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Summary

Recently, there has been an upsurge in the exploitation of the waste materials generated by

the wine industry. Wine waste is characterised by the presence of natural antioxidants
much safer than synthetic antioxidants. Wine waste-derived antioxidants have been
recently used in the food industry. Moreover, wine waste can be potentially used as soil
conditioner, as adsorbent for heavy metals, for fertiliser and for pullulan production. This
review aims at presenting the most important and economically viable applications of

treated wine waste.

Keywords

Introduction

Nowadays, there is a growing interest in the
exploitation of the residues generated by the wine
industry. In particular, winery wastes could be an
alternative source for obtaining natural antioxi-
dants, which are considered completely safe in
comparison with synthetic antioxidants. More-
over, wine waste can be potentially used as soil
conditioner or for fertiliser production. Further-
more, in this review, their utilisation as adsorbent
and for pullulan production is described. Table 1
summarises both uses and end by-products of
winery wastes.

Grape pomace represents a rich source of
various high-value products such as ethanol,
tartrates and malates, citric acid, grape seed oil,
hydrocolloids and dietary fibre. Moreover, grape
pomace is characterised by high-phenolic contents
because of poor extraction during winemaking,
making their utilisation worthwhile and thus
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Adsorbents, fertiliser production, natural antioxidants, wine waste.

supporting sustainable agricultural production.
(Kammerer et al., 2004).

In recent years, the use of grape seed extracts
(GSE) has gained ground as a nutritional supple-
ment in view of its antioxidant activity (Gonzalez-
Paramas et al., 2004). The by-products obtained
after winery exploitation, either seeds or pomaces,
constitute a very cheap source for the extraction of
antioxidant flavanols, which can be used as dietary
supplements, or in the production of phytochem-
icals, thus providing an important economic
advantage (Alonso et al., 2002; Negro et al.,
2003; Gonzalez-Paramas et al., 2004).

Extensive research has demonstrated that many
biodegradable organic wastes can be composted in
a convenient and economical way. Composting of
organic matter is a simple and efficient manner of
transforming agro-industrial wastes into the prod-
ucts suitable for use as soil conditioners (Ferrer
et al., 2001). Different substrates such as tomatoes
waste, cork residues, olive husks and tannery
sludge for composting resulted in end-products
adequate as organic fertilisers in terms of their
physical-chemical characteristics (Vallini ez al.,
1983).
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Table 1 Treatment of grape wastes, physicochemical properties and their use

2 Grape seed and  Fractionation of grape seed Phenol content
skin extracts and skin extracts from
grape waste
3 Grape waste Gasification of waste
products from grape residues
5 Pressed grape Composting of solid waste Organic matter content
skin and wastewater
6 Wine pomace Lyophilisation and Flavanol content
and grape seeds extraction of flavanols
7 Grape marcs, Lyophilisation and Polyphenolic content
stalks and dregs extraction of polyphenols
8 Grape skins, Acidolysis of a polymeric  Flavanol content
seeds and stems proanthocyanidic fraction
of grape pomace in the
presence of cysteamine
9 Grape seed Pre- and post-mortem use Phenol content
extract (GSE) of grape seed in feeding
experiment
10 Grape skin pulp  Fermentation by Ethanol precipitate
Aureobasidium pullulan
11 Grape seeds Solid-state cultivation by Lignocellulosic content
Trametes hirsuta
12 Grape pomace Solid-state cultivation by Pruning content, high

Final
products

Grape waste

Treatment

Composting of grape waste
and hen droppings

Pleurotus sp.

Physicochemical
characteristics

Organic matter content

Concentrations of unused

phenolic components

Uses

Fertiliser for corn
seed
Dietary supplements

for disease prevention

Gas production for
heating purpose

Fertiliser

Dietary supplements,
production of
phytochemicals

Dietary supplements

Source of flavanols

Feedstuff for dark
poultry meat

Pullulan production

Laccase production

Feedstuff for animals
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Exclusive addition of chemical fertilisers is no
longer considered the best method to feed the
plant and keep the plant pathogens under control.
Growers understand that they must add some type
of organic material to soil, whether it is compost
or another type of organic amendment. This
organic matter increases microbial biomass and
helps maintain these beneficial bacterial and fungi
populations (http://www.jgpress.com/BCArticles/
2000/070030.html). Moreover, there are economic
benefits, as the use of residues means lower costs
than those pertaining to conventional materials,
with consequent improved competition between
the user companies (Abad, 1991).

In the case of winery wastes, Diaz et al. (2002)
report that the grape marc, a primary waste of
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wine production, could be recycled as a soil
conditioner in view of its organic and nutrient
contents. Moreover, a comparison of the best
compost obtained from winery wastes with those
from other organic wastes showed that its chem-
ical values fell within the same range in most cases,
with the exception of a high-calcium value owing
to the nature of wine-making process (Soliva &
Felipo, 2002; Bertran et al., 2004).

Winery waste sludge was shown to be an
effective adsorbent for the adsorption of heavy
metals from aqueous solutions. Metal sorption
consists of several mechanisms that quantitatively
and qualitatively differ according to the metal
species in solution and the origin and processing of
the sorbent (Villaescusa et al., 2004; Yuan-shen

© 2006 Institute of Food Science and Technology Trust Fund



Uses and applications of treated wine waste /. S. Arvanitoyannis et al.

et al., 2004). It is noteworthy the fact that the
properties of winery waste are similar to those of
other adsorbents, providing it with the ability to
adsorb heavy metals (Yuan-shen et al., 2004).

Grape skin pulp should be considered as the
best substrate for pullulan production (Israilides
et al., 1998). Hot water extracts of the pulp can
serve as a good substrate for fermentation with
Aerobasidium pullulans for the production of
pullulan (Arapoglou et al., 2002). Moreover, it
was shown that the pullulan produced from
winery waste was of high-molecular weight
(4.22 x 10° and rather pure as determined by its
gel elution profile, glucose content and the number
of residues in repeating units (Israilides et al.,
1994).

Main applications/constituents to be
exploited

Polyphenol content

The phenolic compounds of wine, and particularly
the flavanols (e.g. catechins, proanthocyanidins),
have been the centre of attention of recent studies
as their relation to the beneficial effects attributed
to a moderate consumption of wine was observed.
(Renaud & De Lorgeril, 1992; Shrikhande, 2000).
These compounds have their origin in grape, and
only a part of them is transferred to the must.
Their extractability mainly depends on the em-
ployed technological conditions during vinifica-
tion (Kammerer et al., 2004). For this reason,
important quantities of phenolic compounds still
remain in the wine by-products and there is great
interest in the exploitation of this type of grape by-
products to obtain potentially bio-active phenolic
compounds (Santos-Buelga & Scalbert, 2000;
Moure et al., 2001; Ray et al., 2001).

The ‘French paradox’ initiated numerous stud-
ies focusing on the antioxidative and health-
promoting effects of plant secondary metabolites
in grapes and wine and revealing the inhibition of
human low-density lipoprotein oxidation by grape
and wine phenolics (Frankel ez al., 1995; Teissedre
et al., 1996; Kammerer et al., 2004). Furthermore,
free radicals have been implicated in over a
hundred diseases in humans, including arthritis,
atherosclerosis, advancing age, Alzheimer and
Parkinson’s diseases, gastrointestinal disfunctions,
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tumour promotion and carcinogenesis and AIDS
among others. Antioxidants are potent scavengers
of free radicals and serve as inhibitors of neoplas-
tic processes (Alonso et al., 2002). Moreover,
antioxidants have an intense anti-inflammatory
activity (Miyake et al., 1999).

Natural flavonoids can donate hydrogen to and/
or react with superoxide anions, hydroxyl radicals
and lipid peroxyl radicals, all of which can cause
lipid oxidation in vitro, leading to LDL oxidation
implicated in the development of atherosclerosis
(Shrikhande, 2000).

It is noteworthy that the winery residues could
be an alternative source for obtaining natural
antioxidants, and are considered completely safe
in comparison with synthetic antioxidants such as
butylated-hydroxyanisole (BHA) and butylated-
hydroxytoluene (BHT), compounds now largely
used in the food industry with undesirable effects
on the enzymes of human organs (Nakatani,
1997).

Because of these beneficial properties, winery
by-products are now being sold to the rapidly
growing dietary supplement industry. Table 2
provides an idea of the various grape-based
products of different origin currently available in
the US market. Table 2 shows that the grape seeds
stand for the most popular by-products of winery
wastes in the most representative market of the
world. Grape seed oil derives from the grape seeds
that are left in abundance from the wine-making
process . In a large survey published in 1993, Nash
showed that in a sample group of 56 men and
women consuming up to 3.81 cm day”!, an
amount that one can cook with, grape seed oil
had the ability to raise high density lipoproteins
(HDL) levels by 13% and reduce LDL levels by
7% in 3 weeks. The total cholesterol/HDL ratio
was reduced 15.6% and the total LDL/HDL ratio
was reduced by 15.3%, which could be significant
for those at risk of heart attack.

Grape seed oil contains vitamin E (80-120 mg
per 100 g), vitamin C, beta-carotene, 0.8—1.5%

Table 2 Number of grape-based by-products of health
relevance in the USA (Adapted from Shrikhande, 2000)

Grape seed 22
Grape extract 5
Red wine powder 7

International Journal of Food Science and Technology 2006, 41, 475-487
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unsaponifiables rich in tocopherols, steroids
(campesterol, beta-sitosterol and stigmasterol)
and several fatty acids, which are reported in
Table 3 (http://en.wikipedia.org/wiki/Grape.
seed.oil).

Furthermore, it is noteworthy that grape seeds
contain flavan-3-ols and its repeat unit including
dimers, trimers, etc., and much larger polymers,
perhaps with a degree of polymerisation from
seven to sixteen (Haslam, 1980). The structure of
seed extract is very complex, but reverse phase
HPLC provides separation of major groups such
as monomers, procyanidin oligomers and poly-
mers (Prieur et al., 1994). Moreover, Aaby et al.
(2004) reported that flavanoids are UV absorptive
and have traditionally been analysed by HPLC
with UV/visible detectors. Figure 1 represents the
relative phenolics in a GSE.

However, concentration of phenols in commer-
cial preparations is adequately represented by
total phenols by the Folin-Ciocolteau procedure
and expressed as gallic acid equivalent (Singleton
& Rossi, 1965). The concentration of total
phenolic substances, total flavanoids and their
different classes are illustrated in Table 4.

As can be seen from Table 4, the quantity of total
phenolic substances and total flavonoids contained
in the GSE was higher than that obtained from the
peel and the marc as such. Moreover, Shrikhande
(2000) reported that the total phenol ranges from
the mid-40s to mid-90s which clearly indicates that
higher numbers are the result of greater purification
of phenols from other seed substances, possibly
requiring multiple solvent extractions and precipi-
tations. Such processes are expensive, less flexible
and provide lower yields.

Alonso et al. (2002); Gonzalez-Paramas et al.
(2004) and Negro et al. (2003) have published
specific studies, regarding the antioxidant activity
of winery wastes. A general diagram based on
experimental data obtained by Gonzalez-Paramas
et al. (2004) regarding to the antioxidant activity
of GSE (winery wastes) is shown in Fig. 2.
Figure 2 illustrates the antioxidant capacity of
the extracts at different concentrations obtained
from grape seed. All the extracts had an antioxid-
ant capacity and this rose with an increase in
concentration of phenolic substances until it
reached the highest concentration determined
(160 ppm) (Negro et al., 2003).
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Table 3 Average composition of grape seed oil fatty acids
(http://en.wikipedia.org/wiki/grape.seed.oil)

Average

Common Acid percentage
name name range
Omega-6 Linoleic acid 69-78
Omega-9 Oleic acid 15-20
Palmitic acid Hexadecanoic acid 5-11
Stearic acid Octadecanoic acid 3-6
Omega-3 A-Linolenic acid 0.3-1
Palmitoleic acid 9-Hexadecenoic acid 0.5-0.7

0 5 10 15 20 25 30 min

Figure 1 Relative phenolics in a grape seed extract (GSE)
by HPLC. C, catechin; EC, epicatechin; ECG, epicatechin-
3-0-gallate; and proanthocyanidin dimers B1 (EC-C),

B2 (EC-EC), B3 (C-C) and B4 (C-EC) (Adapted from
Gonzalez-Paramas et al., 2004).

Table 4 Quantity of total phenolic substances, total flava-
noids and proanthocyanidins reported as g L™ of grape
extract and gram per 100 g d.m. in grape seeds (Adapted
from Negro et al., 2003)

Total phenols (GAE)

2.86+0.01gL™

8.58 + 0.03 g per 100 g d.m.
Total flavanoids (CE)

279+0.01gL™

8.36 = 0.04 g per 100 g d.m.
Proanthocyanidins (CyE)

1.38 + 0.06 g L'

5.95 + 0.17 g per 100 g d.m.

GAE, gallic acid equivalent; CE, catechin equivalent; ME,
cyanidin equivalent.

Furthermore, it is noteworthy that GSE is
reputed to have antioxidant activity when fed to
animals (Tebib et al., 1997). Grape seed tannins or
proanthocyanidins were shown to have a hypo-
cholesterolemic, antiatherosclerotic, and anti-
oxidant effect in vivo when fed to rats receiving
diets with cholesterol (Tebib et al., 1994, 1997

© 2006 Institute of Food Science and Technology Trust Fund
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Figure 2 Antioxidant capacity (%) of the extracts from
grape seeds and grape skin extracts (Gonzalez-Paramas
et al., 2004: Alonso et al., 2002: Negro et al., 2003).

Yamakoshi et al., 1999). Also, addition of grape
seed proanthocyanidins (GSPC) to a system con-
taining polyunsaturated fatty acids and mice liver
or brain microsomes inhibited oxidation by UV
light peroxidation (Bouhamidi et al., 1998).

Apart from GSEs, the grape skin extracts are
also being marketed because of their complex
structure consisting of anthocyanins and procyan-
idins (Shrikhande, 2000). Yamakoshi et al. (1999)
suggested that procyanidins might react with
reactive species in plasma and interstitial fluid of
the arterial wall, thereby inhibiting oxidation of
LDL and displaying an antiatherosclerotic
activity.

Anthocyanins are a group of phenolic com-
pounds that belong to the flavanoid family. They
are responsible for the colouration (orange, rose,
red, violet and blue) of the petals of flowers and
fruit of a great variety of plants (Strack & Wray,
1989). There are numerous sources of antho-
cyanins but the main raw material is the pomace
from the red wine vinification process. After the
first isolation of enocyanin, dating from 1879,
many authors have developed patents for the
production of concentrated aqueous solutions of
anthocyanins for food use (Marakakis, 1982).
Nowadays, the European Union allows the use of
the anthocyanins as food dyes in drinks, marma-
lades, candies, ice creams and pharmaceutical
products (EU, 1994). The contents of individual
anthocyanins in the grape seeds from several

© 2006 Institute of Food Science and Technology Trust Fund

varieties of Vitis summarised
in Table 4.

Table 5 shows that malvidin 3-O-glucoside is
the predominant compound, mostly followed by
peonidin 3-O-glucoside. On the contrary, malvidin
3-O-glucoside, delphinidin 3-O-acetglucoside, pe-
tunidin 3-O-acetglucoside, peonidin 3-O-acetg-
lucoside and peonidin 3-O-acetglucoside are
represented in lower values.

It is evident from Fig. 2 that an increase in the
amount of phenols leads to an increase of the
antioxidant capacity. Moreover, Negro et al.
(2003) found by testing the grape skin extracts at
160 ppm that it is possible to obtain high anti-
oxidant capacity ranging from 11.7-86.3%.

It can be concluded that wine and other
products derived from the grape have a high
antioxidant capability and as consequence of this,
they are endowed with potential health benefits.
Both grape skin and seed extracts stand for a
valuable solution for the recovery of antioxidant
compounds and a significant advance in main-
taining the environmental equilibrium, because in
grape- and wine-producing zones large quantities
of residues are generated, and this presents prob-
lems of storage, conversion or elimination, in both
ecological and economic terms.

vinifera are

Compost-fertiliser

The production of healthy, uniform plants is a
basic requirement of modern greenhouse agri-
culture. Container media must be homogeneous,

Table 5 Anthocyanin content (mg kg™' d.m.) of grape skins.
(Adapted from Kammerer et al., 2004)

Value
Compound (mg kg™' d.m.)
Delphinidin 3-O-glucoside 68-5552
Cyanidin 3-O-glucoside 37-1903
Petunidin 3-O-glucoside 65-6680
Peonidin 3-O-glucoside 515-12 450
Malvidin 3-O-glucoside 1117-50 981
Delphinidin 3-O-acetglucoside 392-956
Petunidin 3-O-acetglucoside 545-1375
Peonidin 3-O-acetglucoside 1371-1484
Peonidin 3-0O-acetglucoside 45-8688
Cyanidin 3-O-coumaroylglucoside 374-1071
Petunidin 3-O-coumaroylglucoside 974-2458
Peonidin 3-O-coumaroylglucoside 68-6828

International Journal of Food Science and Technology 2006, 41, 475-487
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aerated, reproducible and pathogen-free. Growers,
in an attempt to meet the need for a substrate with
proper air and water capacity, use many types of
organic and inorganic materials. Increasing de-
mand and rising costs for peat, used as a substrate
in horticulture, have led to a search for high
quality and low-cost composts derived from
organic wastes such as winery wastes (Inbar et al.,
1986, 1988).

The effort to decrease agricultural income may
come from the expansion of integrated production
systems and organic farming. This approach will
provide certified agricultural products, which will
be both beneficial to consumer’s health, and
attract higher financial premiums. However, this
will require the gradual replacement of chemical
fertilisers, currently extensively used in agriculture
production, with organic soil amendments (Bazz-
offi et al., 1998; Navas et al., 1998; Edwards et al.,
2000; Querejeta et al., 2001).

The use of compost, derived from winery
wastes, in vineyards is of growing interest because
of the general poverty of soils, typified by low
levels of humus and their exposure to erosion
(Balanya et al., 1994). Graefe (1980) proposed the
use of composted winery wastes as a high-grade
organic fertiliser, while recovering heat and CO,,
which are produced during the composting pro-
cess. The application of compost from winery
wastes increases the percentages of organic matter,
nutrient levels (providing a slow fertilisation
action over a long-period time), microbial biomass
and improves the soils physical properties (aer-
ation, water-holding capacity, etc.) (Ribererau-
Gayon & Peybaud, 1982).

Moreover, grape waste was subjected to com-
posting studies in several countries: France (Faure
& Deschamps, 1990; Faure, 1991), Germany
(Dittmer et al., 1990), Spain (Costa et al., 1989;
Garcia et al., 1990, 1992), Yugoslavia (Stojanovic
et al., 1989), Israel (Mandelbaum ef al., 1988) and
Venezuela (Ferrer et al., 1993; Sanchez & Ferrer,
1994).

Regarding combinations of winery wastes with
other materials, Ingelmo ez al. (1998) investigated
the feasibility of using composted municipal solid
wastes (MSW), sewage sludge and other organic
wastes to produce alternative substrates for orna-
mental plants and to improve the re-vegetation of
a closed landfill with satisfactory results. Ferrer

International Journal of Food Science and Technology 2006, 41, 475-487

Table 6 Chemical composition of compost derived from
winery waste

Element Values

n (%) 2.14-3.74
P (%) 0.18-0.52
Ca (%) 3.17-14.3
Mg (%) 0.3-0.61
Fe (%) 0.5

Zn (mg kg™ 77-109
Cu (mg kg™") 30-46
Ni (mg kg™") 9.1-17.6
Cr (mg kg™ 23.4-147
Pb (mg kg™") 8-19
Cd (mg kg™") 0.2-0.4

et al. (2001) reported the combinations of recently
compressed grape waste and hen droppings used
as an organic fertiliser for 20-day corn. In this
study, satisfactory results were observed when
these materials were applied at several doses as a
soil conditioner for corn seed germination in
greenhouses.

In addition, Raviv et al. (1986) reported that
combinations of sewage sludge and MSW com-
post with other residual materials such as pine
bark, grape marc or rice hull were worth investi-
gation because negative properties of single mate-
rials, such as heterogeneity, high salinity, low
content of organic matter, low cation exchange
capacity or high content of contaminants can be
minimised thus obtaining a sound and cheap
substrate (Ingelmo et al., 1998).

The chemical composition of compost derived
from winery waste was shown in Table 6. The
physicochemical and chemical characteristics of
compost derived from winery wastes were sum-
marised in Table 7.

As can be seen from Tables 6 and 7, the
compost derived from winery wastes is of good
quality with good physicochemical characteristics
and a sufficient amount of nutrients. In addition,
Lasaridi et al. (2000) has reported that the com-
post, derived from pressed grape skin, produced
one of the best qualities composts both in terms of
its physicochemical characteristics and agronomic
value.

Particularly, the compost obtained is recom-
mended for application to the vineyards because:
(1) the humified nature of the organic matter
would facilitate its incorporation and improve the
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Table 7 Physicochemical and chemical characteristics of
compost derived from winery wastes

Parameter Values
pH 6.5-8.5
EC (MS cm™) 1.57-4.1
Volatile solids (%) 46.8-67.5
C/N ratio 11.9-19.5
Moisture (%) 47-66
CEC (Cmol kg™") 108.65
OM (%) 84.15-89.1
C (%) 40.5-51.5

water-holding capacity of the soil, an important
factor for the quality and specificity of wine
production, (ii) nitrogen is released only gradually
which is particularly appropriate for the vineyards
that suffer from high nitrogen levels and (iii) it
reports high-to-moderate values of potassium
considered a quality factor in wines (Ribererau-
Gayon & Peybaud, 1982; Vez, 1993; Delas, 2000).

Manios (2004) has investigated the potential use
of pressed grape skins as a substrate component
for the cultivation of strawberries. A mixture
containing 25% (v/v) pressed grape skin compost
and 75% (v/v) pumice was used and produced an
average fruit yield of 306 g per plant and biomass
yield of 97 g per plant. These results were the
highest in comparison with others, where various
organic residues derived composts used and were
shown in Table 8.

Furthermore, Ingelmo et al. (1998) have repor-
ted the results derived from the use as a soil
substrate: (i) a mixture of 50% grape marc and
50% peat and (ii) a mixture of 50% grape marc,
25% sphagnum moss peat and 25% anaerobically
treated sewage sludge regarding in the final height
of ornamental plants cultivation (Nerium oleander,
Cupressus sempervirens and Rosemarinus officinalis).
The duration of the experiment was 10 months and
the results were summarised in Table 9.

Table 9 shows that the combination of grape
marc with other materials gives satisfactory results
in ornamental plants cultivation comparatively
with other substrates. Ferrer et al. (2001) reported
that all the treatments, in a 20-day corn experi-
ment, with winery wastes are superior to that with
a chemical industrial fertiliser composed of urea,
K,0 and P,0s, 0.45 g d.m. per pot. This superi-
ority is because of the existence of other minerals

© 2006 Institute of Food Science and Technology Trust Fund

Table 8 Fruits and biomass yield (wet weight) of strawber-
ries plants, growing in substrates containing different
composts (Adapted from Manios, 2004)

Substrate
composition

Fruits yield
(gram per plant)

Biomass yield
(gram per plant)

PGSC (25%) and 306 97
pumice (75%)
OTLC (25%) and 256 85

pumice (75%)

PGSP, press grape skin compost; OTLC, olive tree leaves
compost.

Table 9 Results regarding the substrate suitability and final
height (cm) of three different plants (Adapted from Ingelmo
et al., 1998)

N. C. R.
Substrate oleander sempervirerns officinalis
50% grape marc 32.8 55.5 41-42.2
and 50% peat
50% grape marc, 42 59.6 39.3-44.7

25% sphagnum
moss peat and
25% anaerobically
treated sewage
sludge

and micronutrients in the composted organic
fertiliser, which contribute to a better development
of the corn plant, as well as to humic compounds
that provide the porous capacity to the soil (Ferrer
et al., 1993; Sanchez & Ferrer, 1994; Sastre et al.,
1996). Finally, Ferrer et al. (2001) recommended
that a 3000 kg ha™' of grape waste compost
should be supplemented with phosphorus.

In spite of its advantages, the application of
agricultural wastes in soil can lead to problems
pertaining to their heavy metal content. The
continuous application of waste enriched in heavy
metals results in heavy metal accumulation in soil.
Land disposal of organic waste materials may
directly or indirectly alter the heavy metals status
of the soil by affecting metal solubility or disso-
ciation kinetics. (Del Castilho et al., 1993; Kar-
aka, 2004). In addition, Pinamonti et al. (1997)
reported that the heavy metal content is a crucial
factor leading to restricted agricultural use of
compost.

International Journal of Food Science and Technology 2006, 41, 475-487
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Table 10 Concentrations of DTPA extractable Cd, Cu, Ni
and Zn (mg kg™") in the soil at increasing rates of grape
marc applied (Adapted from Karaka, 2004)

Rate of

applied

grape

marc (%) Cd Cu Ni Zn

0 0.054-0.057 2.10-2.20 2.50-2.90 1.20-1.50
2 0.040-0.043  1.80-1.90 1-1.10  1.90-2.30
4 0.039-0.041 1.60-1.70 0.80-0.90 2.10-2.40
8 0.027-0.031 1.76-2.10  0.65-0.83  2.70-2.90

The presence of heavy metals is undesirable
because it can cause adverse effects both to the
environment and to a variety of living species
including humans. Metals can be distinguished
from other toxic pollutants, as they are not
biodegradable and can been accumulated in living
tissues, causing various diseases and disorders
(Villaescusa et al., 2004).

The total heavy metal content of the soil is
commonly used to indicate the degree of contam-
ination, but the heavy metal concentration in
solution mostly determines the actual environ-
mental exposure or risk. Distribution of heavy
metals between soils and solute is the key to
evaluate the environmental impact of the metals
(Sposito, 1989; Karaka, 2004).

Karaka (2004) investigated the influence of grape
marc on the DTPA extractable Cd, Cu, Niand Znin
soil (typic xerofluvent). As a result of this investi-
gation, Table 10 gives the concentrations of DTPA
extractable Cd, Cu, Niand Zn (mg kg™') in the soil
at the increasing rates of grape marc applied.

As can been seen from Table 9, significant
negative correlation was found between extracta-
ble Cd, Cu, Ni and rate of applied grape marc. On
the contrary, DTPA-extractable Zn increased with
increasing rate of grape marc.

Finally, Karaka (2004) concluded that the effect
of organic waste application on the extractability
of Cd, Cu, Ni and Zn in the soil depended on pH,
organic matter content of the organic wastes, the
metals studied and the time elapsed after their
application.

Pullulan

Grape skin pulpis a by-product of the wine industry
amounting to thousands of tones annually. In
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Greece, the average annual production of grape
skin pulp for the years 1996-2000 was 14 200 ton
(Arapoglou et al., 2002). Hot water extracts of
grape skin pulp can serve as a good substrate for the
production of pullulan, an industrially important
polysaccharide (Le Duy & Boa, 1982). Pullulan is
an exocellular homopolysaccharide of economic
importance produced by the yeast-like fungus
Aureobasidium pullulans. Tt consisted of malto-
triosyl units linked through al — 6 glycosidic
bonds (Saha & Zeikus, 1989).

Moreover, pullulan is used as a low-calorie
ingredient in foods, as a viscosity imparter and
binder and, because of its low oxygen perme-
ability, as a packaging agent. It is used in the
pharmaceutical industry as a bulking agent and
binder and as an oxidation—prevention agent for
tablets. Other applications include films and
adhesives, microencapsulating agents for flavour
and spices and as a water-solubility enhancer in
fertilisers (Israilides et al., 1998).

The industrial applications of pullulan have been
thoroughly reviewed by Deshpande et al. (1992).
The market price of food and pharmaceutical grade
pullulan is about 88 € kg™' and the current world
supply (c. 1000 ton) is produced almost exclusively
by the Japanese company Hayashibara, Co. Ltd,
Okayama, Japan (Arapoglou et al., 2002).

Pullulan is usually recovered from the fermen-
tation broth by ethanol or methanol precipitation
after the removal of cells. It has been shown,
however, that the purity of pullulan in the ethanol-
precipitated substances (EPS) may vary according
to the substrate used for the fermentation (Israi-
lides et al., 1994). The determination of pullulan in
mixtures is usually carried out by hydrolysis with
pullulanase followed by estimation of the resulting
maltotriose with chromatography, radiometry or
other methods (Catley, 1972; Finkelman & Var-
danis, 1982).

Arapoglou et al. (2002) and Israilides et al.
(1998) have investigated the solid state fermenta-
tion of grape skin pulp extracts by 4. pullulans with
the aim to obtain pullulan. Figure 3 shows the
biomass and EPS as a function of fermentation time
using the grape skin pulp extracts. From Fig. 3, itis
evident that the biomass and EPS increase with the
increase of the fermentations days. The above-
mentioned parameters reached their highest values
on the 7th day of fermentation.
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Figure 3 The biomass and ethanol-precipitated substances
(EPS) as a function of fermentation time using grape skin
pulp extracts (Israilides ez al., 1994; Arapoglou et al., 2002).

Table 11 gives the pullulan content of EPS as
estimated by coupled-enzyme assay and by high-
pressure anion-exchange chromatography pulsed
amperometric detection (HPAEC-PAD) for grape
skin pulp extracts supplemented with NH4NO;
and K,HPO; after 7 days fermentation. In this
table, pullulan is expressed as a percentage of the
EPS (Israilides et al., 1998).

Table 11 shows the percentage pullulan present
in the EPS, on the basis of both the coupled-
enzyme assay and on the maltotriose and malto-
tetraose produced by pullulanase hydrolysis
(HPAEC-PAD). Israilides et al. (1998) reported
that the grape skin pulp extracts were the richest in
pullulan (97.4%) in comparison with other mate-
rials.

In lieu of conclusion, it can be said that the
grape skin pulp can be recycled and used as a
substrate for the production of a high-added value
product, effectively Pullulan a polysaccharide with
many industrial uses and applications.

Adsorbent

Effluent industrial wastewater containing heavy
metals usually causes serious problems. Because of
the toxicity and assimilation of heavy metal to
organisms, safe and effective treatment of heavy-
metal-containing wastewater becomes a challen-
ging task for industry because, in part, of the fact
that the cost effective methods are not available
(Sistrava et al., 1997, Yuan-shen et al., 2004).
Conventional methods for removing metals from
industrial effluents include chemical precipitation,
coagulation, solvent extraction, electrolysis, mem-
brane separation, ion exchange and adsorption
(Patterson, 1997).

The high capital and regeneration costs of
activated carbon and different types of ion
exchange resins, materials which were often used
in adsorption processes, limit their large scale use
for the removal of heavy metals (Kratochvil &
Volensky, 1998; Bailey et al., 1999; Villaescusa
et al., 2004). The presence of complex ligands in
industrial wastewater can hinder metal hydroxide
precipitation and may result in residual metal
concentration so that meeting the increasing
stringent effluent regulations may be difficult
(Weng, 2002).

For these reasons, absorption, as an alternative
method, has been shown to be feasible for
removing heavy metals from industrial waste-
water. Several natural and synthetic hydrous
solids have been investigated as absorbents of
heavy metals (Yuan-shen ef al., 2004). Among
these, waste products from agricultural opera-
tions, like winery wastes, were considered as low-
cost sorbents in the removal of toxic heavy metal.
These sorbents, compared with others, have sev-
eral advantages; they are cheap and these materi-
als that are considered as waste products can be

Table 11 Pullulan content of EPS as estimated by coupled-enzyme assay and by high-pressure anion-exchange chromato-
graphy pulsed amperometric detection (HPAEC-PAD) for grape skin pulp extracts (Adapted from Israilides et al., 1998)

Coupled-enzyme assay

Concentration Pullulan by
of EPS A B A-B Pullulan (HPAE-PAD)
Substrate (% w/v) (AA min™") (AA min™") (AA min™") A/B % d.m. % w/w
Grape skin 0.25 0.1084 0.001 0.1074 108 97.4 128.5
pulp extract

A, the rate observed for the coupled-enzyme assay; B, the rate observed as for A, less pullunase.
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reused for effluents decontamination. In addition,
these sorbents appear to have an application as
preconcentration agents (Villaescusa et al., 2004).
The utility of winery wastes as an adsorbent to
remove chromium, nickel and copper from aque-
ous solutions was investigated (Villaescusa et al.,
2004). The sorption of metals by winery wastes
might be attributed to their proteins, carbohy-
drates and phenolics compounds that have carb-
oxyl, hydroxyl, sulphate, phosphate and amino
groups that can bind metal ions.

In order to evaluate the utility of winery wastes
as an adsorbent, these wastes were washed with
deionised water and dried in an oven at 105-
110 °C. Then these were cut, sieved into several
particle sizes and desiccated. Metal solutions were
prepared by dissolving appropriate amounts of
CuCl,2H,O(s), NiCl,2H,O(s) and Cr(NOs); in
distilled water. Finally, batch adsorption experi-
ments were performed to determine the adsorption
characteristics of Cu, Cr and Ni on the winery
wastes. In this case, isotherm adsorption tests were
conducted in a series of glass tubes, which were
filled with Cu, Cr and Ni ion solutions of varying
concentrations and adjusted to the desired tem-
perature and pH with either HCI — H,SO,4 or
NaOH solution. (Villaescusa et al., 2004; Yuan-
shen et al., 2004).

Furthermore, it is noteworthy that Langmuir
isotherms were used to describe sorption data. In
particular, Langmuir isotherms have been useful
tools for the description and comparison of heavy
metal sorption by different sorbents (Chong &
Volesky, 1995; Kaewsarn & Yu, 1999). Particular
details about Langmuir isotherms were reported by
Villaescusa et al. (2004); Yuan-shen et al. (2004).

Figure 4 displayed the Cu, Cr and Ni removal
using winery wastes as a function of pH. Partic-
ularly, the pH of metal solutions was identified as
the most important variable sorption on hydrous
solids. This is partly because of the fact that the
hydrogen ions themselves are strong competing
sorbates and partly that the solution pH influences
the chemical speciation of metal ion (Kratochvil &
Volensky, 1998; Villaescusa et al., 2004).

As can be seen from Fig. 4, the removal for all
metals increases with the increase in pH value.
Particularly, the uptake increased from practically
zero at equilibrium pH 1.0 to 78-80% at pH 5.5
for all metals. The absence of sorption at low pH
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Figure 4 Cu, Cr and Ni removal % using winery wastes as a
function of equilibrium pH.

values can be explained by the fact that at these
pH values the H™ concentration is high, which
can compete with Cu, Cr and Ni cations for
surface sites (Villaescusa et al., 2004). The results
showed that winery wastes can be used as an
adsorbent for the effective decontamination of
metal-containing effluents.

Conclusions

The results presented in this study demonstrate
that winery wastes have generally very high-
polyphenolic contents, making their utilisation
worthwhile and thus supporting sustainable agri-
cultural production. In particular, the by-products
from vinification are suitable as dietary supple-
ments or as ingredients in functional foods.
Moreover, the compost from winery wastes con-
fers adequate characteristics for its use as a soil
conditioner. Furthermore, wine-processing sludge
shows to be an effective adsorbent for the
adsorption of pollutant heavy metals. Finally,
winery wastes can be recycled and used as a
substrate for the production of a high-added value
product, Pullulan.
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