
reactivity toward formaldehyde, as demonstrated by Rondeau et al.
(2013). 'The use of GP as an additive in brick production was investi-
gated by Mufioz et al. (2014). The maximum amount of GP that can
be used was 5%, after which the water absorption failed the industry
standards. The addition at a 5% level reduced the thermal conductivity
by 10% (better insulation). Grape stalks were used to generate activated
carbon using phosphoric acid as activating agent (Deiana et al. 2009).

4.9 Fermentation

Grape and wine by-products represent a good source of carbon and
have been used to generate a large number of high-value products
such as citric acid, lactic acid, gluconic acid, xanthan, ethanol, meth-
anol, and carotenoids through submerged and solid-state fermenta-
tion techniques. Karpe et al. (2014) used Trichoderma harzianum,
Aspergillus niger, Penicillium chrysogenum, and P. citrinum to degrade
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winery biomass. The use of 4. niger, P. chrysogenum, T. harzianum, and
P. citrinum at the ratio 60:14:4:2 was the optimum condition for the
degradation of the biomass. Several valuable compounds were gener-
ated such as stigmasterol, glycerol, citric acid, maleic acid, and xylitol.
Zepf and Jin (2013) reported an efficient process to increase the protein
content of grape marc from 7% to up to 27% in 5 days using a solid-
state fermentation process. Three fungal strains of 4. oryzae DAR
3699, A. oryzae RIB 40, and T reesei RUT C30 were used under opti-
mum experimental conditions including inoculum size 1 x 10° CFU/g
substrate, 5 days of fermentation time, 28°C-30°C fermentation tem-
perature, moisture content in the range of 60%—66.7%, steam treat-
ment for 60 min, (NH,),SO, supplement at a concentration of 0.60%,
and wine lees supplement at a concentration of 25%. The protein-rich
product generated can be used as feedstock for animals.

Submerged fermentation of grape waste using Monascus purpureus pro-
duced a red pigment suitable for the food applications (Silveira et al. 2008).
'The use of Lactococcus lactis and Lactobacillus pentosus is useful to produce
lactic acid and Trametes pubescens has been used to produce laccase.

4.10 Green Material
4.10.1 Grape Stalks

Prozil et al. (2012) investigated the composition of grape stalks from
red grape varieties and found that the major components were cellulose
(30.3%), hemicellulose (21.0%), lignin (17.4%), tannins (15.9%), and
protein (6.1%). Xylose and glucose were the main monosaccharides in
grape stalks (62.7% and 20.4%, respectively). Grape stalks are charac-
terized by a low proportion of 4-O-methyl-a-D-glucuronosyl residues
attached to xylan leading to strong binding of the latter to cellulose
and resistance to degradation by rumen microorganisms and chemical
treatments (Prozil et al. 2012). The stalk contains considerable amounts
of condensed and hydrolysable tannins (Makris et al. 2006). The major
tannins in grape stalks are procyanidins and prodelphinidins (Prozil
et al. 2012). Stem extracts are threefold more powerful antioxidants
compared with GP extracts. Vine shoots consist of lignocellulose mate-
rial. Chemical and/or enzymatic hydrolysis can degrade the polymers to
monomers that can be used for the production of lactic acid, which is an
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important compound in food and pharmaceutical applications. Lactic
acid is used as a buffering agent, flavoring agent, or preserver to inhibit
spoilage. The production of lactic acid can be achieved by fermenta-
tion using Lactobacillus pentosus. The same technology can be used to
produce biosurfactants that have wide applications as emulsifiers.

4.10.2 Grape Leaves

Little attention has been paid to the utilization of grape leaves. Several
medicinal and pharmacological properties of vine leaves were cited
by Fernandes et al. (2013) including antinociceptive, antiviral, and
antibacterial, antifungal, anti-inflammatory, spasmolytic, hypoglyce-
mic, vasorelaxant, and hepatoprotective activities. Several bioactive
compounds have been found in vine leaves such as phenolics, vita-
mins, carotenoids, and terpenes that may contribute to some of the
observed activities. Fernandes et al. (2013) investigated the chemi-
cal composition and the antioxidant activity of grape leaves from
20 red and white Portuguese cultivars. Quercetin-3-O-galactoside
and kaempferol-3-O-glucoside were the most predominant found in
the aqueous extracts in addition to the availability of trans-caffeoyl-
tartaric and trans-coumaroyltartaric acids, myricetin-3-O-glucoside,
and quercetin-3-O-glucoside. The yield of the aqueous extracts varied
from 8% to 18% depending on the grape cultivars. The total reducing
capacity was between 174 and 573 mg GAE/g extract. These results
demonstrated the potential use of the leaves to obtain useful bioactive
compounds. Vine leaves are used as culinary ingredients for several
meals. One of the most famous dishes in the Mediterranean, many
East European, and Asian countries is stuffed grape leaves (known
as Yaprak Dolma in Turkey, dolmeh barg mo in Iran, and warraq
enab in Egypt and Lebanon). The leaves used for food have to be
young and tender since mature leaves can have an extensive fibrous
structure and a high level of bitterness and a sour taste due to pheno-
lics and oxalates. Oleuopein and secoiridoids are found in the leaves
and contribute significantly (about 51%) to the antioxidant activity
of the leaf extracts (Naziri et al. 2014). About 5.1% w/w oleuropein
can be extracted from the leaves and the efficiency of extraction can
be enhanced by using SC-CO,, microwave-assisted or ultrasound-
assisted extraction techniques.
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4.11 Challenges and Opportunities

Despite the great prospective for the utilization of grape and wine
by-products, there are several issues that might influence the viability
of commercial use and full utilization. For example, the production of
bioactives/secondary metabolites in grapes, and consequently the wine
by-products, is dictated by environmental factors and agricultural
practices. Therefore, by-products from certain sites can have higher
levels of bioactives and can be advantageous for commercial utiliza-
tion compared to others such as the case of tocols in grape-seed oil or
the expression of phytoalxins for example. Processing and extraction
conditions can play an important role in determining the contents
of bioactives and their stability during storage, therefore optimized
conditions need to be established for individual production regions.
It is worth mentioning that the level of bioactivity and the purity
of a bioactive will carry different processing costs, thus the recovery
of bioactives from wine by-products should target defined industries
(e.g., food versus pharmaceutical). The utilization of an integrated
processing strategy should be considered for maximum benefit from
by-products and to reduce production costs. Utilization of combina-
tion of treatments (e.g., mechanical, biochemical, and chemical) could
enhance yields and maximize profitability, but this will vary depend-
ing on the by-product fraction (seed, stalks, GP, and so on).

'The seasonality of wine processing and production of large amounts
of by-products in a short time is a challenge for the wine industry.
However, the diversity of products that can be generated from the
available by-products can contribute to greater level of utilization.
Biotransformation of wine by-products to high-value and high-
nutrition products by anaerobic digestion and fermentation is very
promising but require the establishment of cooperation-type busi-
nesses and radical integration of the traditional winery model into a
multi agroeconomic model system.
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5.1 Food Industry Waste

In the United States, official surveys indicate that every year more than
160 billion kg of edible food is available for human consumption. Of
that total, nearly 30% (45 billion kg)—including fresh vegetables, fruits,
milk, and grain products—is lost to waste (FAO 2012). According
to the South Australian Environmental Protection Agency (EPA), it
costs the United States around $1 billion every year just to dispose of all
its food waste (South Australian EPA 2004). Proportionally, in recent
years, when it comes to food waste, the United Kingdom and Japan have
been among the worst offenders, discarding between 30% and 40% of
their food produce annually (e.g., about 7 million tons of household
food is wasted each year in the United Kingdom). In total, 20 million
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tons of food waste is produced annually in the United Kingdom, with
the producers, processors, and others involved outside the household
accounting for 13 million tons (Eurostat 2013). The report claims that
this involved about 18 million tons of CO, emissions, because every ton
of food waste means about 4.5 tons of CO, emissions. In the Western
world, about 30% of the time household food is wasted in the landfill
where methane gas (more destructive than CO,) is released into the
environment. According to the United Kingdom’s Waste & Resources
Action Program (WRAP) report, fresh fruits, vegetables, and salads
make up the largest category of waste, reaching about 1.5 million tons
per year. Every year, the European food processing industry produces
huge volumes of aqueous waste. This waste includes fruit and vegetable
residues; molasses and bagasse from sugar refining; bones and flesh
from meat and fish processing; stillage and other residue from wineries,
distilleries, and breweries; dairy waste such as cheese whey; and waste-
water from washing, blanching, and cooling operations. Many of these
contain low levels of suspended solids (SSs) and low concentrations of
dissolved materials. In addition to the environmental challenges, such
flows represent considerable amounts of potentially reusable materials.
Much of the material generated by the food processing industries
throughout Europe contains components that could be utilized as
substrates in a great variety of processes (e.g., microbial/enzymatic),
to give rise to new value-added products. These products, which are
actually produced from food industry waste include animal feed, sin-
gle-cell proteins (SCPs), and other fermented edible products, yeast,
organic acids, amino acids, enzymes, flavors and pigments, microbial
gums, and polysaccharides (VIVA 2011). According to the European
Landfill Directive (1999/31/EC), the amount of biodegradable waste
sent to landfills (in member countries) by 2016 must reach 35% of the
levels reached in 1995. Consequently, the food processing industry
operations have to comply with increasingly more stringent European
Union (EU) environmental regulations related to the disposal or uti-
lization of by-products and waste (Resolution VITT 2/2003, 02/2006;
Resolution OENO 1/2005; OIV Resolution CST 1/2004, 1/2008;
OIV 2012-2014; International Organization for Standardization
2004). These regulations include growing restrictions on land, spray-
ing with agro-industrial waste, disposal within landfill operations, and
requirements to obtain products that are both stabilized and hygienic.
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To increase the quantity of food, waste that is biologically treated (by
either aerobic composting or anaerobic digestion) represents a good
alternative to reduce the flux of waste to the landfills. While programs
and facilities to manage yard waste are well established, the manage-
ment of food waste in composting facilities is less developed. There
is nonetheless considerable interest in food waste composting and the
desire to increase food waste diversion is likely to grow. When discuss-
ing the environmental impact of food production, it is important to
use a holistic approach, which can integrate the environmental aspects
into the product development and food production. As the food supply
chain is complex, environmental impacts can occur in both different
places and times for a single food product. Life cycle assessment (LCA)
provides a way of addressing this situation. LCA gives businesses the
opportunity to anticipate environmental issues, thereby integrating the
environmental dimension into products and processes. Crucial issues
directly related to food processing result in energy and waste manage-
ment. Food production in general uses significant amounts of energy
and produces relatively large amounts of waste, mainly packaging
waste. The waste management hierarchy (Figure 5.1) represents one of
the guiding principles of the zero waste practice. Similarly, the devel-
opment of green production processes can be achieved following the
short-, medium-, and long-term goals. Short-term goals involve waste
minimization by the reduction and recycling of valuable substances,
by-products, and residues and reducting emissions and risk. Medium-
term goals include the development of efficient production processes,
thereby adding value to the by-products. The outcome for the com-
panies is their higher environmental responsibility accompanied by

Avoid Recover
Reduce Treat
Reuse Dispose

Figure 5.1 The food waste management hierarchy. (From Laufenberg, G. et al., Bioresour.
Technol., 87, 167, 2003.)
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competitive advantages. Long-term goals consist of systematic imple-
mentation of environmentally friendly manufacturing, thus developing
innovative products. The ultimate outcome is the design of innovative
food products such as functional foods, which can open new markets
and meet green productivity objectives. Fruit and vegetable waste
(FVW), produced in large quantities in markets, constitutes a source of
disturbance in municipal landfills because of its high biodegradability.
In Barcelona for instance, in the central distribution market for food
(meat, fish, fruit, and vegetables), the total amount of waste that comes
from the fruit and vegetables is around 90 tons per day during 250 days
per year. The FVW’s whole production collected from the market of
Tunisia has been measured and estimated to be 180 tons per month. In
India, FV'Ws constitute about 5.6 million tons annually and currently
disposed by dumping on the outskirts of cities. The waste from fruit
and vegetable processing industries generally contains large amounts
of suspended solids (SSs) and high values of biological (BOD) and
chemical oxygen demand (COD). Table 5.1 summarizes some indica-
tive parameters, such as BOD, COD, SS, and pH for the processing of
some fruit and vegetables. On average, the total initial solid concentra-
tion of FVW is between 8% and 18%, with a total volatile solid (V'S)
content of about 87%. The organic fraction includes about 75% sugars
and hemicellulose, 9% cellulose, and 5% lignin. In general, this waste
consists of hydrocarbons and relatively small amounts of proteins and
fat with an acidic pH and a moisture content of 80%-90%. It must
be highlighted that related wastewater contains dissolved compounds
such as pesticides, herbicides, and cleaning chemicals.

Table 5.1 Fruit and Vegetable Waste Characteristics

FRUIT/VEGETABLE BOD (mg/L) COD (mg/L) SS (mg/L) pH
Apples 9600 18,700 450 59
Carrots 1350 2,300 4120 8.7
Cherries 2500 2,500 400 6.5
Corn 1500 2,500 210 6.9
Grapefruits 1000 1,900 250 1.4
Green peas 800 1,650 260 6.9
Tomatoes 1025 1,500 950 7.9
Winery wastewater 9000 14,000 2800 49

Source: Modified from Saez, L. et al., Water Res., 26, 1261, 1992.
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5.2 Reduce, Reuse, and Recycle

Reduce, reuse, and recycle represent current and mainly future guid-
ing principles for vineyards and wineries. Along with reducing envi-
ronmental impacts and disposal costs of waste, reusing and recycling
conserve raw materials and energy, by diverting several by-products
from the waste stream and turning them into a beneficial use.
“Reducing” appears the best strategy for beginning to gain control
over the amount of materials and supplies purchased for different
operations. If the amount used cannot be reduced, another option
might be focused on the containers and packaging associated with
the materials and supplies coming in. Suppliers might be contacted to
evaluate if there is some other way to deliver the materials and sup-
plies with less packaging, and less waste. “Reusing” supplies when-
ever possible appears to be better than recycling. Vendors should be
encouraged to begin reusing their packaging, thus allowing them to
save money and develop a service along with their products. Many
companies are already doing this common practice by providing win-
ery supplies, including capsule, cork, and label manufacturers. If it is
not possible to reduce or reuse, “recycling” is the next best step. Most
of the materials used in the wine industry can be recycled but this
approach does require labor and training to ensure that employees are
properly using containers at the operations to divert solid waste out of
the waste stream and into the recycling stream.

5.3 California’s Issue

Wine production, like all farm production, generates waste. Never-
theless, many of the waste products from vineyard and winery opera-
tions can be assets to the viticulturist. Vine pruning, grape stalks, and
marc (skins and seeds) can be composted and applied to the vineyard
as mulch. This approach is able to improve the soil’s moisture retention,
to keep weeds down, to increase soil organic matter, and to reduce soil
temperature variations. Grape seeds can be processed to create extracts
potentially suitable for the health and cosmetics industries. Recycling
and reusing packaging materials results in a central point, with vari-
ous initiatives focused toward different matrices such as agrichemical
containers, cardboard, plastic wrap, glass, batteries, solvents, and waste
oils. Management of wastewater also appears to be an important issue.
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Wineries must manage their wastewater to ensure they do not cause
nutrient enrichment of downstream water sources, degrade soil struc-
ture, contaminate soils, or emit odors during treatment. Reducing and
recycling solid waste help to conserve natural resources, reduce green-
house gases, and decrease costs. In this context, California proves its
leadership in the nation, in large part due to AB939 enacted in 1989.
While the state saw a 58% diversion rate of the solid waste stream in
2010, the majority of this was achieved through recycling programs
in the residential sector. As a comparison, large office buildings only
divert 7% of their waste streams to recycling. This indicates that there
is still a large untapped recycling opportunity in the commercial sec-
tor, which comprises two-thirds of California’s solid waste generation.
In July 2012, the state passed AB341 making commercial recycling
mandatory for any business that generates 4 cubic yards or more of
commercial solid waste per week. One metric the state uses to mea-
sure solid waste generation is pounds of material thrown away per
employee per day. In 2010, the per employee disposal rate reached a
historic low of 11.7 1b per employee per day. Overall, each American
generates about 4.34 1b of solid waste per day according to a 2009
survey on Municipal Solid Waste Generation, Recycling, and Disposal
in the United States, conducted by the U.S. Environmental Protection
Agency. The five main materials that make up most of the solid waste
stream are paper, food, metal, plastic, and lumber. Organics, such as
food, are the largest component of the solid waste stream. The wine
industry is in a unique position because much of the solid waste gen-
erated at the winery (e.g., pomace, lees, cardboard, paper, glass) can
be reused or recycled. Many wineries are composting pomace for use
in vineyards, and a few are composting their paper and cardboard as
well. As the largest source of organic waste at the winery, composting
pomace can divert 50% or more of the waste stream. California’s Waste
Reduction Award’s Program (WRAP) has recognized several winer-
ies, with one winery recognized for 12 consecutive years. Many others
are realizing that the most cost-effective strategy is to work with sup-
pliers to reduce packaging that comes with the materials and supplies
they purchase. This direct communication of environmental require-
ments can motivate suppliers to develop systems for reusable contain-
ers, recyclable packaging, or reprocessing of waste material (SIP 2008).
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5.3.1 Solid Waste Reduction and Management

The purpose of Chapter 12 of the voluntary California Code of
Sustainable Winegrowing Workbook is to help vintners understand
the full cost of solid waste generation and the multiple benefits of
implementing reduction measures (Table 5.2). Moreover, vintners
are motivated to improve existing or develop new solid waste reduc-
tion and recycling plans to target the biggest problem areas while
optimizing the overall efficiency of winery operations. Table 5.3
summarizes the 16 criteria to self-assess included in the chapter.
Following these criteria, vintners are able to evaluate the state of
their solid waste reduction planning, monitoring, goals, and results.
They can assess both the total solid waste generated and the extent
of solid waste generated per major operation. Then vintners can
estimate the extent of management support needed for employee
training in solid waste reduction efforts; likewise the opportunities
to optimize solid waste reduction in their operations (California
Sustainable Winegrowing Alliance 2004).

Table 5.2 The California Code of Sustainable Winegrowing Workbook Results
Organized into the Following 15 Chapters (Beginning with Chapter 2), Including
191 Self-Assessment Questions

Chapter 2 Sustainable Business Strategy

Chapter 3 Viticulture

Chapter 4 Soil Management

Chapter 5 Vineyard Water Management

Chapter 6 Pest Management

Chapter 7 Wine Quality

Chapter 8 Ecosystem Management

Chapter 9 Energy Efficiency

Chapter 10 Winery Water Conservation and Water Quality
Chapter 11 Material Handling

Chapter 12 Solid Waste Reduction and Management
Chapter 13 Environmentally Preferable Purchasing
Chapter 14 Human Resources

Chapter 15 Neighbors and Community

Chapter 16 Air Quality

Source: Modified from CSWA, Sustainable winegrowing program, 2013, http://
www.sustainablewinegrowing.org/, accessed on May 2014.
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Table 5.3 AList of Solid Waste Reduction and Management Criteria

1 Planning, Monitoring, Goals, and 9 Plastic
Results
2 Pomace and Lees 10 Packaging (Incoming and Outgoing)
3 Diatomaceous Earth 11 Metals
4 Plate and Frame Filters 12 Natural Cork
5 Cooperage 13 Pallets, Wood Packaging, Bins
6 Glass 14 Capsules
7 Cardboard 15 Landscape Residuals
8 Paper 16 Food Waste

Source: Modified from CSWA, Sustainable winegrowing program, 2013, http://www.
sustainablewinegrowing.org/, accessed on May 2014.

5.4 New Zealand’s Issue

The New Zealand Government Waste Minimization Act (2008)
provides a legislative framework for waste management. All parties
such as producers, owners, and consumers take responsibility for the
environmental effects of their products. Together with these govern-
ment initiatives, other regional and industry actions for responsible
waste management practices are present in New Zealand. Sustainable
Winegrowing New Zealand (SWNZ) collaborates with district and
regional councils to identify recycling options for vineyards and win-
eries in order to communicate potential information, provided by a
single district, for example, to all members in all regions to encourage
members to continue to search and implement solutions. At the same
time, SWNZ provides a checklist so members can record and measure
recycled materials and waste. The New Zealand Winegrowers Code of
Practice for Management of Winery Waste provides guidance on prac-
tical solutions, thus aiming to develop practices to minimize waste and
recycle/reuse. Moreover, the Code provides guidance for winemakers
on cleaner production and sound environmental practices, including
waste management and disposal and new strategies are provided to
manage solid and liquid waste from wineries (New Zealand Wines
2014). The disposal of grape marcs to landfills is discouraged, con-
versely, disposal of sludge and solids is recommended because of high
nutrient loading of these by-products. The SWNZ recommends the
pretreatment of wastewater, even outlining the issues to be considered
when establishing land-based disposal and treatment systems. The pro-
gram is aimed at, wherever possible, reducing, reusing, and recycling
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the management of in-house waste and by-products while also tak-
ing into consideration that the collection and disposal of by-products
should not impact the receiving environment. As a good example in
this direction, glass recycling and reuse contribute significantly to
reducing glass packaging’s carbon footprint. The use of recycled glass
in batch materials shows beneficial impact because every 1 kg of cul-
let used replaces 1.2 kg of virgin raw materials that would otherwise
need to be extracted. Moreover, every 10% of recycled glass used in
production results in an approximate 5% reduction in carbon emis-
sions and energy savings of about 3%. Glass, mainly used by wineries,
is resource efficient, and can be reused in its original form more than
other packaging materials. Additionally, several initiatives currently
underway in the glass industry will further increase the efficiency of
glass packaging. Several studies are focused to improve recovery and
recycling of glass containers leading to a decrease in energy use and
global warming potential. On the other hand, other projects have the
purpose to improve the light-weight glass containers, so reducing raw
material usage, emissions, energy used, and overall weight. Even paper
and cardboard are reused, and collected for recycling, similarly plastics,
but the amounts from vineyards and wineries tend to be small. Most
regions have recycling options for these products. Timber, where pos-
sible, is reused as landscaping and fencing, and if not treated it may
be used for firewood. Finally, vehicle waste (e.g., tires, oil) is taken
to transfer stations or collection points. Different waste management
options exist, which cover many matrices. Vineyard waste primarily
includes pruning materials and marc while winery waste includes marc,
lees, winery sludge, and processing aids. Generally, pruning is mulched
within the vineyard or composted. However, there are different initia-
tives, such as burning these under controlled conditions for fuel/heat
in wineries. Marc (the pressed residue from grapes) is often applied
directly to the vineyard, or composted, but must meet allowable nitro-
gen limits (in compliance with the Regional Council and SWNZ). In
addition, sludge (the thick mixture removed after the fining process)
is composted or sent to landfills. SWNZ requires that winery waste
must not affect the environment, and in this direction monitoring is
required. For example, if the waste incorrectly spreads to the land, this
may impact soil or water quality and interfere with wastewater man-
agement. Staff training is implemented and records are conserved to
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ensure that the SWNZ requirements for the management of waste are
met. All members have systems in place to reduce the risk of spills of
by-products, chemicals, and potentially toxic petrochemicals. SWNZ
provides an emergency procedures flipchart to all its members. This has
been developed with the Environmental Protection Authority (EPA),
including information on training, first aid guidelines, and emergency
contacts. All this documentation is maintained onsite and checked
during the auditing process. All members engage in training staff in
storage, handling, and use of chemicals and chemical containers, as
well as spill prevention. Small containers of oil and petrochemicals
should be preferred; this approach reduces the potential for unman-
ageable spills. They should ensure that all storage containers, tanks,
pipes, and valves are secure (avoiding leaks). All members are encour-
aged to store large amounts of fuel and oil in a manner that complies
with the local regional plan requirements for vineyards and to collect
waste oils for recycling programs. They have to pay attention both that
any spillage will not reach waterways or drains (including storm water
drains) and in ensuring management systems are in place to prevent
tuture spills. The entire approach must be documented and all actions
taken must be recorded. Considering that the volume of wastewater
is directly proportional to the amount of water use, waste water man-
agement appears to be a major issue. Consequently, it is evident that
minimizing water use minimizes the wastewater content. Members
are encouraged to conduct wastewater system reviews frequently, and
these are examined during the auditing process. Evidence of reviews
includes a detailed and updated winery waste checklist, audits under-
taken by different councils, or consultant reports. Members have stan-
dard operating procedures and maintain staft training records about
regulating and reducing products in wastewater.

Wiastewater treatment systems have to be designed to complement
other disposal treatment systems, and the volume and components of
winery wastewater, thus minimizing any impact on the environment.
The system should be reviewed at the beginning, during, and end of
the season.

In order to have a low impact on the environment, members should
focus on the primary wastewater pretreatment, which complies with
local authority trade waste bylaws, following all monitoring require-
ments (e.g., allowable levels). Reused water can be defined as water that
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has been used in the winery as part of the wine production process,
and is then reused for an additional purpose (e.g., reusing moderately
clean water for dirty washing operation). Conversely, recycled water
can be defined as using treated winery wastewater for a secondary pur-
pose, such as irrigation, vineyard, or maintaining winery grounds or
wetlands. Members have strategies in place to address any problems
that may occur related to liquid waste (wastewater disposal practices).
Measuring water use to ensure that the wastewater system is able to
manage the volume generated (storm water included) represents one of
these strategies. The same considerations are concerned with the liquid
waste generated by a winery. Members have to ensure that the actual
volume of liquid waste falls within consented limits, and if not, proper
action should be taken. Members have to prove robust design calcula-
tions showing the volume limits of their wastewater system to ensure it
can cope with peak flow, and their irrigation system. Generally, winery
wastewater is not considered harmful, but it can interrupt the normal
tunction of treatment disposal systems. Engaging into the program,
SWNZ members ensure that wash additives are strictly monitored and
limited to minimize the effects on the environment. They prove that
water use is controlled and limited in accordance with the residence
time of waste within treatment systems, and the resting time between
land applications of wastewater. They guarantee that their staff are
properly trained in order to limit the amount of water used per wash,
which also includes fixing valves, joints, and lines. Employees should
also be prepared to prevent water from flowing unsupervised during
cleaning operations.

5.5 European Union’s Issue

551 Turning Waste into a Resource

Each year in the European Union (EU), 2.7 billion tons of waste is
thrown away, 98 million tons of which is hazardous. On average, only
40% of our solid waste is reused or recycled, the rest goes to landfills or
incineration (Eurostat 2013). Overall, waste generation is stable in the
EU, however, the generation of some waste streams like construction
and demolition waste to sewage sludge and marine litter continues
to increase. Waste from electrical and electronic equipment alone is
expected to increase by roughly 11% between 2008 and 2014. In some
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member states, more than 80% of waste is recycled, indicating the pos-
sibilities of using waste as one of the EU’s key resources. Improving
waste management makes for better use of resources and can open up
new markets and jobs, as well as encourage less dependence on imports
of raw materials and have a lower impact on the environment. If waste
is to become a resource to be fed back into the economy as a raw mate-
rial, then a much higher priority needs to be given to reusing and
recycling. A combination of policies would help create a full recycling
economy, such as a product design integrating a life cycle approach,
better cooperation among all market actors along the value chain, bet-
ter collection processes, appropriate regulatory frameworks, incentives
for waste prevention and recycling, as well as public investment in
modern facilities for waste treatment and high-quality recycling.

By 2020, waste is to be managed as a resource. Waste generated
per capita will in an absolute decline. Recycling and reusing waste
will be economically attractive options for public and private actors
due to widespread separate collection and the development of func-
tional markets for secondary raw materials. More materials, including
materials having a significant impact on the environment and critical
raw materials, will be recycled. Waste legislation will be fully imple-
mented. Illegal shipments of waste will have been eradicated. Energy
recovery will be limited to nonrecyclable materials, landfilling will be
virtually eliminated, and high-quality recycling will be ensured.

The objectives of the European Commission are reported in
Table 5.4. Member states should ensure full implementation of the EU
waste acquisition including minimum targets through their national
waste prevention and management strategies.

5.5.2 European Commission Legislation Related to Wastewater Management

At the European Commission level, Council Directive 76/464/EEC,
on pollution caused by certain dangerous substances discharged into
the aquatic environment of the community, establishes that member
states shall take the appropriate steps to eliminate or reduce the pol-
lution of water by dangerous substances in List I and List II, respec-
tively. In both lists, there are substances, which could be present in
winery wastewater, such as metals and inorganic compounds of phos-
phorous and elemental phosphorous. In addition, agro-food industries
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Table 5.4 European Commission’s Purpose

1 To stimulate the secondary materials market and demand for recycled materials through
economic incentives and developing end-of-waste criteria

2 Toreview existing prevention, reuse, recycling, recovery, and landfill diversion targets to move
toward an economy based on reuse and recycling, with residual waste close to zero

3 Toassess the introduction of minimum recycled material rates, durability and reusability
criteria, and extensions of producer responsibility for key products

4 To assess areas where legislation on the various waste streams could be aligned to improve
coherence

5  To continue working within the EU and with international partners to eradicate illegal waste
shipments with a special focus on hazardous waste

6  Toensure that public funding from the EU budget gives priority to activities higher up the
waste hierarchy as defined in the Waste Framework Directive (e.g., priority to recycling
plants over waste disposal)

7 Tofacilitate the exchange of best practices on collection and treatment of waste among
member states and develop measures to combat more effectively breaches of EU waste rules

Source: Modified from OIV, Strategic plan, 2012—2014, http://www.oiv.int/oiv/info/enplanstrategique,
accessed on May 2014.

are influenced by Directive 91/271/EEC regarding the collection,
treatment, and discharge of urban wastewater; and the treatment
and discharge of wastewater from certain industrial sectors, includ-
ing the production of alcohol and alcoholic beverages. This directive
indicates a group of requirements for discharge for industries that are
not connected to the urban wastewater treatment plants have to obey.
Commission Directive 98/15/EC amends Council Directive 91/271/
EEC with respect to certain requirements established in Annex I
thereof. On the other hand, Directive 2000/60/EC establishes a frame-
work for community action in the field of water policy. Its purpose is to
establish a framework for the protection of inland waters, transitional
waters, coastal waters, and groundwater. Along these lines, Directive
2006/118/EC establishes specific measures in order to prevent and
control groundwater pollution (Commission Decision 2000/532/EC;
Council Decision 2001/573/EC). These measures include particular
criteria for the assessment of good groundwater chemical status and
criteria for the identification and reversal of significant and sustained
upward trends and for the definition of starting points for trend reveals
(Council Directive 91/676/EEC, 1999/31/EC, 2006/12/EC). Finally,
Directive 2008/1/EC, concerning integrated pollution prevention
and control, lays down measures designed to prevent or, where that
is not practicable, to reduce emissions in the air, water, and land from


http://www.oiv.int

212 VALORIZATION OF WINE MAKING BY-PRODUCTS

certain activities. This directive includes measures concerning waste,
in order to achieve a high level of protection of the environment taken
as a whole. It is important to mention also the European framework
law, namely the Common Market Organization for Wine (CMO),
issued in Regulation (EC) 479/2008 of the Council of 29 April 2008,
which aims to give due effect to Article 33 of the Treaty establishing
the European Community regarding the objectives of the Common
Agricultural Policy (CAP) (Council Regulation (EC) No. 491/2009,
(EEC) No. 822/87, (EEC) No. 823/87). The major objectives include
increased agricultural productivity by promoting technical progress
and ensuring the rational development of agricultural production,
the optimum use of production factors, or the stabilization of mar-
kets, taking into account the need for the appropriate adjustments,
fighting structural and natural disparities between the various agri-
cultural regions (Figure 5.2). The CMO is integrated with the fol-
lowing rules: Regulation (EC) 607/2009 of the Commission of 14
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Figure 5.2 The Common Market Organization for Wine (CMO) framework for regulations toward
different issues. (From OIV Resolution CST 1/2008, OIV guidelines for sustainable vitivinicul-
ture: Production, processing and packaging of products, http://www.oiv.int/oiv/info/enresolution,
accessed on January 2014.)
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July 2009 lays down provisions for implementing Regulation (EC)
No. 479/2008 of the Council with regard to the designation of origin
and protected geographical indications, in traditional terms, labeling
and presentation of certain wine products. Regulation (EC) 606/2009
of the Commission of 10 July 2009 provides provisions for implement-
ing Regulation (EC) No. 479/2008 of the Council with regard to
the categories of wine products, oenological practices, and applicable
restrictions. Regulation (EC) 415/2009 of the Commission of 20 May
2009 by amending Directive 2007/68/EC that modifies Annex III bis
of Directive 2000/13/EC of the European Parliament and Council
with regard to certain food ingredients. Regulation (EC) 981/2008
of the Commission of 7 October 2008 amending Regulation (EC)
No. 423/2008 lays down detailed rules for implementing Regulation
(EC) No. 1493/1999 and establishing a community code of oenologi-
cal practices and processes. Regulation (EC) 3/2008 of the Council of
17 December 2007 on information provisions and promotion of agri-
cultural products on the local market and in third world countries.
Regulation (EC) 1234/2007 of the Council of 22 October 2007 estab-
lishes a common organization of agricultural markets with specific
provisions for certain agricultural products (Single CMO Regulation).
Regulation (EC) 1924/2006 of the European Parliament and of the
Council of 20 December 2006 provides provisions for nutrition and
health claims on foods. Regulation (EC) 1507/2006 of the Commission
of 11 October 2006 lays down provisions for implementing Regulation
(EC) No. 1493/1999 on the common organizations of the wine mar-
ket with regard to the use of pieces of oak wood in wine making and
the designation and presentation of wines so treated. Regulation (EC)
1782/2003 of the Council of 29 September 2003 establishes com-
mon rules for direct support schemes under the common agricultural
policy, establishing certain support schemes for farmers. Regulation
(EC) 753/2002 of the Commission of 29 April 2002 lays down cer-
tain rules for applying Council Regulation (EC) No. 1493/1999 with
regard to the description, designation, presentation, and protection of
certain wine products. Regulation (EC) 884/2001 of the Commission
of 24 April 2001 lays down rules for the documents accompany-
ing the freight transportation of wine products and the records to
be kept in that sector. Regulation (EC) 2868/95 of the Commission
of 13 December 1995 lays down rules for implementing Regulation
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(EC) No. 40/94 of the Council on the community brand. Directive
2007/68/EC of the Commission of 27 November 2007 amends Annex
I1I bis to Directive 2000/13/EC of the European Parliament and the
Council with regard to certain food ingredients. Directive 2007/45/
EC of the European Parliament and of the Council of 5 September
2007 lays down rules on nominal quantities for pre-packed products,
repealing Directives 75/106/EEC and 80/232/EEC and amending
Council Directive 76/211/EEC of the Council. Directive 2005/25/
EC of the Council of 14 March 2005 amends Annex V1 to Directive
91/414/EEC with regard to plant protection (phytosanitary) products

containing microorganisms.

5.5.3 Community Legislation in the Field of Waste Management

In 1990, the Council adopted a proposal by the Commission for a
Community Strategy for waste management, which rested heavily on
the principle of a hierarchy of preferred options for waste manage-
ment. According to this, the waste production should be prevented
or reduced at source, particularly by the use of clean or low waste
technologies and products, wherever possible. Waste that cannot be
recycled or reused has to be disposed of in the most environmentally
safe manner. Successively, the Community Strategy for waste man-
agement was revised through the Council Resolution of 24 February
1997. According to this Resolution, all economic actors (produc-
ers, importers, distributors, and consumers) bear their specific share
of responsibility with regard to the prevention, recovery, and disposal
of waste. In addition, it insists on the need for promoting waste recov-
ery with a review to reducing the quantity of waste for disposal and
saving natural resources. Since its adoption, considerable legislative
progress has taken place in the waste area. Directive 1999/31/EC
establishes the general requirements for all classes of landfills, waste
acceptance criteria and procedure and, finally, control and moni-
toring procedures in operation and aftercare phases of the landfill.
The aim of the Directive is to prevent or reduce negative effects on
the environment as well as any risk to human health, from waste
landfills. Within the accepted guidelines, waste in landfills includes
biodegradable, nonhazardous waste (winery waste). Subsequently, the
legislative framework for the handling of waste in the community
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has been established by Directive 2006/12/EC. The latter defines key
concepts such as waste, recovery, and disposal and puts in place the
essential requirements for the management of waste. Handling waste
in a way that does not have a negative impact on the environment
or human health is one of the major principles established by this
Directive. It also encourages applying the waste hierarchy, which
requires that the costs of disposing waste must be borne by the holder
of the waste, by previous holder, or by the producers of the product
from which the waste came. In that direction, member states must
prohibit the abandonment, dumping, or uncontrolled disposal of
waste, and must promote waste prevention, recycling, and process-
ing for reuse. Finally, in 2008, the European Parliament published
Directive 2008/98/EC on waste. This directive clarifies issues such
as which objects are to be considered a by-product, with end-of-waste
status, and the distinction between waste and nonwaste. In addition,
this directive lays down measures to protect the environment and
human health by preventing or reducing the adverse impact of the
generation and management of waste. It also aims to both reduce
the overall impact of resource use and improve the efficiency of such
use. In this directive, a waste hierarchy is established with a priority
order for waste prevention and management legislation (Figure 5.3).

Preparing Other

Prevention Recycling Disposal

for reuse recovery

Figure 5.3 Established waste hierarchy as a priority order in waste prevention and manage-
ment legislation. (From OIV Resolution CST 1/2008, OIV guidelines for sustainable vitivinicul-
ture: Production, processing and packaging of products, http://www.oiv.int/oiv/info/enresolution,
accessed on January 2014.)
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Concerning winery waste, Article 22 reports that member states
shall take measures to encourage the separate collection of bio-waste
with a view to the composting and digestion of these. They should
encourage the bio-waste treatment in a proper way, thus fulfilling a
high level of environmental protection. In order to comply with the
objectives of this directive and move toward a European recycling
society with a high level of resource efficiency, member states shall
take the necessary measures designed to achieve some relevant tar-
gets. The first example is to be prepared for the reuse and recycling
of waste materials (paper, metal, plastic, and glass) from households
and possibly from other origins as far as these waste streams are
similar to waste from households, shall be increased to a minimum
of overall 50% by weight. The second example is to be prepared for
reuse, recycling, and other material recovery, including backfilling
operations using waste to substitute other materials of nonhazard-
ous construction and demolition waste excluding naturally occurring
material, shall be increased to a minimum of 70% by weight. The
European Waste Catalogue and Hazardous Waste List is used for
the classification of all waste and hazardous waste and is designed to
form a consistent waste classification system across the EU. In this
catalogue, a wide variety of waste materials is classified as biodegrad-
able. Specifically included under Category 2 is the waste produced
in the alcoholic industries (winery and brewery industry). Council
Regulation EC 1493/1999 on the common organization of the mar-
ket for wine controls the use of the pomace and lees. This establishes
that in view of the poor quality of wine obtained by overpressing,
this practice should be prohibited and provisions should be made, in
order to prevent it, for the compulsory distillation of marc and lees.
Regulation EC 555/2008 lays down detailed rules about the common
organization of the market in wine. This regulation establishes condi-
tions under which producers shall withdraw the by-products of wine
making or any other processing of grapes. The by-products must be
withdrawn immediately and no later than the end of the same year
of vintage in which they were obtained; withdrawal, together with an
indication of the estimated quantities, shall be entered and kept in the
registers. Withdrawal must respect applicable community legislation,
in particular with regard to the environment. It also establishes that
the withdrawal of wine lees shall be regarded as having taken place
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once the lees have been denatured to make their use in wine making
impossible and where the delivery of the denatured lees to third par-
ties has been entered in the registers kept. Member states may decide
that producers who, during the wine year in question, do not produce
more than 25 hL of wine or must themselves on their own prem-
ises are not required to withdraw their by-products. Finally, it has
been established that producers may fulfill the obligation of disposal
for a part or for the entireness of the by-products of wine making
or any other processing of grapes, by delivering these to distilla-
tion (European Commission 1986-2007, 2003, 2006a,b, 2007a,b,
2007-2012; European Court of Auditors 2012).

5.6 South Africa’s Issue

South Africa has undergone significant legislative change in vir-
tually every sphere, notwithstanding the environment. The 1996
Constitution of South Africa determines that every person has the
right to an environment, which is not harmful to one’s own health
or well-being, and to the conservation of the environment for current
and future generations (Act 108 of 1996, Section 24). Historically,
the Environmental Conservation Act (Act 73 of 1989) did not take
into account how waste was produced, disposed of, or recycled. In this
manner, therefore, accountability was largely absent in terms of waste
emanating from production processes and the resultant impact on the
environment. However, the National Environmental Management
Act (Act 107 of 1998) addresses management of the environment
through planned production processes. The act places full responsi-
bility with the landowner for protecting and managing the environ-
ment through sustainable production processes. In addition, the 1998
National Water Act (No. 36) and the amended National Water Act of
1999 have introduced the management of water through the issue of
water permits. Thanks to the latter act, users have the right to utilize
water, unless they abuse it and thus the nature of ownership of water
has changed from private to public. The protection of aquatic ecol-
ogy that forms part of a water resource, and how abstraction and dis-
charge affect the environment, are further important changes brought
about by the amended Act of 1999. The Integrated Production of
Wine Scheme (IPW) was introduced in 1998 by the South African
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wine industry under the guidance of the Wine & Spirits Board in
response to changes in legislation (IPW 1998; SAWIS 2014). IPW
guidelines and objectives address how the wine industry should com-
ply with respect to production processes and the resultant impact on
the natural environment. Preservation of the natural environment
and prevention of soil erosion are the major requirements. Solid waste
(including grape waste, lees and filter rests, but also glass, plastic,
paper/carton, and metal) must be recycled or disposed of in an envi-
ronmental friendly way and in accordance to legislative requirements.
Management of wastewater appears to be a crucial topic. Monitoring
its amount, quality, storing, and disposal results in a meticulous
approach by program members. Noise from pumps, cooling appara-
tus, and vehicles may cause a disturbance to neighbors; for this reason,
ambient noise should be limited and reduced.

5.7 Australia’s Issue

The EPA’s Guidelines provide information able to assist wineries
and distilleries in developing an environmental monitoring pro-
gram to comply with the Environment Protection Act and relevant
Environment Protection Policies. The Environment Protection Act
represents the key legislation addressing pollution in South Australia.
Particularly, Section 25 of the Act imposes a general environmental
duty on anyone who undertakes an activity that pollutes, or has the
potential to pollute, to take all reasonable and practicable measures
to prevent (or minimize) environmental harm. Environment protec-
tion legislation also includes environment protection policies (EPPs),
which outline both recommendations and mandatory requirements
to address environment protection matters (e.g., water quality, solid
waste, air quality). Facilities, processing more than 50 tons of grape
or grape product per annum (within the Mount Lofty Ranges
Watershed Protection Area) or more than 500 tons elsewhere in the
state, must have an Environment Protection Authority (EPA) license
as declared under Part 8 of the Environment Protection Act 1993 (the
Act). Moreover, licensed wineries and distilleries must develop and
implement an environmental monitoring program and submit the
data collected to the EPA annually. The main environmental impacts
associated with wine production are pollution of water, degradation
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of soil, and damage to vegetation arising from liquid and solid waste
disposal practices. At the same time, odors and air emissions result-
ing from the management of raw materials, and wastewater, solid and
semisolid by-products from the wine making process represent a sig-
nificant percentage. Finally, some considerations include noise from
pumps, chillers, crushers, and other winery equipment, as well as
vehicle noise, particularly during vintage. The different constituents
of liquid and solid waste by-products from the wine making process
are responsible for several effects on the environment (Figure 5.4).
With respect to organic matter, three indicators are commonly used,
such as BOD (biochemical oxygen demand), TOC (total organic car-
bon), and COD (chemical oxygen demand). Related effects include
oxygen depletion when discharged into water, leading to the death of
fish and other aquatic organisms, and odors generated by anaerobic
decomposition. Several problems are related to alkalinity and acidity
such as the death of aquatic organisms at extreme pH ranges. This
issue affects both microbial activity in biological wastewater treat-
ment processes, and the solubility of heavy metals in the soil and
availability and/or toxicity in waters. Even nutrients, such as nitro-
gen (N), potassium (K), and phosphorus (P), show some effects on
the environment, for example, eutrophication or algal bloom when

Salinity

Nutrients Sodicity

Alkalinity Heavy
and acidity metals

Potential
environmental Solids
impacts

Organic
matter

Figure 5.4 Winery waste constituents showing potential environmental impacts. (From South
Australian EPA, Bunding and spill management, New South Wales Environment Protection Authority,
Sydney, New South Wales, Australia, 2004.)
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discharged to water or stored in lagoons, thus causing undesirable
odors. These compounds, in large amounts, can be rather toxic to
crops. Nitrogen as nitrate in drinking water supply can be toxic to
infants. Electrical conductivity (EC) and total dissolved salts (TDS)
represent two indicators of salinity. The latter, in addition to being
toxic to aquatic organisms, imparts an undesirable taste to water and
affects water uptake by crops. Usually referred to as the sodium adsorp-
tion ratio (SAR) and exchangeable sodium percentage (ESP), sodic-
ity affects soil structure, resulting in surface crusting, low infiltration
and hydraulic conductivity, and hard and dense subsoil. Heavy metals
represent a severe problem related to the environment mainly because
of their high toxicity to plants and animals. Total suspended solids
(TSS) reduce soil porosity, leading to reduced oxygen uptake. These
can reduce light transmission in water, thus compromising ecosystem
health and oppressing habitats. Environmental monitoring repre-
sents an effective tool that will assist the EPA and wineries to deter-
mine the load and effects of winery waste on the environment. Other
objectives also include monitoring and maintaining the performance
of waste management systems together with analyzing environmen-
tal management performance and comparing it with EPA standards.
Wineries have to develop procedures to sample and monitor influent
water, wastewater, soil, groundwater, and other receiving environ-
ments as required by the EPA license. In order to comply with both
the Australian/New Zealand Standards (AS/NZS 5667 1998) and
relevant EPA guidelines, influent water and wastewater sampling and
monitoring procedures should be developed by the wineries (South
Australian EPA 2002a,b, 2003a,b,c). Soil sampling, and related
monitoring, should be also developed and take into account relevant
schedules of the National Environment Protection (Assessment of
Site Contamination) Measure 1999 (Site Contamination NEPM) to
suit specific situations. A National Association of Testing Authorities
(NATA) accredited laboratory must be responsible for the analysis of
samples, by using NATA accredited procedures to ensure the integ-
rity of the data. Before an eventual implementation, the EPA is solely
responsible for approving the monitoring program. In fact, the EPA
must be consulted before changes to the approved monitoring pro-
gram are made. Data obtained from the monitoring requirements of
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the license have to be forwarded to the EPA, in order to be used to
establish industry benchmarks and inform the public. In reporting the
data, wineries have to use the EPA reporting format for ease in data
management and consolidation and present the concentration of sub-
stances in water and wastewater two significant figures. The EPA also
requires that, at intervals prescribed by the license, an independent
qualified professional must verify the monitoring activity and result-
ing data. Before undertaking verification audits, the winery must
contact the EPA to confirm that the independent verifier selected
meets the required criteria. The quantity and types of waste produced
by a winery vary due to waste management practices and the activi-
ties undertaken. Wineries must review and amend their monitoring
programs regularly. The environmental monitoring program submit-
ted to the EPA must include a schematic diagram showing the inputs
(e.g., grapes, grape juice, chemicals, water) and outputs (e.g., various
wastewater streams, grape marc, lees, filtered solids, stalks, waste-
water sludge). A concise description of the processes adopted in the
winery must be reported (e.g., crushing, fermentation, storage, matu-
ration, bottling, and distillation). Moreover, wineries have to report
details of annual processing inputs and outputs such as crush size,
volume of grape juice produced, volume of processed grapes, percent-
age of wine, and sparkling wine and spirits. Through all this informa-
tion, wineries are able to assist the EPA to consolidate and analyze
the monitoring data and to understand the waste characteristics and
generation patterns of each site.

References

Australian/New Zealand Standards (AS/NZS 5667:1998). Water quality—
sampling. Standards Australia, New South Wales, Australia.

California Sustainable Winegrowing Alliance. 2004. California wine com-
munity sustainability report executive summary. http://www.sustaina
blewinegrowing.org/docs/cswa_2004_report_executive_summary.pdf
(accessed on May 2014).

Commission Decision 2000/532/EC of 3 May 2000 replacing Decision
94/3/EC establishing a list of wastes pursuant to Article 1(a) of Council
Directive 75/442/EEC on waste and Council Decision 94/904/EC
establishing a list of hazardous waste pursuant to Article 1(4) of Council
Directive 91/689/EEC on hazardous waste.


http://www.­sustaina​blewinegrowing.org
http://www.­sustaina​blewinegrowing.org

222 VALORIZATION OF WINE MAKING BY-PRODUCTS

Commission Directive 98/15/EC of 27 February 1998 amending Council
Directive 91/271/EEC with respect to certain requirements established
in Annex I thereof.

Commission Regulation (EC) No. 555/2008 of 27 June 2008 laying down
detailed rules for implementing Council Regulation (EC) No. 479/2008
on the common organization of the market in wine as regards support
programs, trade with thirds countries, production potential and on con-
trols in the wine sector.

Council Decision 2001/573/EC amending Commission Decision 2000/532/
EC as regards the list of wastes.

Council Directive 76/464/EEC of 4 May 1976 on pollution caused by certain
dangerous substances discharged into the aquatic environment of the
community.

Council Directive 91/271/ECC of 21 May 1991 concerning urban wastewa-
ter treatment.

Council Directive 91/676/EEC of 12 December 1991 concerning the pro-
tection of waters against pollution caused by nitrates from agricultural
sources.

Council Directive 1999/31/EC of 26 April of 1999 on the landfill of waste.

Council Directive 2000/60/EC of the European Parliament and of the coun-
cil of 23 October 2000 establishing a framework for community action
in the field of water policy.

Council Directive 2006/12/EC of the European Parliament and of the coun-
cil of 5 April 2006 on waste.

Council Directive 2006/118/EC of the European Parliament and of the
council of 12 December 2006 on the protection of groundwater against
pollution and deterioration.

Council Directive 2008/1/EC of the European Parliament and of the coun-
cil of 15 January 2008 concerning integrated pollution prevention and
control.

Council Directive 2008/98/EEC of the European Parliament and of
the council of 19 November 2008 on waste and repealing certain
directives.

Council Regulation (EC) No. 479/2008 of 29 April 2008 on the com-
mon organization of the market in wine, amending Regulations (EC)
Nos. 1493/1999, 1782/2003, 1290/2005, and 3/2008 and repealing
Regulations (EEC) Nos. 2392/86 and 1493/1999. Official Journal of
the European Union.

Council Regulation (EC) No. 491/2009 of 25 May 2009 amending Regulation
(EC) No. 1234/2007 establishing a common organization of agricul-
tural markets and on specific provisions for certain agricultural products
(Single CMO Regulation). Official Journal of the European Union.

Council Regulation (EC) No. 607/2009 of 14 July 2009 laying down certain
detailed rules for the implementation of Council Regulation (EC) No.
479/2008 as regards protected designations of origin and geographical
indications, traditional terms, labelling and presentation of certain wine
sector products. Official Journal of the European Union.



REGULATORY AND LEGISLATIVE ISSUES 223

Council Regulation (EC) No. 1493/1999 of 17 May 1999 on the common
organization of the market in wine. Official Journal of the European
Union.

Council Regulation (EEC) No. 822/87 of 16 March 1987 on the common
organization of the market in wine. Official Journal of the European
Communities.

Council Regulation (EEC) No. 823/87 of 16 March 1987 laying down spe-
cial provisions relating to quality wines produced in specified regions.
Official Journal of the European Communities.

Council Resolution of 24 February 1997 on a community strategy for waste
management (97/C 76/01). Council Resolution of 7 May 1990 on waste
policy.

CSWA (2013). Sustainable winegrowing program. http://www.sustainablewin
egrowing.org/ (accessed on May 2014).

European Commission (1986—-2007). Agriculture and Rural Development
budget: Guarantee Section of the European Agricultural Guidance
and Guarantee Fund (EAGGF) financial reports, 1986—2007. Office
for Official Publications of the European Communities, Luxembourg.
http://aei.pitt.edu/view/eusubjects/eagus.html (accessed on June 2014).

European Commission (2003). Study on the use of the varieties of interspe-
cific vines. Contract No. AGR 30881 of 30 December 2002. http://
ec.europa.eu/agriculture/markets/wine/studies/vine_en.pdf  (accessed
on June 2014).

European Commission (2006a). Impact assessment—Annex to the
Communication from the Commission to the Council and the European
Parliament “Towards a Sustainable European Wine Sector.” http://
ec.curopa.cu/agriculture/capreform/wine/fullimpact_en.pdf (accessed

on June 2014).
European Commission (2006b). WINE-economy of the sector. European
Commission. http://ec.europa.eu/agriculture/markets/wine/studies/

rep_econ2006_en.pdf (accessed on May 2014).

European Commission (2007a). Accompanying document to the Proposal
for a Council Regulation on the common organisation of the market
in wine and amending certain regulations—Impact assessment. http://
ec.europa.eu/agriculture/capreform/wine/impact072007/tull _en.pdf
(accessed on June 2014).

European Commission (2007b). Fact sheet—Towards a sustainable European
Wine Sector. http://ec.europa.eu/agriculture/publi/fact/wine/072007_
en.pdf (accessed on June 2014).

European Commission (2007-2012). Agriculture and Rural Development
budget: European Agricultural Guarantee Fund (EAGF) financial
reports, 2007-2012. Office for Official Publications of the European
Communities, Luxembourg. http://ec.europa.eu/agriculture/capfunding/
budget/index_en.htm (accessed on February 2014).

European Commission (2008). Reform of the EU wine market. http:/
ec.europa.eu/agriculture/capreform/wine/index_en.htm (accessed on

February 2014).


http://www.­sustainablewin​egrowing.org
http://www.­sustainablewin​egrowing.org
http://aei.pitt.edu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu
http://ec.europa.eu

224 VALORIZATION OF WINE MAKING BY-PRODUCTS

European Commission (2009-2012). Wine CMO: Financial execu-
tion of the national support program. Official Journal of the
European Communities. Directorate-General for Agriculture and
Rural Development. http://ec.europa.eu/agriculture/markets/wine/
facts/index_en.htm (accessed on February 2014).

European Court of Auditors (2012). The reform of the common organization
of the market in wine: Progress to date. Special Report No. 7. http://
eca.europa.eu/portal/pls/portal/docs/1/14824739.pdf (accessed on May
2014).

European Landfill Directive (1999/31/EC). The landfill of waste. http:/
eurlex.europa.cu/legalcontent/ EN/TXT/?uri=CELEX:31999L.0031
(accessed on April 2014).

Eurostat (2013). Eurostat statistics database. Eurostat, Luxembourg. http:/
epp.eurostat.ec.europa.cu/portal/page/portal/education/data/database/
(accessed on February 2014).

FAO (2012). FAO Statistical Yearbook 2012. FAOSTAT. http://faostat.
fao.org (accessed on June 2014).

International Organization for Standardization (2004). ISO 14000—
Environmental management. http://www.iso.org/iso/is014000 (accessed
on March 2014).

IPW (1998). Integrated production of wine (IPW). http:/www.ipw.co.za/
(accessed on June 2014).

Laufenberg G, Kunz B, and Nystroem M (2003). Transformation of veg-
etable waste into value added products: (A) the upgrading concept; (B)
practical implementations. | N R HRHRIRREEE S7: 167-198.

New Zealand Wines (2014). Sustainability. http://www.nzwine.com/
sustainability/ (accessed on May 2014).

OIV (2012-2014). Strategic plan. http://www.oiv.int/oiv/info/enplanstra
tegique (accessed on May 2014).

OIV Resolution CST 1/2004. Development of sustainable vitiviniculture.
http://www.oiv.int/oiv/info/enresolution (accessed on January 2014).

OIV Resolution CST 1/2008. OIV guidelines for sustainable vitiviniculture:
Production, processing and packaging of products. http://www.oiv.int/
oiv/info/enresolution (accessed on January 2014).

Resolution OENO 1/2005. Distillates of vitivinicultural origin http:/www.
oiv.int/oiv/info/enresolution (accessed on January 2014).

Resolution VITT 2/2006. Measures used to prevent or limit the proliferation
of wood diseases. http://www.oiv.int/oiv/info/enresolution (accessed on
January 2014).

Resolution VITT 2/2003. Reasoned vine irrigation. http://www.oiv.int/oiv/
info/enresolution (accessed on January 2014).

Saez L, Perez J, and Martinez J (1992). Low molecular weight phenolics
attenuation during simulated treatment of wastewaters from olive oil
mill in evaporation ponds. jifitemm) 26: 1261-1266.

SAWIS (2014). South African wine industry information and systems. http:/

www.sawis.co.za (accessed on June 2014).


http://ec.europa.eu
http://ec.europa.eu
http://eca.europa.eu
http://eca.europa.eu
http://eurlex.europa.eu
http://eurlex.europa.eu
http://epp.eurostat.ec.europa.eu
http://epp.eurostat.ec.europa.eu
http://faostat.​fao.org
http://faostat.​fao.org
http://www.iso.org
http://www.ipw.co.za
http://www.nzwine.com
http://www.nzwine.com
http://www.oiv.int
http://www.oiv.int
http://www.oiv.int
http://www.oiv.int
http://www.oiv.int
http://www.oiv.int
http://www.oiv.int
http://www.oiv.int
http://www.oiv.int
http://www.oiv.int
http://www.sawis.co.za
http://www.sawis.co.za
http://www.crcnetbase.com/action/showLinks?crossref=10.1016%2F0043-1354%2892%2990187-9
http://www.crcnetbase.com/action/showLinks?crossref=10.1016%2FS0960-8524%2802%2900167-0

REGULATORY AND LEGISLATIVE ISSUES 225

SIP (2008). Sustainability in practice (SIP) certification program. http://
www.sipcertified.org (accessed on March 2014).

South Australian EPA (2002a). Use of water treatment solids. New South
Wiales Environment Protection Authority, Sydney, New South Wales,
Australia.

South Australian EPA (2002b). Wastewater lagoon construction. New South
Wiales Environment Protection Authority, Sydney, New South Wales,
Australia.

South Australian EPA (2003a). Environment protection (water quality)
policy. New South Wales Environment Protection Authority, Sydney,
New South Wales, Australia.

South Australian EPA (2003b). Independent verification of monitoring
programmes. New South Wales Environment Protection Authority,
Sydney, New South Wales, Australia.

South Australian EPA (2003¢). Odour assessment using odour source mod-
elling. New South Wales Environment Protection Authority, Sydney,
New South Wales, Australia.

South Australian EPA (2004). Bunding and spill management. New South
Wiales Environment Protection Authority, Sydney, New South Wales,
Australia.

VIVA (2011). Sustainability in the Italian viticulture. National pilot project
launched by the Italian Ministry for the Environment, Department for
Sustainable Development, Climate Change and Energy. http:/www.
viticolturasostenibile.org/ EN/Home.aspx (accessed on February 2014).


http://www.sip​certified.org
http://www.sip​certified.org
http://www.viticolturasostenibile.org
http://www.viticolturasostenibile.org




©

SUSTAINABILITY ISSUES

MATTEO BORDIGA

Contents

6.1 What Is the Definition of Sustainability? 228
6.2 Why Sustainable Winegrowing? 228
6.3 Environmental Impact of Wine Production 232
6.4 European Wine Regulations 234

6.5 OIV (Organization Internationale De La Vigne Et Du Vin) 235
6.5.1 OIV—Mission (Laid Out in a Triennial Strategic Plan) 237
6.5.2 Resolution CST 1/2004 Development of

Sustainable Vitiviniculture 238
6.5.3 Resolution CST 1/2008 Guidelines for Sustainable

Vitiviniculture: Production, Processing, and

Packaging of Products 239

6.6 Italian Wine Industry 246

6.7 Environmental Sustainability Assessment of
Winegrowing Activity in France 248

6.8 'The LIFE HAproWINE Project—Environmental
Sustainability of the Wine Sector in Castillay Leén (Spain) 249

6.9 Lodi Winegrowing Commission Sustainable Workbook

and Lodi Rules 251
6.10 Sustainable Winegrowing in New Zealand 252
6.11 Sustainability in Practice and Low Input Viticulture and

Enology 254
6.12 Integrated Production of Wine in South Africa 255
6.13 California’s Sustainable Winegrowing Program 256
6.14 VineBalance, New York State’s Sustainable Viticulture

Program and Long Island’s Sustainable Winegrowing 260
6.15 Wines of Chile Sustainability Program 261
6.16 McLaren Vale Sustainable Winegrowing Australia 262
6.17 United Kingdom Vineyard Association 264
6.18 General Conclusions and Discussion 265
References 266

227



228 VALORIZATION OF WINE MAKING BY-PRODUCTS
6.1 What Is the Definition of Sustainability?

Today, the central issue of international debate revolves around cli-
mate change and protection of the environment. Generally, envi-
ronmental protection is considered an obstacle to the development
and prosperity of enterprises, especially in the agricultural sector,
and the wine industry is no exception. Vintners, constantly working
to improve their products, tend to assume environmentally friendly
actions as counterproductive for the quality of their wines as well as
their incomes. Sustainability, a sound approach toward winegrowing
and wine making, offers a solution to end this conflict by integrating
environmental protection, profitability, and social issues.

In fact, considering sustainability just as an environmentally
friendly approach is incorrect and very restrictive. First, it is neces-
sary to distinguish sustainability from other two modern forms of
winegrowing: biological and biodynamic approaches. Organic wine-
growing focuses mainly on decreasing the environmental impact of
its products and at the same time ensures the protection of wine from
external ingredients, thus preserving its authentic nature. Biodynamic
winegrowing strives to maintain the wholesomeness of their products
in harmony with nature following the lunar phases. A general defi-
nition of organic farming is “an ecological production management
system that promotes and enhances biodiversity, biological cycles, and
soil biological activity. It is based on minimal use of off-farm inputs
and on management practices that restore, maintain, and enhance
ecological harmony” (U.S. National Organic Standards Board 1998).
However, both approaches neglect two essential parts of sustainabil-
ity: social issues and the cost-effectiveness of all the measures taken.
'The general idea is that sustainable viticulture integrates the following
three main goals: environmental health, economic profitability, and
social and economic equity. Therefore, sustainable winegrowing is not
only relevant for the present but also critical for the future.

6.2 Why Sustainable Winegrowing?

Wine production, in parallel with the production of any good, leads
to a number of by-products that might be dangerous for the environ-
ment as well as for human beings. Waste and especially wastewater
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are critical factors, considering that generally the production of a
single bottle of red wine produces 0.5 kg of waste and emits 16 g of
SO, (FAO 2012). Based on this, to develop and follow specific guide-
lines directed by sustainable winegrowing acquires a certain relevance
(Figure 6.1). Water consumption in the wine making process appears
to be crucial (on average wineries use 2 L of fresh water for each 0.75 L
bottle of wine). Reducing water consumption in awinery is potentially a
first step toward sustainability. However, the major challenge is rather
to prevent marc, must, or wine to enter the drainage system. In addi-
tion to standard health and safety protection in the workplace, there is
still a need for optimization of the entire process. All workers should
be engaged in this constant optimization process while giving impor-
tance to long-term and strong cooperation with stakeholders, suppli-
ers, and customers. However, sustainability, more than just being a
recent trend, is a concept applied successfully by the international wine
industry for several years that needs continuous improvement and
dissemination. This approach is used not only to decrease costs and
human influence on the environment but also to create a competitive
advantage and public relations. Building wineries, oriented toward

Figure 6.1 Grape pomace (solid parts separated in skins, seeds, and stems).
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sustainability right from the beginning, seems to be an important
opportunity especially for developing wine countries, taking recourse
to numerous advantages and possibilities. Sustainable practices are
also very significant when it comes to communications, advertising,
or public relations. Countries may be keen to showcase efforts made
by their wineries to adopt a sustainable practice. The promotion of
green campaigns seems to be the main goal, not only in the produc-
tion of wine but also to support other agricultural products. “Green”
and “clean” are the two major branding aspects of the entire country.
Winegrowers use sustainability as a sound marketing tool following
a marked tourist-oriented approach. They take responsibility for the
biodiversity by protecting local flora and fauna, which can be a tour-
ist attraction. This philosophy shows two positive results: on the one
hand, the overall health of the vineyard is supported and secured
in the long term; and on the other hand, the biodiversity approach
helps attract tourists to wineries. This principle certainly results in
additional benefit and has a competitive advantage in today’s over-
crowded wine shelves leaving customers satisfied with this approach.
Both development and execution of sustainability strategies in wine-
growing prove to be the main objectives of the program. The business
purpose, long-term goals, fundamental ideals, and actions represent
some core elements responsible for the definition of business strategy.
It appears crucial, starting from the small family-operated vineyard
and winery to the corporate organization, to define and implement
an accurate sustainability strategy. Providing winegrape growers and
vintners with tools capable of guiding them to a proper sustainable
development is the mission of the winegrowing program. Following
these guidelines, growers and vintners themselves are able to apply
this approach, assessing the sustainability of current practices, iden-
tifying areas of excellence and areas that require improvement, and
developing action plans to increase an operation’s sustainability. A
long-term mission includes identification followed up by voluntarily
disseminating best practices to maintain sustainable winegrowing to
the wine community. Sustainable practices and how self-governing
enhances the economic viability and future of the wine community
is an important learning step. In addition, having an open dialog
demonstrates how by working closely with neighbors and other
stakeholders one can address concerns and enhance mutual respect.
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'The program defines sustainable winegrowing as winegrape growing
and wine making practices that are sensitive to the environment,
responsive to the needs of society, and feasible to implement and
maintain. Sustainability is referred to as the combination of envi-
ronmental, economic, and social principles (Figure 6.2). These three
overarching principles provide a general direction for pursuing sus-
tainability with a vision for both the present and future generations.
However, these important principles are not easy to implement in the
daily operations of winegrape growing and wine making. Striving
to produce the best quality grapes and wine, providing leadership
in protecting the environment, natural resources, and the long-term
viability of agricultural lands, are a part of the numerous sustain-
ability values. The economic and social wellbeing of vineyards and
winery employees are supported, which enhance local communi-
ties through job creation, supporting local businesses, and actively
working on important community issues. Furthermore, research and

Environmental Economic

Social

g

Sustainability

Figure 6.2 A combination of environmental, economic, and social principles is responsible for
the general definition of sustainability. (From OV Resolution CST 1/2008, OIV guidelines for sustain-
able vitiviniculture: Production, processing and packaging of products, http://www.oiv.int/oiv/info/
enresolution, accessed on January 2014.)
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education are strongly supported as well as existing practices, which
are continuously monitored and evaluated, in order to expedite con-
tinual improvements.

6.3 Environmental Impact of Wine Production

'The main environmental impacts associated with wineries are related
to pollution of water, degradation of soil and damage to vegetation
arising from liquid and solid waste disposal practices. Another problem
concerns both odors and air emissions resulting from the management
of raw materials and wastewater, and solid and semisolid by-products
from the wine making process. Even if with less impact, noise from
pumps, chillers, crushers, and other winery equipment, as well as vehi-
cle noise, particularly during vintage, represent some aspects that need
further attention. Although the wine industry might be classified as less
“dirty” than other sectors (e.g., the chemical sector), wine producers and
vine growers have been increasingly engaged in sustainability, driven
by different forces, mainly environmental concerns. The wine industry,
indeed, has to face a number of environmental issues and challenges. The
literature reports several environmental sustainable practices. Several
relevant aspects often include soil management, water management,
wastewater, biodiversity, solid waste energy use, air quality, and agro-
chemical use. Producers have to promote a sustainable use of chemicals,
limiting their utilization, in order to preserve and enhance the level of
biodiversity and soil fertility. The mandatory way to manage water is
responsibly, optimizing its consumption and reducing runoft of con-
taminated wastewater. Furthermore, wineries must manage the land-
scape, minimizing their impact on the community to protect the health
and safety of workers. Sustainability concerns have become increasingly
important since the publication of the “Our Common Future” report
by the United Nations Commission on Environment and Development
in 1987 (World Commission on Environment and Development 1987).
Since then, many countries have developed sustainability initiatives,
which have in turn generated regulations, especially on the environ-
mental and social aspects of sustainability. One of the common drivers
of many agricultural sustainability initiatives is strictly linked to the
harmful consequences of chemical inputs. Considering the high value
of grapes, winegrape growing regions have developed some of the most
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complex sustainability assessments and certifications, in some cases,
incorporating a triple-bottom line approach, which evaluates the entire
production system with regard to the interrelationship of economic,
environmental, and social factors. Table 6.1 reports some of the main
sustainability programs for winegrape growing worldwide. Considering
the most important part of self-assessment, the Californian wineries
definitely take the leading role (California Sustainable Winegrowing
Alliance 2004; CSWA 2013). As early as 2001, the Californian winer-
ies developed the “Code of Sustainable Winegrowing Practices” under
the leadership of the Wine Institute and the “California Association
of Wine Grape Growers.” New Zealand is also one of the pioneers
of sustainable winegrowing. “Clean” and “green” appear as the two
indissoluble features representing the whole country and its products,
and winegrowing has to meet the requirements stemming from this
approach. “Sustainable Winegrowing New Zealand” is the organization
responsible for the process focused on integrating sustainable practices
into winegrowing. Similarly, Australia is very active about sustainabil-
ity in winegrowing. The general strategy called “Sustaining Success,”
which has been established in 2002, integrates all sustainable activities.
The State of Victoria in Australia results particularly active in terms
of sustainable winegrowing, founding the “Environmental Protection

Table 6.1 Principal Programs from Different Countries

COUNTRY PROGRAM
[taly Tergeo
V.LV.A. Sustainable Wine
France TerraVitis
Spain LIFE HAproWINE project
California State Lodi Winegrowing Commission Sustainable Workbook/Lodi Rules
California State Vineyard Team/Sustainability in Practice (SIP)
Oregon State Low Input Viticulture and Enology (LIVE)
California State California Sustainable Winegrowing Alliance (CSWA)
California Sustainable Winegrowing Program (SWP)
New York State VineBalance
Long Island Sustainable Winegrowing (LISW)
New Zealand Sustainable Winegrowing (SWNZ)
South Africa Integrated Production of Wine (IPW)
Chile Sustainable Wine from Chile (SWC)
Australia McLaren Vale Sustainable Winegrowing (MVSWGA)

United Kingdom United Kingdom Vineyard Association (UKVA)
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Authority,” which supports winegrowers and wineries in implement-
ing sustainability schemes. The South African program for sustainable
winegrowing, called “Integrated Production of Wine,” was established
as early as 1998. Different partners, also include research institutes and
pesticide or fertilizer suppliers, have developed this system voluntarily.
'The World Bank financially supports another project, the Biodiversity
& Wine Initiative established in 2004, focused on the protection of
biodiversity, which is endangered by the monoculture vine plantings.
However, analogous concepts also exist in European winegrowing
countries. For example, at the University of Montpellier (France), there
is a special course of study called “Integrated Wine Production,” which
solely deals with all aspects of sustainable measures in winegrowing,
environmental laws, and marketing strategies toward sustainable wines.
In Germany, international sustainability schemes such as ISO 14001
(also applied in some regional Australian environmental management
schemes) and EMAS II (Eco-Management and Audit Scheme) have
been successfully adopted. In addition to process optimization, resources
preservation, and saving money, these companies clearly emphasize the
potential effects of the communication of their certification. Showing
the logo of the achieved certification enables them to communicate the
value and reliability of their practices to customers.

6.4 European Wine Regulations

'The European Union (EU) produces and consumes around 60% of the
world’s wine, having almost 50% of the world’s vineyards (E-Bacchus
2012; Eurostat 2013). The EU is not only the largest global wine-
producing region and the main importer and exporter of wine but it
also has a highly regulated market (European Commission 1987-2007,
2003, 2006a,b, 2007a,b, 2007-2012, 2008, 2009-2012; European
Court of Auditors 2012). Government intervention has taken many
forms in EU wine markets, determining where (or not where) certain
wines can be produced, the minimum spacing between vines, the typol-
ogy of the vines that are allowed to be planted in certain regions, yield
restrictions, and limiting imposition to new vineyard planting. However,
wine regulation in the EU, characterized by several regulations related
to different political pressures, presents a complex historical origin whose
features are not always positive. General economic studies on the EU’s
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wine markets have led to the conclusion that the policies have not been
effective at solving the problems but conversely, causing some major
distortions in the wine sector. Since 1962, more than 2000 regulations,
directives, and decisions have been published in the EU concerning the
wine sector, reforming the main wine framework law of 1962 at least
five times (Council Regulation (EEC) No. 822/87, (EEC) No. 823/87,
(EC) No. 479/2008; (EC) No. 491/2009; (EC) No. 607/2009). Many
of the current EU regulations can be traced to French regulations of
the late nineteenth and early twentieth centuries such as quality regula-
tions like the “Appellations d’Origine Controlées” (AOC) system, which
were introduced to protect producers of “quality wines,” such as wealthy
landowners of Bordeaux, from imitations and adulterations. At the same
time, quantity regulations, such as planting restrictions, were introduced
to protect French producers from cheap wine imports. After a period of
general liberalization, however, surplus crises in the 1970s caused strong
pressure from French producers to once again impose the regulations
and extend them to the entire EU. Therefore, the actual integrated regu-
lations, initially French and, to a lesser extent Italian, are now applied to
approximately 60% of the world’s wine production, resulting in a com-
bination of economic, political, and institutional integration that may
be responsible for partially inefficient institutions. Table 6.2 reports the
chronology of principal European wine regulations. The extent of the
regulatory interventions appears well represented if we consider that, for
example, in the past three decades, every year on average, 20—40 million
hectoliters (hL) of wine have been destroyed (through distillation). This
volume represents 13%-22% of EU wine production, the equivalent of
3 to 6 billions bottles.

6.5 OIV (Organization Internationale De La Vigne Et Du Vin)

The International Organization of Vine and Wine (OIV), which
replaces the International Vine and Wine Office, was established by
the Agreement of April 3, 2001. The OIV is an intergovernmental
organization of a scientific and technical nature of recognized compe-
tence for its works concerning vines, wine, wine-based beverages, table
grapes, raisins, and other vine-based products. Thirty-five sovereign
states signed this Agreement, subject to different internal procedures
(approval, acceptance, or ratification). The Agreement went into force
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Table 6.2 Chronology of Principal European Wine Regulations

1962  Establishment of a viticultural land register.
Harvest and stock declaration.
Compilation of future estimates of resources and requirements (annually).

1970  Vines were classified into “recommended,” “authorized,” and “provisionally authorized” cv.
Definition of different types of wine.
Definition of the maximum amount for enrichment and alcohol strength in wine production.
Common rules introduction on labeling and oenological practices.

Introduction of distillation of excess production and obligatory distillation of the wine
making by-products.

Trade monitoring with non-member countries was established.
Declaration of free movement of wine within the community.
1979 Compulsory distillation of wine obtained from table grape.
Definition of oenological practices.
1987  Prohibition of new planting and temporary surpluses storage for table wines.
Further subsidies introduction for vineyards conversion.
New rules for quality wine production.
1999  Prohibition to planting new vines until 2010.
Setting up of wine making processes and practices.
Obligatory by-products, table wines, and crisis related event distillation is maintained.
Introduction of restructuring and conversion measures for vineyards.

Source:  From Council Regulation (EC) No. 1493/1999 of 17 May 1999 on the common organization
of the market in wine, Official Journal of the European Union.

on January 1, 2004, following the deposit of the 31st Instrument of
Ratification. As of June 13, 2013, the OIV was made up of 45 mem-
ber states, which are as follows: Algeria, Argentina, Australia, Austria,
Azerbaijan, Belgium, Bosnia-Herzegovina, Brazil, Bulgaria, Chile,
Croatia, Cyprus, The Czech Republic, Finland, France, Georgia,
Germany, Greece, Hungary, India, Israel, Italy, Lebanon, Luxembourg,
FYR Macedonia, Malta, Moldavia, Montenegro, Morocco, the
Netherlands, New Zealand, Norway, Peru, Portugal, Romania, Russia,
Serbia, Slovakia, Slovenia, South Africa, Spain, Sweden, Switzerland,
Turkey, and Uruguay (OIV 2012, 2013). The international treaty of
April 3, 2001 also enables some territories and organizations to partici-
pate in the OIV work as observers: AIDV—International Wine Law
Association; Amorim Academy; AREV—Assembly of Wine-Producing
European Regions; AUIV—International University Association of
Wine; CERVIM—Centre for Research, Environmental Sustainability
and Advancement of Mountain Viticulture; FIVS—International

Federation of Wines and Spirits; OENOPPIA—Oenological
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Products and Practices International Association; UIOE—Union
Internationale des (Enologues; VINOFED—World Federation of
Major International Wine and Spirits Competitions; ASI—Association
de la Sommellerie Internationale; Yantai (China) prefecture-level
municipality; and Ningxia Hui (China) autonomous region. Consensus
is the normal method whereby the General Assembly shall adopt draft
resolutions of a general, scientific, technical, economic, or legal nature.
The new organization appears rationalized and has adapted to enable
the organization to pursue its objectives, exercising its activities as an
intergovernmental organization of a scientific and technical nature. Its
competences contains these major topics as vines, wine, wine-based
beverages, grapes, raisins, and other vine products.

6.5.1 OIV—Mission (Laid Out in a Triennial Strategic Plan)

'The OIV provides information on actions to members whereby produc-
ers, consumers, and stakeholders show concerns requiring consideration.
At the same time, the OIV provides assistance to other organizations
mostly involved in carrying out standardization activities (both inter-
governmental and nongovernmental). Its contribution to international
practices and standards harmonization appears strategic and, moreover,
the organization is also involved in the preparation of new international
standards in order to improve the conditions for producing and market-
ing vine and wine products, still taking into account consumers’ inter-
ests. To attain these objectives, the OIV’s activities are focused on both
promotion and guidance of scientific and technical research, monitor-
ing the implementation of dedicated recommendations in collaboration
with its members in different areas such as grape production, oenologi-
cal practices, product definitions, labeling and marketing conditions,
and analytical methods and assessing vine products. The submission of
proposals is a crucial activity realized by the organization. Related top-
ics range from guaranteeing the authenticity of vine products, especially
with regard to consumers (label information), protecting geographical
indications (vine- and winegrowing areas and the related appellations
of origin), to improving scientific and technical criteria for recogniz-
ing and protecting new vitivinicultural plant varieties. Mutual recogni-
tion of practices is facilitated, contributing to the harmonization and
adaptation of regulations by its members. The food safety area appears
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deeply investigated by specialist scientific monitoring, focusing on the
estimation of the specific characteristics of vine products, by promoting
and guiding research into appropriate nutritional and health aspects,
followed by the dissemination of results to the medical and healthcare
profession. The amount of biodegradable waste sent to landfills in mem-
ber countries by 2016 must reach 35% of the levels reached in 1995
(European Landfill Directive 1999/31/EC). Therefore, European food
processing industry operations have to comply with increasingly more
stringent European Union environmental regulations related to the
disposal or utilization of by-products and waste. These include grow-
ing restrictions on land, spraying with agro-industrial waste, and on
disposal within landfill operations, and the requirements to produce
final products that are stable and hygienic. Unless suitable technolo-
gies have been developed for the by-product processing, large numbers
of food processing operations will be under threat. The importance of
considering all dimensions is clearly reported in the definition of “sus-
tainable viticulture” given by the OIV in its resolution of the Scientific
and Technical Committee (CST) 1/2004. This resolution addresses the
issue of sustainability in the production of grapes, wines, spirits, and
other vine products, and lays the foundations for the guidelines for pro-
duction, processing, and packaging of products further improved in the
next resolution (Resolution 1/2008). Sustainable viticulture, defined as
a “global strategy on the scale of the grape production and processing
systems,” incorporates at the same time the economic sustainability of
structures and territories. This approach covers different areas of interest
among which a product’s quality, environmental risks, safety, and con-
sumer health. In this manner the cultural and ecological aspect results
are also therefore enhanced.

6.5.2 Resolution CST 1/2004 Development of Sustainable Vitiviniculture

Considering the guidelines for integrated production in viticulture
defined by the International Organization for Biological Control (IOBC),
the OIV General Assembly decided to adopt the following elements as
general principles of sustainable development applied to vitiviniculture,
observing the existence of different national regulations related to rea-
soned, integrated, and sustainable production. These general principles,
observe the existence of different approaches and national regulations
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(e.g., in particular reasoned, integrated, and sustainable production), have
been adapted as needed depending on social, regulatory, and economic
cultural aspects, and the natural climatic and soil conditions of each
country and its regions. The program for the development of sustain-
able vitiviniculture has been developed as a priority in the context of the
OIV strategic plan. Defined as a “global strategy” on the scale of grape
production and processing systems, this program was aimed at certain
objectives such as grape and wine production, able to meet consumer
demands and safety, assuring its health but also at the same time protect-
ing producers and staff associated with production. A main objective is
the minimization of any environmental impacts linked to viticulture and
the transformation process, thus promoting a sustainable vitiviniculture
also from an ecological and economic point of view (e.g., rational use of
energy). Efforts shall be made both to maintain biodiversity of viticulture
and associated ecosystems, managing waste and effluents in an effective
way, and preserving and developing viticultural landscapes. In this reso-
lution, an implementation section reports some further goals such as the
need to develop a sound strategy taking into account regional or national
networks, undertaking an assessment of global production system. Some
assessment criteria shall be developed to measure progress made with
this strategy, subsequently adapting the latter to local and territorial spec-
ificities. A technical pathway evaluation shall be required based on quali-
tative economic constraints, consumer safety, and environmental aspects,
and developing practices related to precision techniques. Starting from
an initial assessment, the need to establish an improvement plan together
with a regular progress report based on adapted environmental indicators
appeard valid even because these criteria are being potentially used by
producers in their communications with consumers.

6.5.3 Resolution CST 1/2008 Guidelines for Sustainable Vitiviniculture:
Production, Processing, and Packaging of Products

Following the proposal of the Scientific and Technical Committee,
where Resolution CST 1/2004 establishes guidelines for the produc-
tion of grapes, wines, spirits, and other vine products in accordance
with the principles of sustainable development applied to vitivinicul-
ture, the OIV General Assembly decided to adopt the following

guidelines for implementing environmental sustainability in the
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vitivinicultural sector. Member states are recommended to refer to
this guidelines as a basis for the development, updating, and review
of national or regional procedures for environmentally sustainable
vitiviniculture, continuing the programs related to the development of
sustainable vitiviniculture, as indicated in the Strategic Plan, within
the OIV. Resolution 1/2008 represents an implementation guide for
environmentally sustainable production in the world vitiviniculture
sector. Table 6.3 shows some aspects of the 2008 reform of European
wine policy. Protection and preservation of natural resources (solar
energy, climate, water, soil) assets through environmentally sustain-
able practices are mandatory for the long-term viability of vitivinicul-
tural activities. Economic, environmental, and social sustainability
are the three aspects that an appropriate program should satisfy. The
environmental risk assessment results as the base to the development
of sustainable activities. In this regard, several aspects should be taken
into consideration (e.g., site selection; biodiversity; variety selection;
solid waste; soil and water management; energy use; air quality; waste-
water; neighboring land use; human resource management; and agro-
chemical use). “Self-assessment” and other forms of evaluation are
able to measure the lack of and improvement in environmental perfor-
mance that should be incorporated into a sound sustainability program,

Table 6.3 The 2008 Reform of European Wine Policy

Support Each country is entitled with a dedicated finding budget. Support programs
measures contain one or more of the following measures as single payment scheme
support; promotion; conversion of vineyards; green harvesting; mutual funds;
harvest insurance; investments; by-product distillation.
Trade with third  According to the World Trade Organization, market intervention measures
world countries followed this policy such as distillation and public storage items.
Regulatory The Commission can approve or change wine making practices.
measures Wines are now divided into “wine with a Geographical Indication (GI)” and
“wine without a GI.” Geographical Indication category is divided into two
subcategories: Protected Designation of Origin (PDO) wines (highest quality
level) and Protected Geographical Indication (PGI).
National quality labeling schemes are maintained for PDO wines, while wines
without a Gl can be labeled with grape variety and vintage.
Production The planting right regime will finish at community level starting from 2016.
potential Each member state has the right to extend the limit until 2018.

Source:  From OIV Resolution CST 1/2008, OIV guidelines for sustainable vitiviniculture: Production,
processing, and packaging of products, http://www.oiv.int/oiv/info/enresolution, accessed
on January 2014,
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ensuring continuous control. Intra- and inter-sectorial cooperation for
natural resource management for a comprehensive ecological and
social management is recognized to be important to increase the over-
all awareness within the vine and wine sectors. The identification of
requiring protection areas (environmental and landscaping interests) is
a major topic that the management of vineyards and wineries, in com-
pliance with regional, national, and international regulations, must
carefully supervise. Work must be adapted in order to optimize energy
use, also focusing on a management plan related to effluents and waste
for their reduction, recycling, or reusing. Constant training for per-
sonnel (responsible for sustainable activities) must be achieved together
with regular updating on techniques, which contribute to sustainable
development. The selection of the infrastructure, equipment, and ser-
vices is realized in accordance with continual improvement principles,
taking into account the environmental performance of the supplier,
the energy and water use, its durability, and in addition, recycling pos-
sibilities. During soil preparation/cultivation, the damage and harm-
tul effects caused to the landscape and environment should be limited
in so far as possible. Fundamental principle of environmentally sus-
tainable production results inputs reduction. The main goal is restrict-
ing the use of inputs as additives, processing aids, and packaging
materials (mentioned in the Oenological CODEX), favoring renew-
able resources. Using optimized infrastructure, equipment, and efh-
cient processes, water and energy consumption (required for cultivation,
wine production operations, and packaging) can be reduced. In envi-
ronmentally sustainable wine making, a fundamental consideration
should be directed on by-products and waste management, compris-
ing their reduction at the source, useful recovering, and recycling. The
end use of effluents should determine the treatment and the choice of
chemicals to be used as disinfectants and cleaning agents, minimizing
their impact on the environment and the local community. The char-
acterization of effluents should be based on analytical parameters such
as biological oxygen demand (BOD) or chemical oxygen demand
(COD), pH, thus enabling the identification of the treatment required
and its optimization. At the same time, limiting the presence of solid
matter and optimizing by-product separation (stalks, skins, seeds, and
yeast lees) appear to be important requirements related to sustainability
together with avoiding mobile equipment (tractors, harvesting
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Figure 6.3 Grape skins (Muscat).

machines) wash near a watercourse or sampling site (Figure 6.3). Both
the storage and treatment of effluents and solid waste might be carried
out, avoiding alteration or contamination risks, in properly located
areas to minimize their impact and pollution potential with respect to
the landscape and community. The ideal treatment systems should be
adapted both to assist liquid waste separation (contaminated and
uncontaminated) and to minimize potential airborne contamination,
supporting agronomical or biological processes with an efficient use of
energy. Application of treated waste in vineyards, orchards, and fields
should take into account the characteristics of the soil and crops, based
notably on the following criteria: BOD or COD and pH. Sustainable
production applied to viticulture production operations is certainly
achievable on condition that some principles are fulfilled. For exam-
ple, establishing the vineyard appears a fundamental step, including
the determination of the viticultural aptitude and potential of the site
(soil study, water availability, and water protection requirements).
Biodiversity maintenance must be properly ensured and attention
must be paid to use plant material (vine type and rootstock) free from
serious viral diseases and suitable for the local conditions and the
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required type of production. Compatible with sustainable production,
the vine training system might be realized, taking into account differ-
ent items such as water requirements, grape quality, soil potential and
protection, vine vigor, density and layout of the vines, and phytosani-
tary product applications, while of course not neglecting landscape
protection and risks of disease reduction. Fertilizer input should be
compatible with quality grape production, vine health, and soil fertil-
ity maintenance, minimizing its quantity where possible in relation to
plant needs, soil type, and risks of leaching. However, preference
should be given to recycling organic nutrients. Soil maintenance,
designed to create optimum conditions for the plants, preventing ero-
sion, compaction, and nutrient leaching, promotes biological diversity.
All the appropriate measures to protect the soil against erosion should
be taken, such as green covering, cover cropping, ground coverage or
mulches (straw, compost), site adaptation, and terrace maintenance.
The strategy must be evaluated considering the precipitation levels,
soil water reserves, erosion, and frost risks. Moreover, other items
appear to be important to consider especially those related to the vine
and its age, the training system used, and the grape quality and out-
put, in particular the nitrogen content of musts. Water input should be
related to production objectives (winegrapes, table grapes, raisins) for
the vine at the various stages of its development, the specific nature of
the grape, and the wine requirements, taking into account the water
balance of each vineyard (Resolution VITI 2/2003). Irrigation tech-
niques designed to optimize water efficiency, such as micro or drip
irrigation, might be preferred, ensuring a sustainable viticulture which
is able to limit the risks of environmental impact, in particular, in
terms of soil salinity and water reserves. The winter pruning period
should be selected according to local climatologic conditions in order
to limit both contamination risk and wounds, thus reducing the liabil-
ity of wood rotting diseases (Resolution VITT 02/2006). The basic
purpose of phytosanitary protection is to protect the vine against pests
and diseases, while respecting the environment. Preventative treat-
ments should be evaluated according to the potential risk of develop-
ing diseases and pests (VITI-OENO 1/2005). Annual and regional
information documents, as well as fungal disease forecasting models
should be used as the basis for a protection strategy. Prevention is fea-
sible using suitable vine types and rootstocks, appropriate vine
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training systems, proper cultivation methods, soil maintenance (green
covering, soil cultivation period), and preserving beneficial organisms.
However, if phytosanitary protection is required, the quantities used
should be compliant with legal restrictions taking into account impor-
tant issues such as the phenological stage and the surface area of the
plant, accidental effects on beneficial fauna and nontarget organisms,
and the beneficial organism’s toxicity (particularly bees). In addition,
several risks should be carefully taken into consideration, especially
those related to developing resistance, water or soil pollution, and
grape and wine residues affecting the vinification. During the han-
dling and application of phytosanitary products, it is important to pay
attention to the proper techniques and weather conditions, also having
available a dedicated area with a system that both avoids possible net-
work contamination and limits the risk of accidental overflows or
spillage. The spray operator has to utilize suitable techniques (mainte-
nance and calibration of the spray plant apparatus is recommended)
and protective equipment, thus avoiding any risk of intoxication/con-
tamination associated with the preparation of the mixture and with
spraying. Also, the storage of phytosanitary products appears a crucial
step that should be methodically realized and with high security.
Phytosanitary products (in their original packaging with the label and
safety factsheets) have to be stored into a specific ventilated and locked
area, avoiding any contamination or accidents. During harvesting,
some specific challenges emerge regarding inputs, pollution manage-
ment of by-products and effluents as reported (VITI-OENO 1/2005).
An additional vigilance is required because vintage results as a period
of intense physical activities (operation of machinery, mainly into con-
fined spaces and chemical handling). Harvesting operations such as
picking temperature and transport period must take into account lim-
iting energy consumption for harvest transport, heating or cooling. At
the same time, solid and liquid by-products, resulting from vintage
operations, should be properly stored minimizing their risks of
alteration, contamination, and environmental impact. A sustainable
approach, including hygiene, energy use, and by-product manage-
ment, have to be applied to production operations, involving physical
processes, such as centrifugation, filtration, and heating/cooling or
oenological processes. Wherever possible, solid or liquid residues
(from clarification or stabilization operations) should be reprocessed to
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recover active materials but disposing any residues, unable to be
remanaged, in a proper manner in order to minimize their impact to
the environment and the local community. Consideration should be
given also to inert containers or wooden barrels (generally used for
wine maturation and aging) principally toward their durability, integ-
rity, and opportunity to recycling. Wooden containers demand par-
ticular vigilance with respect to hygiene due to their porous nature, so
preserving the products that meet the barrel surface. Also in this case,
hot water or steam should be preferred to clean and sterilize equip-
ment rather than chemical agents. The possibility to recycle packaging
elements (even materials when they are no longer usable) should be the
first option. Efforts should be made to efhiciently manage waste as
packaging containers (glass, plastic, or metal), corks, capsules, labels,
and cartons. Minimization of packaging materials results appropri-
ated but still permitting an optimal conservation and presentation of
the product. Physical treatments, such as hot water or steam, rather
than chemical cleaning or sterilizing agents, are mostly favored to
clean and sterilize packaging equipment surfaces (which come into
contact with products), but taking into account the energy consump-
tion and water availability. Table 6.4 summarizes the main points of

the OIV Strategic Plan (2012-2014).

Table 6.4 Strategic Axes of the Plan 2012—-2014

Statistical analysis of the sector

Economic analysis of the sector

Vitiviniculture biophysical, economic, and social environments
Sustainable vitiviniculture, integrated production, and organic production
Climate change and vitiviniculture

Greenhouse effect

Biodiversity and genetic resources

Regulation and impact of biotechnologies

Oenological practices and techniques

Identification and analysis methods

Safety and quality

Nutrition and health—individual and societal aspects
Designation and labeling

Collection, processing, and dissemination of information

15 International cooperation

Source:  From the 0IV, Strategic Plan, 2012—2014, http://www.oiv.int/oiv/info/enplanstrate-
gique, accessed on May 2014.
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6.6 Italian Wine Industry

The Italian wine industry is deeply committed to sustainability, and
the attention for this area is constantly growing between the sector
workers. In recent years, both private businesses and consortiums
have launched several sustainability programs, so pointing out the
commitment of farmers and wine producers to the implementa-
tion of sustainability principles in viticulture and wine production.
However, the manifold design of the sustainability initiatives and
the differences related to the objectives, methodologies, and pro-
posed tools, risks to create confusion and undermine the positive
aspects of these initiatives. The growing interest from consum-
ers, together with pressures from governments and environmental
groups, for green products and the higher commitment to export
in countries with a strong attention for sustainable products are
among the institutional process to sustainability. However, in the
wine sector, environmental preservation is an instinctive approach
for winemakers, concerned with maintaining proper environmental
conditions and in preserving the natural resources in order to main-
tain land productivity. Considering this, the wine industry receives
an important contribution toward sustainability directly from the
inside, especially because small-medium companies mainly form
the sector, and frequently the ownership coincides with the man-
agement. At the international level, developing wine countries have
been pioneers in introducing sustainability in the wine industry (vine
growing and wine production). In 2008, following the proposal of
the Scientific and Technical Committee, whereas Resolution CST
1/2004 established guidelines for the vitivinicultural sector, the OIV
General Assembly decided to implement the guidelines for environ-
mental sustainability deliberating a new resolution, CST 1/2008.
Since then, several guidelines and programs for sustainable wine-
growing and production have been defined. The most consistent
sign of interest for sustainability in the wine sector in Italy can be
considered the wide range of sustainability programs launched in
recent years by private producers and consortiums. However, if on
the one hand this is a positive signal regarding the sustainability
issues in viticulture, on the other hand, confusion can arise among
vine growers and wine producers considering the large number of
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programs and their fragmentariness. The great number of different
strategies and guidelines make their comparison extremely arduous,
with the risk that producers do not have a clear understanding of the
opportunities arising from the implementation of a specific sustain-
ability program. Moreover, it is evident that a lack of clarity related
the growing range of sustainability-sounding names and adjectives
reported on the bottles. Terms like sustainable, organic, natural, or
eco-friendly, often not adequately explained, influence consumers.
Sustainability initiatives spreading appears to be a great opportunity
for the overall wine sector, but confusion and overlapping of initia-
tives, methodologies, and results must be avoided. In the Italian wine
sector, the promotion of a common notion of sustainability is man-
datory together with a broader industry-wide sustainability strategy.
“Tergeo” and “V.I.V.A. Sustainable Wine” represent two examples of
this approach (VIVA 2011; Unione Italiana Vini 2011). The Tergeo
program, realized by the UIV (Unione Italiana Vini) an Italian wine
trade association, aims to support environmental, social, and eco-
nomic sustainability in the Italian wine sector. The main objective
is to enhance the “knowledge and technology transfer” from com-
panies and researchers to farmers and wine producers by acting as
a sustainability promoter. The Tergeo Scientific Committee, com-
posed of academic professors, researchers, and experts of the wine
sector, is responsible for evaluation of different applications proposed
by the partners (wineries not included). Once accepted, the applica-
tion is proposed to the association members (producers and farm-
ers). In 2011, the Italian Ministry for the Environment, Land and
Sea launched a project named “V.I.V.A. Sustainable Wine” aiming to
evaluate the wine-sector sustainability performance (based on Water
& Carbon Footprint calculation). Participants of this program are
some large Italian wine-producing companies together with univer-
sities and research institutes. Similar to Tergeo’s program, its main
objective is to establish a common methodology for the environmen-
tal, social, and economic sustainability assessment in the wine sec-
tor. Air, Water, Vineyard, and Territory represent the four indicators
applied in the V.I.V.A. Sustainable Wine approach. The creation of
a common understanding of sustainability is crucial for producers as
well as for the entire sector both resulting in a more effective com-
munication toward consumers and reducing the uncertainty linked to
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the presence of a wide range of certifications and sustainability labels
on the market. It is evident that a common language and framework
is required. The large number of sustainability initiatives and pro-
grams generates a situation of uncertainty that affects companies.
'This condition induces the risk that both the real characteristics of
each program and benefits do not appear clearly understood by the
management and ownership. The competitiveness of Italian wine,
particularly on foreign markets promoting sustainable products, is
somehow resized in the absence of a single and unique sustainability
tramework.

6.7 Environmental Sustainability Assessment
of Winegrowing Activity in France

Also in France, sustainability has become a public matter, raising gov-
ernmental interest for sustainable wine production and viticulture prac-
tices. The concept of integrated farming (agriculture raisonnée) aims to
reduce the negative impacts from agriculture and the use of chemicals.
In France, the system is supported by overall specifications, including
waste and water management, landscape, and biodiversity. Integrated
tarming is a first level of sustainable agriculture, characterized by an
enhanced practices control. TerraVitis®, framework created in 1998 and
based on integrated farming protocol, publicizes and recognizes the
concept of sustainable wine production, offers serious guarantees by
the application of technical specifications, and proponing to consumers’
wines from sustainable production (TerraVitis 1998). TerraVitis inter-
estingly focuses on agricultural practices, expanding the original scope
through the association’s action, which tends to respect local conditions
(terroir approach). It is possible to effort to reduce the environmen-
tal impact generated by the agricultural production process, while also
searching for alternative solutions toward disease control. The National
Federation TerraVitis (FNTV) includes five local associations, affect-
ing the winegrowers from difterent departments: Burgundy Beaujolais,
Loire, Bordeaux, Champagne Vineyard, and Rhone—Mediterranean.
In 2009, TerraVitis wine producers improved further by including in
their approach and their technical reference, some new elements such
as water resources and air management, biodiversity, soil resources,
and energy resources. This framework represents the best answer to a
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competitive modern agriculture, offering quality products and result-
ing in an example of successful cooperation between technicians and
chambers of agriculture. In 2000, another innovative integrated farm-
ing system was developed to meet the assessment tool demand of vine
growers by adapting to the vine production, the INDIGO® method.
INDIGO indicators, developed initially for arable farming, have
been tested to answer the need of the viticulture industry in Alsace,
Champagne, Burgundy, Jura, and Loire Valley vineyards. Six indica-
tors were tested in vineyards including pesticides, energy, nitrogen,
organic-matter, soil-cover, and frost. The results assessed the feasibility
and the robustness of the INDIGO indicators (multicriteria method of
environmental evaluation), also showing large variations in rain inten-
sity, fungi attacks, and winegrower practices amongst vineyards. This
positive example of adaptation of indicators (initially from arable farm-
ing) for different vintages, vineyard conditions, and winegrower prac-
tices fits perfectly with today’s key factors of the environmental impact
of viticulture, particularly in the context of the global wine markets.

6.8 The LIFE HAproWINE Project—Environmental
Sustainability of the Wine Sector in Castillay Leén (Spain)

The project (co-financed by the European Union) goal is favoring a
sustainable development in the wine sector in Castilla y Leén (an
autonomous community in northwestern Spain) (LIFE HAproWINE
Project 2013). 'The strategic lines of action include six items as waste,
sustainable management, environmental technologies, oenology-tour-
ism-heritage, water, and energy. Challenges in managing waste, not
only obtained during the production process but also in distribution
and consumption, are becoming ever more important for the wine
industry. Waste logistic appears to be crucial for the sector with respect
to establishing collaborative programs between companies (a special-
ized database) to promoting research and development projects focused
on waste revaluation. New product designs, derived from grapes and
wine, must be improved, generating a by-products market applying
teasible waste recycling processes. Sustainable management aims to
minimize the economic, social, and environmental impacts over the
life cycle of a product. To do this, an appropriate and effective sys-
tem of sustainable management is required that includes also a proper



250 VALORIZATION OF WINE MAKING BY-PRODUCTS

control of inputs and supply planning, an effective impact detection
systems, planned measures to minimize negative impacts, a monitor-
ing system, and communication. Collaboration of all stakeholders at all
stages, able to launch mechanisms that promote sustainability through
the value-chain, is required to implement environmental management
systems, certified (ISO 14001/EMAS) or not, or energy management
systems (International Organization of Standardization 2004). This
strategy includes also elaborating certification protocols according to
current regulations and integrating the different aspects of sustainabil-
ity within the legal framework. The wine sector must invest in adapt-
ing its production to new processes and suitable technology systems,
constantly updating about innovations related to winegrowing prac-
tices as well as winery processes (e.g., CO, emissions capture). The
use of renewable energies should be increased and attention paid on
designing new and less polluting containers and packaging. The impact
that climate change exerts on vineyards must be monitored together
with process development, techniques, and technologies to the sec-
tor’s adaptation to these fluctuations. Promoting wine as part of rural
tourism and associated with other values such as the natural, histori-
cal and cultural heritage results a fundamental business opportunity.
This concept is strictly linked to the protection of vineyards landscape
(territorial and urban planning), as well as to the conservation of their
biodiversity. A major environmental impact related to wine making is
sewage water (cleaning and disinfection of equipment in the winery).
Considering that water is becoming an even more scarce and expensive
resource, its consumption results in a key point. Water management in
the land and wineries must be improved, favoring technology integra-
tion for water reuse that is able to minimize underperforming irriga-
tion practices and promote more efficient systems (dripping). The main
areas for energy improvement focus on refrigeration, heating, air con-
ditioning, pumping, air compression, and lighting. In order to mini-
mize energy consumption at all stages of the wine making process, it is
necessary to improve the efficiency of facilities with best practices that
are able to increase competitiveness, reducing energy and environmen-
tal costs. Systems that are able to obtain bio-energy from by-products
(seed compost, skins, and stems) appear suitable in this direction but
also a sustainable building approach (winery design and construction)
could improve energy efficiency.
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6.9 Lodi Winegrowing Commission Sustainable

Workbook and Lodi Rules

In 1991, Lodi Winegrape Commission (LWC) has been created with
the main objective of promoting the Lodi wine region (California)
and its wines. The most important issues for winegrowers resulted in
the Integrated Pest Management (IPM) program. In 1995, the pro-
gram implemented its objectives by tracking the results of a series of
sustainable winegrowing projects. In 2005, the Lodi Rules program
(a third-party certification scheme) was established to respond to the
growers’ demand for a marketing application for the self-assessment
workbook (Lodi Winegrape Commission 2005; Ohmart 2008). The
program has grown vigorously since its creation as of 2012, nearly
26,000 winegrape acres were “Certified Green” in California. The
certification process encompasses two components: the Lodi Rules
(practice standards; last detailed revision was accredited in 2013), and
a Pesticide Environmental Assessment System (PEAS), a risk assess-
ment tool that measures the total impact of all organic and synthetic
pesticides used during the year. This certification is designed to lead to
measurable improvements in the health of the surrounding ecosystem,
society-at-large, and wine quality. The Lodi Rules standards are the
backbone of the program, and are based on six items which include
business, human resources, the ecosystem, soil, water, and pest man-
agement. The second key component (PEAS) represents a model used
to quantify the total environmental and human impact of pesticides
applied to vineyards annually by generating an Environmental Impact
Unit (EIU) for each pesticide. The Lodi Rules takes a comprehen-
sive approach to farming, promoting practices that enhance biodiver-
sity, water and air quality, soil health, and employee and community
well-being. Before accreditation by Protected Harvest, standards are
peer-reviewed by scientists, members of the academic community, and
environmental organizations. Through this approach, this accredita-
tion has received the Consumers Union’s highest rating as an eco-label
certifier. Integrated pest management is a main goal by limiting crop
protection to only essential measures in vineyards and preserving native
grasses and trees (wildlife habitat protection). Air and water quality
must be monitored constantly. Efforts must be done to reduce air pol-
lution and conserve energy, and to optimize water application through
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careful program able to maintain an efficient irrigation systems. Soil
health results fundamental to obtain excellent grape. Organic matter,
by planting cover crops and using compost, appears a sound item in
this direction. Finally, the people involved are the foundation for sus-
tainable winegrowing success. Workers must receive proper training
that enables them to perform their jobs safely, maximizing their ability.

6.10 Sustainable Winegrowing in New Zealand

Sustainable Winegrowing New Zealand (SWNZ) has its origins in
1995 starting from a pilot project of the Hawke’s Bay Winegrowers
Association (New Zealand Wines 2014). Following the international
demands and constraints, the original inspiration was to assess vine-
yard chemical use. This was a successful approach that other winegrape
regions rapidly began, thus developing a sustainability program able to
aim to produce high-quality wine by employing environmentally respon-
sible and economically viable processes in vineyards and wineries. The
New Zealand Winegrowers Sustainability policy states that wine must
be produced from 100% certified grapes in fully certified wine mak-
ing facilities. Moreover, certification must be through an independently
audited program in which members self-assess their operations online
(annually) and provide supporting documentation for their responses in
order to become part of the plan. The self-assessment consists of three
sets of questions: major, minor, and best practices. The majors are man-
datory, minors are generally relevant practices, and best practices are
the future step. Winegrowers made vineyard and wine accreditation to
the SWNZ a prerequisite to participation in promotional events, result-
ing that approximately 90% of the wines produced became part of the
program. The program is continuously improved adhering to standards
that reflect seven key points which include biodiversity, soil, water and
air, energy, chemicals, by-products, and people and business practices.
Biological diversity (essential for health, vitality, and stability) must be
conserved, encouraging benign native flora and fauna. Program mem-
bers should create an ecologically balanced vineyard environment with
a diverse ecosystem of plants and animals, favoring biological control of
pests, diseases as a substitute for chemical items. Responsible manage-
ment must focus on improving soil health, avoiding erosion, and limit-
ing waste and harmful discharges. Soil preservation and vine nutrition,
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including strategies to maintain or increase organic matter, must be
enhanced by suitable practices also applying a sound management of
waste disposal systems. Ground cover must be preserved, proving to
have a positive effect toward soil structure, erosion, and nutrients also
improving biodiversity. Generally, preserving water quality is of criti-
cal importance to the industry and wine sector is not an exception.
Sustainable water management includes using water efficiently, while
avoiding harmful environmental effects. Apply the optimum amount of
water to vines to ensure balanced growth, periodically monitoring the
irrigation system’s performance. Where possible, efforts must be done to
recycle winery water also minimizing water wastage. Similar approaches
must be adopted to air quality. Program members are required to reduce
harmful emissions, and minimize noise and light. New actions to
improve energy efficiency should be initiated because, as well as being of
comprehensive environmental benefit, energy-saving initiatives greatly
reduce the running costs. Vineyards and wineries are encouraged to
monitor their energy use steadily by adopting efhicient energy manage-
ment practices. SWNZ aims to a minimal use of pesticides, insecticides,
and herbicides. Quality production of grapes and wine can be obtained
by applying a sound integrated plant protection giving priority to natu-
ral, cultural, and biological methods. Approved agrichemicals should
only be used when justified, based on monitoring programs ensuring
safety to both environment and human health. The program focuses on
initiatives that promote the minimization, reuse, and recycling of waste/
by-product, in addition to its responsible disposal. Training staff in the
management and handling of these materials appears a crucial point.
According to different government, regional, and industry initiatives,
responsible waste management practices must be developed and prop-
erly adopted, thus reducing the risk of spills of by-products, chemicals,
and petrochemicals. There is a similar approach with regard to waste-
water management and disposal. A wastewater treatment system has
to be designed and managed in order to minimize any environmen-
tal impacts. Desirably, wine sector workers should have an exhaustive
knowledge of the aims and principles of the program by understanding
the effects on the environment, human health, and safety. This goal is
achievable by protecting the well-being of workers, encouraging train-
ing, promoting workplace quality, and positive contributions to the local
community. Constant growth can be reached by adopting a sustainable
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business models and prudent financial management able to increase
value and reduce costs. These guidelines inevitably allow precious ongo-
ing reinvestment in people, businesses, and the community.

6.11 Sustainability in Practice and Low
Input Viticulture and Enology

In 1994, the Central Coast Vineyard Team (CCVT) was created by a
group of growers, wineries, and service providers, followed 2 years later,
by a self-assessment on sustainable vineyard practices called the Positive
Points System (PPS) (Central Coast Vineyard Team [CCV'T] 1994). In
2004, through a strategy focused on meetings and viticultural educa-
tional initiatives within the community, the CCV'T began the devel-
opment of a third-party certification program called Sustainability in
Practice (SIP) (SIP 2008). Certification (now extended to the entire
State of California) aimed to be a distinguishing program able to authen-
ticate vineyard practices by distinguishing their wines within the sector
market. The program’s standards are annually peer-reviewed by uni-
versities, government departments, and industry associations. The pro-
gram not only assesses vineyards, also wineries can certify their wines,
allowing them to use a SIP certified seal on wine bottles. Similarly, in
1997, a group of Oregon winegrowers established a voluntary organiza-
tion called Low Input Viticulture and Enology (LIVE) program (Low
Input Viticulture and Enology [LIVE] 1999). The pilot project started
with a voluntary inspection through a partnership developed with the
Oregon State University, aiming to understand their level of compliance
with the guidelines. In 1999, LIVE was annexed and certified by the
International Office of Biological Control (IOBC) to certify individual
farmers (also including growers from Washington State since 2006).
Program strategy mainly focuses on an item as transparency, thereby
engaging growers and consumers through an assessment system avail-
able online on the LIVE website. The program aims to promote viticul-
ture in conjunction with environment preservation by supporting related
social, cultural, and recreational aspects. High-quality grape results in
strongly sustained minimized pesticide use, by encouraging biological
diversity and exploitation of natural regulating mechanics. Exclusively,
after the completion of 2 years of farming under LIVE standards, it is
possible to achieve certification, which must be renewed every 3 years.
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6.12 Integrated Production of Wine in South Africa

In 1998, a South African governmental Act on Liquor Products (Act
No. 60 of 1989) promulgated the Integrated Production of Wine
(IPW) scheme (IPW 1998; SAWIS 2014). The IPW scheme emerged
out of the need for identification of environmental standards in the pro-
duction of wine in South Africa. Its success has induced international
adoption of the principles of the scheme (OIV has taken the IPW
scheme forward for recognition by all member countries as accepted
global guidelines). IPW appears as a system of sustainable viticultural
and practices, which promotes environmentally friendly and profitable
production, encouraging wine producers to voluntarily adopt a set of
ecologically friendly minimum standards (from vineyard establishing
to packaging). The concept of integrated production is well known to
international agriculture even if unofficially adopted for several years
before the formalization of the IPW scheme. The Wine of Origin
(WO) scheme was mandatory, highly regulated since IPW started.
'The IPW program is structured on two main documents as the guide-
lines and the manual. The guidelines present recommendations, as
well as minimum standards. A committee of industry experts updates
guidelines bi-annually, by including any new research and up-to-date
legislation. In South Africa, two other schemes, created during the
last decade, are suited to winegrape sustainability: the Biodiversity and
Wine Initiative (BWI; related to the conservation of the Cape Floral
Kingdom) and the Wine and Agricultural Industry Ethical Trade
Association (WIETA,; related to fair labor practices) Code. The IPW
guidelines include items both for the vineyard and for the cellar. One
of the most important principles of IPW is that production should
proceed in harmony with nature, requiring the natural environment to
be improved and conserved. Soil erosion should be avoided at all costs
through regular maintenance and environmentally friendly methods.
Where possible, it is recommended to preserve areas of indigenous
vegetation improving the occurrence of the natural enemies of pests.
To ensure the effective implementation of the scheme, it is compul-
sory that at least one representative of a winery is required to attend
an IPW training course, incorporating integrated pest management
(IPM). Preservation of the natural environment and prevention of
soil erosion are the major requirements. Cultivars selection should be
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directed toward those most suitable to the soil, natural environment,
and disease resistant. Concerning vineyard layout, row direction must
be planned to avoid soil erosion and to allow for maximum aeration in
order to reduce disease incidence. Limiting mechanical cultivation is
a recommended cultivation practice, together with a strictly necessary
use of chemical herbicides (authorized by the IPW program only).

Excessive fertilization for vine nutrition is discouraged causing
water and environment pollution (susceptible to pests and disease).
Connected to this, every feasible natural method (pest and disease
control) must be used to minimize the need for chemical control.
Similarly, irrigation should be scheduled according to the water
properties of the soil and moisture content measurements. An up-to-
date chemical and microbial analysis of the water used in the winery
should be available. Climate change is probably the most important
environmental aspect currently under investigation in the world.
Wineries contribute to greenhouse gas emissions/CO, equivalents
during different activities in the winery (mainly combustion of fossil
fuels). Emissions records should be kept to each winery before setting
objectives, ensuring that wineries continuously decrease CO, equiva-
lent. An equipment and infrastructure maintenance schedule must
be in place to ensure the integrity of all equipment so avoiding any
food safety hazards. Management of wastewater (defined as all water
used and generated in the winery during processes like the cleaning of
tanks, winery equipment and floors, as well as wine making processes)
appears to be a crucial topic. Monitoring its amount, quality, storing,
and disposal results in a meticulous approach by program members.
Solid waste (including grape waste, lees, and filter rests but also glass,
plastic, paper/carton, and metal) must be recycled or disposed of in an
environmentally friendly way and in accordance to legislative require-
ments (Figures 6.4 and 6.5). Noise from pumps, cooling apparatus,
and vehicles may cause a disturbance to neighbors, for this reason,
ambient noise should be limited.

6.13 California’s Sustainable Winegrowing Program

In 2001, the California Sustainable Winegrowing Program (CSWP)
was established through a partnership of the Wine Institute and the
California Association of Winegrape Growers (CAWG), by developing
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Figure 6.4 Lees from Nebbiolo after fermentation.

Figure 6.5 Lees from Nebbiolo after fermentation (overview from the top).
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the Code of Sustainable Winegrowing Practices workbook. The latter
serves as the basis for the program, providing a tool for vintners and
growers to assess their practices and learn how to improve their overall
sustainability. In 2003, the Wine Institute and CAWG established a
nonprofit organization, named California Sustainable Winegrowing
Alliance (CSWA), in order to promote the adoption of sustainable
winegrowing practices through the SWP. In 2010, the Certified
California Sustainable Winegrowing program (CCSW-Certified) was
launched as a voluntary third-party certification to verify the adoption
of sustainable practices and improvement. The long-term sustainabil-
ity of the California wine community represents the SWP vision. The
program defines practices sensitive to the environment, responsive to
the needs of society-at-large, and economically feasible to implement
and maintain (this combination of three principles is referred to as
the three “E’s” of sustainability) (Figure 6.6). The third (and current)
edition of the voluntary California Code of Sustainable Winegrowing
Workbook was released in 2013. For each of the areas, the work-

book describes four categories in order of increasing sustainability,

Environmentally
Sound

Economically
Feasible

Socially
Equitable

Figure 6.6 Sustainability as defined by the three overlapping principles of Environmentally
Sound, Economically Feasible, and Socially Equitable. (From CSWA, Sustainable winegrowing pro-
gram, 2013, http://www.sustainablewinegrowing.org/, accessed on May 2014.)
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and each category has specific measures to assess the current state
of the vineyard or winery. A key desired outcome appears to be the
widespread development and execution of sustainability strategies in
the California winegrowing community. Several potential benefits
arise from the different sustainable practices adopted as a long-term
viability of both land and business (e.g., cost savings). Looking at
future International Trade Certification such as ISO 14001, attention
will be required in preparing adequately, however, always commit-
ted in improving wine quality. The market value of wine produced
in California needs to be maintained and improved steadily thereby
enhancing relations with other markets (e.g., Europe). Long-term
viability of land and conservation of natural resources results cru-
cial environmental benefits together with a performing management
of a unique and specific territory. Important benefits from a social
perspective will be the strengthening of relations with neighbors,
communities, consumers, tourists but also with regulators and pub-
lic policy institutions (government, media, and educators). Efforts
might be made to ensure the proper health and well-being of farm
and winery employees and neighbors. Developing a statewide Code
of Sustainable Winegrowing Practices appears one of the major goal
by the Wine Institute and the California Association of Winegrape
Growers. In this direction, the program is focused on the realization
of dedicated and up-to-date accompanying workbooks intended to
winegrower and vintner together with the build of a credible mea-
surement system to document and communicate statewide adoption
of sustainable practices. The voluntary adoption by the entire wine
community of the high standards for sustainable practices presented
in the code results one of the desired outcomes that this program shall
aim. Moreover, this approach plans to promote the widespread use
of the winegrowing and wine making workbooks directly in busi-
ness planning, training, execution, and analysis, without neglecting to
apply the measurement system to evaluate progress in the adoption of
sustainable practices within the community. Finally, it shall be funda-
mental to prove that self-governance, education, and an open dialog
be truly able to improve the economic viability and future of the wine
community. In order to obtain all the desired outcomes, the SWP is
projected to stimulate a “cycle of continuous improvement.” Growers,
vintners, and the industry are all involved in making this constant
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progression by enabling them to evaluate their operations, learn about
new approaches, and develop action plans in order to increase their
adoption of sustainable practices. The implementation program cycle
consists of some phases that participants are encouraged to re-assess
themselves in order to consolidate this process of evaluation, learn-
ing, and improvement. Some crucial steps of this approach include
operations, such as providing participants with practical self-assess-
ment workshops; tracking and measuring the related results; offering
information about sustainable practices (on areas needing improve-
ment); facilitating information exchange; and motivating participants
to implement effective changes.

6.14 VineBalance, New York State’s Sustainable Viticulture
Program and Long Island’s Sustainable Winegrowing

In 2004, regional Cooperative Extension grape programs started
developing an education program able to promote the adop-
tion of sustainable viticultural practices in New York vineyards
(VineBalance 2004). New York State’s sustainable viticulture pro-
gram represents the result of a cooperative project between industry
groups, the Finger Lakes Grape Program, Lake Erie Regional Grape
Program, and Long Island’s Grape Extension Program. The grower
self-assessment workbook represents the base of the program that
covers all the management decisions made by New York State grape
growers. 'The workbook sections represent an evolution obtained
improving two earlier programs in New York: NYS Agricultural
Environmental Management (AEM) worksheets and the Long
Island Sustainable Practices Workbook. In 2007, the VineBalance’s
New York Guide to Sustainable Viticulture Practices Grower Self-
Assessment Workbook was launched, representing the tool by which
growers are able to evaluate their viticultural practices, address-
ing the diversity of the state’s sector industry with a broad range of
questions. VineBalance does not have a certification scheme, as its
main objective is to promote the adoption of sustainable practices.
Since 2012, two different groups, Welch’s (grape juice) and Long
Island Sustainable Winegrowing (LISW) started a certification pro-
cess based on the VineBalance workbook. LISW represents a not-
for-profit organization that provides education and certification for
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Long Island vineyards by using international standards of sustain-
able practices in quality winegrape production. This tool is based on
an independent third-party-verified checklist system consisting of
recommended and prohibited practices and materials, planning and
ecological options. Implementing cultural practices able to reduce
the use of chemicals and fertilizers results one of the major goals of
the program together with the protection of the farmer, the envi-
ronment, and society. Vineyard biodiversity must be promoted and
maintained using proper practices. In order to both produce and con-
serve the highest level of quality grapes, soil conservation appears
crucial and this should be preserved healthy and fertile. Particularly,
practices that aim to preserve the integrity of the maritime ecosys-
tem, counteracting its runoft and leeching, are encouraging.

6.15 Wines of Chile Sustainability Program

In 2009, the Wines of Chile, a nonprofit organization representing
95% of the bottled wine exported from Chile, released the Wines
of Chile Strategic Plan 2020 (sustainability represents one of its key
principles) (WOC 2010). The Consorcio Tecnolégico (Technological
Consortium), representing the technical tool of the sector indus-
try, has been appointed to develop a sustainability program. Then,
a joint project between industry representatives and the University
of Talca started the development of the related Sustainability Code.
The Code covers three main areas: Vineyards (Green Area), Winery
and Bottling Plants (Red Area), and Social (Orange Area), by pro-
viding a checklist of control points and a compliance standard. The
green area includes issues on natural resources, pests and disease,
agrochemicals, and job safety. The red area contains chapters about
energy, water management, contamination prevention, and waste.
'The orange chapter includes all social issues as relationships with the
workers, community, environment, and clients. Wines of Chile has
adopted the principles of the code in the development of an official
accreditation system and in 2012 the first wineries has been officially
certified. There is even more of an increase in consumers’ preference
for products that can demonstrate some level of environmental sus-
tainability and social responsibility. This consumer trend has created
a growing market for products produced in a sustainable manner,
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resulting in a great opportunity for Chile. The program focused on
the idea that sustainability means recognizing wine as part of a com-
plete system that is not limited to the vineyard but that encompasses
the winery, the employees, and the local community. The Wines
of Chile Sustainability Program includes a series of initiatives and
projects intended to establish the sustainability of wine industry. The
program is structured applying production processes environmen-
tally friendly, socially equitable, and economically viable. The pro-
gram includes several issues that include the National Sustainability
Code, geology, climate changes, pesticides, biodiversity, water man-
agement, energy, and social responsibility. The Sustainability Code
is a voluntary tool focused on incorporating sustainable practices in
winegrowing companies, following the basis of the area requirements:
vineyards (natural resources, handling agrochemicals, and industrial
safety); wineries and bottling plants (energy efficiency, water manage-
ment, waste, recycling, and pollution prevention); and social (ethics,
environment, working conditions, community relationships, market-
ing, and consumers). Its objective is to encourage producers and wine-
makers to improve their management by meeting the requirements
stipulated in the standard. The Sustainability Code includes a series of
requirements, which fall within a long-term vision through a combi-
nation of environmental, social, and economic principles. To comply
with the requirements, the vineyards must have an environmental and
social management system that, at least, meets the current national
legislation.

6.16 McLaren Vale Sustainable Winegrowing Australia

In the early 2000s, the McLaren Vale Grape Wine and Tourism
Association (MVGWTA) has established the McLaren Vale
Sustainable Winegrowing Australia (MVSWGA) program by devel-
oping a series of viticultural initiatives directed to the improvement
of sector practices, fruit quality, and financial viability in the region
(MVSWGA 2012, 2013). Moreover, the Association also released
a Pest and Disease Code of Conduct in 2006 (voluntarily endorsed
by the growers the next year). In 2007, the Soil Management,
Water Management, and Preservation of Biodiversity Codes were

also established (South Australian EPA 2002a,b, 2003a,b,c, 2004).
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Similar to other programs, the program assesses sustainability
through the triple bottom line approach (environment, economics, and
social), focusing on continuous improvement of the results over time.
The method of assessment is similar to that of the Lodi and CSWA
workbooks, reporting questions ranging from zero (explicitly unsus-
tainable) to four (most sustainable) as well as nonapplicable (NA).
'This methodology difters from the other two workbook methods with
the addition of having a “zero” scoring option. The MVSWGA places
growers into four certification categories: category 1 (red, needs atten-
tion); category 2 (yellow, good); category 3 (green, very good); and
category 4 (blue, excellent). The program’s content also changes annu-
ally (peer-reviewed by experts primarily from universities and gov-
ernmental departments) to incorporate any relevant findings to the
assessment, also in line with FIVS and OIV. Land preservation (fol-
lowed by a constant degree of improvement) results in a major objec-
tive in a sustainable approach like this one. Together with the soil, the
quality of different products must also be increased, always satistying
the requirements of the wineries. However, in this constant enhanc-
ing approach, efforts must be made to minimize the potential nega-
tive impacts on the environment. The program also aims to promote
social development and well-being of the people who live and work in
the community. The six assessment areas involved in the program cor-
respond to: soil health; pest and disease; biodiversity; water; waste and
social. Herbicides and pesticides should be reduced to a minimum.
On the other hand, biodiversity must be favored (pest management)
as the application of organic compost (soil management). The opti-
mization of the use of energy represents another crucial step together
with smart waste management by reducing its production but favor-
ing its reuse and recycling. Overall, even if the approach resulting
from the program is comparable to the previously reported ones, it
should be noted that a fundamental aspect arising from the sustain-
able program results the theme of biodiversity. Vineyards should
adopt a conservation friendly approach, reducing any harm to native
vegetation or habitats for native wildlife. A proper environmental
management focused to the biodiversity preservation of the vineyard
represents the key point to allow for the reduction of chemical inputs
into the environment. Biodiversity conservation must be intended
as a part of core business and this message needs to be transmitted
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to the consumers, while benefiting from the many advantages this
approach provides. Recently, the Grape and Wine Research and
Development Corporation (GWRDC) gave a grant to the McLaren
Vale Grape Wine & Tourism Association to explore the most effective
and efficient ways a wine region can receive International Standard
Organization (ISO) certification. ISO provides practical tools (more
than 18,000 standards) for all the three dimensions of sustainable
development: economic, environmental, and societal. Applying ISO
14001:2004 (criteria for an environmental management system) can
provide assurance to company management, employees, and exter-
nal stakeholders that environmental impact is being measured and
improved. Accreditation of the McLaren Vale region appears a key
priority able to allow the community to receive the environmental
and economic benefits associated with the implementation of the ISO
14001 standard, thus resulting in the first certified region in the world
(reinforcing the innovation, leadership, and environmental credentials
of McLaren Vale). Several benefits can emerge from this certifica-
tion such as an improved image (among regulators, customers, and
the public) and higher technical credibility. Undoubtedly, the interna-
tional exposure results have improved, enhancing investor confidence
and promotional opportunities.

6.17 United Kingdom Vineyard Association

In 2009, the United Kingdom Vineyard Association (UKVA) set
up the Sustainability Working Group able to establish the Policy
Statement for Sustainability addressing three specific areas (eco-
nomic, environmental, and social) (United Kingdom Vineyard
Association [UKVA] 2009). Economic objectives include moni-
toring and promoting wine quality, following closely national
and international trends in order to build a sound understanding
of aspects that affect the future viability of English wine produc-
tion. Both education and training represent the fundamental tools
which are also able to promote product quality through the UK
quality wine schemes and annual competition. Vineyards and win-
eries shall be supported by realizing a handbook with basic infor-
mation (business planning, marketing, sales strategies, accessing
grants, and quality assurance including HACCP). Consistent with
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other similar programs, environmental issues appear to be a core
topic, including carbon management (greenhouse gas reduction
plans), integrated pest management (reducing pesticide use), agro-
chemicals, soil management (improving its structure and organic
content), biodiversity (reducing herbicide use), energy efficiency,
water and waste management (achieving reducing, reusing, recy-
cling). Staff training is essential in this perspective of development
together with recruiting and maintaining a productive workforce
(recruitment, retention, health, safety, staff welfare, and employee
reward). The community must be involved in these activities by
collecting and sharing ideas, always favoring good neighbor rela-
tions. One aspect, that has been taken into serious consideration,
is alcohol misuse. In this direction, efforts should be taken to sup-
port the government’s strategy to tackle the harm of alcohol.

6.18 General Conclusions and Discussion

If we consider the most widely used definition of sustainable devel-
opment, coined by the Brundtland Commission, as the “develop-
ment that meets the needs of the present without compromising the
ability of future generations to meet their own need,” it appears evi-
dent that the direction taken by the different programs described is
the right one. Even though there is a great emphasis on the environ-
mental aspects, this item, certainly important, is not the main driver
for the conception of sustainability assessment programs for viticul-
ture. Programs have been realized to increase the overall sustain-
ability through both operations improvement and education (in this
approach universities play a crucial role). However, it is evident how
the states that belong to the “old continent” may be placed at a lower
level concerning relevant sustainability assessment programs for viti-
culture. Closing the gap represents the current challenge toward the
“new world.” Even though it may appear obvious, the success of a
sound program is largely due to the people driving the programs as
managers and innovative growers. Moreover, the way these people
communicate and engage with their stakeholders is fundamental
together with the usefulness of the developed program to improve
sustainability. Dedicated programs only make sense if they are use-
tul to help growers to improve their sustainability in the context of
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the community and environment in which they are located. “Old
continent” states, even if the understood this message clearly (also
possessing excellent managers and growers), still lack in defining a
common sustainability strategy such as the positive examples of the
United States, Australia, and New Zealand.
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7.1 Introduction

Grapes and their products are among the most important horti-
cultural products worldwide and are listed as one of the five most
important fruits with 13% of the total fruit production (FAO 2015;
Moulton and Possingham 1998). There are vestiges of grape cul-
tivation for more than 4000 years originating in the region of the
Mediterranean Sea and Eastern Europe. Vitis vinifera is the main
variety cultivated but there are various grapevines grown that
have adapted to various regions in the world which include Vizis
labrusca, Vitis rotundifolia, Vitis mustangensis, and Vitis aestivalis

(Martin-Belloso and Marsellés-Fontanet 2007). Consumption of
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grape includes fresh fruit, raisins, jam, jelly, juice, spirits, and prin-
cipally wine, which is the most important product manufactured
from this commodity (Moulton and Possingham 1998). The use
of grapes in the wine industry depends on regions as Europe and
Oceania destined more than 60% of their grape production to wine
manufacture over the past 10 years, whereas Asia only utilized
less than 10% for the same purpose during the same period (FAO
2015). Although yield of wine from grapes vary depending on the
grape variety, agricultural practices (nutrition, irrigation, har-
vest), vineyard density, weather conditions, and extraction method
(press), taking all these details into account an average yield from
grape to wine would be 45%—-60% (Sousa et al. 2014). This means
that about half of the total fruit volume is considered by-product
which needs further processing to increase the value of this crop.
'The composition of the by-product includes water, proteins, lip-
ids, carbohydrates, vitamins, minerals, and compounds with high
biological importance such as fiber, organic acids, and phenolic
compounds (Sousa et al. 2014). Recently, various efforts have been
made to utilize this by-product as it contains various phytochemi-
cals of importance to the food, cosmetic, agricultural, and medical
industries. The consumption of functional foods and beverages has
been growing due to a major consumer trend toward health con-
sciousness (Childs 1999; Milo 2005). Therefore, natural products
have gained substantial attention in the market. By the end of the
last century, a quarter of the food antioxidant market was occupied
by natural antioxidants with an annual growth rate of 6%—-7%. The
main sources of natural antioxidants include vitamin C, tocoph-
erols, polyphenolics, and organic acids which are present in fruits,
vegetables, spices, and herbs (Meyer et al. 2002; Peschel 2006).
This growing demand for natural products has also created an
opportunity to substitute synthetic antioxidants which have been
associated with potential toxicity. Furthermore, the manufactur-
ing costs of these compounds are more expensive than natural
antioxidants from fruits and vegetables (Moure et al. 2001). This
chapter aims to review the different parts of the fruit, their main
components, and the potential to be used further as ingredients for
human, animal, and plant consumption.
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7.2 Grapes
7.2.1 Composition

As the grape berry develops, modifications in its size, compo-
sition, color, texture, flavor, and pathogen susceptibility occur
(Conde et al. 2007). Mature grapes are physiologically composed
of pulp or flesh (75%-85%), skin (15%-20%), and less than 5% of
seeds (Figure 7.1) (Martin-Belloso and Marsellés-Fontanet 2007).
Within the grape berry, the distribution of compounds important to
wine quality has denoted that skin contains significant amounts of
anthocyanins, procyanidins, and flavor compounds; pulp provides
water, organic acids, sugars, and flavor compounds to wine; and
seeds are rich sources of procyanidins (Kennedy 2008), among other
significant compounds which are considered later in this chapter
as by-products. Chemically, the most prevalent compounds in the
fruit are tartaric (3—7 g/L) and malic acids (1-3 g/L), and it has
been reported that they start to accumulate at the initial stages of
berry development (Conde et al. 2007). Tartaric acid is the only
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malic acid
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Figure 7.1 Physiology and composition of grapes. (From Ruiz-Villareal, M., lllustration of grape
physiology and composition, 2008, reviewed February 2015, available at: http://en.wikipedia.org/
wiki/File:Wine_grape_diagram_en.svg.)


http://en.wikipedia.org
http://en.wikipedia.org
http://www.crcnetbase.com/action/showImage?doi=10.1201/b19423-8&iName=master.img-000.jpg&w=218&h=201

274 VALORIZATION OF WINE MAKING BY-PRODUCTS

compound allowed to be added to wines to regulate acidity and to
prevent oxidation (Marchitan et al. 2010; Palma and Barroso 2002).
It is important to consider that its chemical synthesis is more expen-
sive than its recovery from grapes or grape by-products from the
wine industry; therefore, its recovery is mainly obtained from grape
seeds and red grape skins (Palma and Barroso 2002). Additionally,
extraction of tartaric acid is preferably obtained from grape seeds
because of its biological stability in comparison to the fruit itself,
which suffers biological degradations such as fermentation of sugars
(Palma and Barroso 2002). The presence of grape phenolics is of
great significance to the wine industry. The grape phenolic com-
pounds contribute to the color, taste, and feel of wines and their
concentration increases throughout berry development (Kennedy
2008). These phenolic compounds are originated as secondary plant
metabolites and are essential for plant reproduction, stability, and
growth processes in plants (Croft 1999; Shahidi and Naczck 2003).
Depending on the amount of phenolic rings, these phenolic com-
pounds are divided into four classes at a molecular structure level:
cinnamic acids and benzoic acids are made of one phenolic ring;
stilbenes are made of two phenolic rings; anthocyanins, flavonols,
and flavan-3-ols are made of three rings; and ellagic acids, which
are made of a complex ring structure (Zhu et al. 2012).

7.2.2 Production

Data from 2013 indicated a world grape production of 77.2 million
tons yearly (FAO 2015). Europe is the biggest grape producer (38%)
followed by Asia (32%) and United States (21%) (Figure 7.2). Grape
production has grown 15% in the last decade due to the increase in pro-
duction in China which doubled from 6 million tons per year to almost
12 million tons in 2013 which positioned this country as the biggest
producer of grape in the world (Figure 7.3). The biggest grape pro-
ducers other than China include Italy, Spain, and the United States,
which produced around 8 million tons per year (2013), and France
(5.5 million tons). Grapes are mainly used for wine, juice, distilled
liquors, dried fruit, and fresh consumption (Williams et al. 1994).
There are close to 800 varieties of grapes destined for the production
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Figure 7.2 World grape production: 2008—2013. (From Food and Agriculture Organization [FAQ],
Grape production statistics, United Nations, 2015, available at: http://faostat3.fao.org/compare/E.)
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Figure 7.3 Most important grape producers: 2008-2013. (From Food and Agriculture
Organization [FAQ], Grape production statistics, United Nations, 2015 available at: http://faostat3.
fao.org/compare/E.)

of wine and spirits. However, the use of this fruit for the wine indus-
try depends on regions. France, Germany, Portugal, Australia, and
New Zealand destine close to three quarters of their grape production
to wine manufacture while countries like Turkey and Iran destined less
than 1% to this product as they are the biggest producers of raisins
worldwide together with the United States (FAO 2015). There has

not been an important increase in wine production in the last decade
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Figure 7.4 World wine production 2008—2013. (From Food and Agriculture Organization [FAQ],
Grape production statistics, United Nations, 2015, available at: http://faostat3.fao.org/compare/E.)

with a steady average production of 27.5 million tons of wine per year
(Figure 7.4). Europe is the main wine producer with almost 60% of the
world’s production followed by United States with 30%.

7.2.3 Grape Prices

Grape prices have been fluctuating affecting the grape and wine indus-
try. This effect was mainly due to the global economic crisis and over-
production of grapes. A report in Australia indicated a 45% reduction
from U.S. $657/ton (2000) to an estimated price of U.S. $453/ton for
2005 (PIRSA 2005). In parallel, Blake (2012) stated that prices were as
low as a quarter of current prices between 1998 and 2008 in California.
Reports suggested grape prices from U.S. $300/ton for generic grapes
and up to U.S. $600/ton for specific varieties like Merlot and Cabernet
Sauvignon (Blake 2012). These prices have been increasing as there is
a shortage of grape production worldwide, which increases the price of
the raw materials, and the wines produced (McMillan 2015). This issue
has generated more pressure on wineries to assess the possibilities to
process by-products as their revenue is lowered by the increase in grape
prices while wine consumption has not been increased significantly.
In addition, it is important to stress the shift of markets as China has
increased its the production of grapes and wines, and the United States
became the leading consumer of wines displacing European countries
as the leaders in grape production and wine consumption.
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7.3 Grape By-Products
7.3.1 Facts

The processing of food and beverages generates large amounts of
by-products. Almost 50% of the grape fruit is used in the process
(fermentable juice) and the remaining half portion is considered to
be by-products (stems, skins, and seeds). The by-product composi-
tion includes water, proteins, lipids, carbohydrates, vitamins, miner-
als, and compounds with high biological importance such as fiber,
organic acids, and phenolic compounds (tannins, phenolic acids,
procyanidins, anthocyanins, and resveratrol) (Arvanitoyannis et al.
2006; Sousa et al. 2014). By-products, mostly considered as a dis-
posal problem, could represent a significant cost if they are not man-
aged properly. Therefore, by-products are normally used as organic
fertilizers or carbon sources following composting, and as livestock
feed (Ferrer et al. 2001). Recently, various efforts have been made
to provide more opportunities to use this by-product as it contains
various phytochemicals of importance to the food, cosmetic, agricul-
tural, and medical industries, which can also provide a substantial
increase in income to the wine industry. Additionally, global com-
petitiveness in the wine industry is forcing processors to use all the
materials produced while fermenting and aging wine to reduce cost
and environmental damage. Examples of by-product uses includes
extracts utilized as nutraceuticals, antioxidants, colorants, antimi-
crobials, animal feed, medical remedies, and natural ingredients to
improve the nutritional value of food matrixes such as milk (Jing and
Giusti 2005), model muffins (Mildner-Szkudlarz et al. 2015), and
sourdough mixed rye bread (Mildner-Szkudlarz et al. 2011).

7.3.2 Pomace

Polyphenolics can be widely found in pomace of various fruits and
vegetables (Bonilla et al. 1999; Koplotek et al. 2005; Pastrana-Bonilla
et al. 2003; Visioli et al. 1999), and these materials signify an inex-
pensive source to generate food ingredients (Cardona et al. 2010).
Therefore, an interest in natural antioxidants and its existence in fruit
by-products has motivated fruit and vegetable processors to consider
the extraction of polyphenolics, sterols, and organic acids to increase
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profitability of their operations. In grapes, pomace constitutes around
40% of the total fruit and it is an important source of polypheno-
lics (Cardona et al. 2009; Morris and Brady 2004; Pastrana-Bonilla
et al. 2003), such as anthocyanins (about 131 + 0.4 mg/100 g of flour)
(Sousa et al. 2014). Additionally, it is a source of other phenolic com-
pounds as they share characteristics with anthocyanins in terms of
solubility in water and stability to temperature and oxygen. Research
has focused on converting muscadine and blueberry pomace into
nutraceutical products that could be sold for as much as U.S. $45/kg
(Cardona 2007; Lee and Wrolstad 2004; Phillips 2006). According
to Sousa et al. (2014), the microbiological quality of grape pomace
is acceptable for human consumption due to its unfavorable condi-
tions of low moisture and pH lower than 4. Furthermore, it has been
proved that this extract is considered nontoxic by the bioassay estab-
lished by Meyer et al. (1982) against larvae of Artemia salina sp.

7.3.2.1 Seeds Grape seeds only represent less than 5% of the total
fruit’s weight, though they comprise about 38% (w/w) of the dry
weight of pomace (Beveridge et al. 2005). Grape seeds are complex
matrixes mainly composed of approximately 40% fiber, 16% oil, 11%
protein, and 7% phenolic compounds and tannins; such as procyani-
dins (Dos Santos Freitas et al. 2008; Murga et al. 2000) (Figure 7.5).
Procyanidins are the major constituents of de-fatted grape-seed
extracts, which consist of chains of flavan-3-ol units, (+)-catechin, and
(-)-epicatechin, linked through C4—C6 and C4—CS8 interflavan bonds
(Weber et al. 2007). Extracts from grape seeds containing these com-
plex phenols and tannins could inhibit lipid peroxidation since these
compounds are efficient free radical scavengers (Lau and King 2003;
Murga et al. 2000). Therefore, the dietary intake of grape-seed extracts
has been inversely linked to the risk of coronary heart disease (Murga
et al. 2000) and confirmed to provide anticancer and cancer chemo-
preventive potential (Kaur et al. 2009), by their intact bioavailability
in some parts of the body, such as the colon (Choy et al. 2013). It has
been shown that grape-seed extracts also have antimicrobial activ-
ity against a wide range of microbial pathogens, including S. aureus,
S. coagulans niger, C. freundii, E. cloacae, E. coli, and C. echinulatum
(Palma and Taylor 1999). Grape-seed oil is mainly extracted by using
the supercritical carbon dioxide method (about 6%-14% w/w yield;
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Figure 7.5 Grape seeds and related powdered extract.

Beveridge et al. 2005); however, it has been proved that the yielded
extraction and the kinetics velocity extraction are increased by using
propane as a solvent (Dos Santos Freitas et al. 2008). Quantitative
analyses of grape-seed oil have demonstrated that it contains high
quantities of polyunsaturated fatty acids (linoleic and oleic acids)
and sterols, such as campesterol (26.3-94.4 mg/100 g), stigmasterol
(28.5-96.1 mg/100 g), and p-sitosterol (172.3-823.5 mg/100 g)
(Crews et al. 2006; Dos Santos Freitas et al. 2008; Palma and Taylor
1999). Linoleic acid is present in amounts ranging 61.3%—-74.6% and
oleic acid level ranges 14.0%—-20.9% of total fatty acid content (Crews
et al. 2006). Beveridge et al. (2005) calculated that the seed oil by-
product from wine manufacture in 2001 could be about 201 tons of
oil (~CDN $1.6-$2.1 million—retail) to be consumed as a dress-
ing, specialty salad, or cooking oil. Olive oil is the best comparison
to grape-seed oil as specialty oil and it has experienced a 20% price
increase between 2010 and 2015. Reports from 2013 estimated extra
virgin olive oil prices at about U.S. $3812/ton (Indexmundi 2015).
If this information could be used for estimation, an average income
of almost U.S. $140 million could have been generated on grape seed
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oil in Europe alone in 2013. This result was based on the assumption
that 29.1 million tons of grapes were produced that season in Europe
from which 63% were destined to wine production (18.3 million tons).
From this volume of fruit, 1%—4% represented seeds (364,155 tons)
trom which close to 36,416 tons of grape-seed oil could be extracted
(10% yield). Global results using the same estimations for seed content
(2%) and oil recovery (10%) from grape production destined for wine
production are presented in Table 7.1. This oil production could have
a yearly marketing potential higher than U.S. $200 million except for
2012 where global production of grapes was reduced (Table 7.2). This
estimation was very conservative as income from this operation could
raise up to U.S. $336 million if a higher percentage of the fruit was
considered as seeds (4%) and the oil yield extracted from those seeds
(12%). Additionally, this amount would increase as the price for olive
oil has increased 17.5% from 2013 to prices reviewed at the beginning

of 2015 (U.S. $4480/ton). In parallel, a production of de-fatted seed

Table 7.1 Potential World Grape-Seed Oil Production (Ton)

YEAR

REGION 2009 2010 2011 2012 2013

Africa 2,223 2,251 2,147 2,316 2,403
United States 10,972 11,757 12,280 11,888 13,359
Asia 3,782 3,696 3,884 4,404 4,600
Europe 35,020 33,545 34,674 29,655 36,416
Oceania 2,873 2,617 2,799 2,679 2,860
Total 54,869 53,872 55,783 50,943 59,639

Source:  Food and Agriculture Organization (FAO), Grape production statistics, United Nations,
2015, available at: http://faostat3.fao.org/compare/E.

Table 7.2 Potential Income (Million U.S.$) from Grape-Seed 0il Commercialization

YEAR

REGION 2009 2010 2011 2012 2013

Africa 8.47 8.60 8.18 8.83 9.16
United States 41.83 44.82 46.81 45.32 50.93
Asia 14.42 14.09 14.81 16.79 17.54
Europe 133.49 127.87 132.18 113.05 138.82
Oceania 10.95 9.98 10.67 10.21 10.90
Total 209.16 205.36 212.64 194.20 227.34

Source: Food and Agriculture Organization (FAO), Grape production statistics, United Nations,
2015, available at: http://faostat3.fao.org/compare/E.
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extract could be produced and sold due to its high phenolic and fiber
content. Grape-seed extracts are common in the nutraceutical market
and could cost up to U.S. $25 for a 100 capsule flask (Dwyer et al.
2014). Taking into account various considerations, over 10 billion
flasks of grape-seed extracts could have been produced worldwide
between 2009 and 2013 (Table 7.3). Assumptions included grape pro-
duction of each continent destined to wine production; average seed
content in the fruit (2%) and a remnant of 85% after oil extraction; and
75% recovery after milling and production of 300 mg capsules. With
the price stated earlier in this paragraph, a gross income of more than
U.S. $193 billion could have been generated in 2013 in Europe alone
(Table 7.4). It is important to note that the manufacture of these cap-
sules requires direct compression and packaging, thus the cost need
to be examined prior to project implementation. Finally, the residual
de-fatted and treated extract could be used for compost or animal feed
as it still contains important concentration of fiber and protein.

Table 7.3 Potential World Production (Million Flasks) of Grape-Seed Extract Rich in Polyphenols

YEAR

REGION 2009 2010 2011 2012 2013

Africa 472 480 456 492 511
United States 2,332 2,498 2,609 2,526 2,839
Asia 804 785 825 936 978
Europe 7,442 7,128 7,368 6,302 7,738
Oceania 610 556 595 569 608
Total 11,660 11,448 11,854 10,825 12,673

Source: Food and Agriculture Organization (FAO), Grape production statistics, United Nations,
2015, available at: http://faostat3.fao.org/compare/E.

Table 7.4 Potential Income (Million U.S.$) from Commercialization of Grape-Seed Extract (Capsules)

YEAR

REGION 2009 2010 2011 2012 2013

Africa 11,808 11,989 11,405 12,305 12,767
United States 58,291 62,458 65,235 63,158 70,972
Asia 20,091 19,636 20,633 23,398 24,439
Europe 186,042 178,209 184,206 157,543 193,457
Oceania 15,262 13,902 14,867 14,232 15,196
Total 291,493 286,194 296,346 270,635 316,831

Source:  Food and Agriculture Organization (FAO), Grape production statistics, United Nations,
2015, available at: http://faostat3.fao.org/compare/E.


http://faostat3.fao.org
http://faostat3.fao.org

282 VALORIZATION OF WINE MAKING BY-PRODUCTS

7.3.2.2 Skins Grape skins, like grape seeds are good sources of phy-
tochemicals such as catechin, epicatechin, and gallic acid (Yilmaz and
Toledo 2004). Chemically, the composition of grape skin is approx-
imately of 5.8% protein, 4.1% fat, 13.3% cellulose, 4.1% ash, 54.2%
water, 9.2% sucrose, 2.4% flavonoids, and 0.75% titratable acids (acetic
acid) (Sadovoy et al. 2011). In Georgia alone, around 700,000 kg of dry
muscadine skins are produced yearly and could be transformed into a
very profitable product (Phillips 2006). An economic analysis was con-
ducted based on profitability, sensitivity, and economic return of three
alternatives of polyphenolic isolation following fermentation (Cardona
et al. 2010). Operations evaluated included spraying, freezing, and vac-
uum drying after a fermentation procedure. Results showed an aver-
age skin production of 33,000 kg (fresh) which yielded skin that was
intended to be mixed with hot water for a production of 66,000 kg of
liquid extract and 33,000 kg of residual skins. It was estimated that the
production of 114 kg of dried phenolic could be marketed for at least
U.S. $45/kg. From the remaining skins after fermentation, 30% were
considered solids (Phillips 2006) and were proposed to be sold as ani-
mal feed as part of the by-product operation. From the remaining skins
obtained, a total of 10,000 kg of dry skin could have been produced
in a season in Georgia alone. If these results were to be extrapolated
to the production of skins from the global wine industry, 636 million
flasks of phenolic extract could have been produced in 2013 (Table 7.5),
taking into account 40% of the fruit to be considered as skin. 1600
mg/kg of polyphenols in the skin, a concentration of 1600 mg/kg of
phenolic compounds and similar assumptions as the ones discussed
for grape-seed extracts for capsule production. With similar prices as a

Table 7.5 Potential World Production (Million Flasks) of Grape Skin Extract Rich in Polyphenols

YEAR
REGION 2009 2010 2011 2012 2013
Africa 24 24 23 25 26
United States 117 125 131 127 142
Asia 40 39 41 47 49
Europe 374 358 370 316 388
Oceania 31 28 30 29 31
Total 585 575 595 543 636

Source: Food and Agriculture Organization (FAO), Grape production statistics, United Nations,
2015, available at: http://faostat3.fao.org/compare/E.
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grape-seed extract (U.S. $25 per flask), a gross income of almost U.S.
$15 billion could have been generated worldwide and U.S. $10 bil-
lion in Europe alone (Table 7.6). It is important to mention that these
values could be very conservative as the product created is an isolation
of phenolic compounds whereas the grape-seed extract mentioned in
the previous section was a mixture of fiber, protein, and phenolic com-
pounds. Therefore, the price for these capsules could increase represent-
ing a growth of the marketing potential of this isolated product. Other
alternative for the skin is the extraction of anthocyanins to be used
as natural colorants. With an estimated 1000 mg/kg of total antho-
cyanins and 40% skin in the fruit, a world production of more than
10,000 tons could be generated yearly (Table 7.7). This product could
be priced at $50/kg to yield a marketing potential of U.S. $500 million
per year from which 70% represents Europe (Table 7.8). As mentioned

with grape-seed extracts, there is a remnant after phenolic isolation

Tahle 7.6 Potential Income (Million U.S.$) from World Grape Skin Extract Commercialization

YEAR

REGION 2009 2010 2011 2012 2013

Africa 593 602 572 618 641
United States 2,926 3,135 3,275 3,170 3,562
Asia 1,008 986 1,036 1,174 1,227
Europe 9,339 8,945 9,246 7,908 9,711
Oceania 766 698 746 714 763
Total 14,632 14,366 14,875 13,585 15,904

Source:  Food and Agriculture Organization (FAO), Grape production statistics, United Nations,
2015, available at: http://faostat3.fao.org/compare/E.

Table 7.7 Potential World Production (Tons) of Grape Skin Extract Rich in Polyphenols as a
Natural Colorant (Anthocyanins)

YEAR

REGION 2009 2010 2011 2012 2013

Africa 445 451 429 463 481
United States 2,194 2,351 2,456 2,378 2,672
Asia 756 739 777 881 920
Europe 7,004 6,709 6,935 5931 7,283
Oceania 575 523 560 536 572
Total 10,974 10,774 11,157 10,189 11,928

Source: Food and Agriculture Organization (FAO), Grape production statistics, United Nations,
2015, available at: http://faostat3.fao.org/compare/E.


http://faostat3.fao.org
http://faostat3.fao.org

284 VALORIZATION OF WINE MAKING BY-PRODUCTS

Tahle 7.8 Potential Income (Million U.S.$) from Commercialization of Grape Skin Extract
(Natural Colorant)

YEAR
REGION 2009 2010 2011 2012 2013
Africa 22 23 21 23 24
United States 110 118 123 119 134
Asia 38 37 39 44 46
Europe 350 335 347 297 364
Oceania 29 26 28 27 29
Total 549 539 558 509 596

Source: Food and Agriculture Organization (FAO), Grape production statistics, United
Nations, 2015, available at: http://faostat3.fao.org/compare/E.

that could be used for human and animal consumption as it contains

soluble and insoluble fiber.

7.3.2.3 Stems Grapes are fruit berries attached to the stem and make
up the cluster or bunch of grapes (Hellman 2003). During harvest,
the stem is cut from the plant and is discarded when the juice of
whole grapes is processed. This by-product contains tannins and fiber
that could be processed to extract those compounds for animal feed

(Llobera and Cafiellas 2007).

7.3.3 Lees

During fermentation, yeast strains are responsible for the conversion
of sugars into alcohol in addition to the creation of other compounds
that exert aroma and flavor in the final product (Bisson 1993; Fleet
and Heard 1993). This action is instrumental in the development of
wine. However, yeast and other components (tannins, polyphenols,
and crystallized acids) are commonly removed through filtration and
flocculation to obtain a clarified wine, resulting in a by-product called
lees (Lempereur and Penavayre 2014; Vlyssides et al. 2005). Hwang
etal. (2009) used wine lees to improve the rheological and antioxidant
properties of ice cream (Figure 7.6). Additionally, lees is known to
provide high amounts of tartaric acid (~77.5 g/L), which is used in
cream of tartar in European cuisine, and, as an alternative, to pro-
vide nutritional support to growth lactic acid bacteria cultures, such

as Lactobacillus pentosus (Rivas et al. 2006). Aside for the food industry
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Figure 7.6 Lees.

Table 7.9 Potential World Production (Tons) of Tartaric Acid from Lees

YEAR

REGION 2009 2010 2011 2012 2013

Africa 389 395 376 405 421
United States 1920 2057 2149 2080 2,338
Asia 662 647 680 771 805
Europe 6128 5870 6068 5190 6,373
Oceania 503 458 490 469 501
Total 9602 9428 9762 8915 10,437

Source:  Food and Agriculture Organization (FAO), Grape production statistics, United Nations,
2015, available at: http://faostat3.fao.org/compare/E.

applications, tartaric acid is used in the pharmaceutical and cosmetic

industries and in construction as a fluidizer. To estimate the world

production of tartaric acid (Table 7.9) from lees and wine fermenta-

tion, a production of 0.5 tons of lees per 100 tons of fruit was used

as explained by Bacic (2003) where various wineries were assessed in

Australia to get that proportion. In addition to that value, the fraction
of tartaric acid in the lees ranges from 65 to 77 g/L (Rivas et al. 2006)
and for this calculation a concentration of 70 g/L. was used yielding


http://faostat3.fao.org
http://www.crcnetbase.com/action/showImage?doi=10.1201/b19423-8&iName=master.img-013.jpg&w=240&h=240

286 VALORIZATION OF WINE MAKING BY-PRODUCTS

Tahle 7.10 Potential Income (Thousand U.S.$) from the Commercialization of Tartaric Acid
Extracted from Lees

YEAR

REGION 2009 2010 2011 2012 2013

Africa 778 790 751 811 841
United States 3,840 4,115 4,298 4,161 4,676
Asia 1,324 1,294 1,359 1,542 1,610
Europe 12,257 11,741 12,136 10,379 12,745
Oceania 1,005 916 979 938 1,001
Total 19,204 18,855 19,524 17,830 20,874

Source:  Food and Agriculture Organization (FAO), Grape production statistics, United Nations,
2015, available at: http://faostat3.fao.org/compare/E.

close to 10,000 tons of tartaric acid that could have been produced
(2009-2013). The price of this product was estimated at U.S. $2000/
ton which could have yielded U.S. $18— $21 million worldwide with
the biggest income produced in Europe (63%) (Table 7.10). Lees are
also a high source of amino acids from dead yeast and the nutrients
that were used by yeast, containing nitrogen at about 2 g/100 g of
dried lees, and carbon at ranges around 31.1-37.4 g/100 g of dried lees
(Rivas et al. 2006). The lees can be crushed to obtain alcohol which
can be isolated through distillation and tartaric acid can be further
processed to obtain calcium tartrate. Ethanol is the main product of
fermentation and the ingredient in wine and spirits (Fleet and Heard
1993). However, ethanol can be produced from by-products as they
still contain residual sugars. The concentration of ethanol in lees can
range from 55% to 80% (Bayrak 2013). Research has indicated that
the production of ethanol from by-products was not only advantageous
to use as a biofuel but also improved the extraction of anthocyanins
which otherwise could interact with sugars creating undesirable reac-
tions and color change in the product (Cardona et al. 2009). A rapid
termentation converted 4%-5% of sugar into ethanol which was then
evaporated during drying to obtain a powder. However, this ethanol

could be distilled and used as biofuel.

7.4 Closing Remarks

Arvanitoyannis et al. (2006) have presented a thorough analysis of
potential uses and applications of wine industry waste showing many
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of the discussed opportunities in this chapter. Additionally, these
authors have proposed the use of these by-products as soil condition-
ers, fertilizers, and adsorbent of heavy metals. Products such as pullu-
lans could also be extracted from grape skins and used as low-calorie
thickeners for animal and human consumption. Other alternatives
include the combustion of by-products to generate electricity (Celma
etal. 2007), composting of the pomace or performing anaerobic diges-
tion to produce biogas (Lempereur and Penavayre 2014), which could
be performed in waste that has already been de-fatted (in case of grape
seeds) and processed for phenolic extraction (seeds and skins). Other
authors illustrated the marketing potential of various by-products
from Canadian wine industry used for nutraceuticals (dried pomace
and grape-seed oil) and fertilizers (Dwyer et al. 2014). The possibili-
ties exposed in this chapter illustrate the importance of processing the
by-products generated by the wine industry, not only from an eco-
nomical perspective but also from an environmental perspective as
the waste production gets reduced significantly. Additionally, more
laws are being considered regarding gas emissions and waste manage-
ment which will force industries to further process their by-products
regardless of the economic benefit this could generate.
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8.1 Oligosaccharides

'The macromolecules of wines include polyphenols, proteins, and poly-
saccharides. Polysaccharides have been thoroughly studied because of
their important technological and sensory properties in wine. They have
the ability to interact and aggregate with tannins (Riou et al. 2002), to
decrease astringency in wine-like model solutions (Vidal et al. 2004), to
inhibit hydrogen tartrate crystallization (Gerbaud et al. 1996), to inter-
act with wine aroma compounds (Chalier et al. 2007), and to form spe-
cific coordination complexes with Pb?* ions (O’Neill et al. 1996; Pellerin
et al. 1997). The structure and amount of polysaccharides released into
wine depend on the wine making process and can be modified by enzy-
matic treatment (Ayestaran et al. 2004; Doco et al. 2007). Unlike wine
polysaccharides, which have been the subject of many studies, oligosac-
charides have only been partially studied, although their presence in
wine is known (Figures 8.1 and 8.2). It is thus necessary to determine
their exact composition in wine and to analyze their molecular struc-
tures in order to better understand the technological and organoleptic
properties associated with them. The study of oligosaccharides has led
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Figure 8.1 The structure suggested for xyloglucans reported in wine. Glucose (dark circle),
galactose (light circle), fructose (triangle), and xylose/arabinose (star). (From Bordiga, M. et al,,

J. Agric. Food Chem., 60, 3700, 2012.)

o~

(b)

Figure 8.2 The structures suggested for (a) Galacto-oligosaccharides and (b) Arabinogalactans
reported in wine. Glucose (dark circle), galactose (light circle), and xylose/arabinose (star). (From

Bordiga, M. et al., J. Agric. Food Chem., 60, 3700, 2012.)
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to considerable confidence that complex carbohydrates provide health
benefits (Kunz et al. 2000; Urashima et al. 2001). Scientists are begin-
ning to realize that sugar, oligosaccharides, and polysaccharides exhibit
both high structural specificity, much as do proteins and polynucleo-
tides, and complexity of structure and function. The structure—function
properties of oligosaccharides are being studied, much the same as are
those of proteins, as bioactive components that aid intestinal functions
in humans (Hopkins and Macfarlane 2003; Shoaf et al. 2006).
Oligosaccharides, structurally related to plant cell wall polysaccharides,
are involved in plant physiology and in particular in plant defense
responses, and they can play an important role in medicinal, food, and
agricultural applications. The study of oligosaccharides (Newburg et al.
2004; Newburg 2005) has thus far been focused almost exclusively on
animal milks, with hundreds of articles published just on the topic of
human milk oligosaccharides. One of the most studied and well-
demonstrated actions of oligosaccharides is its prebiotic activity. It is
thus necessary to determine the exact composition of oligosaccharides
in wine and to analyze their molecular structures in order to understand
their organoleptic and bioactive properties. The definition of prebiotics
is nondigestible food ingredients that beneficially affect the host by
selectively stimulating the growth and/or activity of one or a limited
number of bacteria in the colon that can improve the host health.
Oligosaccharides fit this definition because they are neither digested nor
absorbed in the upper intestinal tract of humans but are delivered intact
into the colon, where they can act as nutrients for colonic microflora.
There is evidence that neutral oligosaccharides present in human milk
act as growth enhancers for bacteria of the genus Bifidobacterium in
infants. A comparison of the fecal flora of breast-fed infants with that of
bottle-fed infants showed that the levels of bifidobacteria were signifi-
cantly higher in the former than in the latter (Boehm and Stahl 2007).
Briefly, it can be concluded that oligosaccharides and glycoconjugates
are important bioactive molecules, present not as nutrients for energy
but to provide protection in the first few days in the life of a newborn.
'They may have a role as micronutrients to meet the specific need of a
rapidly growing infant, for example, a source of sialic acid which has a
role in the development of the nervous system. The classical structural
characterization of oligosaccharides has been obtained by glycosyl and
linkage analyses, by NMR or by mass spectrometry techniques
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(Macfarlane et al. 2008). The analysis of oligosaccharides by MS has
been made possible by the development of soft ionization techniques
such as the matrix-assisted laser desorption ionization (MALDI). The
matrix-assisted laser desorption ionization/Fourier transform ion cyclo-
tron resonance (MALDI-FTICR) method is a sensitive and robust
analytical method with high performance capability, and it allows rapid
and unambiguous assignment of oligosaccharide signals (Ninonuevo
et al. 2006; Penn et al. 1997). Oligosaccharide production is of great
interest for the food industry due to the beneficial effects on human
health. However, the production of prebiotics in large amounts and of
good quality is still a challenge to food science and technology. Several
methods have been developed, modified, and adapted to optimize the
quality of oligosaccharides and enable their production. The food indus-
try needs more efficient, simple, and less expensive processes for their
application on a large scale. Trends in oligosaccharide production
involve the improvement of existing processes by both hydrolysis and
synthesis of oligosaccharides. On the other hand, the polysaccharide
hydrolysis by chemical, enzymatic, or physical processes is simpler and
has a greater yield than that of synthesis. Depolymerization of polysac-
charides by chemical or enzymatic processes has shown good results,
but requires an improvement. Physical processes emerge as innovative
alternatives due to their quickness, convenience, and quality of the end
product. Although good results have been observed, their applicability
in the food industry is still limited, and further tests are necessary. There
is no doubt that the physical process is the better choice when sustain-
able and long-term economies are taken into account; however, the pro-
duction of oligosaccharides by this way needs to be improved to obtain
better results. Therefore, each process has advantages and disadvantages,
which must be evaluated before determining the best process. Given the
complexity of the production of oligosaccharides and the features of the
source, the process used will determine the characteristics of the end
product and the applicability of the process on an industrial scale.
According to their molecular weight or to the degree of polymerization,
carbohydrates are classified into monosaccharides, oligosaccharides, or
polysaccharides. Oligosaccharides are defined as saccharide compounds
containing 2-15 sugar units, including also some nondigestible disac-
charides (Mussatto and Mancilha 2007). Besides this classification,
carbohydrates can also be classified into digestible or nondigestible.



298 VALORIZATION OF WINE MAKING BY-PRODUCTS

Nondigestible carbohydrates include some polysaccharides and
oligosaccharides delivered intact to the large intestine. In the colon,
these compounds show the ability to be selectively fermented stimu-
lating the intestinal microbiota (several beneficial systemic effects).
Oligosaccharides with prebiotic properties have received great interest
from both researchers and food industry due to their potential as ingre-
dients for the formulation of functional foods (Barreteau et al. 2006;
Mussatto and Mancilha 2007). Among the most cited, physiological
benefits of these compounds are the stimulation of the intestinal micro-
biota; production of short-chain fatty acids; reduction of intestinal pH;
inhibition of the development of pathogenic microorganisms; decrease
of gastrointestinal infections; decreased insulin response and glucose
uptake; improvement of the lipoprotein profile; reduction of cancer
development risk; and stimulation of the uptake of minerals, such as
calcium, magnesium, and iron (Gobinath et al. 2010; Moure et al. 2006;
Qiang et al. 2009). The introduction of oligosaccharides as functional
ingredients in the food industry has increased, especially in beverages
(fruit juices, coftees, chocolates, and teas) and dairy products (yoghurt,
powdered milk, and ice cream). Fructooligosaccharides (FOS) and
galactooligosaccharides (GOS) are among the main commercially
available oligosaccharides with bifidogenic properties. A novel genera-
tion of oligosaccharides, namely, xylooligosaccharides (XOS), pecticoli-
gosaccharides (POS), and agarooligosaccharides has received attention
in recent years (Chen et al. 2013; Kang et al. 2014; Moure et al. 2006;
Qiang et al. 2009). The properties of oligosaccharides differ with their
composition, molecular weight, and structural linkages. These charac-
teristics are directly related to the natural source from which they are
extracted and to the extraction process applied (Kang et al. 2014;
Nabarlatz et al. 2007). In general, these oligomers are substantially
composed of fructose, galactose, glucose, and/or xylose monomers.
Their degree of purity is also very important with respect to the
physiological effects. Some methods for oligosaccharides production
can generate products with the presence of salts or other nonsaccha-
ride compounds, unhydrolyzed polysaccharides, or monosaccharides.
In this case, the elimination of these compounds appears mandatory.
The reduction of the amount of nonsaccharide compounds present in
the medium is very important to increase the quality of the final product
for prebiotic applications (Gullon et al. 2011). Although there are some
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oligosaccharides with prebiotic properties commercially available (FOS
and GOS), there is an increasing interest in the development of new
prebiotics with added functionality. Production of this functional ingre-
dient in large scale requires constantly the developing of new techniques
but also improving the existing ones (Gullon et al. 2011; Kang et al.
2014). The synthesis of oligosaccharides is more complex than that of
other polymers due to the several combinations of monomer units.
Moreover, specific enzymes and highly controlled reaction conditions
are necessary, usually resulting in a lower yield. Therefore, the synthesis
process is more expensive and difficult to reproduce on a large scale.
Obtaining oligosaccharides from the hydrolysis of polysaccharides is
often simpler, has lower costs, and is more reproducible on an industrial
scale (Barreteau et al. 2006). However, the peculiarities inherent to each
hydrolysis method proposed in the literature can yield different qualita-
tive and productive efficiencies.

8.2 Oligosaccharide Production

Nondigestible oligosaccharides are available from several foods and
other natural sources. Also, oligosaccharides can be developed from
substrates extracted from natural sources. When oligosaccharides are
naturally available in the raw material, only the extraction process is
necessary. This process can be accomplished by substrate solubilization
in water, methanol, or other alcoholic medium. Other than available oli-
gosaccharides, hydrolytic or synthetic methods also allow for obtaining
low-molecular-weight carbohydrates. Presently, most oligosaccharides
used as prebiotics are produced by extraction from natural sources, are
obtained by the enzymatic or acid hydrolysis of polysaccharides, or pro-
duced by enzymatic transglycosylation (Du et al. 2011). Low-molecular-
weight FOS can be enzymatically synthesized from sucrose. Lactulose
is also produced by synthesis, through an isomerization reaction. GOS
and glycosylsucrose are produced by transglycosylation—the former from
lactose and the latter from maltose or sucrose (Mussatto and Mancilha
2007). Lactosucrose is produced by an enzymatic reaction that transfers
the final fructosyl fraction of sucrose to lactose. Isomaltulose naturally
occurs in some foods (honey and sugarcane juice) or can be produced
from sucrose, through an enzymatic reaction that alters the glycosidic
bonds. The production of oligosaccharides by hydrolysis usually requires
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the extraction of polysaccharides from the raw material, followed
by depolymerization (Du et al. 2011). FOS and XOS are most com-
monly produced by hydrolysis of polysaccharides, which can be caused
by chemical, enzymatic, or physical agents. Inulin from chicory is a
good source for the enzymatic production of FOS, and some alternative
sources have been investigated, such as agave fructans (Avila-Fernandez
et al. 2011). Xylooligosaccharides are produced by the depolymeriza-
tion of lignocellulosic materials, which are abundant in xylans. For this
purpose, some agricultural by-products can be used, including husks,
straw, and corncobs (Moure et al. 2006). The enzymatic or acid hydro-
lysis of starch results in maltooligosaccharides (IMOS), isomaltooligo-
saccharides, gentiooligosaccharides, and cyclodextrins. The latter two
still undergo transglycosylation (Warrand and Janssen 2007). Emerging
chitinoligosaccharides (COS) are produced from deacetylated chitin
and POS are obtained from pectin, both by depolymerization (Chen
et al. 2013). Usually, oligosaccharides for food applications are not pure
and often contain polysaccharides from the original material, monosac-
charides, and a small fraction of nonsaccharide compounds. A pure final
product facilitates their inclusion in food formulations, although there is
evidence that mixtures of oligosaccharides may have interesting physi-
ological effects, such as the decrease of the discomfort caused by exces-
sive gas production by the intestinal microbiota. Successive purification
processes for the elimination of undesirable compounds, besides detailed
molecular characterization and investigations of impurities, are very
important to prove the final quality of oligosaccharides. The physiologi-
cal effects of oligosaccharides are related to their monosaccharide com-
position, degree of polymerization, molecular weight, and the presence
of impurities. These characteristics depend on the natural source and on
the chosen process. Thus, structural studies can provide valuable infor-
mation to access oligosaccharide structure—function relationships, and
a series of in vitro and in vivo studies should be performed, particularly
when there are new ingredients or production processes, before their
approval for commercialization and consumption (Kang et al. 2014).

8.3 Extraction of Polysaccharides from Natural Sources

Oligosaccharides can be obtained by direct extraction from raw mate-
rials (Coelho et al. 2014). Extraction can also be necessary to solubilize
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and to isolate polysaccharides for subsequent depolymerization. Once
extracted from raw materials, polysaccharides are more accessible to
the acid, enzymatic, or physical depolymerization processes. In this
case, it is easier to control the reaction and the characteristics of the
final product. POS and FOS are produced by this method: pectin is
extracted from raw materials, such as citrus peel, apple pomace, or
sugar beet, while inulin and fructans are extracted from chicory or
agave, with the subsequent hydrolysis of these polysaccharides. Water,
ethanol, acids, or enzymes are applied for the extraction of polysac-
charides from raw materials (Doco et al. 2003). Extraction of polysac-
charides in aqueous solution can occur at different temperatures (from
room temperature to boiling temperature) and, in most cases, some
hours are required for the extraction. The complexity of the extrac-
tion process depends on the chemical composition of the source and
on the specificity desired for the final product. For the extraction of
xyloglucans from grape berry cell walls, ethanol washes were per-
tformed for precipitation of soluble polysaccharides, removal of lipids
with methanol/chloroform, and removal of phenols with ethanol and
acetone. For higher purification, depectinization was performed with
some enzymes. Polysaccharides from Nerium indicum were isolated
with a successive process of extraction with ethanol and boiling water.
'This process was carried out for 6 days, with an average yield of 2.8%
of crude high-molecular-weight polysaccharides. The extraction of
polysaccharides is not always a step for oligosaccharide production.
Autohydrolysis is a physical process in which the whole raw material
is used. Proteins, lignin, and minerals present in the complex matrix
of raw materials do not interrupt autohydrolysis because the reaction
is not performed by an external agent. When acids or enzymes are
added, these substances present in the raw material can disrupt the
reaction.

8.4 Production of Oligosaccharides by Acid Hydrolysis

Acid hydrolysis is a relatively simple, inexpensive, and easy-to-control
process because the reaction is interrupted with neutralization of the
medium. Sulfuric, hydrochloric, and trifluoroacetic acids are the most
used ones for polysaccharide depolymerization. Generally, the pro-
cess is optimized at higher temperatures, above 60°C, and the time
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often varies, 2-6 h on average. However, acid hydrolysis may have
disadvantages, such as degradation of monosaccharides with sequen-
tial formation of toxic substances (furfural and 5-hydroxymethyl-
furfural) and low yield of oligosaccharides. Moreover, the length of
chains of the resulting oligosaccharides can vary. These facts indicate
the necessity of constantly monitoring the reaction conditions (acid
concentration, temperature, and time) and of conducting preliminary
tests. Some polysaccharides are more susceptible to the acid or tem-
perature employed. In fructans, for example, just few minutes are suf-
ficient for FOS production. Warrand and Janssen (2007) hydrolyzed
pure amylose under dilute acidic conditions (0.45 M HCI, 90°C) with
two types of heating: microwave radiation and conventional heating.
Microwave treatment proved to be more efficient. A similar range of
oligosaccharides was observed, as with the conventional heating pro-
cedure, without any degradation compounds (brown products), and a
faster production rate, leading to very short production time (no more
than 15 min).

8.5 Production of Oligosaccharides by Enzymatic Hydrolysis

Enzymatic depolymerization of polysaccharides is the best choice
for larger oligosaccharide production (Barreteau et al. 2006). Oligo-
saccharides with desired molecular weights and minimum adverse
chemical modifications in the final products are possible by enzymatic
hydrolysis (highly region and stereo selective). Some prebiotics were
prepared with enzymes: MOS, by the action of a-amylases on starch;
isomaltooligosaccharides, by the action of a- and p-amylases and
a-glycosidases on the starch; FOS production, by the action of inulin-
ase on inulin and fructans; XOS, by the action of B-1,4-xylanases on
xylans; and oligogalacturonides, by the action of pectinases, pectoly-
ases, and other polygalacturonases on the pectic substrate (Samanta
et al. 2014). Enzymes for oligosaccharide production are produced by
microorganisms (bacteria and fungi), and they may be endoenzymes
or exoenzymes. Although efficient, these enzyme productions should
undergo concentration/isolation to eliminate the microbiological con-
taminants. For this reason, obtaining oligosaccharides by enzymatic
hydrolysis can be more expensive. Another disadvantage is the neces-
sity of a buffer, hindering the purity of the final product. Moreover,
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the enzyme yield and quality are highly associated with the capacity
of the microorganism to adapt to the substrate, which depends on pH,
temperature, and composition of the culture medium.

8.6 Production of Oligosaccharides by Physical Hydrolysis

Autohydrolysis occurs in water and at high temperatures, between
130°C and 230°C. Autohydrolysis is widely used for XOS production
from lignocellulosic materials (Nabarlatz et al. 2007). This physical
process also proved efficient for POS production from sugar beet pulp.
One of the advantages of this method is that it does not require the
use of chemical products, which increase cost, hinder the purification
of the final product, and generate environmental waste. In addition to
sugar decomposition, a series of other simultaneous processes occur,
including the removal of solid-phase extractives, partial dissolution of
lignin (acid-soluble lignin) and ashes, solubilization of proteins, and
reaction of proteins and amino acids with sugars, producing melanoi-
dins. To minimize the production of undesirable compounds, pre-
treatment can be performed. Rapid preheating of the biomass in a
microwave at 120°C-150°C and washing remove some undesirable
compounds. Microwave, gamma radiation, ultrasonication, ultravio-
let light, and dynamic high-pressure microfluidization are also applied
for oligosaccharide production (Chen et al. 2013). Physical processes
represent a fast and clean way to produce oligosaccharides. However,
they are under development, and their application to the industry is
still very limited. In addition, some issues need to be solved such as
the optimization of reaction conditions for obtaining a better yield
and the basic kinetics of polysaccharide hydrolysis. Higher tempera-
tures promote depolymerization, debranching, de-esterification, and
formation of brown products.

8.7 Purification of Oligosaccharides

In oligosaccharide production, a purification step is necessary.
Undesirable compounds, such as monosaccharides, acids, or salts,
are eliminated in this stage. For that purpose, several methods can
be applied, such as fungal cultures, and filtration and separation
processes (Gullon et al. 2011). For example, Saccharomyces cerevisiae
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eliminated glucose and fructose from the medium in oligosaccharides
extracted from pitaya after 48 h of incubation. Each culture is suitable
for a given substrate; thus, its energetic necessities and specific devel-
opment conditions must be considered. Biological purification is not
always viable and sufficiently eftective. In some cases, more complex
and complete processes are necessary. A variety of strategies have been
reported with this purpose, including successive physicochemical pro-
cesses. Vacuum evaporation could be one option for the removal of
volatile compounds and the increase of oligosaccharide concentra-
tion. Extraction with solvents can be used to remove nonsaccharide
fractions. Adsorption and ion exchange resins can be used to remove
salts and other undesirable compounds. Chromatographic separation
methods are efficient for molecular weight classification and sepa-
ration of oligosaccharides from other compounds (Hu et al. 2009).
Membrane and chromatographic separation allow verifying specific
degrees of polymerization in physiological functions and preclude the
use of solvents. However, they are difficult to reproduce on a large
scale and also very expensive.

8.8 Potential Case Study I

8.8.1 Prebiotic Oligosaccharides: A Biorefinery Approach to
Valorize Vine and Wine Making By-Products

Although food by-products may be reused for animal feeding, they
usually represent an environmental problem and they add disposal
costs to the food industry (Barile et al. 2009; British Nutrition
Foundation 1990). Many studies have assessed the potential re-
utilization of several plant-derived streams for their inclusion in
human diet using green biotechnological sustainable approaches.
This approach, in general, could reduce industrial costs and justify
new investments in equipment, enabling new sustainable bio-based
industry. Generally, plant cell wall is primarily composed of poly-
saccharides, which can be classified as cellulose and cell wall matrix
components (namely pectin), hemicellulose and xyloglucans (Vicens
et al. 2009). Cell wall polysaccharides are largely used by the food
industry as thickeners, stabilizers, gelling agents and, in some cases,
emulsifiers. Dietary fiber can be divided into two categories: insoluble
and soluble. Insoluble dietary fiber is mostly included into plant cell
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wall and comprises cellulose, part of hemicelluloses, and lignin. In
addition to not being digested in the small intestine, most insoluble
fiber is not digested by bacteria in the gut either. In contrast, soluble
dietary fiber, digested by gut bacteria, includes pentosans, pectins,
gums, and mucilage, and potentially prebiotic compounds. Prebiotics
are not digestible food ingredients that beneficially affect the host by
selectively stimulating the growth and/or activity of one or a limited
number of bacteria in the colon, thus improving host health. One
broad definition accepted for biorefinery is the sustainable process-
ing of biomass into a spectrum of marketable products and energy.
The lignocellulose biorefinery is based on the fractionation of ligno-
cellulosic-rich biomass sources into three major intermediate output
streams: cellulose, hemicelluloses and lignin, which can be further
processed into a portfolio of bio-based products.

Considering both the previously reported research focused on the
identification and characterization of complex bioactive oligosaccha-
rides in wine and further preliminary results showing a significant
prebiotic activity of these oligosaccharidic fractions, to improve the
knowledge of this class of compounds appears sound. Moreover,
the topic of this project denotes environmental and biotechnological
impact especially since their extraction/production will be optimized
starting from by-products. Over the next few years, areas of food pro-
cessing waste management will expand rapidly. For example, accord-
ing to Directive 2008/98/EC of the European Parliament, future
legislation regarding industrial waste including those of wineries
will become even more demanding, thus increasing the cost of waste
management. The recovery of value-added products can help in that
direction, being part of a new philosophy of sustainable agriculture.
By-products of plant-based food processing, which represent a major
disposal problem for the industry concerned, appear as very promis-
ing sources of high value-added substances. Vine cultivation and wine
making process generate a significant number of by-products with
low economic value but still characterized by a certain activity. These
materials mainly include skins and seeds (pomace) but also pruning.
Generally, only a very small portion of these materials is used (e.g.,
fertilizer, animal feed, etc.), so appearing suitable raw materials to be
industrially valorized. Recent research in the area of carbohydrate-
based food ingredients has shown the efficiency of oligosaccharides
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as prebiotic, but also as gelling, thickening, and emulsifier agents.
Oligosaccharides, with degrees of polymerization between 3 and 15
covalently linked through glycosidic bonds, are neither digested nor
absorbed in the upper intestinal tract of humans and delivered intact
into the colon, where they can stimulate the growth and development
of gut flora described as probiotic bacteria. To improve the knowl-
edge of this class of compounds, also confirming this bioactive atti-
tude, appears sound especially since their extraction/production will
be optimized starting from by-products. Evaluating new strategies
to enhance extraction yield appears mandatory if we consider that
pruning and pomace are waste/by-products still characterized by a
not well-defined oligosaccharidic compounds. Different procedures
could be evaluated in order to obtain both the starting matrices and
the different extracts (lipids and polyphenols will be removed dur-
ing the extractive steps; avoiding the polyphenols interference could
be a strategy to improve the prebiotic effect). Considering the multi-
step biorefinery approach, every new by-products achieved (from cel-
lulose, hemicelluloses and lignin) will be further characterized and
analyzed, so evaluating a possible novel valorization, including these
into a portfolio of bio-based products (also with different technologi-
cal properties such as texturizing and stabilizing). Different extractive
techniques, such as ultrasound and microwave assisted and enzymatic-
driven digestion could be developed. Enzymatic extraction could be
deepened regarding both the typology and the different potentially
applicable methodologies (e.g., immobilization). The mechanism for
enzyme-assisted extraction of oligosaccharides from residual sources
is based on the cell wall degrading enzymes that can weaken or break
down the cell wall, leaving the intracellular materials more exposed
for extraction. At the same time, the enzymes may be used to produce
new smaller oligosaccharidic molecules degrading complex polymers.
'The different oligosaccharidic extracts obtained could be character-
ized using appropriate techniques (HPLC-MS, GC-MS), considering
some aspects related to their bioactivity. Particularly important will be
to assess the impact that the extracted oligosaccharides will produce
on the probiotic bacteria activity (growth promotion) once considered
some of their aspects such as chemical structure and bioactivity, as
well as improving their shelf life after lyophilization (cryoprotection)
(Guggenbichler et al. 1997; Harmsen et al. 2000; Ruiz-Palacios et al.
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2003). Finally, the potential outcomes will be the release of innovative
solutions both at process and product level, allowing to new perspec-
tives in food and nutraceutical market.

8.8.2 Primary Objectives

'The primary objectives as listed here, are ... to valorize the main vine
cultivation and wine making by-products (seeds, skins, and pruning) and
to evaluate the technological impact that distillation process exerts on
pomace (also exhausted pomace). These are different matrices with a low
economic value but still characterized by a certain activity (economically
exploitable), considering that only a very small portion of these materials
is reused. To improve knowledge of oligosaccharidic compounds related
to grape by-products. To evaluate new strategies to enhance oligosac-
charides extraction yield (multistep biorefinery approach), investigat-
ing different extractive methods. To evaluate the proper procedures in
order to obtain the more suitable starting matrices (e.g., milling and de-
fatting). To compare innovative extractive technologies (microwaves,
ultrasounds, and enzymes), thus optimizing the best operational condi-
tions and their synergies. To evaluate the proper procedures required
in the utilization of a professional multimode oven (microwaves/ultra-
sounds), resulting the right compromise in “green” technology extrac-
tion. This technology allows milder reaction conditions, low production
costs, formation of cleaner products with higher yields, and minor waste
when compared with the use of traditional reagents. To evaluate the
more suitable and performing enzymatic combination (mono- or mul-
tistep), optimizing the operational parameters related to mechanism of
this assisted extraction. This is based on the cell wall degradation (to
weaken or to break down the cell wall), both leaving the intracellular
materials more exposed to the extraction, modifying polysaccharidic
polymers too. To evaluate different methodologies potentially appli-
cable to the enzymatic-driven digestion process such as immobiliza-
tion, also comparing diverse parameters and suitable support. In this
manner, it will be improved the knowledge of a certainly more perfor-
mant process if compared to the free enzyme one (also economical).
To obtain new scalable processes, based on the “white” biotechnologies
with a “green” footprint (as requested by a sustainable modern industrial
process) for isolation and preparation of oligosaccharides from natural
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sources such as by-products. To characterize chemical structures and
biological activities of oligosaccharidic compounds aiming to provide
fundamental information about their potential future applications.
Their characterization and quantification will be performed by accu-
rate mass spectrometry combined with gas chromatography techniques.
Considering that the prebiotic properties of oligosaccharides appear to
be influenced by their degree of polymerization, monosaccharide com-
position, and by the glycosidic linkages, to improve knowledge of the
composition and structure of oligosaccharides with different extraction
methods could result in the development of novel prebiotics (Bradburn
et al. 1993; Egert and Beuscher 1992; Englyst et al. 1987; Gibson and
Roberfroid 1995). To avoid the polyphenols interference toward the
potential prebiotic effect of the extracts. Residual polyphenols (still
present in the matrices and characterized by an antimicrobial effect
such as oligomeric and polymeric proanthocyanidinic classes) will be
removed during the extractive steps. To confirm the prebiotic attitude
of oligosaccharides achieved from grape by-products in relation to pre-
viously published researches carried out by the principal investigator
focused on the identification and characterization of complex bioactive
oligosaccharides in white and red wine (Bordiga et al. 2012; Belleville
et al. 1993; Doco and Brillouet 1993; Ducasse et al. 2010). These oli-
gosaccharidic fractions extracted from wine have shown a significant
prebiotic activity on probiotic bacteria such as Bifidobacterium infantis.
To evaluate the different oligosaccharidic extracts as potential func-
tional ingredients with prebiotic activity toward other well-known pro-
biotic bacteria (e.g., Lactobacillus plantarum and Lactobacillus crispatus),
allowing them to improve the growth during iz vifro fermentation. To
evaluate the different oligosaccharidic extracts as potential novel cryo-
protective agents in the lyophilization process of probiotics. To describe
the effect that stabilization processes and different extraction tech-
niques may have on the content and availability of oligosaccharides.

8.8.3 Secondary Objectives

The secondary objectives as listed here, are ... to further characterize
and analyze every new by-product achieved (from cellulose, hemicel-
luloses, and lignin), considering the multistep biorefinery approach,
thus evaluating a possible novel valorization (bio-based products also
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with different technological properties such as texturizing and sta-
bilizing). Alternatively, for example, the evaluation of different yield
of vanillin biotechnological production, obtained following enzy-
matic treatment of the lignin removed from the matrices during
the oligosaccharides purification. To improve the expertise and the
ability on developing the most suitable enzymatic-driven digestion
process toward plant-based matrices (eventually also integrated with
microwaves, ultrasounds) in order to obtain bioactive compounds.
To improve the efficient utilization of wine chain by-products (very
promising sources of value-added substances), which represent a
major disposal problem for the industry concerned.

8.8.4 Methods

'The selection of an appropriate number of vegetable matrix by-products
to be examined (pomace, exhausted pomace after distillation and prun-
ing) will be performed in collaboration with sector companies like
wineries, distilleries, and specialized oil mills, also considering the
seasonality of the different matrices. The characterization of the wine
chain by-products in relation to their content of residual oligosaccharidic
compounds will be performed. These by-products prove to be available
at a low cost and in large quantities and are therefore usable because
of their nutritional value, such as potential ingredients. Evaluating new
strategies to enhance extraction yield appears mandatory if we consider
that pomace and pruning are by-products/waste which are still charac-
terized by a certain amount of oligosaccharidic compounds even after
the first step of extraction. Different extractive methods, suitable for the
recovery of the different oligosaccharides present in by-products, will
be investigated. The task of the extractive step will be the comparison
and the optimization of different procedures that will include innovative
technologies (microwaves, ultrasounds, and enzymes) also taking into
consideration the description of the effect that different techniques may
have on the content and availability of oligosaccharides. Different pro-
cedures will be evaluated in order to obtain both the starting matrices
(e.g., conditioning, milling) and different extracts. Seeds and skins will
be separately analyzed from pomace in order to evaluate in detail the
effective oligosaccharidic distribution and related extractive yield. Seeds
will be de-fatted before extraction process. For a better evaluation of
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the innovative technologies and their possible synergism, a professional
multimode oven (microwaves and ultrasounds) appears to be the right
compromise and an alternative and feasible method to extract oligosac-
charides. This technology allows milder reaction conditions, low produc-
tion costs, formation of cleaner products with higher yields, and minor
waste when compared with the use of traditional reagents (e.g., alkali).
Temperature is one of the most important factors contributing to the
recovery yield when using this assisted extraction. Generally, the higher
temperature applied, the higher recovery yield is obtained. However,
high temperatures may cause degradation of products, dependent on the
structure of the polysaccharides. Furthermore, the solid/solvent ratio is
also an important parameter when performing this extraction technol-
ogy, yielding higher recoveries when using more diluted conditions. All
these aspects need to be certainly investigated in order to obtain the
better compromise, considering that this technology allows obtaining
oligosaccharides in proportions that are dependent on the operating con-
ditions. The oligosaccharides corresponded to hexose-oligosaccharides,
xyloglucans, and arabinogalactans may be the natural by-products of the
degradation of cell wall polysaccharides. The permeability of the dif-
ferent parts of grape cell walls can be increased by enzymes, which can
help the partial hydrolysis of cell wall polysaccharides. Enzyme treat-
ments have been shown to modify the wine polysaccharide composition.
'The mechanism for enzyme-assisted extraction is based on the cell wall
degrading enzymes that can weaken or break down the cell wall, both
leaving the intracellular materials more exposed to the extraction and
modifying polysaccharidic polymers. Especially enzymatic extraction
will be evaluated mainly regarding the different methodologies poten-
tially applicable such as immobilization. The immobilization of enzymes
offers several improvements for enzyme applications because the storage
and operational stabilities result enhanced and their reusability repre-
sents a great advantage if compared to free enzymes (also economic).
'The immobilization of enzymes will be performed via the selection of an
appropriate number of methods using different supports. The recovery
of enzymatic activity after the immobilization process will be evaluated
together with the improvements obtained concerning the stability of the
enzyme to temperature, pH, solvents, storage, and operation. Similar to
the free ones, immobilized enzymes may be applied in a huge number of
industrial processes, especially in environmental applications. To ensure
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proper oligosaccharide identification by MS, an appropriate multistep
solid-phase extraction will be performed (e.g., using C-18 cartridge to
eliminate substances such as residual polyphenols followed by carbo-
graph cartridge to remove residual salts and monosaccharides that would
interfere with MS analysis). The chemical characterization of the dif-
ferent oligosaccharidic extracts obtained using appropriate techniques
(mainly HPLC-MS and GC-MS, but if required, also by MALDI-
FTICR MS and nano LC-Chip-Q-ToF) will be achieved (Figures 8.3
and 8.4). In parallel, some other aspects related to their bioactivity will
be considered (e.g., radical scavenging activity). Moreover, both the
analysis of glycosyl composition after methanolysis and derivatization
(trimethylsilyl groups), and then a methylation to obtain the glycosidic
linkages, will be performed. Considering that the prebiotic properties
of oligosaccharides appear influenced by their degree of polymerization,
by the monosaccharide composition and by the glycosidic linkages, the
use of optimal hydrolysis conditions may lead to a more eftective process
for their production. Additionally, improved knowledge of the composi-
tion and structure of oligosaccharides with different extraction methods
could result in the development of novel prebiotics. The next phase of this
project will be focused on the evaluation of the different extracts with
potential prebiotic activity able to promote the growth of well-known
probiotic bacteria, such as Lactobacillus plantarum and L. crispatus, as
well as improving their shelf life after lyophilization. The different oli-
gosaccharidic extracts will be evaluated as potential novel cryoprotective
ingredients. The optimization of the industrial production of probiotics
strongly depends on the technologies. All the production phases (prepa-
ration and sterilization of the medium, fermentation, concentration sta-
bilization/preservation, and formulation) are critical in order to obtain a
long shelf life, as well as improving viability. Freeze-drying is commonly
used to preserve probiotics, but it could cause cell damage and undesirable
effects, such as denaturation of sensitive proteins and decreased viability
of cells. These effects are caused by low temperatures, freezing, osmotic
and desiccation stress. The cryoprotectant agents play a fundamental role
in the conservation of viability during freeze-drying, improving qual-
ity in shelf life. Generally, nonreducing disaccharides, polyalcohols, and
polysaccharides were suggested and used as cryoprotectors. Considering
the multistep extractive approach, every new by-products achieved from
cellulose, hemicelluloses, and lignin will be further characterized and
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analyzed, thus evaluating a possible novel valorization (bio-based prod-
ucts also with different technological properties such as texturizing and
stabilizing). Alternatively, for example, different yield of vanillin pro-
duction, obtained after enzymatic treatment of the lignin present in the
matrices, by means of microbiologic fermentation/enzymatic conversion
will be also evaluated.

8.8.5 Schematic Scheduling Activities

Step 1: Appropriate matrices selection. Starting matrix prepara-
tion (milling, de-fatting, seed, and skin separation). Different
extractive procedures evaluation. Setting operational param-
eters of multimode ovens (microwaves and ultrasounds).
Selection of the best performing enzymes. Setting operational
parameters of enzymatic-driven digestion. Evaluation of the
potentially suitable enzyme/s for immobilization methodolo-
gies and different related support. Setting the best performing
operational parameters for immobilized enzyme/s.

Step 2: Proper oligosaccharide purification using an appropriate
multistep solid-phase extraction (e.g., using a C-18 cartridge
followed by a carbograph cartridge). Chemical character-
ization of the different oligosaccharidic extracts achieved.
Prebiotic activity evaluation of different oligosaccharidic
extracts obtained.

Step 3: Fine chemical characterization of more performing (pre-
biotic activity) oligosaccharidic extracts (MALDI-FTICR
MS and nano LC-Chip-Q-ToF) (Figure 8.5). Fine glycosidic
linkage characterizations of the previous extracts.

Step 4: Evaluation of the different oligosaccharidic extracts as
potential novel cryoprotective ingredients in the lyophiliza-
tion process of probiotics.

Further characterization of the new by-products achieved (from
cellulose, hemicellulose, and lignins), considering the multistep bio-
refinery approach include the ... evaluation of a potentially novel valo-
rization also with different technological properties such as texturizing
and stabilizing. Evaluation of the extractive yield of vanillin, obtained
after enzymatic treatment of the lignin removed from the matrices.
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8.8.6 Potential Applications, Impact

The plant by-products may be a significantly impressive source of
compounds with high nutritional value whose recycling has tech-
nological, nutritional, and environmental interests. Applied for this
purpose are the extractive techniques with solvents that allow obtain-
ing some fractions with food-related potential interest (e.g., poly-
phenols), valorizing by-products. On the contrary, the alternative
processes, represented by the use of extractive innovative techniques
such as ultrasound- and microwave-assisted techniques or biocon-
version processes by enzymes, need to be further developed and opti-
mized. The possibility of converting them to “co-products” should
be considered one of the most promising prospects for their recov-
ery and for the rationalization of production processes, because this
application completely valorizes the by-product so reducing the costs
of production and/or disposal. The “biorefinery” approach will assure
a sustainable method to this project, allowing also new green/white
biotechnology strategies useful to obtain novel bio-based products.
Because synthetic oligosaccharides are rare and expensive, there is
an urgent need to find alternative sources from which to obtain suffi-
cient amounts to perform clinical studies and examine their potential
for use in human nutrition. Taking this into consideration, the sig-
nificant number of by-products generated during vine cultivation and
the wine making process appear to be a valuable low-cost source of
these oligosaccharides, and purification may increase their availabil-
ity in the food industry. Enzyme-assisted extraction, but also other
different innovative techniques, such as ultrasound- and microwave-
assisted extraction, represents a potential strategy to enhance extrac-
tion yield for the production of oligosaccharides with high stability
for pharmaceutical and food applications. Developing new techno-
logical approaches as the immobilization of enzymes offers several
improvements for enzyme applications because, if compared to the
free enzymes, the reusability of immobilized enzymes represents a
great advantage (also from the economic point of view). Particularly
important it will be to assess the impact of the extracted oligosac-
charides, with potential prebiotic activity, on the growth promotion
of well-known probiotic bacteria, as well as improving their shelf
life after lyophilization. Future legislation regarding industrial waste
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will become even more demanding, thus increasing the cost of its
management. In that direction, the recovery of high value-added
compounds from by-products is part of a new process of sustainable
agriculture. Most of these biorefinery processes are being developed
individually, but have the potential to be more efficient and economi-
cal when combined in multiprocess crossover regimens using waste/
by-products from one process to produce high-value chemicals.

8.9 Spent Grape Pomace
8.9.1 Potential of By-Products

Conventionally, most crops have been focused on obtaining a single
high-value product (e.g., wine, oil, etc.) discarding the remaining
parts of the plant or fruit, or exploiting them to obtain low-value
products (sometimes highly polluting and, therefore, undesirable
products). A rational use of these residues would create a source of
additional wealth, which in many cases could have a value even higher
than that traditionally given, thus presenting interesting perspectives
for the design of new industries. Residues from the plant contain
compounds of interest to the pharmacological, nutraceutical, cosmet-
ics, and food industries. Approximately 1.4-2.0 tons of shoots can
be obtained per hectare of vine crop. Since the vineyard-cultivated
areas in the world are around 8 million ha, an estimated 11.2-16
million tons of vine shoots are produced each year. On the other
hand, the most abundant residue of the wine making process is the
solid waste remaining after grape pressing: the grape pomace. Since
20%-25% of the weight of processed grapes remain as pomace and
about 80% of the world grape output is used to make wine, around
10.5-13.1 million tons of grape pomace are produced in the world
each year. Exploitation of residues could encompass three gradational
states, namely: (1) Residues from which compounds of high added
value have been recognized as such by the European Food Safety
Authority (EFSA), as is the case with hydroxytyrosol, extracted from
grape oil. This compound is claimed to reduce an emerging risk fac-
tor of atherosclerosis (oxidized LDL cholesterol) (EFSA 2011) and
maintain normal blood HDL-cholesterol levels. (2) Products from
the residues in (1), the beneficial effects of which are not enough
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supported at present for EFSA acceptance, but widely used in the
food and cosmetics fields. (3) Residues, the potential of which has not
been (or has been poorly) recognized and exploited. There is a grow-
ing demand for exploitation of agricultural residues. One of them is
the present pressing need to obtain natural dyes able to substitute
existing artificial dyes, particularly in the food industry. The need for
more natural colorants began with a study, in 2009, which reported
an experiment with six artificial colorants that caused hyperactiv-
ity and allergy on children subjected to the test. This situation has
pushed the search for, and application of, natural colorants to replace
synthetic colorants. The importance of residues from both the crops
and products of one of the major industries in the Mediterranean
basin (wine). The exploitation of these residues can provide benefits
to the food industry thanks to the high content in antioxidants with
proved healthy, cosmetics and nutritional properties.

8.9.2 Potential Exploitation of Residues from Vineyards and Wine Production

8.9.2.1 Vine Shoots Despite the fact that vine shoots constitute an
abundant agricultural residue, their present economic value is very
small as they are mostly used as fuel or fertilizer. Most of the scant
research on vine shoots has been focused on the production of paper
pulp and ethanol, the former requiring in-depth studies to improve
production as vine shoots provide pulp of lower quality than other agri-
cultural residues such as wheat straw. The composition of vine shoots
is characterized by three main fractions: cellulose, hemicellulose, and
lignin; the content of total cellulose being around 68% and that of lig-
nin around 20% (dry weight). Lignin, a well-known component of sec-
ondary cell walls, is a high molecular mass cross-linked polymer. These
monomeric units (namely, frans-p-coumaryl [4-hydroxycinnamyl],
coniferyl [4-hydroxy-3-methoxycinnamyl, forming guayacyl units],
and sinapyl [3,5-dimethoxy-4-hydroxycinnamyl, forming syrin-
gyl units]) are characterized by a phenolic structure. Lignins can
be hydrolyzed to release aromatic phenolic compounds such as low
molecular mass alcohols, aldehydes, ketones, or acids; therefore, vine
shoots can be a suitable source of phenols (Bordiga et al. 2013b, 2014).
The abundance and richness of vine shoots make their exploitation
highly interesting in economic terms.
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8.9.2.2 Vine Leaves 'This field is a small investigated area with respect
to senescent leaves. In this state, vine leaves have a color ranging from
yellow to red and brown, depending on the variety, which reveals the
presence of flavonoids, especially flavonols, anthocyanins/anthocy-
anidins, and carotenoids with very different characteristics. Senescent
vine leaves are, therefore, a potential raw material for the production
of natural colorants that do not require an experimentation period
prior to regulating their use.

8.9.2.3 Grape Skins Most of the research carried out thus far has
been devoted to red grape skins directly from grapes, representing
a significant cost of raw material. Several studies have demonstrated
that the grape skin from the making of red wine has a number of and
concentration of colorants that make this residue profitable as a raw
material for colorant production. The need to remove the high mois-
ture content of this raw material (an expensive step) prior to its use is
something that should certainly be taken into account in the design
of an industrial scaling.

8.9.2.4 Grape Seeds Grape seeds are the most studied and exploited
residues from wine making due to the large variety of compounds
in this raw material. Between 38% and 52% of a grape is made by
seeds, which gives an overall idea of the amount of residues gener-
ated in each harvest. The high content in phenols, mainly flavonols
and proanthocyanidins, endows them with a high antioxidant capac-
ity. Proanthocyanidins, compounds responsible for astringency, are
recognized by their beneficial health effects (anti-inflammatory, car-
dioprotective, radioprotective, antihyperglycemic, antitumor, and anti-
genotoxic). In addition to the components mentioned before, the lipid
fraction of grape seeds has a high commercial value, which has been
only partially exploited. Grape-seed oil is made up of 90% of poly- and
mono-unsaturated fatty acids, particularly linoleic acid, followed by
oleic acid, which are responsible for its nutritive value as edible oil. This
oil only contains low amounts of saturated fatty acids (10%). The high
content of unsaturated fatty acids makes grape-seed oil a high-quality
nutritional oil, which exhibits properties for prevention of thrombosis,
inhibition of cardiovascular diseases, reduction of cholesterol in serum,
dilation of blood vessels, and regulation of autonomic nerves.
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8.9.2.5 Vinification Lees 'The residue formed at the bottom of wine
containers after fermentation, during the storage or after autho-
rized treatments, and the residue from filtering or centrifuging
this product have a key role in wine making. For example, these
are responsible for the removal of undesirable compounds, inter-
action with the volatile fraction, biogenic amines and phenolic
compounds, and the release of mannoproteins (natural stabilizer
of colloidal charge). Their present use is reduced to the recovery of
tartaric acid, which is employed to correct the pH of must prior
to fermentation. However, the two most promising uses of lees
are as raw material for extraction of mannoproteins and colorants,
both irreplaceable materials for wine clarification. The most valu-
able finding of a recent study was that the adsorptive capacity of
lees makes the concentration of colorants in them up to ten times
higher than in the skin of red grapes.

8.9.2.6 Residue from Residues An exhaustive exploitation of residue
could lead to the use of “residues from residues.” An example of this
potential exploitation would be the residue remaining after ethanol
distillation from the wine pomace. Grape skins and seeds from a dis-
tillery have been subjected to extraction with ethanol and water in
equal proportions to obtain the largest possible number of compounds
from these residues, which had so far been used only as a heat source.
Despite the degradation caused by the drastic conditions of the dis-
tillation process, many interesting compounds exist in the extracts
from the waste of this process, which make it a useful matter for more
than as a heating source. The variety of identified compounds in the
extracts makes them exploitable as additives in the food industry
(either as colorants, as flavor modifiers or as antioxidants), and in the
cosmetics and nutraceuticals industries.

8.10 Potential Case Study II
8.10.1 Spent Grape Pomace: Still a Potential By-Product

The grape (Vitis vinifera L.) is one of the world’s largest fruit crops
with an annual production of about 60 million metric tons (FAO
2014). Grape growing plays a major role in the worldwide fruit pro-
duction, with an international acreage of approximately 8 million ha
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(OIV 2013). Wine industry waste accounts for almost 30% of the
grapes used for wine production (Rondeau et al. 2013). Grape pomace,
a remnant of the wine making process, is one of the most important
residues of the wine industry. It consists of different amounts of grape,
skin, pulp, seeds, and stems if not removed (Fontana et al. 2013; Yu
and Ahmedna 2013). During the vinification process, phenolic com-
pounds move from solid parts of the grape cluster into wine. The rate
of transfer depends on various factors including phenolic concentra-
tion of grapes, level of pressing, maceration time, fermentation contact
time, temperature, and alcohol levels. These waste materials contain
biodegradable organic matter; however, their disposal generates huge
amounts of industrial waste and creates serious environmental prob-
lems (Gonzalez-Paramas et al. 2004). The waste loads at the process-
ing plants could be significantly reduced through by-product usage.
Some industrial uses currently under investigation for wine pomace
waste include use as animal feed, as possible nutritive ingredients for
value-added products, in the production of citric acid, and the use
of anthocyanins from grape skins as colorants (Basalan et al. 2011,
Molina-Alcaide et al. 2008). According to conventional practice,
grape pomace is also used in the production of distilled alcoholic
beverages (Da Porto 1998). Spirits from fermented grape pomace are
very popular in Mediterranean countries. Grappa is the typical Italian
spirit of commercial, cultural, and historical importance, which is
obtained by processing grape pomace or marc at the end of alcoholic
termentation. It is well known that these wine making by-products,
mainly consisting of grape pomace, still contain a significant amount
of phenolics with beneficial health-related eftects, at different con-
centrations and chemical structures depending on the grape variety
considered (Sagdic et al. 2011; Torres et al. 2002; Laufenberg et al.
2003). Available studies regarding these phenolic compositions are
focused on pomace deriving both from red and white grape varieties
(Deng et al. 2011; Sanchez et al. 2009; Rockenbach et al. 2011). The
aim of this study was to demonstrate that not only the waste from the
wine making industry can be exploited to obtain valuable compounds,
but that these compounds—and even others resulting from the dras-
tic conditions to which grape pomace is subjected for ethanol distil-
lation—can be obtained from the spent waste of this industry. This
research consisted of the determination of several phenolic compounds
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and fatty acid content grape seeds and skins obtained from PRE and
POST distilled pomace. Considering the greater time of high tem-
perature exposure, the discontinuous methods have been utilized in
this study in order to characterize the pomace degradation caused by
the drastic conditions of the distillation process. The identification
and quantification of flavan-3-ol composition by HPLC-DAD, the
determination of the mean degree of polymerization (mDP) of the
condensed tannins, and the estimation of their antiradical activity by

DPPH procedures have been also realized.

8.10.2 Distillation Process

One kg of red winegrape pomace (cv. Nebbiolo) matrix was steam-
distilled by adding 250 mL of distilled water in a traditional copper
5 L alembic, with natural gas as heating source. Before heating, the
alembic was hermetically closed in order to prevent any steam leak-
age. When the temperature reached 80°C-90°C, the liquid spirit
started to run from the funnel, and the distillation products were
collected (total overall volume V = 180 mL). Two rates of pomace
(100 g of PRE and POST distillation process), randomly selected
from the collected samples of each step, were used for the study
(Figures 8.6 and 8.7). Grape seeds and skins were manually sepa-
rated from the pomace.

Figure 8.6 PRE distillation process pomace.
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Figure 8.7 POST distillation process pomace.

8.10.3 Extraction of Fatty Acids and Phenolic Compounds

Grape seeds and skins were ground to a powder using liquid N,.
Four grams of the seeds powder was extracted with Soxhlet appa-
ratus (Buchi Universal Extraction System B-811, Germany) using
150 mL hexane for 9 h to obtain total fat fraction. The solvent was
then evaporated to dryness (vacuum, 40°C) and the dry extract was
stored at -20°C until use. Subsequently, ground de-fatted seeds
(1.0 g) or skins (1.0 g) were extracted using 50 mL of acetone/water
(70:30, v/v) under constant magnetic stirring (2 h), in the dark at
room temperature (22°C) to obtain phenolic compounds fraction.
'The process was repeated three times for an exhaustive extraction and
performed under a nitrogen atmosphere. Extracts were finally com-
bined and evaporated to dryness (vacuum, 40°C) and the dry extract
was stored at -20°C until use.

8.10.4 Phenolic Compound Analysis

The phenolic compound analysis was performed according to the
OIV method (OIV-MA-AS315-11) reported by resolution Oeno
12/2007, after minor modifications (OIV 2007). A Shimadzu
LC-20A Prominence chromatographic system equipped with a diode
array detector (DAD detector SPD-M20A) was used. Separation
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was performed on a reversed-phase Synergi™ 4 um Max-RP 80 A,
LC Column (250 x 4.6 mm, Phenomenex, Torrance, CA) protected
by a guard column containing the same material, at 30°C. Eluent A
was water/acetonitrile/formic acid 87:3:10 v/v and Eluent B water/
acetonitrile/formic acid 40:50:10 v/v. The flow rate was kept constant
at 0.5 mL/min. The elution program used was as follows: 6%-20%
B linear from 0 to 20 min, 20%—-40% B linear from 20 to 35 min,
40%-60% B linear from 35 to 40 min, 60%—-90% B linear from 40 to
45 min, 90% B isocratic from 45 to 50 min, 90%—6% B linear from 50
to 51 min, and equilibration of the column from 51 to 63 min under
initial gradient conditions. DAD detection was performed at 280,
330, and 520 nm. The injection volume was 5 puL. The anthocyanins
were identified by comparison to their retention times with those of
the authentic standards: 3-monoglucosides of delphidine, cyaniding,
petunidin, peonidin, and malvidin.

8.10.5 Proanthocyanidin Analysis

A Shimadzu LC-20A Prominence chromatographic system equipped
with a diode array detector (DAD detector SPD-M20A) was used.
Separation was performed on a reversed-phase Supelcosil TM LC-318
(250 x 4.6 mm, 5 pum, Supelco, Bellefonte, PA) column, protected by
a guard column containing the same material, at 35°C. Eluent A was
water/formic acid 0.1% v/v and Eluent B acetonitrile/formic acid 0.1%
v/v. The flow rate was kept constant at 1 mL/min. The elution program
used was as follows: 3% B isocratic from 0 to 5 min, 3%—8% B linear from
5 to 9 min, 8% B isocratic from 9 to 15 min, 8%—9% B linear from 15 to
16 min, 9% B isocratic from 16 to 22 min, 9%—14% B linear from 22 to
25 min, 14%—20% B linear from 25 to 35 min, 20%—40% B linear from
35 to 46 min, 40%—-97% B linear from 46 to 47 min, 97% B isocratic from
47 to 50 min, 97%-3% B linear from 50 to 51 min, and equilibration of
the column from 51 to 56 min under initial gradient conditions. DAD
detection was performed at 280 nm. The injection volume was 5 pL.
PAs composition was determined by reversed-phase HPLC after acid-
catalyzed degradation in the presence of phloroglucinol (Figure 8.8). A
solution of 0.1 N HCI in methanol, containing 50 g/L. phloroglucinol
and 10 g/L ascorbic acid, was prepared. Five milligrams of polymeric
proanthocyanidin extract were dissolved in 1 mL of the reagent solution
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HO OH

Figure 8.8 Acid-catalyzed degradation of proanthocyanidins in the presence of phloroglucinol.
(From Bordiga, M. et al., Food Chem., 127, 180, 2011.)

and the reaction was performed at 50°C for 20 min. PAs cleavage prod-
ucts were estimated using their response factors relative to (+)-catechin
(quantitative standard). The results of phloroglucinolysis provided infor-
mation on PAs subunit composition and mean degree of polymerization
(mDP) (Bordiga et al. 2013a). The mDP was determined by summing
the terminal and extension subunit amounts (in moles) and dividing by
the terminal subunit amount (in moles).

8.10.6 Fatty Acid Analysis

Fatty acid methyl esters (FAMEs) were obtained by trans-esterification
of triglycerides (extracted as total fat using hexane in a Soxhlet appa-
ratus for 9 h) with a 1.5% sodium methylate in methanol solution
(Bonetta et al. 2008). The reaction was carried out into a closed vial
at 80°C with periodic stirring. The content of each vial was then
washed with water and diethyl ether until the organic phase was
clear and transparent. After water elimination with Na,SO,, the sol-
vent was removed and 1 mL of CH,Cl, was added. FAMEs were
analyzed on a Shimadzu gas chromatograph 17-A, equipped with
a DB23 column (J&W Scientific) (30 m x 0.25 mm i.d. x 0.25 pm

film thickness). Hydrogen was used as carrier and a flame ionization
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detector (FID) as detector. The temperature program was as follows:
Separation was performed starting at 90°C, held for 5 min, tempera-
ture increased at a rate of 10°C/min to 220°C and finally held for
15 min, with constant low of 1.6 mL/min.

8.10.7 Antiradical Activity

The DPPH radical scavenging assay was performed to evaluate the
antiradical activity. Seven hundred microliters of samples diluted in
MeOH (final concentration: 25 pg extract/mL) or MeOH (control)
were added to the same volume of methanolic solution of a 100 pM
DPPH (Locatelli et al. 2009). Mixtures were shaken vigorously and
left to stand in the dark at room temperature for 20 min and then
absorbance was read at 515 nm, using a Kontron UVIKON 930
Spectrophotometer (Kontron Instruments, Milan, Italy). Antiradical
activity was expressed as inhibition percentage (1%) and calculated
using the following equation:

Inhibition percentage (1%) = (Abs o1 = AbSmoie)/AbS o1 X 100

sample

All tests were performed in triplicate.

8.10.8 Statistical Analysis

Results were expressed as mean + standard deviation (SD) of at least
three independent experiments. Differences among samples were esti-
mated by analysis of variance (ANOVA) followed by Tukey’s “Honest
Significant Difference” test. The statistical significance level was set to
0.05. All statistical analyses were performed using the free statistical
software R 2.10.0 version (R Development Core Team 2008).

8.10.9 Results

8.10.9.1 Phenolic Compounds 'The contents of phenolic compounds
detected in grape seeds and skins, previously and subsequently the
distillation process, are reported in Table 8.1. Twenty-six pheno-
lic compounds were identified and quantified in samples, including
hydroxybenzoic acids (5), hydroxycinnamic acids (5), flavan-3-ols
(5), flavanols (6), and anthocyanins (5) compounds. The skins’ total
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Table 8.1 Phenolic Compounds Content (Expressed on a Dry Matter, DM), Detected in Grape
Seeds and Skins, Previously and Subsequently to the Distillation Process

mg/kg DRY MATTER SKINSPRE ~ SKINSPOST ~ SEEDSPRE ~ SEEDS POST
Hydroxybenzoic acids

Gallic acid nd 193+0.14 219+050 183+0.20
Protocatechuic acid nd 524 +041 114+023  219+0.08
p-0H-benzoic acid nd 1.68 +0.08 nd 10.1 £0.09
Syringic acid nd 373+0.10 6.16+0.28 6.27 +0.21
Ellagic acid 1.19+011 222+0.16 1.16+0.03 1.66 +0.09
Hydroxycinnamic acids

p-Coumaric acid nd 0.77+0.01 0.84+0.03 0.73+0.01
Ferulic acid 0.44+0.02 050+0.01 0.37=+0.01 0.31+0.01
Sinapic acid 1.45+0.04 0.78+0.03 0.42=+0.02 1.85+0.03
Flavan-3-ols

Procyanidin B1 nd nd 8.60 +0.11 11.8+0.17
Catechin 940+015 146139  438+0.31 392 +1.63
Procyanidin B2 396+0.64 150+027 53.6+0.87 59.2 +1.39
Epicatechin 204+071 674+1.12 213+130 214 +0.67
Epicatechin gallate 044001 105+0.19 0.75+0.04 15.3 +0.26
Flavonols

Quercetin-3-0-galactoside 259+033 234+039 1.80=x0.10 6.50 = 0.08
Quercetin-3-0-glucoside 229+0.04 893+0.16 nd 2.77+0.12
Kaempferol-3-0-glucoside 1.11+0.06 215+0.07 nd nd
Myricetin 286+0.19 1.07+0.04 073008 1.15+0.07
Quercetin 571+0.12 304+055 1.32+0.07 14.4 +0.33
Kaempferol 229+0.09 233+020 267+0.19 258+0.26
Tartaric esters of hydroxycinnamic acids

Caftaric acid 095+0.01 040+0.03 761+0.10 233+0.09
Cutaric acid 060+0.01 472+0.04 246+0.03 2.50=+0.04
Anthocyanins

Delphinidin-3-0-glucoside 186023 1.45+0.04 — —
Cyanidin-3-0-glucoside 791018 1.33+0.02 — —
Petunidin-3-0-glucoside 296+031 2.06=+0.03 — —
Peonidin-3-0-glucoside 35.8+0.38 4.53+0.04 — —
Malvidin-3-0-glucoside 89.4+044 9.91+0.06 — —
Total 296 £4.07  366+559  774+4.30 766 + 5.83

Source: From Bordiga, M. et al., J. Agric. Food Chem., 60, 3700, 2012.
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amount of phenolic compounds was 296 + 4.07 mg/kg dry matter
in PRE sample and 366 + 5.59 mg/kg dry matter in POST sample.
Considering seeds, the total amount was 774 + 4.30 mg/kg dry matter
in PRE sample and 766 + 5.83 mg/kg dry matter in POST sample.

8.10.9.2 Hydroxybenzoic Acids 'The total amount of hydroxybenzoic
acids ranged from 1.19 + 0.11 (PRE) up to 32.21 £ 0.90 (POST) mg/
kg dry matter in skins and from 38.56 + 0.68 (POST) up to 40.65 =+
1.05 (PRE) mg/kg dry matter in seeds. Considering skins, it must be
pointed that, between the five compounds, ellagic acid was the unique
molecule detected in PRE samples, thereby proving that distillation
process was able to release these compounds from the matrix. On the
contrary, in seeds, p~-OH-benzoic acid was the only compound not
present before distillation, resulting in confirming how skins are more
effectively depleted of their bioactive components during wine mak-
ing process. Moreover, protocatechuic acid showed a negative trend
after distillation (about fivefold less), contrary to other molecules that
generally presented similar values.

8.10.9.3 Hydroxycinnamic Acids and Tartaric Esters The total amount
of hydroxycinnamic acids ranged from 1.89 = 0.06 (PRE) up to
2.04 + 0.05 (POST) mg/kg dry matter in skins and from 1.63 + 0.06
(PRE) up to 2.89 + 0.04 (POST) mg/kg dry matter in seeds. While
tartaric esters of hydroxycinnamic acids (caftaric and cutaric acids)
ranged from 1.55 + 0.02 (PRE) up to 5.12 + 0.07 (POST) mg/kg dry
matter and from 4.83 £ 0.13 (POST) up to 10.07 = 0.13 (PRE) mg/kg
dry matter in skins and seeds, respectively. p-Coumaric acid was the
only compound not detected in skins before distillation but generally
the total values appeared similar. In seeds, sinapic acid increased about
fourfold its content after process causing a slightly positive trend.
Cutaric acid significantly increased in POST skins sample but it
remained substantially the same in the PRE and POST seed samples.
Both in skins and in seeds caftaric acid showed a negative trend after
distillation, but this decrement was more pronounced in the latter.

8.10.9.4 Flavan-3-Ols Seeds are the main source of this monomers
and dimers (procyanidin B1 and B2) in grape, their presence in skins
usually being quite lower. As expected, the content of flavan-3-ols in
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skins was low, ranging from 69.97 + 1.51 (PRE) up to 239.90 + 2.98
(POST) mg/kg dry matter. With respect to content in seeds, these
compounds ranged from 692.72 + 4.12 (POST) up to 715.26 + 2.63
(PRE) mg/kg dry matter and the singular molecule values substan-
tially appeared similar before and after distillation. Conversely in
skins the distillation process strongly aftected the release of these
substances, proving in an about 3.5-fold higher total value, partic-
ularly due to the contribution of catechin which increases its value
from about 9 to 146 mg/kg dry matter. Catechin was more abundant
than epicatechin in both seed (PRE and POST) and skin (POST)
samples analyzed, generally about twofold higher. This monomer
showed in seeds particularly great values 392.22 + 1.63 (POST) and
438.65 + 0.31 (PRE) mg/kg dry matter while epicatechin 213.59 =+
1.30 (PRE) and 214.08 + 0.67 (POST) mg/kg dry matter, respec-
tively. Epicatechin gallate content showed to be apparently affected
by distillation process and this positive trend was detected in both
matrices with an average increment of about 23-fold for skins and

20-fold for seeds.

8.10.9.5 Flavonols Six main flavonols were detected in skin and seed
samples, which are as follows: quercetin-3-O-galactoside, querce-
tin-3-0O-glucoside, kaempferol-3-O-glucoside (detected only in skins),
myricetin, quercetin, and kaempferol. Total flavonols content ranged
from 40.19 + 0.83 (PRE) up to 68.35 + 1.41 (POST) mg/kg dry mat-
ter in skins and from 6.51 + 0.44 (PRE) up to 27.44 + 0.86 (POST)
mg/kg dry matter in seeds. The main flavonols found were querce-
tin-3-O-galactoside and quercetin in all samples analyzed. Moreover,
the latter content seemed to be greatly affected by distillation pro-
cess, in fact it was highlighted an increment of 10-fold and 6-fold
for seeds and skins, respectively. Same positive trend was reported
for quercetin-3-O-galactoside but in this case only in the seeds while
skins showed a slightly negative progress after distillation. Even quer-
cetin-3-O-glucoside, but less pronounced, showed a positive trend in
PRE and POST samples specially in seeds considering that this mol-
ecule was not detected before distillation.

8.10.9.6 Anthocyanins The identification of the five different com-
pounds was achieved by comparison of both retention time and
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the absorption spectra obtained for each eluted peak with those
obtained for the standards (delphinidin 3-O-glucoside, cyanidin
3-O-glucoside, petunidin 3-O-glucoside, peonidin 3-O-glucoside,
and malvidin 3-O-glucoside). The use of eluents A and B at pH 1.5
is necessary for efficient separation of anthocyanins as well as maxi-
mum sensitivity for detection at 520 nm (flavylium form). The major
anthocyanin in grape skins was malvidin 3-O-glucoside (about 51%).
The remaining four anthocyanins contents of the grape skins showed
the following values: about 4% for cyanidin, 10% for delphinidin,
16% for petunidin, and 19% for peonidin 3-O-glucoside derivatives.
However, conversely to other phenolic compounds, anthocyanins
content was strongly affected by distillation (generally 10-fold lower
in POST skins), proving that the high temperature applied on the
matrix caused both a degradation and a less extractability of these
molecules in grape skin.

8.10.9.7 RP-HPLC-Phloroglucinolysis Analytical methods based on
acid-catalyzed cleavage of the polymer combined with HPLC separa-
tion enable quantification of individual polymer subunits and calcula-
tion of mean degree of polymerization, as well as determination of total
flavan-3-ols. Table 8.2 shows the evolution of the extractable fraction
isolated by phloroglucinolysis from seeds and skins before and after the
distillation process. The results, obtained after acid-catalyzed degra-
dation in the presence of phloroglucinol, pointed out that the sample
characterized by the lowest PAs content was skin PRE with a catechin
equivalent value of 1.28 g/kg dry matter whereas skin POST showed
a value of 1.69 + 0.06 g/kg dry matter. On the contrary, seed POST
showed the lower value, with 7.70 g/kg dry matter and seed PRE the
higher one, with 14.34 g/kg dry matter, respectively. Epigallocatechin—
phloroglucinol (EGC-P) (detected only in the skins), (-)-epicate-
chin—phloroglucinol (EC-P), (+)-catechin—phloroglucinol (C-P), and
epicatechin-3-0-gallate—phloroglucinol (ECG-P) were identified as
extension units, whereas (+)-catechin (C), (-)-epicatechin (EC) and
(-)-epicatechin-3-O-gallate (ECG) as a terminal unit in the samples
(Bordiga et al. 2011; Pastor del Rio and Kennedy 2006). By quantify-
ing these molecules, we estimated both mean degree of polymerization
(mDP), percentage of galloylation (%G), and percentage of prodel-
phinidin units (%P) (solely for skins). In the seeds (PRE), the EC-P
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extension unit was the most abundant (about 71%) followed by the
ECG-P extension unit (percentage values was about 26%) (Moreno
et al. 2008). Catechin—phloroglucinol (C-P) extension units showed
the lower percentage value (about 2%). Concerning the values of termi-
nal units, epicatechin showed a percentage slightly greater (about 39%)
than the catechin monomer that was within 36%. After the distillation
process, concerning the extension units, the percentages resulted sub-
stantially similar even if EC-P value was slightly higher (about 73%)
whereas ECG-P value was slightly lower (about 25%). On the contrary,
concerning terminal units, the distillation caused a decrease in C value
(about 20%) and consequently an increase in ECG value (about 47%).
In the skins (PRE), the EC-P extension unit was the most abundant
(about 75%) followed by the EGC-P extension unit (Moreno et al.
2008; Pastor del Rio and Kennedy 2006). Regarding epigallocatechin—
phloroglucinol (EGC-P) and epicatechin-3-O-gallate-phloroglucinol
(ECG-P) extension units, the percentage values were about 11% and
10%, respectively. Concerning the values of terminal units, catechin
showed a greater percentage (about 53%) than the other two, especially
of EC that was within 19%. After the distillation process, concerning
the extension units, the percentages resulted substantially similar even
if EC-P value was slightly lower (about 72%), whereas ECG-P and
EGC-P values were slightly higher (about 12% and 13%, respectively).
On the contrary, concerning terminal units, the distillation caused a
decrease in C value (about 40%) and consequently an increase in ECG
value (about 41%). As shown in Table 8.2, the mDP of seed proantho-
cyanidins increased after the distillation process reaching an average
value of about 20 in POST sample starting from a detected value of
about 9 in PRE sample. Similarly, the mDP of skin proanthocyanidins
reached after the distillation a value of about 27 in POST sample start-
ing from a value of about 19 in PRE sample.

8.10.9.8 Fatty Acid Content The oil contents and the fatty acid com-
position of grape seeds are given in Table 8.3. The oil contents ranged
from 9.72% (PRE) to 10.56% (POST) (Gokturk Baydar and Akkurt
2001; Beveridge et al. 2005). The major fatty acid in grape-seed oil
was linoleic acid (about 71%). The fatty acid contents of the grape-seed
oils showed the following values: about 0.10% for myristic, 7.40% for
palmitic, 0.12% for palmitoleic, 4.40% for stearic, 16.10% for oleic,
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®

Figure 8.9 Seed oil extracted from PRE (left) and POST (right) samples.

71.30% for linoleic, 0.40% for linolenic, and 0.18% for arachidic acid.
These percentage values were reported in both oils (from PRE and
POST seeds) showing no significant differences. In this case, consid-
ering data reported, the distillation process did not seem to signifi-
cantly affect the fatty acid composition of extracted oils (Figure 8.9).

8.10.9.9 Antiradical Activity Antiradical activity of grape seeds and
skins extracts was evaluated as inhibition percentage of DPPH radi-
cal. The lower inhibition percentage highlighted in skin samples was
21.86 = 1.97, reported for the PRE; the highest one was 33.96 + 1.42
for the POST. Among seeds, the lowest percentage of inhibition was
66.85 = 3.71 for the POST sample and the highest was 87.95 + 4.25
tor the PRE sample.

8.11 Discussion

The high concentrations of bioactive compounds and the variation
of their concentrations among different parts of grape pomace show
the importance of analyzing in depth this wine making by-product
as a good and economically viable source of natural molecules. The
recovery of different bioactive compounds from grape pomace is an
important challenge for the field-related scientists and the industry,
resulting a complex approach that depends on several parameters


http://www.crcnetbase.com/action/showImage?doi=10.1201/b19423-9&iName=master.img-010.jpg&w=240&h=179

FUTURE PERSPECTIVES 335

(e.g., compounds variety and the chemical complexity of the matrices).
In this perspective, this study was structured and thus evaluating the
potential degradation grade of bioactive compounds caused by the
drastic conditions of the distillation process toward grape pomace.
There are two typical distillation methods: the first, continuous, finds
its application in the industrial production of grappa and the second,
discontinuous, used by small distillers. In the continuous distillation
method, the pomace is constantly introduced in a big column passed
through, from the bottom to the top, by a flow of hot steam at a con-
stant temperature. The steam rising to the top becomes rich in alcohol
and, when condensing, generates an alcoholic mixture. The distilla-
tion process results substantially realized under the same conditions,
so achieved a standard product with good chemical characteristics.
On the contrary, the discontinuous method implies an intermittent
alimentation of the distiller with a pre-established quantity of pom-
ace and, consequently, resulting in an intermittent separation and
extraction of the distillate. The pomace is warmed up with increas-
ing temperatures from the beginning to the end of operations. The
management of the distillation is completely different in the two sys-
tems earlier described, especially considering the time during which
the pomace remains exposed to high temperatures. The continuous
method generally takes 10-15 min at 90°C-95°C, while the discon-
tinuous one takes 30—40 min reaching the same temperatures for the
distillation of each batch loaded into the boiler. Considering this,
we decided to utilize the discontinuous methods in this study as the
greater time of high temperature exposure in order to characterize the
pomace degradation caused by the drastic conditions of the distilla-
tion process. Overall, looking at the values detected and reported in
Table 8.1, distilling at 95°C for 40 min resulted in about 1% reduc-
tion for seeds and about 23% increase for skins in extractable pheno-
lic compounds, respectively. The matrix of grape by-products (seeds
or skins) might also influence the effect of heat treatment on grape
bioactive compounds. About seeds, protocatechuic acid, catechin, and
caftaric acid showed the greatest reduction. The decrease for different
compounds obtained could be justified since these phenolics are pres-
ent in a free form and, therefore, more susceptible to the distillation
process (Davidov-Pardo et al. 2011; Travaglia et al. 2011). Moreover,
considering oligomeric and polymeric seeds flavan-3-ols, the drastic
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conditions of the distillation process have reduced by approximately
50% the extractable content of this group of compounds, thus reducing
also the antioxidant activity of grape seeds POST (Table 8.2) (Kim
et al. 2006). In the case of skins, heating process increased catechin
(>1500%), epicatechin (>300%), and epicatechin gallate (>2300%) con-
centrations (Table 8.1). Moreover, gallic acid was detected after the
distillation (also other hydroxybenzoic acids), thereby proving that its
release may come from the excision of the gallate group attached to the
C-ring of the flavonoids or from the hydrolysis of gallotannins present
in grape pomace. These modifications indicate that distillation process
seems to change from more highly polymerized molecules to relatively
less polymerized molecules because of the breakdown of polymerized
flavan-3-ols during the treatment. This effect could be due to the abil-
ity of heating process in releasing these molecules generally bound
to various cell wall components such as arabinoxylans and proteins
(Pinelo et al. 2006). On the other side, proving the complexity of these
matrices, previously studies have also demonstrated that polymeric
flavan-3-ols may bind irreversibly to cell wall polysaccharides through
hydrogen bonding and/or hydrophobic interactions, and therefore,
not all compounds may get converted into monomers and lower-level
oligomers (Renard et al. 2001; Nunan et al. 1998). Between seeds and
skins, a similar behavior emerged about epicatechin gallate and quer-
cetin content: in both cases, heating process significantly increased the
content of these two compounds. Anthocyanins chemical stability is
the core theme of many recent researches due to their several potential
applications, beneficial effects, and their use as alternative to artificial
colorants in foods. Heating process strongly decreased anthocyanins
concentrations (e.g., malvidin-3-O-glucoside reduced its concentration
of about 90%). Current knowledge indicates that in general high tem-
perature treatments can affect the levels of anthocyanins in fruit and
vegetable food products and both magnitude and duration of heating
has a strong influence on stability (Sadilova et al. 2006; Patras et al.
2009). However, conversely to other phenolic compounds, antho-
cyanins content decreased after distillation (generally 10-fold lower
in POST skins), proving that the high temperature applied on the
matrix caused both a degradation and a less extractability of these
molecules in grape skins. Eight fatty acids were detected in the grape
seed samples (Table 8.3). The percentage values detected in both oils
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(from PRE and POST seeds) did not show significant differences. In
this case, considering data reported, the distillation process applied
did not seem to significantly affect the fatty acid distribution of
extracted oils. However, to better evaluate the thermal impact toward
the oil, the oxidation index (OI) was determined (Gordon and Roedig-
Penman 1998). In addition, in this case, PRE and POST samples did
not show significant difterences with a value of 0.087 = 0.002 and
0.090 + 0.003, respectively. Distillation process changed the antiradi-
cal activity of both seeds and skins. Heating significantly decreased
the seeds activity (even remaining higher than that of the skins) by
resulting in about 25% reduction. Conversely, skins activity increased
to around 50% compared to PRE sample. Looking at related previous
studies, there are debatable results in this aspect. A reduction in the
antioxidant activity has been reported drying at temperature higher
than 100°C and after sterilization of seed extracts (Kim et al. 2006).
Conversely, an increase on the radical scavenging activity has been
reported in roasted seeds (Kim et al. 2010). Due to different interac-
tions, polyphenols may behave differently in mixture than when they
occur individually. Defining the apparent thermal stability results is
not easy, because there are many compounds involved in and some
of them may be increased, while the others decreased. However, this
behavior could partially be related to the flavan-3-ols content detected
in the samples. In seeds, the process has reduced by approximately
50% (about 7 g/kg DM) the extractable content of this group of com-
pounds, thus proving a lower antiradical activity of POST sample.
In skins, gallic acid, catechin, epicatechin, and epicatechin gallate
strongly increased their concentrations, so proving a higher activity.

8.12 Conclusions

'The conclusion from this study is that despite the degradation caused
by the drastic conditions of the distillation process, many interesting,
valuable compounds are still present in the extract from the waste of
this process, which make it a useful matter for a better exploitation
than as fertilizer or for producing renewable energy. The variety of ten-
tatively identified compounds in the extracts makes them exploitable
as additives in the food industry (either as colorants, as flavor modifiers
or as antioxidants), and in the cosmetics and nutraceuticals industries.
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Electrical conductivity (EC) of
water, 220
Electrodialysis, 60, 100
EMAS II, see Eco-Management and
Audit Scheme
Emergency procedures
flipchart, 208
Energy management, 201, 250, 253
Enocyanin, 122, 160
Ensiling, 127
Environment
biodiversity conservation,
263-264
impacts
of wine production, 232-234
of winery waste
constituents, 219
sustainability assessment of
winegrowing activity in
France, 248-249
and waste management
challenges for, 3-5
pollution, 118
Environmental Conservation Act
(South Africa), 217
Environmental Impact Unit
(EIU), 251
Environmental monitoring program,
218, 220
Environmental risk
assessment, 240
Environment Protection Act
(Australia), 218
Environment Protection Authority
(EPA), Australia, 218,
220-221, 233-234
Environment protection policies

(EPPs), 218
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Enzymes, 4
for grape-seed oil extraction, 173
in wine making, 42
EPA, see Environment
Protection Authority,
Australia
Epicatechin, 46, 81
Epigallocatechin—phloroglucinol
(EGC-P), 330
EPPs, see Environment protection
policies
Escherichia coli, 162
ESP, see Exchangeable sodium
percentage
Ethanol
for grape-seed oil extraction,
171,173
level in supercritical fluid
extraction, 151
oxidative damage of, 168
for phenolic extraction, 148-149
production, 132-134
Ethyl acetate, for phenolic
extraction, 149
Ethyl esters, 132
EU, see European Union
Europe
wine policy, 2008 reform, 240
wine regulations, 234-236
European Commission
legislation related to wastewater
management, 210214
purpose of, 211
European Community
regulations, 135
European Food Safety Authority
(EFSA), 317-318
European Union (EU)
environmental regulations, 200
vineyards in, 9
waste management
bio-waste, 216
community legislation, 214-217
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Council Resolution of 24
February 1997, 214
turning waste into resource,
209-210
waste hierarchy, 215
withdrawal of by-products,
216-217
European Waste Catalogue
and Hazardous Waste
List, 216
Eutrophication, 219
Exchangeable sodium percentage
(ESP), 220
Exporters, wine, 1617

F

Fatty acid methyl esters (FAMEs),
325-326
Fatty acids, 90-91, 93
contents, 332-335
extraction, 323
in grape seeds, 131-132
in sherry wine lees, 93
Fermentation, 177; see also Alcoholic
fermentation
by-products, 174-175, 284-286
lees after, 257
malolactic, 52-54
solid-state, 132, 174-175
Fertilizers, 129-130, 243, 256
vineyard, 34
wine solid residues as, 118
Filtration, 61-62
Finger Lakes Grape
Program, 260
Fining, 59-60
Flavan-3-ols, 46, 77, 156, 328-329
polymers, and anthocyanins, 94
structures of constitutive units
of, 159
Flavonols, 77, 136, 156, 329
Flavor of wines, 53
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FNTYV, see National
Federation TerraVitis,
France
Foliage management, vines, 34
Food
applications of wine making
by-products
grape-seed oil, 171-173
health applications,
167-169
ingredients, 166
meat products, 169-171
phenolics, 155-166
colorants, 160
processing
by-products, 1-2
in Europe, 238
waste, 4-5, 199-202
FOS, see Fructooligosaccharides
Fourier transform ion cyclotron
resonance (FTICR)
method, 297
France
environmental sustainability
assessment of
winegrowing activity
in, 248-249
wine regulations in, 235
Frankfurters, use of grape-seed oil
in, 170
Freeze-drying, 311
Fructooligosaccharides (FOS),
298, 301
Fructose, 37
Fruit and vegetable waste
(FVW), 202
Fruit processing, 4
FTICR, see Fourier transform
ion cyclotron resonance
method
Fungi, filamentous, 4
Fusarium, 4
FVW, see Fruit and vegetable waste

INDEX

G

Galactooligosaccharides (GOS),
294-295, 298
Gas separation membranes, for CO,
recovery, 102
Gastrointestinal parasitism, 129
Gelatin-based fining, 60
Germany
sustainability schemes in, 234
wine market, 19-20
Glass recycling/reuse, 207
Glucose, 37, 176
GOS, see Galactooligosaccharides
GP, see Grape pomace (GP)
Grape and Wine Research and
Development Corporation
(GWRDC), 264-265

Grape juice, antiviral activity

of, 164
Grape pomace (GP), 38-39, 45-46,
75, 84-86, 155

adhesive applications of, 174

as animal feed, 124

anthocyanins, 329-330

antimicrobial activity of, 162

antiradical activity, 326, 334

biosorbent activity of, 173-174

composting, 130, 204

conventional solvent extraction
methods for extraction
of polyphenols from,
140-143

dietary fibers in, 166

digestibility of, 124, 127

distillation

methods, 325-336
process, 322-323

distilled alcoholic beverages, 321

ensiling of, 127

ethanol production from,
132-134

exploitation, 317-318, 320
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extracts, phenolic profile of,
87-88
FAMEs, 325-326
fatty acids
contents, 332-335
extraction, 323
flavan-3-ols, 328-329
flavonols, 329
grape skins, 319
HPLC phloroglucinolysis,
330-332
hydroxybenzoic acid, 328
hydroxycinnamic acids, 328
nutritional value of, 124, 127
phenolic compounds
contents, 326328
extraction, 323-324
proanthocyanidin analysis,
324-325
production, 320
red grapes, 124, 150-151
role in butanol production, 133
seeds, 319
spirits, 321
statistical analysis, 326
tartaric esters, 328
use in brick production, 174
use in meat products, 170
utilization of, 119-121
vine leaves, 319
vine shoots, 318
vinification lees, 320
white grapes, 124, 135
wine industry waste, 321
Grapes
average yield, 272
by-products
biological importance, 277
fermentation, 284-286
pomace, 84-86, 277-278
seeds (see Grape-seed extracts

Grape-seed oil; Seeds,
grapes)

skins (see Skins, grape)
stems, 83-84, 284
tartaric acid, 284
composition, 273-274
consumption, 271-272
natural antioxidant, 272
phenolics in different fraction of,
157-158
prices, 276
uses, 272
Vitis vinifera
for wine making
berries, 35-37
by-products, 38-39
climate, 33
good practices, 33-35
growing, 30-31
pruning waste, 37-38
pulp structure and
components, 44
slope, 33
soil, 32
terroir, 31
world production, 271, 274-276
Grape-seed extracts (GSEs), 156
antimicrobial activity of, 162, 164
as food ingredients, 166
health applications of, 167-169
molluscidal/insecticidal activities
of, 173
use in meat products, 170-171
Grape-seed oil, 46, 86-91, 158,
171-173
cosmetic applications of, 174
extraction yield of, 131
health applications of, 168
oil content of seeds, 90
use in meat products, 169-170
Grappa, 134-135, 155
Green campaigns, 230
Greenhouse gas emissions, of
wineries, 256
Green production, 4, 119, 201
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GSEs, see Grape-seed extracts
GWRDC, see Grape and
Wine Research
and Development
Corporation

H

Haemonchus contortus, 128

Harvest, grape, 40—41, 244

Hawke’s Bay Winegrowers
Association, 252

Health applications, of by-products,
167-169

Health supplements and extracts,
156-160

Heavy lees, 92

Hemicellulosic sugars, 38

Heterocyclic aromatic amines, in
beef patties, 170-171

Hexane, for grape-seed oil
extraction, 171-172

High voltage electric discharge
(HVED), 152-153

Hills, vineyards in, 33

H,0,, 105

Honest Significant Difference
test, 326

Horizontal membrane presses, 43

Horizontal plate presses, 43—44

Horseradish peroxidase (HRP),
105-106

Hot water extraction, 148

Household waste, reuse and
recycling of, 216

HPLC phloroglucinolysis,
330-332

HRP, see Horseradish peroxidase

HVED, see High voltage electric
discharge

Hydro-alcoholic solvents, for
phenolic extraction, 148

Hydrogen peroxide, 105-106

INDEX

Hydroxybenzoic acid, 328
Hydroxycinnamic acids, 35-36, 328

I

Importers, wine, 17-19
Inactivated dry yeasts (IDY), 50-51
INDIGO® method, 249
Industrial biotechnology, 2
Industrial economy, and wine
making, 75-76
Inoculation, 50
Insoluble dietary fiber, 304
Integrated farming, 248-249
Integrated pest management (IPM),
251, 255
Integrated Production of Wine
(IPW) scheme, South
Africa, 217-218, 234,
255-256
International Organization for
Biological Control (IOBC),
238, 254
International Organization of Vine
and Wine (OIV), 6, 9,
235-237
mission, 237-238
resolution CST 1/2004,
238-239, 246
resolution CST 1/2008, 238-245
Scientific and Technical
Committee, 238, 246
Strategic Plan (2012-2014), 245
International Standard Organization
(ISO) certification, 264
Inulin, 300
IOBC, see International
Organization for Biological
Control
Ion exchange, 100
Ton exchange resins, 60
IPM, see Integrated pest

management



IPW, see Integrated Production

of Wine scheme, South

Africa
Irrigation techniques, 243, 256
ISO, see International Standard
Organization (ISO)
certification
ISO 14001, 234, 259, 264
Italian spirit production, 134
Italian wine industry, 246248
Tergeo program, 247
V.IV.A. Sustainable Wine
project, 247

J

Joint stakeholder platforms, 3

K

Kinetics, fermentation, 49-51

L

LAB, see Lactic acid bacteria
Laccase, 156, 158, 175
Lactic acid, 175-176
Lactic acid bacteria (LAB),
52-53,133
Lactobacilli, 54
Lactobacillus spp., 52
L. brevis, 134
L. pentosus, 175-176, 284
L. plantarum, 134
L. rhamnosus, 55
Lactococcus lactis, 175
Lactosucrose, 299
Lactulose, 299
Lake Erie Regional Grape
Program, 260
Landfills, 214-215
Landscape, vineyard, 232,
241, 250

INDEX
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LCA, see Life cycle assessment
Leaves
Leaves, vine, 176, 319
Lees, 54-56, 75-77, 121
after fermentation, 257
anthelmintic activity
of, 128-129
elemental composition
and physicochemical
characteristics, 92
ethanol recovery from, 133
grappa production from, 134
yeast
protein compounds and
phenolic compounds, 94
soluble components, 92-93
Life cycle assessment (LCA), 201
LIFE HAproWINE project,
249-250
Light lees, 92
Lignins, 43, 46, 83-84, 318
Lignocellulose biorefinery, 305
Linoleic acid, 91
Lipids
addition during fermentation, 50
in lees, 93
oxidation, 156, 168,
170-171, 278
Liposomal encapsulation,
of grape-seed extract, 170
Liquid-liquid extraction, 164
Liquid-to-solid (L/S) ratio, in
phenolic extraction, 147
Liquor Products 1989 (South
Africa), 255
LISW, see Long Island Sustainable
Winegrowing
Lithium compounds, adsorption of
CO, with, 102
LIVE, see Low Input Viticulture
and Enology program
Livestock production, waste, 3
Lodi Rules program, 251-252
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Lodi Winegrape Commission
(LWC), 251-252

Long Island Sustainable Practices
Workbook, 260

Long Island Sustainable
Winegrowing (LISW),
260-261

Lori-Bakhtiari lamb feed, grape
pomace in, 127

Low Input Viticulture and
Enology (LIVE)
program, 254

L/S, see Liquid-to-solid ratio, in
phenolic extraction

L-(+) tartaric acid, 99

LWC, see Lodi Winegrape
Commission

Lymnea cailliaudi, 173

M

Maceration, 51-52, 86
MAE, see Microwave-assisted
extraction

Magnesium, role in fermentation, 51

MALDI, see Matrix-assisted laser
desorption ionization
Malic acid, 35, 37, 44
Malolactic fermentation (MLF),
52-54
Mannoproteins, 48, 56, 60—-61, 94
Manto Negro grape by-products,
84, 166
Manure, 3
Marec, grape, 45-46, 75-77
cell wall, 45
composts, 207
conventional solvent extraction
methods for polyphenols
extraction, 140-143
grappa production from, 134
protein content of, 128, 175
Marcus Cato, 5

INDEX

Mash cooler, 42
Mass spectrometry, 296
Matrix-assisted laser
desorption ionization
(MALDI), 297
Maturation, wine, 56
McLaren Vale Grape Wine and
Tourism Association
(MVGWTA), 262
Pest and Disease Code of
Conduct, 262
Soil Management, Water
Management, and

Preservation of Biodiversity

Codes, 262
McLaren Vale Sustainable
Winegrowing Australia
(MVSWGA) program,
262-264
Meat products, 169-171
Mechanical pressing, of grape
seeds, 171
Mediterranean basin (wine), 318
Merlot, 75, 136
Metal ions, role in
fermentation, 51
Metatartaric acid, 61
Methane
emissions, 128, 200
production, 132-133
Methanol
content in spirits, 135
for grape-seed oil extraction,
171,173
for phenolic extraction,
148-149
Methoxypyrazine compounds, 37
Methyl esters, 132
Microbiological stabilization, 58
Microfiltration, 58
Microorganisms, cultivation from
food waste, 4
Micro-oxygenation, 56, 58



INDEX

Microwave-assisted extraction
(MAE), 153-154

Microwave radiation, 302

MLEF, see Malolactic fermentation

Moisture content of lees, 92—-93

Monascus purpureus, 175

Monensin, 128

Monounsaturated fatty acids, 90

Mulching, 38

Musts, 41-42, 44, 49

MVGWTA, see McLaren Vale
Grape Wine and Tourism
Association

MVSWGA, see McLaren Vale
Sustainable Winegrowing
Australia program

N

National Association of
Testing Authorities
(NATA), 220

National Environmental
Management Act (South
Africa), 217

National Environment Protection
(Assessment of Site
Contamination) Measure
1999, 220

National Federation TerraVitis
(FNTV), France, 248

National Water Act (South
Africa), 217

Natural preservatives, phenolics
as, 164

Natural resource management,
240-241

Nebbiolo, 257

Nerium indicum, 301

Neurospora, 4

New York State’s sustainable
viticulture program, 260

New Zealand
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SWNZ, 206-209, 233, 252-254
waste management in, 206
emergency procedures
flipchart, 208
glass recycling, 207
wastewater management,
208-209
New Zealand Government Waste
Minimization Act, 206
New Zealand Winegrowers
Code of Practice for
Management of Winery
Waste, 206
Nitrogen, in lees, 92
NMR, see Nuclear magnetic
resonance technique
Nonanthocyanin phenolics, 94
Nondigestible disaccharides, 297
Non-flavonoids, 77, 80, 154
Non-food applications, of
by-products, 173-174
Nuclear magnetic resonance (NMR)
technique, 296
Nutrients
addition during fermentation, 50
composition, in wine making
by-products, 77-80
content of wine waste used for
animal feed, 125
NYS Agricultural Environmental
Management (AEM)
worksheets, 260

(@)

Oak barrel aging technology,
56-57

Oak chips/shavings, 51

Obesity, grape-seed extracts for, 167

Oenococcus oeni, 52

Oil, see Grape-seed oil

OlV, see International Organization
of Vine and Wine
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Oleuopein, 176
Oligosaccharides; see also
Polysaccharides
animal milks, 296
definition, 296
food industry, 297-298
FOS, 298-300
glycosyl and linkage analyses, 296
GOS, 298-300
human milks, 296
lactosucrose, 299
lactulose, 299
MALDI, 297
nondigestible carbohydrates,
298-299
physiological effects, 30
prebiotic activity, 296 (see also
Prebiotic oligosaccharides)
production
acid hydrolysis, 301-302
enzymatic hydrolysis, 302-303
physical hydrolysis, 303
properties, 298
purification, 303-304
saccharide compounds, 297
structure—function
properties, 296
wine, 294-295
XOS, 300
Organic acids, 166
Organic compounds in wastewater,
103-104
Organic farming
definition, 228
parasitism in, 129
Organic solvents, for phenolic
extraction, 148
Organic winegrowing, 228
Organization Internationale De
La Vigne Et Du Vin, see
International Organization
of Vine and Wine (OIV)
Oxygen, for fermentation, 50

INDEX

P

Packaging materials, recycling
of, 245
PAC:s, see Proanthocyanidins
Parasitic gastroenteritis, 129
PEAS, see Pesticide Environmental
Assessment System
Pecticoligosaccharides (POS),
298, 301
Pectin methylesterase, and methanol
concentration, 135
Pectin polysaccharides, 84
Pectins, 166
Pediococci, 54
Pediococcus spp., 52
PEF, see Pulsed electric field
Penicillium, 4
P. chrysogenum, 174-175
P. citrinum, 174-175
Pesticide Environmental Assessment
System (PEAS), 251
Pest management, vines, 35
Pharmaceuticals, 122
Phenolics, 77, 84
antibacterial/antifungal activities
of, 162-164
anti-influenza virus
activity, 165
antioxidant activity of, 122,
160, 162
antiviral activity of, 164-166
bioactivity of, 160
biological properties, 161
contents, 326—328
in different fraction of grapes,
157-158
extraction of, 51-52, 136,
323-324
novel conventional
technologies for bioactives
extraction, 151-154
sample pretreatment, 143, 147
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size reduction, 147
solvent-to-sample ratio, 147
time and temperature,
149-151
types of solvents, 148-149
health supplements and extracts,
156-160
inhibition effects against
microorganisms, 163
in lees, 94
profile of Pinot Noir lees extracts,
93, 95-96
profile of Riesling lees extracts,
93,97-98
in wastewater, 103-104
and yeast lees, 94
Phomopsis viticola, 38
Physical stabilization, 58
Physicochemical treatment of
winery wastewater, 104
Phytoalexins, 81
Phytochemicals, 5, 81, 155, 158
Phytosanitary protection,
243-244
Pinot Gris, 75
Pinot Meunier, 85
Pinot Noir, 81, 85-86, 89
grape pomace, 124
lees, 93, 95-96, 128-129
Pint Noir, 75
Pkatsiteli grape-seed oil, 91
Plant-based waste, 2-3
Plug seedling production, use of
grape waste in, 130
Plunging, in red wine
making, 51-52
Pollution
fertilizer-induced, 34
food waste-oriented, 4
water, 210
Polyethylene glycol, 127
Polyphenols, 46, 55, 85, 89, 94, 124,
294; see also Phenolics
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antiviral activity of, 165
extraction
emerging technologies,
145-146
from grape pomace/marc,
140-143
from grape seeds, 137-139
from grape skins/stalks, 144
high voltage electric discharge,
152-153
microwave-assisted extraction,
153-154
pulsed electric field, 152-153
supercritical fluid extraction,
151-152
ultrasound-assisted
extraction, 152
health applications
of, 167-168
hyperglycemic activity of, 169
stability of, 151-152
Polysaccharides, 56, 77, 92,
154,294
enzymatic depolymerization, 302
extraction, natural sources,
300-301
nondigestible
carbohydrates, 298
wines, 294
Polyunsaturated fatty acids, 90
Pomace, see Grape pomace
Pork sausage, use of grape-seed oil
in, 169-170
POS, see Pecticoligosaccharides
Positive Points System (PPS), 254
Potassium bitartrate, 60, 99
Potassium hydrogen tartrate, 60
Potassium metabisulfite, 135
PPS, see Positive Points System
Prebiotics, definition, 296
Pre-fermentation, 41-43
by-products, 42—43

maceration, 51
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Pressing
by-products, 45-46
methods, 43—45
Proanthocyanidins (PACs), 46, 77
analysis, 324-325
antiviral activity of, 165
extraction of, 149, 151
health applications of, 167-169
Procyanidins, 46, 160, 175, 278
extraction of, 148
health applications of, 167-168
Prodelphinidins, 175
Protease A, 91-92
Protected Harvest, 251
Protein-based fining, 59-60
Protein compounds, in lees, 94
Proteins, 294
Pruning, vine, 34, 80-82, 129, 207
waste, 37-38
winter, 80, 243
Pullulan, 122
Pulsed electric field (PEF),
152-153
Pump overs, in red wine making,
51-52
Pyrazines, 37

R

Racking, 92-93
Recycled water, definition, 209
Red grape pomace, 124, 150-151
Reduce, reuse, and recycle,
203, 207
Red wine
antiviral activity of, 164
making
anthocyanins, 94
flowchart, 40
maceration, 51

malolactic fermentation, 52-54

pressing, 43
reactions, 57

INDEX

stabilization, 59
temperature conditions, 50
Refining, crude oil, 134
Regulation (EC) 1924/2006, 213
Residual polyphenols, 308
Resources
natural resource management,
240-241
turning waste into, 209-210
Response surface
methodology, 152
Resveratrol, 80-81
antiviral activity of, 165-166
health applications of, 167
Reused water, definition,
208-209
Riesling, 75, 93, 97-98
Ripeness, of grapes, 40—-41
Ripening of grape berries,
36-37
Romanian Spotted cow feed, grape
pomace in, 128
Rootstocks, vine, 34
Ruby Red, 91
Rumen acidosis, 128

S

Saccharomyces
S. bayanus, 132
S. cerevisiae, 47, 91, 132,
134,303
Salinity of drinking water, 220
Sand bioreactors, 63
SAR, see Sodium adsorption ratio
Saturated fatty acids, 90
Sauvignon Blanc, 75
Sauvignon musts, 50
SCFE, see Supercritical fluid
extraction
Secoiridoids, 176
Secondary fermentation, see
Malolactic fermentation
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Seeds, grape, 46, 75, 85-91, 319
antimicrobial activity, 278
conventional solvent extraction
methods for polyphenols
extraction, 137-139

de-oiling of, 143, 147

dietary intake, 278

nutraceutical market, 281

nutritional value of, 124

oil, 278-280

phytochemicals, 282

potential income, 280

procyanidins, 278

separated from pomace, 131

structures of constitutive units of
flavan-3-ols in, 159

tannins in, 136

utilization of, 121

world production, 281

Sherry wine lees, fatty acid

composition of, 93

Shiraz, 75, 128

Single-cell protein, 128

SIP, see Sustainability in Practice

program

Skin contact, in wine making, 42, 51

Skins, grape, 46, 75, 85-86, 120,

122, 282-284, 319
conventional solvent extraction
methods for extraction of
polyphenols from, 144
extracts, health applications,
168-169
for making boards, 174
nutritional value of, 124
phenolics in, 160
phytochemicals in, 158
structures of constitutive units of
flavan-3-ols in, 159
tannins in, 136

Slope, for growing grapes, 33

Sludge, wine, 129, 207

Sodicity, 220
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Sodium adsorption ratio
(SAR), 220
Soil, vineyard, 32, 34, 243
Soil erosion, prevention of,
255-256
Solid-liquid extraction, 152
Solid-state fermentation, 132,
174-175
Solid-state fungal fermentation, 46
Solid waste
management, in California,
205-206
treatment of, 241-242, 256
Solid wine by-products, 121
Solvents
extraction, 100
for phenolic extraction, 148-149
Solvent-to-sample ratio, for phenolic
extraction, 147
South Africa
Integrated Production of Wine
program, 234
sustainable winegrowing in, 234
waste management in, 217-218
Soxhlet extraction, 164, 173
Spanish Law 10/1998, 76
Sparkling wine, 9, 16
Spirits, 135, 321
Spontaneous fermentation, 47
Spur pruning, 80-81
Squalene, 173
SSs, see Suspended solids
Stalks, 43, 75, 121, 128, 174-176
conventional solvent extraction
methods for polyphenols
extraction, 144
nutritional value of, 124
tannins in, 136
use in composts, 129-130
Staphylococcus aureus, 162
Stems, grape, 39, 83-84, 119
Sterols, 51
Stilbenoid compounds, 166
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Straw, 3
Streptococcus mutans, 162
Stuffed grape leaves (dish), 178
Summer pruning, 80
Supercritical fluid extraction
(SCFE), 151-152, 171
Suspended solids (SSs), 200, 202
Sustainability
CSWP, 256-260
definition, 228
environmental impact of wine
production, 232-234
European wine regulations,
234-235
France, environmental
sustainability assessment in,
248-249
IPW scheme, 255-256
Italian wine industry, 246-248
LIFE HAproWINE project,
249-250
LISW, 260261
LWC and Lodi Rules program,
251-252
MVSWGA program, 262-264
New York State’s sustainable
viticulture program, 260
OIV, 235-238
principles, 231, 258
SWNZ, 252-254
UKVA, 264-265
VineBalance, 260
WOC Sustainability Program,
261-262
Sustainability in Practice (SIP)
program, 254
Sustainable vitiviniculture
definition, 238
development of, 238-239
guidelines for, 239-245
environmental risk
assessment, 240
harvesting, 244

INDEX

natural resource management,
240-241
phytosanitary protection,
243-244
recycling of packaging
materials, 245
vineyards, 242243
waste management, 241-242
Sustainable waste management, 2
Sustainable water
management, 253
Sustainable winegrowing, 228-232;
see also Sustainability
best practices, 230
definition, 231
programs, 233
Sustainable Winegrowing
New Zealand (SWNZ),
206209, 233, 252-254
Syrah, 164

T

TA, see Tartaric acid
Tannase, 127
Tannins, 36-37, 77, 86, 118, 124,
127,158, 175, 294
oxidation of, 105-106
role in animal health, 128
Tartaric acid (TA), 35, 42, 55,
99-101
in lees, 93
recovery, 100
Tartaric esters, 328
Tartaric stabilization, 60—-61
Tartrates, 166
TDS, see Total dissolved salts,
in drinking water
Temperature
fermentation, 49-50
for growing vines, 33
of phenolic extraction, 149-151
pre-fermentation, 42



Tergeo program, 247
Tergeo Scientific Committee, 247
TerraVitis®, 248
Terroir, 31
Thermal insulation boards, 174
Thermophilic anaerobic
digestion, 133
Time, of phenolic extraction,
149-151
TOC, see Total organic carbon
Tocols, in grape-seed oil, 172-173
Tocopherols, 91
Total dissolved salts (T'DS), in
drinking water, 220
Total organic carbon (TOC),
104, 219
Total suspended solids
(TSS), 220
Tourist-oriented approach, in
marketing, 230
Trametes
T pubescens, 175
T versicolor, 43
Transesterification, biofuel, 132
Trellising system, of vines, 34
Triacetin, 129
Trichoderma
1. harzianum, 174-175
T reesei, 175
Trilinolein, 91
Triple-bottom line approach,
233,263
Tsigai lamb feed, grape pomace in,
127-128
TSS, see Total suspended solids
Turbidity of wine, 50, 61
Tyrosol, 80

U

Ultrasound-assisted extraction
(UAE), 152, 173
Unione Italiana Vini (UIV), 247

INDEX

363

United Kingdom
UKVA, 264-265
wine market, 19
United Kingdom Vineyard
Association (UKVA),
264-265
United Nations Commission
on Environment and
Development, “Our
Common Future”
report, 232
United States, wine market, 19
University of Montpellier
(France), Integrated
Wine Production
study, 234

v

Vaccinium vitis-idaea, 165
Vanillin biotechnological
production, 309
Vegetable processing, 4
Vermicomposting, 130
Vertical presses, 43
VineBalance’s New York Guide to
Sustainable Viticulture
Practices Grower Self-
Assessment Workbook, 260
Vines, 5
cultivation of, 34-35
leaves, 176, 319
pest management, 35
pruning, 34, 37-38, 80-82, 129,
207, 243
rootstocks, 34
shoots, 318
temperature for growing, 33
trellising system, 34
Vine training system, 243
Vineyards
establishment of, 242-243
waste management, 207
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Viniferin, 81
Viticulture, 5
Vitis
V. berlandieri, 29
V. labrusca, 89, 168
V. riparia, 29
V. rupestris, 29
V. vinifera, 29, 35, 51, 75, 81,
89, 271
Vitiviniculture
leading producers, 7
production potential
European Union, 9-10
outside European
Union, 9-11
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