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Perspectives on environmental externalities and side-effects
in the food chain

Jules Pretty
University of Essex, UK

When we buy or bake our daily bread, do we ever wonder about how much it
really costs? We like it when our food is cheap, and complain when prices
rise. Indeed, riots over food prices date back at least to Roman times.
Governments have long since intervened to keep food cheap in the shops,
and tell us that policies designed to do exactly this are succeeding. In most
industrialised countries, the proportion of the average household budget spent
on food has been declining in recent decades. Food is getting cheaper
relative to other goods, and many believe that this must benefit everyone as
we all need to eat food. But we have come to believe a damaging myth. Food
is not cheap. It only appears cheap in the shop because we are not
encouraged to think of the hidden costs of damage caused to the environment
and human health by certain systems of agricultural production. Thus we
actually pay three times for our food. Once at the till in the shop, a second
time through taxes that are used to subsidise farmers or support agricultural
development, and a third time to clean up the environmental and health side-
effects. Food looks cheap because we count these costs elsewhere in society.
As economists put it, the real costs are not internalised in prices.

This is not to say that prices in the shop should rise, as this would penalise
the poor over the wealthy. Using taxes to raise money to support agricultural
development is also potentially progressive, as the rich pay proportionally
more in taxes, and the poor, who spend proportionally more of their budget on
food, benefit if prices stay low. But this idea of fairness falters when set
against the massive distortions brought about by modern agricultural systems
that additionally impose large environmental and health costs throughout
economies. Other people and institutions pay these costs, and this is both
unfair and inefficient. If we were able to add up the real costs of producing
food, we would find that modern industrialised systems of production perform
poorly in comparison with sustainable systems. This is because we permit
cost-shifting — the costs of ill-health, lost biodiversity and water pollution are
transferred away from farmers, and so not paid by those producing the food
nor included in the price of the products sold. Until recently, though, we have
lacked the methods to put a price on these side-effects.



Agri-food residues as a source of phytochemicals

F.A. Tomas-Barberan

Research Group on Quality, Safety and Bioactivity of Plant Food Products
CEBAS (CSIC), Murcia, Spain

Epidemiological studies have related the dietary consumption of horticultural
products, mainly fruits and vegetables, with a decrease in the incidence of
cancer and cardiovascular disease mortality. This has been associated to the
content of phytochemicals as one of the key factors. Clinical studies and
recently gene expression studies support the role of the plant food
phytochemicals as health-promoting food constituents. The phytochemicals
are preferentially biosynthesised in the external plant tissues. These external
parts are the main waste material during handling and processing of fruits and
vegetables and constitute a good source for extraction of phytochemicals.
Some plant-food industrial residues are currently used for extraction of
phytochemical extracts. This is the case of fruits such as orange, grape, apple
and olive industrial residues. In addition, the use of tomato and berry residues
for phytochemicals recovery has been recently studied.

In a recent project we have explored the use of vegetables residues for the
preparation of phytochemical extracts and dietary fibre. Cauliflower, artichoke,
lettuce, broccoli, celery and onion (among others). The amount of residues
generated by the vegetables industries can reach up to 70% of the harvested
plant material as in the case of artichokes. A simple extraction method by
boiling the fresh plant material with water or methanol-water mixtures, and
extract purification by filtration through non-ionic polymeric Amberlite resin
columns yielded extracts containing large amounts of antioxidant
polyphenolics. The extracts can be used after drying (freeze drying or spray
drying) for the preparation of dietary supplements or as ingredients for
different food products (juices, soups, etc.). The extraction of specific
phytochemicals such as folates from leafy vegetable residues, sulphur
compounds from onion wastes and glucosinolates from Brassicaceae
residues is currently under study. More research on the metabolism,
bioavailability and physiological activity of the phytochemicals present in
these extracts in humans is necessary to understand their health-promoting
properties, and support their use as ingredients of functional foods. In addition
it is necessary to guarantee that in the same way we enrich the extracts in
phytochemicals we are not concentrating the pesticides residues.



Fish waste and functional foods

Professor Edel O. Elvevoll

Norwegian College of Fishery Science, Department of Marine Biotechnology
University of Tromsa, Tromsa, Norway

Scientific research constantly provides new insights in the interaction between
genetic predisposition, specific health risks and nutritional needs, and the
functioning of separate nutrients. The role of food as an agent for improving
health has been proposed as a new class of food- functional foods

Every year 30 million tons of such waste is dumped around the world, and
Norway alone has been "wasting" 150,000 tons a year. Fish waste may be
sources for of proteins of high biological value, unsaturated essential fatty
acids, vitamins and antioxidants, minerals or trace metals and physiological
beneficial amino acids and peptides.

Scientific data shows that the consumption of fish or fish oil containing omega-
3 PUFAs reduces the risk of coronary heart disease, decreases mild
hypertension, prevents certain cardiac arrhythmias, and sudden death, lowers
the incidence of diabetes, and appears to alleviate symptoms of rheumatoid
arthritis. It appears that omega-3 PUFAs play a vital role in the development
and function of the nervous system (brain), photoreception (vision), and the
reproductive system.

Additional components in seafood may be of importance for development of
life style diseases. Potent peptides with high anti hypertensive activities (ACE
inhibitors) have been isolated from fish waste. Protease inhibitors of the
serpin family, or serine protease inhibitors, are a family of glycoproteins that
include members involved in the control of blood coagulation, fibrinolysis,
complement activation and inflammation processes, are also found. Calcium
and vitamin D are other candidates. Antioxidants (tocopherols, ubiquinone,
selenium, taurine, fish protein) have attracted special attention due to their
possible prevention of low-density lipoprotein (LDL) oxidation.



Enzyme-aided valorization of plant by-products

Buchert J', Suutarinen M', Kallio H?, Aaltonen O, Seppinen-
Laakso T', Mustranta A’

"VTT Biotechnology, Finland
2 University of Turku, Finland
3 VTT Processes, Finland

Significant quantities of process waste are generated during plant material
processing. These waste fractions contain both low and high MW
components, such as phenolics, lipids, carbohydrates and proteins. With the
current processing systems the process by-products are generally regarded
as waste or utilized in low value applications. Enzymes provide selective tools
for valorization of these wastes. By combining enzymatic pretreatment to
various extraction techniques novel waste derived products can be obtained.
Cell-wall degrading enzymes can be used to modify the macromolecular
structure of the waste material with subsequent increase in the bioavailability
or extractability of the valuable components. In addition, enzymes can be
used to modify the chemistry of the valuable components. In this case
hydrolytic enzymes are used to remove the sugar moieties from the
glycosylated phenolics, i.e. lignans or other phytochemicals thus potentially
affecting their behaviour in the subsequent processing.

In this work flax and berry seeds were pretreated with different cell wall
degrading enzymes and the effect of the enzymatic treatments on
extractability of seed lipids by CO,-extraction was elucidated. Enzymatic
pretreatment resulted in increased extractability of the seed lipids and also
changed the profile of potentially bioactive components in the extract. The
potential of enzymatic pretreatment for valorization of vegetable peels was
also studied.



Phyto products obtained by supercritical CO, extraction, an
environmentally accepted technology

Erika Vagi, Béla Simandi

Department of Chemical Engineering, Budapest University of Technology and
Economics, Hungary

Our developed World has a strong demand for creation healthy and less
polluted environment using clean technologies and producing solvent residue
free, nutritional foods. The well-being, the complete daily intake govern our life
and educate our children to grow up in a better, safer and cleaner
environment. These food products must possess with natural colour, taste and
self-live extensive properties as well as must contain biological active, health
preventive compounds (e.g. antioxidants, vitamins).

Supercritical fluid extraction is one of the desirable technologies, which uses
carbon dioxide for extraction of essential oils, fatty oils, pigments, and natural
waxes from natural sources, mainly from herbs, spices and medical plants.
According to the physico-chemical properties of supercritical CO, the
extraction is carried out at moderate temperature (mainly between 31 - 60°C),
therefore thermo-labile compounds can be obtained without any
decomposition. The extract is absolutely solvent residual free as the CO; is in
gaseous state at room temperature. Numerous, mainly apolar compounds can
be extracted and/or fractionated as the solvating power of supercritical CO»
changes within wide ranges with changes of the pressure and temperature
during extraction. The extraction is carried out at relatively high pressure
(between 73-400 bar) therefore the investment cost of such a plant is higher
than that of the conventional units, although the process is easily controlled
with low operating costs.

Antioxidant, antimicrobial properties, pigment and volatile oil compositions of
the extracts were obtained from marjoram (Origanum majorana L.), thyme
(Thymus vulgaris L.), basil (Ocimum basalicum L.), paprika (Capsicum
annuum L.), caraway (Carum carvi L.), marigold (Calendula officinalis L.),
feverfew (Tanacetum parthenium L.) and yarrow (Achillea millefolium L.) and
industrial waste, tomato pomace were revealed. The effects of extraction
parameters (temperature and pressure) on extraction yields, on carotenoid
and tocopherol compositions were examined to optimise the technology for
obtaining market demanded products. The antifungal and antibacterial
properties of essential oils, traditional solvent- and supercritical extracts were
tested on food borne microbes. The antioxidant properties of marjoram
supercritical and ethanolic extracts were compared and the ursolic acid
compositions of the extracts were measured. The results support the notion
that extracts obtained by supercritical CO, extraction may have roles as
preservatives, natural antioxidants, colorants and flavour components in food
and cosmetic systems.



Plant residues

Keith W. Waldron
Institute of Food Research, Norwich Research Park, Norwich, UK

The food industry produces very large quantities of plant-based co-products.
Millions of tonnes of cereal, fruit and vegetable residues are created every
year globally.

Where possible, the food industry seeks to exploit such residues commercially
as far as technology and markets permit. Traditional uses include exploitation
as sources of hydrocolloids, dietary fibre food ingredients, and animal feed.
However, the markets are not sufficient to utilise all of the materials and
increasing quantities are being disposed of as waste.

In Europe, the Landfill Directive and the accompanying national legislation is
putting pressure on food processors to find alternative means to dispose of
these residues.

These residues are highly complex and heterogeneous in nature. In addition,
many are microbiologically unstable and rapidly lose their food grade
potential. Nevertheless, it is appreciated that they often contain potentially
high value components. It is clear that their successfully exploitation requires
continued research and development.

This presentation considers some of the key difficulties which face the food
industry and research scientists in exploiting residues, and highlights some of
the research to date. In addition to the scientific and technological challenges,
socioeconomic and management issues are considered.



Biotechnological nanotools for adding value to bulk products

Giuseppina Mandalari ®°, Giuseppe Bisignano®, Rosario B.
LoCurto®, Craig B. Faulds © and Keith W. Waldron °

2b Department of Pharma-Biology, University of Messina, Sicily, Italy

® Department of Organic and Biological Chemistry, University of Messina,
Sicily, Italy

¢ Plant Materials Science Group, Food Materials Science Division, Institute of
Food Research, Norwich, UK

A fundamental difficulty in whole waste exploitation concerns the complexity of
the plant structure, in particular that of the cell wall matrix and the multi-
component interactions therein. Individual enzymes or enzyme mixtures have
previously been employed to extract singular components/fractions from agro-
food waste and plants in general, but not as a means to facilitate the
deconstruction and upgrading of the whole waste. While chemical extraction
of plant cell wall hydrocolloids may lead to a high yield of recovery: enzymatic
extraction provides a more precise and environmentally-friendly approach,
allowing further manipulation of both the residue and the extractable products
into such products as sweeteners and/or stabilisers, antimicrobial agents,
natural antioxidants, prebiotics or food flavourings and colourants. The
hydrolysis of polysaccharides is also an important prerequisite for improved
utilization of cereal hemicellulose in the biofuel industry.

In order to construct an enzymatic nanotoolbox we need to know the
composition of the components required to manipulate the plant cell wall and
to effectively use these tools to efficiently reach our requirement. We have
selected an enzyme preparation from the thermophilic fungus Humicola
insolens, Ultraflo L, to examine the deconstruction of two co-products from the
cereal processing industries: brewers’ spent grain (BG) and wheat bran (WB).
We have examined this preparation for the selective release of high-value
components, such as phenolic acids and arabinoxylan, as well as for the
ability to reduce biomass.

We have further chemically fractionated BG and WB. The carbohydrate and
phenolic composition of the extracts were determined, resulting in two
completely compositionally different sets of fractions. Arabinoxylan was the
main polysaccharide present in the chemically-solubilized material.
Unsolubilized residues contained cellulose and hemicellulose. While the more
soluble fractions of spent grain represented a heterogeneous aggregation of
feruloylated arabinoxylan with a broad molecular mass range, the fractions
eluted with stronger base were separated into low molecular weight units,
presumable due to the cleavage of covalent cross-links. Enzyme treatment of
these fractions showed differences in the substrate requirement of different
feruloyl esterases and how a hybrid of chemical and biological treatments can
result in an extensive solubilisation of cereal co-product biomass. These



results have given us further insight into the structural arrangement of
feruloylated arabinoxylans in cereals.



Production process for carrot juice from carrot waste/offal

Nell, P.C.*; Meijer, H.J.**; Kosters, P.S.R.**
* Provalor BV, Ursem, The Netherlands
** TNO-MEP, Apeldoorn, The Netherlands

Provalor BV and TNO-MEP carried out the project “Use of by-products for
winning valuable components by means of juice extraction”. The project was
subsidised by the Dutch “Stichting Agro Keten Kennis”, a foundation of the
Dutch Ministry of Agriculture and Nature.

The key idea is the valorisation of vegetable by-products by producing
vegetable juice. Provalor BV patented a system to produce consumable juice
from vegetable by-products. This route makes value from the high water
content of vegetable, which up until now is one of the major drawbacks in
valorisation vegetable by-products.

As a pilot study the production of carrot juice from carrot pieces and carrot
peelings was studied. Carrot pieces are the by-product from canning- and
freezing industries and originate from cutting the carrot in equivalent lengths.
The peelings originate from steam peeling the carrots before further
processing. First determined is whether an attractive carrot juice from these
by-products could be made. From both carrot pieces and carrot peelings
products carrot juices were produced and proved to be of good quality.

Important in the juice production from by-products are the microbial and purity
aspects. Peelings and pieces normally arise from other locations than the
juice producing facility. The by-products are highly perishable for microbial
growth since these are wet, and nutrients from damaged cells are available.
The technological challenge in the project is to find an economic way of
preserving the by-products from originating till processing into juice. For carrot
pieces, a satisfactory process is found. For carrot steam peelings a solution is
more complex and situation dependent on specific local situations. Investment
for cooling the peelings is necessary or juice production has to take place
along side the steam peeler.

The carrot case illustrates the type of technological problems (and hence
solutions), which can arise in producing juice from various vegetable by-
products. Furthermore the chain aspects are decisive: many stakeholders
have to work together in order to produce valuable components from
vegetable by-products. The developed system paves the way to reuse
vegetable waste from industrial vegetable processing. Plants moisture is well
used. The remainder is a relative dry pulp that can be used to regain other
interesting (functional) components. The economic result of this valorisation is
major and might lead to a substantial contribution in pushing back the waste
problem.



Utilization of cheese whey

David Clark
Director R&D/QA, DMV International, Veghel, The Netherlands

Whey can be considered something of a success in relation to valorization of
waste streams. For many years, whey produced as a by product of cheese
production was considered a waste material and was either dumped, sprayed
on fields as fertilizer or at best, dried as cheese whey powder destined for the
animal feed applications. Increasingly, over the last few decades, dairy
companies have applied different technologies to cheese whey with the
purpose of removing the lactose and mineral fraction resulting in a fraction
enriched in proteins. These technologies have been generally based around
crystallization, membrane and chromatographic methods. In the last decade,
the dairy industry has somewhat been a victim of its own success in that the
increasing volumes of edible lactose and whey protein concentrates flooding
into the market have resulted in low prices in many cases. Converting these
commodity products into added value products is the challenge facing the
industry presently. This presentation will give a brief overview of traditional
methods for valorization of whey and then turn towards opportunities for real
value creation that are embedded in the nutritional, functional (meaning
structure-building) and physiological properties that are unique to whey
components.



Industrial affinity chromatography using iMabs®

Peter C Sijmons, Erwin Houtzager
CatchMabs bv, Wageningen, The Netherlands

Purification based on selective affinity is the most powerful method for single
step recovery of a compound from a complex mixture. For decades,
antibodies have demonstrated this feature in thousands of biochemical
applications, ranging from small scale laboratory analyses to diagnostic kits
and pharma-therapeutics. However, not one industrial scale application has
ever been recorded. High production costs and low stability of natural
antibodies or antibody fragments make this technology orders of magnitude
too expensive for bulk scale process streams. We set out to break this price
barrier through a combination of molecular modelling and recombinant DNA
technology.

Based on structure comparisons of a wide range of stable proteins, we
designed a minimum-size protein structure (ca. 10 kd) that could function as
an extremely stable scaffold to position affinity peptides. The resulting
molecule represents an “industrial Molecular affinity body” or iMab®, which
can be used for low cost, large scale affinity chromatography. The affinity
peptide sequences that provide molecular specificity for any target compound
can be generated randomly or transplanted from animal-derived antibodies
directly onto the scaffold, followed by selection panning procedures. The
scaffold itself can be optimized for the particular conditions of an industrial
process.

We demonstrate the iMab design, validation, production and a first industrial
application of an affinity protein for single step recovery of a valuable
component from whey.

Columns with immobilized iMabs can be regenerated hundreds, possibly
thousands, of times and cleaned at high temperatures and harsh chemical
conditions. Combined with low cost, microbial manufacturing of these single
sequence designer affinity proteins, the use of iMabs is 4-6 orders of
magnitude cheaper than conventional antibodies. So finally, affinity
chromatography may enter the enormous scale of the food processing
industries.

This work was financially supported by DMV International and a grant from the
Dutch Ministry of Economic Affairs (TSGE1040 for Technological
Collaborations).



Recovery of pectin and polyphenolics from apple pomace and
mango peels

Andreas Schieber, Petra Hilt, Nicolai Berardini, Reinhold Carle

Hohenheim University, Institute of Food Technology, Section Plant Foodstuff
Technology, Stuttgart, Germany

In Germany approximately 700,000 tons of apples are annually produced into
juice, resulting in 250,000 tons of wet apple pomace. The production of pectin
is considered the most reasonable way of utilisation, however, a growing
number of studies demonstrate that peels and seeds are also a rich source of
polyphenolics . Since approaches described so far at the utilisation of by-
products were mostly restricted to laboratory scale and did not allow complete
exploitation, a process for the combined recovery of pectin and phenolic
compounds on a large scale was developed.

Industrially dried apple pomace was treated with diluted acid at elevated
temperature to extract both pectin and phenolic compounds. The extract was
applied to a column filled with an adsorber resin which retained the
polyphenolics, while pectin and concomitant hydrophilic constituents (sugars,
organic acids, minerals etc.) passed the resin. Phenolic compounds were
recovered by elution with methanol. The organic solvent was evaporated in
vacuo, and residues of water were removed by lyophilisation. Pectin was
precipitated by addition of ethanol, separated by centrifugation, and freeze-
dried. Polyphenolics were characterised by LC-DAD-MS.

Phloridzin, chlorogenic acids, and quercetin 3-galactoside were found to be
the predominant compounds. Epicatechin, procyanidin B2, and phloretin
xylosylglucoside were also present in appreciable amounts. In total,
approximately 12% of the lyophilisate could be characterised as
polyphenolics. Further investigations revealed that most of the lyophilisate
consisted of degradation products of cell wall material (60%), whereas
proteins (4%) and lipophilic compounds (1%) were present in lower quantities.
Removal especially of oxidised phenolics from apple pectin provided a refined
hydrocolloid with extended fields of application .

On a long-term basis, the increasing tendency to maximise juice yields by the
use of pectolytic and cellulolytic enzymes might lead to scarcity of apple
pomace as a source of pectin. Mango peels, which are available in large
amounts, have been demonstrated to contain high-quality pectin with a high
degree of esterification. In continuation of our studies, we have recently
shown by LC-ESI-MS that mango peels also contain a broad pattern of
flavonol O- and xanthone C-glycosides .. A screening of commercially
relevant cultivars revealed that especially "Tommy Atkins” mangos are rich in
polyphenolics. Therefore, the process described above is currently adapted to
the recovery of pectin and polyphenolics extracted from mango peels.



[ Schieber, A., Stintzing, F.C., Carle, R. (2001) Trends Food Sci Technol 12,
401-413.

2l Schieber, A., Hilt, P., Streker, P., EndreR, H.-U., Rentschler, C., Carle, R.
(2003) Inn Food Sci Emerg Technol 4, 99-107.

31 Schieber, A., Berardini, N., Carle, R. (2003) J Agric Food Chem 51, 5006-
5011.



Awarenet: Agro-food wastes minimisation and reduction
network

Libe de las Fuentes
GAIKER, Parque Tecnoldgico, Zamudio (Bizkaia), Spain

Despite of the economic importance of the food sector, during the last EU
Framework Programmes no global European vision addressing the
environmental problems arising from agro-food wastes has been approached.
Thus AWARENET is the first Thematic Network aiming at the Prevention,
Minimisation and Reduction of Wastes from the European Agro-food Industry.
Funded by the GROWTH Programme of the European Commission with a
global budget of 1.470 M € for a three-year duration (2001-2003), it focuses
on 5 main agro-food sectors: meat, fish, dairy, wine and vegetables. Currently
the network comprises 32 members from 14 different European countries,
including newly associated states. It is co-ordinated by the Spanish
Technology Transfer Centre GAIKER and counts with the participation of
agro-food wastes producers (manufacturing industries), waste valorisation
industries, equipment manufacturers, consultancies and RORs and
Universities. This will favour the main task of the network, aiming at creating a
critical mass forum for information/expertise exchange and technology
transfer.

The innovation of AWARENET is integrating the vision of the agro-food
industrial waste problem from three different and critical points of view:
regulatory issues, technology and market, with the final objective to propose a
global R&D European strategy for agro-food industrial wastes. The European
environmental legislation and regulations affecting the agro-food industrial
wastes will be compiled in an organised and usable fashion. An inventory of
agro-food waste figures and critical points in production processes will be
made all over Europe with the inputs of all participating countries within the
network. The best practices nowadays used for minimisation and valorisation
of wastes will be compiled all over Europe. The network activities will help the
European agro-food industries (with special emphasis on SMEs) describing
simple tools and rules for wastes prevention and minimisation. Furthermore,
AWARENET will identify the market demand for products from agro-food
valorised by-products and define the R&D needs for minimising and valorising
agro-wastes. At the end of the project a white book will be elaborated as a
dissemination practical manual for European agro-food industries.



Food processing waste and non-food use

Jeremy Tomkinson
National Non-Food Crops Centre, York, UK

The National Non-Food Crops Centre was incorporated as a company limited
by guarantee in August 2003 with the purpose being to provide a single,
independent and authoritative source of information on the use and
implementation of non-food crop products and technologies in the United
Kingdom. The NNFCC will subsume the activities of the Plant Protein Club
and the Alternative Crop Technology Interactive Network (ACTIN) which have
hitherto acted to promote scientific and technological advance in the use of
non-food crops and their uptake by industry. The Centre will disseminate the
relevant scientific and technical information as widely as possible in order to
increase knowledge and understanding, initiate and facilitate technology
uptake and to meet the government's and society's wider objectives for
sustainable development. The paper will provide an overview of the main
technical areas covered by industrial crops, highlighting examples on the
chemistry and areas of industrial application for renewable raw materials.



Sustainable use of food processing wastes: livestock feed or
bioenergy?

Sanderine Nonhebel

Center for Energy and Environmental Studies, Groningen University, The
Netherlands

The food processing industry produces large quantities of waste products.
The largest fraction of these waste products is used in the livestock feed
industry as ingredient for livestock feed (concentrates). This implies that
wastes from food processing industries form the basis for the production of
important proteins in the human diet.

In principle, the available waste streams can also be used for other non-food
purposes for instance as feedstock for bioenergy production. However, the
use of these waste streams as an energy source will affect the food system,
since an important source for livestock feed disappears.

This paper focuses on the question: what are the consequences of using
waste streams for energy generation instead of using them for livestock feed.
This is done through applying systems analysis. Three different food
production systems are evaluated with respect to their land use requirements.
All systems produce the same commodities, but waste streams generated by
the food industry are used for different purposes (feed for livestock or energy
generation). Comparison is made between using energy crops for energy and
waste streams for fodder versus the use of waste streams for energy and
growing substitutes for the protein supply of the human population. These
substitutes concern growing protein-crops (beans/pulses) for the human diet
or fodder crops (wheat) for livestock.

The system in which waste streams are used for feed uses slightly less land
than the system where waste streams are used for energy generation and
special feed crops are grown to feed the livestock. The system in which the
meat in the diet is replaced by vegetable proteins has the lowest land
requirements, but the difference with the system where waste streams are fed
to livestock is small.

It is shown that use of wastes for energy generation has a very large impact
on the food system, 80% of the meat consumption is effected, while the
energy gain is limited to 1% of the energy consumption. Differences are found
between various types of food processing wastes. It is concluded that when
the waste product has a value as livestock feed, the use of it as energy source
results in tremendous trade-off’s to the food system. In general, these trade-
offs overrule the gains in the energy system. Therefore great care should be
taken in using food-processing wastes as an energy source.



Biological hydrogen production from agro-industrial by-
products

P.A.M. Claassen & T. de Vrije

Wageningen UR Agrotechnology & Food Innovations, The Netherlands

Anaerobic digestion is a fairly common way to reduce voluminous by-product
streams and generate some energy in the form of biogas. The main
advantage is volume reduction since the yield with respect to energy
production is low. This low yield is due to the fact that gas turbines or
combustion engines are used for converting the energy carrier, methane, to
energy. Since the application of fuel cells is gaining an increasing interest in
the world of energy production, Wageningen UR has developed a bioprocess
for the production of hydrogen from organic matter. The advantages of fuel
cells are unambiguous: the energy conversion is more efficient as compared
to tradional energy conversion systems and emission is zero. However, when
the feedstock for fuel cells, hydrogen, is derived from fossil fuels the process
as such is not regarded as sustainable, because of its contribution to the
increase in carbon dioxide.

Biomass in the form of energy crops or by-products from the agro or food
industry, is one of the renewable resources that enables a sustainable
hydrogen production. Therefore, many initiatives are presently undertaken to
develop feasible technologies for hydrogen production from biomass.

For hydrogen production from biomass there are two distinctly different
processes:

1. Thermochemical conversion
2. Biological conversion

The advantage of the thermochemical conversion is non-selectivity with
respect to biomass composition, the main disadvantage the potential
presence of contaminants in the produced gas.

The focus of this presentation is on the biological conversion of biomass to
hydrogen. The main merit of this process is the production of very pure
hydrogen from very wet biomass. Furthermore, the bioprocess is less
dependent on economy of scale. These properties create great opportunities
for application of this bioprocess in the agro and food industry.

Many micro-organisms are able to produce hydrogen from carbohydrates, like
(hemi)cellulose and starch, under anaerobic conditions. The anaerobic
production of hydrogen is a common phenomenon, occurring during the
process of anaerobic digestion. Here, hydrogen producing micro-organisms
are in syntrophy with methanogenic bacteria which consume the hydrogen as
soon as it is produced. In this way, hydrogen production remains obscure. By
decoupling hydrogen production from methane production, hydrogen
production becomes available for recovery and further use. The first step in



our bioprocess is the fermentation of organic matter to hydrogen and,
preferably, acetic acid. This is done using thermophilic bacteria which are
highly efficient and prevent growth of methanogenic bacteria. The second step
is the conversion of acetic acid in the effluent of the thermophilic reactor to
hydrogen. Because of unfavourable thermodynamics of this reaction, extra
energy must be provided. By using photoheterotrophic bacteria which obtain
energy from light and organic matter, this drawback is overcome.

The presentation will address the background of microbial hydrogen
production, our results obtained, several national and international projects on
hydrogen production from biomass, and conclude with a conceptual design for
a bioprocess converting potato steam peels to hydrogen.



Recycling of bulk wastes from food processing operations in
the EU

Colin Rudd
Envar Ltd, UK

Member states throughout the EU are increasingly encouraged to recycle bulk
food wastes rather than resorting to landfill disposal. EU and member states’
regulation relating to the management of waste materials has driven this. The
objective of such regulations is to encourage the reuse and recycling of food
wastes. Many food companies have and some continue to choose the “least
cost” approach to “getting rid of” their wastes.

In the UK and in other member states there has been concern about the
spreading of organic food wastes on agricultural land, in particular abattoir
wastes, such as blood and gut contents. Also, the implementation of recent
EU regulation relating to animal by-products has further restricted the ability of
food producers to recycle their wastes. Despite the good reasons for their
enactment these restrictions it has not had the desired effect of encouraging
recycling. As a result large quantities of food wastes will require treatment
and disposal in the future.

Despite this, opportunities do exist for the food industry to recycle suitable
wastes throughout the EU for animal feed, pet food, energy production and
spreading on agricultural land from industries such as:

Brewers and maltsters

Creameries and dessert manufactures
Cook chill prepared foods

Vegetable processors

Bakeries

Wine and olive oil

The paper will provide examples of sustainable recycling options throughout
the EU. It will also examine the conflict between the introduction of
regulations controlling the recycling of bulk food waste to agriculture and the
inevitable increase in disposal costs to waste producers.



Future concepts: integration in processing

M.A.J.S. (Tiny) van Boekel

Product Design & Quality Management, Department of Agrotechnology &
Food Sciences, Wageningen University, The Netherlands

Production of food inevitably goes along with production of waste. However, it
has to be specified what waste is, and in fact it is better to talk about losses.
Losses can be wanted and unwanted, and unwanted losses could actually be
called waste. Waste applies not only to product streams but also to energy
and water use if these are used to a higher extent than is actually needed.
This lecture will start by presenting an overview of the types of losses and
waste that occur in the food industry. Next it will be indicated where
possibilities for improvement exist. An integrated approach will be presented.
Integration is possible at several levels, namely from the food chain
perspective, from the processing perspective and the product perspective.
The ultimate goal of the food industry is to produce safe, wholesome and
attractive foods for the consumer. Within the constraints of having to produce
a marketable product that complies with legislation, it is still possible to
improve on wanted and unwanted losses (i.e. waste), not only for
environmental reasons, but also for economical reasons. The best solution to
minimize waste is of course to avoid its production, but a minimum amount of
waste is likely to remain. Such a waste can still be utilized in many ways.
What is needed is an integrated analysis of the whole food chain and a critical
look on product and process design. Such an analysis will make clear where
improvements can be made. A tool to do this is called production yield
analysis, recently introduced by Somsen (2004). This tool does require an
integrated view on the whole production process, and seems to be quite
useful to optimize products and processes with respect to both losses and
wastes while maintaining product quality.

D. Somsen (2004). Production yield analysis in food processing. PhD thesis,
Wageningen University.



Suggestions for making beet sugar industry more eco-
compatible

Giuseppe Vaccari® and Krzysztof Urbaniec®
@ Chemistry Department, University of Ferrara, Ferrara, Italy
® Warsaw University of Technology, Plock, Poland

It is well known that the traditional technology for the production of sugar from
beet is a source of ecological and environmental problems. These problems
are not compatible with the requirements of modern process technology with
regard to minimizing or possibly eliminating waste generation and reducing
the consumption of energy and water.

In the beet sugar factory, in addition to the production of white sugar, there is
a significant production of beet pulp, molasses, carbonation sludge, waste
water and gaseous emissions.

Beet pulp is mainly used as animal feed but it is necessary to find alternative
applications. The molasses is mainly used in fermentation processes which
generate, apart from their main products, large amounts of vinasse to be
disposed. The carbonation sludge is a by-product of the calco-carbonic
purification process employing milk of lime obtained from calcium carbonate.
The amounts of energy and water utilized in the sugar production process
depend on its details but can be reduced using various energy- and water-
saving techniques.

A modern sugar factory should make it possible to utilize all its by-products
and wastes as secondary raw materials. Technological measures should be
also applied to minimize the consumption of energy and water, and the over-
all impact on the environment. In this paper some proposals aimed at
improving the ecological characteristics of beet sugar factories are reviewed.



Effects of temperature, pH and whey permeate concentration
on propionic acid production by mixed cultures of
Propionibacterium and Lactrobacillus using response surface
methodology

I. Abrahamsen ?, E. Selmer-Olsen ®, T. Sgrhaug °.

@ Department of Chemistry, Biotechnology and Food Science, Agricultural
University of Norway, As, Norway

® TINE Norwegian Dairies BA, Centre for R&D, Oslo, Norway

One possible way of using cheese whey (CW) permeate is to produce
mycostatic products for grass ensilage, based on fermentation of CW-
permeate by mixed cultures of Propionibacterium acidipropionici and
Lactobacillus casei. Propionic acid has mycostatic properties and is one
ingredient in a commercial silage additive for organic farming, GrasAAT® Eco.
Whey permeate usually requires a nutrient supplement, such as yeast extract,
for complete utilization of lactose and to increase productivity. Since addition
of nutrient supplement increases the costs, it was of interest to see how
different fermentation conditions influenced the production of propionic acid in
pure CW-permeate.

The effects of temperature, pH and cheese whey permeate concentration
(CWPC) (expressed as concentration of lactose) on production of propionic
acid with a mixed culture of Propionibacterium acidipropionici and
Lactobacillus casei were studied by response surface methodology. The
experiments were carry out in batch fermentations lasting one week.
Temperature range was 29-38°C, pH range 4.7-6.3 and CWPC range
4-17%, all with distribution over five levels in a central composed design.

Results indicate that propionic acid production is influenced by all the three
parameters, temperature, pH and CWPC. Awaiting some of the final analyses
results, concluding comments will be available shortly.



Development of novel snack products with plant materials

Qing-Bo Ding, Paul Ainsworth, Andrew Plunkett
Hollings Faculty, The Manchester Metropolitan University, Manchester, UK

The aim of this project is to increase consumption of fruit and vegetables by
developing novel extruded snack foods based on fruit and vegetables
materials, particularly outgrades and surplus, which retain their nutritional
benefits and are acceptable to consumers.

Maize, rice and wheat flours, individually and in combination were investigated
as a base for the extrudate. It was found that rice flour gave the best texture
profile when plant material was present. A number of extrusion process
variables, feed rate, feed moisture, screw speed and temperature, were also
evaluated for an understanding of the effects of these variables on the
properties of extrudates. A range of dehydration techniques have been
applied to reduce the moisture content of the plant materials, in order to
increase the plant solids content without compromising the texture of
extrudate. The results of texture measurements and sensory evaluation of an
extruded product with up to 30% plant material were proved to be close to
current commercial snack products.

It is feasible to produce healthy, added-value snacks using extrusion
technology and incorporating plant materials.



Whole utilisation of olive oil industry by-product

Juan Fernandez-Bolanos, Guillermo Rodriguez, Rocio
Rodriguez, Ana Jiménez, Rafael Guillén, Antonia Heredia

Departamento de Biotecnologia de Alimentos, Instituto de la Grasa (CSIC),
Sevilla, Spain

The new technologies recently introduced for olive oil extraction consists on a
two-phase centrifugation process that generates a semi-solid waste called
“alperujo or alpeorujo”. Its combustion, as fuel with high calorific value, is the
most currently used procedure to eliminate the harmful effects on the
environment. However, there are many compounds of interest in alperujo that
are no recovered from this system. We have developed a process that

allows an integral recovery of the by-product. This consists on a hydrothermal
treatment that results in the disruption of the fibres that constitute these
lignocellulosic residues, releasing and making possible the manipulation and
recovery of those compounds. Due this method makes easier the solid-liquid
separation, the integral recovery includes both fractions. The solid fraction is
considerable reduced after the treatment, and several components such as
oil, cellulose and proteins are concentrated. These can be used in human
(refined oil) and animal (cellulosic residue) food and, finally, as substrate for
composting.

The liquid fraction is rich in sugars, including monosaccharides (glucose) that
are fermentable to bioetanol, soluble oligosaccharides (xilo-oligosaccharides)
that can be used as promoters of the growing of colon bifidobacterium, and
other compounds such as mannitol. Also, it can be isolated
HYDROXITYROSOL (HT), the most powerful natural antioxidant present in
the olive oil that possess stabilizing, biological and antimicrobial properties.
The system of purification of HT, which is under patent, allows its production
to industrial scale, with high degree of purity (over 95%) and economic costs.
During the purification process, in addition to this antioxidant several other
interesting compounds are concentrated. Among them, it is remarkable the
presence of 3-4-dihydroxyfenilglicol, that has been described as metabolite of
the nor-adrenaline (human symphatetic hormone). The procedure for its
isolation and purification in great quantity is actually been developed by our
Research Group. Other compounds of interest, such as luteolin, apigenin,
rutine and quercetin, have also been detected and their nutritional and
pharmacological properties are being studied.

These all investigations will make possible the integral recovery and the
revalorization of this by-product generated during the extraction of the olive
oil.



Film forming properties of fennel polysaccharides

Con(I:oetta Valeria L. Giosafatto®®, Loredana Mariniello?, Steve
Ring

@ Department of Food Science, University of Naples “Federico II”, Naples, Italy
® Institute of Food Research, Norwich Research Park, Norwich, UK

More then 70,000 tons of fennel (Phoeniculum vulgare), are produced
annually in Southern ltaly as a vegetable crop, of which ~30% is waste. The
aim of this research is to enable the development of uses for this material,
with a focus on the properties of biopolymer films prepared from fennel
polysaccharides. One potential application, in this region, is the use of
biodegradable “mulching films”, to reduce the high environmental impact of
plastic mulches.

Fennel pectins were acid extracted using a modified method of Levigne et al.
(2002). The extracted pectin had an uronic acid content of 40% w/w with a
degree of methyl esterification of 48%. The neutral sugars present included
galactose, arabinose, rhamnose and glucose.

Films were prepared from the fennel pectin by solution casting. Film hydration
was examined as a function of osmotic stress, and the mechanical properties
of the hydrated films examined in uniaxial extension. The hydrated films
behaved essentially as elastic solids with a small non-recoverable deformation
after removal of the applied stress. The tensile modulus decreased with
increasing water content. The hydration characteristics of the films were
dependent on ionic strength, pH and the applied osmotic stress, hydration
decreasing with increasing osmotic stress. At a fixed osmotic stress of 0.4
MPa and a pH of 5.7 the swelling of the pectin film increased from 1.42 to 10
v/v as the ionic strength of monovalent counterion (Na+) decreased from 1000
to 20 mM. This ionic strength dependence is characteristic of weakly charged
polyelectrolyte films. At the same fixed osmotic stress of 0.4 MPa and an ionic
strength of 20 mM, the pH was varied from 2 to 9. The swelling of the film
decreased to 4.7 v/v as the pH was reduced to 2 and increased slightly to
11.5 v/v as the pH increased to 9. The swelling characteristics of these pectin
films was analysed using approaches developed to describe the swelling of
polyelectrolyte films.

One approach to reducing swelling is to crosslink the film. It is known that
globular proteins can form complexes and coacervates with polyelectrolytes.
In this study we have examined the potential of the globular protein phaseolin
to function as a cross-linking agent in concentrated systems. Films were
prepared with a pectin-phaseolin ratio of 4. At high osmotic pressure (9-18
MPa) mechanical properties were not significantly different. At low osmotic
pressure (0.4-5 MPa), swelling of phaseolin containing films was notably
reduced.



Enhancement of the radical scavenging activity of tuna waste
hydrolysate

Fabienne Guerard, Maria-Teresa Sumaya-Martinez, Solenn
Thomas, Boris Linard, Adrien Binet

LUMAQ), University of West Brittany, Quimper, France

The development of some non-enzymatic browning reactions, such as
Maillard reaction, has been recently associated to the formation of compounds
with strong radical scavenging activity.

A tuna stomach hydrolysate was prepared in a pilot enzymatic reactor using
Alcalase 2,4 L®. The antiradical activity of the tuna hydrolysate (5mg/mL
according to Lowry assay) was evaluated using the DPPH® test according to
the procedure of Morales and Jimenez-Perez (2001).

Maillard reactions between the tuna hydrolysate and a reducing sugar
(glucose and ribose) were conducted in order to enhance the antiradical
properties of the tuna hydrolysate. The relationship between radical
scavenging activity and sugar concentrations ranging from 5 to 90 mg/mL was
investigated. The antiradical activity of the Maillard Reaction Products (MRP)
was 11 fold higher with ribose than when using glucose and a plateau was
reached at a 40 mg/mL sugar concentration. The high ribose reactivity could
be related to the acyclic form of the ribose thus making this sugar more
reactive than the glucose.

The progress of the Maillard reaction was followed by monitoring absorbance
at 420 nm. The development of MRP colour was maximum at a 50 mg/mL
ribose concentration. Molecular weight of the reaction products of tuna
hydrolysate and ribose was measured by size exclusion chromatography. The
study of chromatographic profiles obtained before and after the Maillard
reaction found major changes in absorbance at 280 nm indicating some
molecular rearrangements. A fraction showing a strong radical scavenging
activity was isolated using reverse phase chromatography. This fraction
(Mw<1500 Da), which was not detected before the Maillard reaction, is
involved in the enhancement of the antiradical activity of the MRPs.

New experiments were investigated using cellular cultures (3T3 fibroblasts,
DIET and VERO cells) in order to evaluate the MRP potential cytotoxicity.
Results showed that the MRP do not exhibited cytotoxicity (Clso>700 mg/mL).

These results suggested that new compounds with radical scavenging activity
may be isolated from MRPs obtained from fish processing waste hydrolysates
heated in the presence of ribose. These new compounds may represent a
viable alternative to current fish waste upgrading and may have promising
applications in various areas, including nutraceutical and cosmetic fields.



Key words: radical scavenging activity, Maillard reaction product (MRP),
DPPH, tuna, wastes.



Food and biosensors

Md. Zakir Hossain

Ege University, Izmir, Turkey

Biosensors are defined as indicators of biological compounds that can be as
simple as temperature-sensitive paint or as complex as DNA-RNA probes.
Food microbiologists are constantly seeking rapid and reliable automated
systems for the detection of biological activity. The device, biosensor can
simultaneously identify species and determine concentrations of multiple
pathogens -- including the deadly E. coli 0157:H7 and Salmonella -- in food
products in less than two hours while in operation on a processing plant floor.
Laboratory tests have proven the biosensor is extremely sensitive, meaning it
can detect pathogens at minute levels of 500 cells per milliliter. Researchers
believe they can improve that sensitivity to 100 cells per millilitre. Current
laboratory methods only achieve sensitivity levels of 5,000 cells per millilitre,
and they usually take from eight to 24 hours to yield results. In addition, lab
equipment costs $12,000 to $20,000 per instrument compared to an
estimated $1,000 to $5,000 for a biosensor. But before the biosensor gains
market acceptance, it must prove its effectiveness in the upcoming field test.



A systematic micro-dissection of brewers’ (spent) grain

Andrew Jay? Mary L. Parker®, Richard Faulks®, Andrew C.
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Two major low-value co-products of the food processing industry are the bran
of wheat (WB) after milling, and brewers’ spent grain (BG) from barley, the
main residue from brewing. Currently these are generally used for the
production of low-value composts, livestock feed, or disposed of in landfill as
waste. Cost-effective deconstruction of these co-products into their polymeric,
oligomeric and individual components, through mechanical and/or
(bio)chemical means, combined with a reduction in biomass, could provide
valuable streams for exploitation in a number of different applications.

As part of a strategy to develop such an approach, it is becoming increasingly
evident that an understanding of the make-up of such bulk residues in relation
to their biological, post-harvest and processing history is crucial. A detailed
microscopic and chemical analysis of WB and BG reveals a wealth of
structural and molecular components. A comparison between the two co-
products highlights not only the more extra outer layers of the grain in BG, but
also that its compositional complexity is more extensive than the wheat bran
layers. In this poster, microscopy of BG is thus presented in greater detail.
Comparison with chemical analysis confirms the presence of high proportions
of useful components such as feruloylated arabinoxylan and protein.

This work was supported by the BBSRC (Biotechnology and Biological
Sciences Research Council), UK and the Department of the Environment,
Food and Rural Affairs (DEFRA), UK through a BridgeLINK grant. We would
like to express our gratitude to Scottish Courage Limited, Edinburgh, UK for
supplying the brewers’ spent grain and to ARD, Pomacle, France for the de-
starched wheat bran.



Characterization and quantification of polyphenolics from
grape pomace by HPLC-DAD-MS/MS

Dietmar Kammerer, Achim Claus, Andreas Schieber, Reinhold
Carle
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University, Germany

The production of grape juice and wine is closely associated with by-products
which constitute a growing disposal problem for the wineries. Grape pomace
as the primary by-product represents approximately 20 % of the weight of
grapes processed, amounting to more than 9 million tons annually. Grape
pomace can be used for the production of ethanol, citric acid, tartrates, and
grape seed oil, but it is still predominantly disposed as feed or soil conditioner.
Since grape pomace is a rich source of polyphenolic compounds which have
attracted intense interest due to their potential health-promoting effects
(“French Paradox”), numerous investigations on the exploitation of these
compounds have been initiated. However, systematic data on the content of
individual phenolic compounds in grape pomace are still lacking. Therefore,
the aim of the present study was to characterize and quantify the main
polyphenolics in grape pomace of different cultivars.

Seeds and skins from 9 red and 5 white grape cultivars were lyophilized,
comminuted and extracted with organic solvents. Phenolic compounds were
fractionated into phenolic acids, anthoxanthines and stilbenes, and
anthocyanins using C18-cartridges and characterized by HPLC-DAD-MS/MS.
Quantification was based on external calibration curves obtained from
standard reference compounds.

The chromatographic system applied in the present study allowed the
separation and quantification of approximately 40 polyphenolics. Due to the
limited availability of reference compounds and the complexity of the grape
matrix, LC/MS" techniques proved to be a powerful tool for the unambiguous
assignment of individual substances. Both cultivar and year of vintage were
shown to considerably affect polyphenolic contents of grape pomace. The
absence of anthocyanins in white cultivars is the main reason for the higher
polyphenolic contents in the press residues of red grapes. The contents of
both phenolic acids and anthoxanthines showed large variabilities in the
pomace of red as well as in that of white grapes, even though some
compounds such as caftaric and coutaric acids were mostly present in higher
contents in red grape peels. Anthocyanin contents ranged from 2.7 to 13.6
g/kg dry matter in the skins. Extremely high contents of anthocyanins (131.9
g/kg dry matter) were found in the skins of the cultivar "Cabernet Mitos” which
is currently being used for the development of a process for the recovery of
phenolic compounds.



Isolation and characterisation of the cell-wall materials of
Korean Ginseng (Panax ginseng C.A.Meyer)
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The purpose of this study was to isolate and characterise the polymers
including phenolic acids from cell wall materials (CWM) of Korean ginseng
(Panax ginseng C.A. Meyer), medicinal herb, with chemical methods. The
amounts of uronic acid, total sugars, and non-cellulosic neutral sugars of
CWM from different parts of Korean ginseng were measured. Polymers
extracted from CWM of main and fine root of ginseng had same values of
uronic acid (UA) : neutral sugars(NS) ratio. The contents of total sugars in
main root and fine root of ginseng were 1001.3, and 842.2 ug/mg CWM.
Arabinose and galactose were the main noncellulosic neutral sugars. The
chemical structure of five phenolic compounds analyzed from Korean ginseng
CWM were identified to be vanillic acid, p-hydroxybenzaldehyde, vanillin,
ferulic acid, and 8-O-4'diferulic acid by HPLC spectral data and LC-Mass
results. Among them, p-hydroxybenzaldehyde, vanillin, 8-O-4' diferulic acid
were the first compounds identified from ginseng. The content of 8-O-4"'
diferulic acid in fine root of ginseng was 109.8 ug/g CWM.

To investigate this effect on cell wall chemistry of ginseng, CWM were
prepared and were extracted sequentially with water, imidazole, CDTA (-1, -
2), Na,COs; (-1, -2), KOH (0.5, 1 and 4 M) to leave a residue. The composition
of major sugars in water and imidazole were galactose, arabinose, and in 0.5
M KOH, 1 M KOH, and 4 M KOH were glucose, arabinose, and galactose,
respectively. The values of uronic acid (UA) : neutral sugar (NS) ratio in
CDTA-1(201, 2 hr), CDTA-2(20(1, 5 hr), and Na,CO3-1(0L]) were 15, 6, and 6.
The wall-bound phenolics were released from ginseng AIR by sequential
extraction with various solvents. 5 Kinds of major phenolic compounds and 5
kinds of unknown peaks were analyzed in sequential extracts of ginseng AIR,
such as A, vanillic acid, p-hydroxybenzaldehyde, B, vanillin, ferulic acid, C, D,
8-O-4'diferulic acid and F. This is the first reported evidence that ginseng cell
wall polysaccharides are linked through phenolic residue. Thus, high amounts
of phenolics including unknown peak A were observed in high pectic
polysaccaride fractions of CDTA-1, CDTA-2, and Na,CO3-1. The contents of
ferulic acid (monomer) and 8-O-4'diferulic acid (dimer) were only concentrated
in 0.5 M KOH and 4 M KOH soluble fractions.



Utilisation of cereal industry’s co-products: exploiting
structure
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The EU cereal industries, such as millers, bread-makers and brewers,
annually produce millions of tonnes of co-products, including spent grain,
maize and wheat bran. This is disposed of mainly as animal feed or by landfill.
Due to new legislation to reduce landfill, agri-food industries are looking at
ways to reduce the amount of such by-products by finding alternative uses. As
they are of plant cell-wall origin, they are a rich source of sugars, proteins,
minerals and phytochemicals. Enzymatic treatment has an important part to
play in the development of processes to exploit these co-products, especially
in the extraction of novel, high-value products and in the solubilisation of solid
waste.

The current study has explored the enzymatic approach in relation to the
composition and polymeric structure of the component fractions. Plant cell
wall-degrading enzymes were selected for their ability to solubilise the
arabinoxylans from brewers’ spent grain and wheat bran. An enzyme
preparation from the thermophilic fungus Humicola insolens, Ultraflo L, was
able to solubilise more than half of the biomass of brewers’ spent grain and
wheat bran. While almost all of the ferulic acid was released in the free form,
the majority of diferulates were released still attached to soluble feruloylated
oligosaccharides, except for the 8,5’ benzofuran form, which remained mostly
in the residue. H. insolens also produced an esterase capable of releasing
over 50% of p-coumaric acid present in wheat bran, but only 9% from BSG.
The residue after enzyme treatment comprised mostly of cellulose and
arabinoxylan.

Spent grain and wheat bran were chemically fractionated into 7 soluble sub-
fractions and an unextracted residue. The sugar and phenolic acid levels were
characterised. Both ability of both Ultraflo and a pure feruloyl
esterase/xylanase combination to release mono-and dimeric ferulic acid from
this material was investigated. The two preparations behaved in a different
manner depending on the nature of the sub-fraction, with Ultraflo being more
effective on the alkali-solubilized fractions and the pure enzymes on the
water-soluble sub-fractions. The importance of the source of both feruloyl
esterase and xylanase for the release of phenolic acids from spent grain and



wheat bran was also investigated. These investigations have suggested that
mono- and diferulate are located on different portions of arabinoxylans in
cereals, and their enzymatic degradation has to be carefully controlled by the
selection of appropriate enzymes for the initial material.

This work was supported by the BBSRC (Biotechnology and Biological
Sciences Research Council), UK, the department of Trade and Industry (DTI),
UK through a LINK grant, the British Council, and the European Social Fund.
We would like to express our gratitude to Scottish Courage Limited,
Edinburgh, UK for supplying the Brewer’'s Spent Grain and to ARD, Pomacle,
France for the de-starched wheat bran.
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Millions of tonnes of agri-food processed wastes (co-products) are produced
globally per year, where they are utilised mainly as animal feed, compost or
disposed of in landfill. Utilisation and selective fractionation of these co-
products could provide a large number of high-value compounds, to be used
for different products application. Brewers’ spent grain (BG) and wheat bran
(WB) are co-products from brewing and milling, respectively. BG is the
residue after the wort has been removed and it is mainly used as low value
cattle food. WB comprises the outer layers of the wheat grain. Lemon pulps
are wastes from lemon juice clarification, separated from juice by a continuous
decanting centrifuge. Presently the pulps, essentially constituted of pectins,
have no practical use.

In this study we report the production of enzymes with industrial applications
from filamentous fungi by using low-costs agro-industrial waste products,
brewers’ spent grain, wheat bran and lemon peel, as carbon source. (3-1,4-
endo-xylanase and feruloyl esterase (FAE) activities were detected in culture
supernatants from Humicola grisea var, thermoidea, Talaromyces stipitatus
and Trichoderma viride. Maximum xylanase activities were 31.4 U/mg and
23.4 U/mg from cultures of H. grisea at 150rpm on BG and WB, respectively.
Maximum FAE activity in this thermophilic fungus was 0.43 U/ml and 0.34
U/ml on BG and WB, respectively. Tal. stipitatus achieved maximal xylanase
activities after six days growth on BG (13.12 U/mg) and eight days on WB
(12.79 U/mgq). Esterase activity produced reached the maximum levels after
ten days on BG (0.14 U/ml) and nine days on WB (0.09 U/ml). Only small
amount of xylanase and feruloyl esterase was produced from T. viride grown
on both BG and WB.

Pectinase activity was detected in cultures supernatants from Trichoderma
viride and Aspergillus niger. Polygalacturonase (PGase) production was rapid
in A. niger, reaching the highest value after 14 days of incubation (1.27 U/ml),
while in T. viride it was detected later, at 25th incubation day, when the
observed Units (9.01 U/ml) were about seven times more than in A. niger.



The results of the present study suggest that some fungi are able to produce
xylanases, feruloyl esterases and pectinase from agro-industrial wastes and
could be therefore used as sources of those enzymes.

This work was supported by the BBSRC (Biotechnology and Biological
Sciences Research Council), UK, the department of Trade and Industry (DTI),
UK through a LINK grant, the British Council, and the European Social Fund.
We would like to express our gratitude to Scottish Courage Limited,
Edinburgh, UK for supplying the brewers’ spent grain and to ARD, Pomacle,
France for the de-starched wheat bran.



Phyto-chemicals from vegetable processing by-products
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In North West Europe the vegetable processing industry produces annually
1,653 min ton of residual waste. To date this flow of waste is used almost
exclusively in the feed industry. However, vegetable by-products are a
potential source for natural colorants, fibres, vitamins, and other interesting
phyto-chemicals for human consumption.

TNO investigated the technological and economical feasibility for producing
phyto-chemicals, including fibres, polyphenols and amino acids out of
vegetable by-products.

During the vegetable juice production residue is produced. The dry matter
content of this residue flow is much higher than the original vegetable raw
material. As a result this flow of by-product is highly interesting to use as a
source for the production of phyto-chemicals.

The poster will summarize a list of phytochemicals and other interesting
components from several different vegetables. Next to it the economical and
technical feasibility of producing these components out of various vegetable
residue flows is discussed, taking into account product stabilization,
processing routes and logistic challenges.

In general the health benefits of vegetables are widely accepted by the
consumer. Therefore using vegetable by-products as an ingredient in food
products seems to offer opportunities for the food industry to give food
products a surplus value and reduce the vegetable waste significantly in a
sustainable way. Solving the logistic and technical issues in combination with
the market development of phytochemicals are the challenges to face ahead.

This project was done in cooperation with IFF BV, Alko Research International
BV, and Provalor BV and financially supported by the Dutch government.
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Nile perch (Lates niloticus) is the most dominant fish species in Uganda,
accounting for approximately 46% of all the fish landed in the country.
Industrial processing of Nile perch is estimated at 60,000 metric tonnes per
annum, but processing waste, which represent approximately 50% of the raw
material are underutilised. This investigation was aimed at extracting and
characterising collagen and gelatin from Nile perch waste.

Acid soluble collagen (ASC) was extracted from young and adult Nile perch
skins using 0.5 M acetic acid and precipitated using 0.9 M NaCl. The ASC
yield, on dry basis, was 63.1 and 58.7%, respectively for young and adult fish
skins. SDS PAGE showed the collagens to consist of two alpha components
(a1 and a2). Nile perch ASC was found to contain more imino acids (~20%)
than most fish species. The denaturation temperature for the collagen from
young and adult Nile perch skins was determined to be 36°C, which is also
higher than that for most other fish species.

Type A gelatins were extracted from skins and bones of young and adult Nile
perch and analysed to determine their functional and chemical properties.
Passing gelatin extract through a column of activated carbon eliminated the
fishy odour. Nile perch skin gelatin colour, turbidity and composition was
within the range reported for bovine gelatins. Nile perch bone gelatin however
exhibited high ash content and turbidity. Both young and adult fish skin
gelatins exhibited gel strength greater than 220 g. This was significantly
higher than the gel strength for bone gelatins (179 g and 134 g, respectively
for young and adult fish). Gelatin from adult Nile perch skins also exhibited
higher viscosity and lower setting time than bone and the young fish skin
gelatins. Skin gelatins exhibited higher film tensile strength but lower film
percent elongation than bone gelatins. Bone and skin gelatins had similar
amino acid composition, with a total imino acid content of about 21.5%. SDS
PAGE revealed that skin gelatins had a higher content of polypeptides with
molecular weight greater than B compared to bone gelatins. The functional
properties of the skin and bone gelatins appeared to be related to their
molecular weight distribution.

The study showed that Nile perch skins and bones have potential for
supplementing mammals as a source of gelatin and collagen and that age-
related changes in Nile perch collagen are minimal, probably because there is
minimal development of mature crosslinks.



Waste minimisation and utilisation in food industry:
processing of arctic berries, and extraction of valuable
compounds from juice-processing by-products
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A wide range of enacted legislation has significantly contributed to the
introduction of sustainable waste management throughout the European
Union. European led legislation is used as a key driver for change. For
instance, the Landfill Directive forbids disposal of untreated organic waste
starting from 1.5.2005. By the year 2010, organic waste disposal has to be
reduced by 80%. To this end, the Finnish Waste Plan prescribes that, by the
year of 2005, the utilisation rate of food industry waste has to be raised to a
minimum of 70%. Considering the challenges in the area of food industry,
efforts are to be made to optimise food processing technology to minimise the
amounts of waste. As well, methods should be developed for the complete
utilisation of by-products of food industry. The most important means of waste
minimisation is the application of more efficient production technologies.
Clean process technologies enhance safety and quality, as well as reduce the
energy requirement and environmental impact of food industry.

Arctic berries are a very important part of Finnish diet, and the Nordic climate
allows the cultivation of berries rather than fruits. Both cultivated and wild
berries are unpolluted and their nutritional value is high. Berries are low in
calories, virtually fat free, and a good source of fibre. Due to the short growing
season, however, only a small portion of berries is consumed fresh.
Processing berry fruits into juice is an effective way of preserving their
valuable components. Conservation of fruit juices is necessary, as
fermentation can begin shortly. Food conservation also contributes to waste
minimisation by avoiding spoilage. Membrane technology is an attractive way
for processing and conservation of berry juices, as no addition of chemicals is
required. Membrane filtration has been tested and found to be successful in
removal of suspended solids and sterilisation of fruit juices, while it did not
impair taste, neither influenced the colour of the juice.

However, the remaining ‘waste’ — peels, seeds, and pulp — also contains a
large amount of healthy substances, such as flavonoids, colours and pectins.
A technology development potential exists for the utilisation of excess waste
of berry juice extraction. The poster will present these opportunities.

The combined efforts of waste minimisation during the production process,
environmentally friendly preservation of the product, and utilisation of side-
products would substantially reduce the amount of waste in food industry, as
well as boost the environmental profile of food industry.



In vivo assay of okara (a waste in the process of making tofu)
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The consumption of soy foods is increasing due to the benefits reported in
nutrition and health. Soybean belongs to the Leguminaceae family and is
native of East Asia. Soy can be eaten in different forms and one of them is
tofu. There are three types of soy-fibre: okara, soy-bran and isolated fibre. All
these products are a high-quality inexpensive source of dietary fibre. Okara is
the residue discarded in the process of making tofu and it tastes as a nut (eg.
almond). Okara has about 70% dietary fibre plus indigestible protein, and
because of that it could be used as a supplement in human diets, especially in
occidental diets, which are lacking of the necessary fibre in the diet. On the
other hand, the use of okara could contribute in the sustainable development,
by using this waste. Research was conducted to investigate the possible
health benefits of okara.

A total of twenty, 12 week-old, Wistar Hannover female rats were used in the
experiment. The rats were divided into two groups of 10: the first one (control),
was fed with a standard food and the second one, with a mixture of the
standard food and 10% of freeze-dried okara. The body weight of the rats and
faeces were recorded weekly. The animals were fed for 4 weeks and at the
end they were slaughtered under anaesthesia (diethyl ether), the blood was
collected and the whole organs (spleen, kidneys, heart and liver) were rapidly
removed and weighed. Caecum was also weighed and its content kept for the
control of pH and analysis of the volatile organic acids released during the
colonic fermentation of fibre. The intestines and faeces were used for the
microbiota analysis. After clotting at room temperature, the blood was
centrifuged and the serum collected for analyses. Significant differences were
found in some of the parameters (body and faeces weight, etc) in the rats
supplemented with fibre when compared to the control group.



Recovery of new water-soluble anti-oxidants from
agroindustrial plant cell wall wastes
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Ferulic acid is the major cinnamic acid found in a large variety of plant cell
walls. Agro-industrial plant cell-wall waste material available in very large
quantities such as sugar beet pulp or cereal brans contain indeed 1-3% w/w of
ferulic acid ester-linked to polysaccharides such as pectins or heteroxylans.
The free ferulic acid has been shown to be an anti-oxidant (Graf, 1992). Free
ferulic acid is however hardly water-soluble, which hinders its potential use as
anti-oxyi. By enzymatic hydrolysis of sugar beet pulp followed by
chromatographic fractionation, we were able to isolate water-soluble
feruloylated oligosaccharides.

Two enzymatic mixtures (Driselase, SP 584) and two chromatographic media
(Sephadex LH-20 and Amberlite XAD-2) were tested. Feruloylated
arabinobiose, arabinotriose, galactose and galactobiose were thereby
isolated, purified and characterized. These water-soluble feruloylated
oligosaccharides could potentially exhibit anti-oxidant activities.



Asparagus by-product as source of functional compounds
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Asparagus is a plant food highly appreciated by consumer due its
organoleptic, nutritional and functional properties, and it is one of the 30 most
consumed vegetables in the world. Asparagus has traditionally been
cultivated in Spain, and our country is currently the main producer within the
European Union.

Previously to the commercialisation of both fresh and processed asparagus,
the spears are cut to a determined length, and sometimes they are also
peeled. The waste generated during these steps of manipulation and
processing of the samples can be until 60% of the stems. Until now, this by-
product has been used as animal food; however, the compositions of the
soluble fraction and the cell wall evidence that asparagus by-product
represents an important source of functional compounds.

The aim of the present work is the utilization of enzymatic and thermal
techniques to obtain those functional compounds. For this purpose,
asparagus waste has initially been extracted with hot water/ethanol. This
extract mainly contains hydroxicinnamic acids, glucosides and flavonoids,
such as rutine, that have been characterized. The residue has been
enzymatically treated in order to isolating oligo- and polysaccharides
containing ferulic. The remaining sample, after enzymatic hydrolysis, has
been utilized for releasing carbohydrates and phenolic compounds by
application of steam explosion treatments.



Low molecular weight carbohydrates in vegetable by-
products
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Plant food residues have mainly been used as a source of dietary fibre and
natural antioxidants, but vegetable by-products could also be utilized as a raw
material for soluble sugar, polyol and oligosaccharide extraction.

Consequently, residues from the food industry: broccoli leaves, cauliflower
leaves and floret stems, and outer leaves of lettuce, were extracted with hot
85% ethanol to solubilize mono- di- and oligosaccharides. Low-molecular-
weight carbohydrates in the extracts were identified and quantified by high-
performance liquid chromatography. Total sugar content ranged from 5.3 to
19.9% and it was similar in floret stems of cauliflower and broccoli leaves
(approx. 20% dry weight). Main soluble sugars in the residues were fructose
(2.5-8.6%), glucose (1.5-7.9%), and sucrose 1.2-6.3%). Leaves and floret
stems of cauliflower had a small content of raffinose (0.1-0.3%) and waste of
lettuce showed a trace of inulin and stachyose.

The alcoholic extracts from these vegetable by-products: broccoli, cauliflower
and lettuce are proposed as an alternative natural source of low-molecular-
weight carbohydrates and the alcohol-insoluble residues could be further used
by the food industry for the preparation of dietary fibre-rich food supplements.






Recovery, characterisation and application of a functional
food ingredient containing carotenes and oligogalacturonic
acids from carrot pomace

Andreas Schieber, Thomas Stoll, Ute Schweiggert, Reinhold
Carle

Institute of Food Technology, Section Plant Foodstuff Technology, Hohenheim
University, Germany

Due to the low yields associated with carrot juice production, approximately
25-40 % of the raw material remains as carrot pomace which is currently
disposed as feed or fertiliser. However, carrot pomace still provides a
substantial amount of nutritionally valuable compounds such as carotenes,
neutral sugars, minerals, pectin and oligogalacturonic acids (OGAs),
respectively.”

Therefore, a novel process for the recovery of a carrot pomace hydrolysate
rich in carotene was developed on pilot plant-scale including techniques of
fine grinding, enzymatic hydrolysis, finishing, homogenisation, and
concentration. An extensive optimisation of the enzymatic hydrolysis on a
laboratory scale was performed before scaling up. Optimum degradation of
the carrot matrix on pilot plant scale was achieved within 1 h at 50°C and pH 4
using an enzyme mixture composed of pectolytic and cellulolytic activities
(ratio 1:1) at a dosage of 1500 mg kg™'. The final product (3.8°Bx) contained
64 mg kg™ total carotenes (o- and B-carotene).?

Further studies dealt with the application of the hydrolysate as a functional
food ingredient to model beverages based on cloudy apple juice. Sensory
evaluation of the beverages revealed a positively perceived orange colour and
an acceptable mouthfeel besides a predominant apple aroma. Stability of the
natural a- and p-carotene in the beverages proved to be excellent after 20
and 24 weeks of storage under moderate and even intense illumination,
respectively. Neither degradation nor isomerisation were observed.
Furthermore, cloud stabilities as determined by centrifugation and real time
sedimentation tests were satisfactory.?

Owing to the latest findings concerning the putative physiological relevance of
OGAs, especially with a degree of polymerisation (dp) of 2 and 3, the final
product was investigated for OGAs as a second potential functional
ingredient. Since mainly monogalacturonic acid was detected, the enzymatic
hydrolysis was modified to yield OGAs preferably with dp 2 and 3, resultin% in
extremely high amounts of 684 and 1346 mg L™ hydrolysate, respectively.

! Stoll, T., Schieber, A., Carle, R. (2001) In: Pfannhauser, W., Fenwick, G.R.,
Khokhar, S. (Eds.) Biologically-active phytochemicals in food. Proceedings of
the EUROFOODCHEM Xl, Norwich/UK (26.-28. September 2001), pp 525-
527.



2 Stoll, T., Schweiggert, U., Schieber, A., Carle, R. (2003) Inn Food Sci Emerg
Technol (in press).

® Stoll, T., Schweiggert, U., Schieber, A., Carle, R. (2003) J Food Agric
Environ (in press).

4 Guggenbichler, J.P., De Bettignies-Dutz, A., Meissner, P., Schellmoser, S.,
Jurenitsch, J. (1997) Pharm Pharmacol Lett 7, 35-38.

® Stoll, T., Schieber, A., Carle, R. (2003) Anal Bioanal Chem 377, 655-659.



Preservative agent partly produced from whey suitable for
high moisture plant crops
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Many alternatives have been explored for the utilization of cheese whey (CW).
We are studying utilization of CW-permeate for the production of mycostatic
whey-products by mixed Lactobacillus and Propionibacterium fermentation.
Co-immobilization is an interesting extension of the immobilized biocatalyst
répertoire. The efficiency to convert, respectively, lactose to lactic acid and
lactic acid or lactose to propionic acid, acetic acid and CO, are studied with
CW-permeate as substrate.

So far we have made use of lactose from CW-permeate in grass silage agents
comprising organic acids. Lactose has shown surprisingly good effect even in
small amounts. The most likely mode of action is as substrate for epithytic
lactic acid bacteria (LAB) in the very early phase before sugars are released
from cell contents of the grass. LAB often have a slow start when acid-based
silage additives are used to suppress undesired bacteria. With lactose
present, the lag phase is shortened and pH drops faster as a result of
fermentation to a stable level around 4. This improves the effect against
clostridia. A commercial silage additive already in use is GrasAAT" Lacto,
which comprises formic acid, ammonium formate, potassium formate and
lactose based on this technology. GrasAAT® Eco is being developed for
organic farming. The latter is based on potassium formate, formic acid,
propionic acid and lactose. Silage trials from 2003 show promising results.
Daily live weight gain of steers fed grass silage only was improved by 21%
when the grass was treated with GrasAAT® Eco compared to untreated grass
silage.

The future aim is to replace some of the organic acids produced by chemical
technology by acids produced by fermentation.



Fractionation and partial characterisation of antioxidant
substances in Shrimp waste hydrolysate modified by Ribose
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The recovery of valuable fractions from crustacean processing discards and
their enzymatic hydrolysis have already provided bioactive molecules.
Recently, research regarding the antioxidant activity of Maillard reaction
products (MRP) of sugar-protein hydrolysate models has been performed.
Moreover, the study of heating conditions and characterisation of MRPs at
moderate temperatures is needed in order to maximise the antioxidant activity
without production of cytotoxic effect.

After the preliminary experiments in antiradical activity maximisation, a
Maillard reaction between Shrimp waste hydrolysate and ribose was
conducted at 75°C, 17 hrs, pH 6.5, 0.5 M phosphate buffer. A high increase in
antioxidant efficiency was developed. The DPPH-scavenging activity of MRPs
was 21 times higher that the sample unheated, the protection against the
bleanching of B-carotene and the inhibition of superoxide anion was twice as
high in the presence of MRPs.

The water-soluble MRPs were ultrafiltered using membrane with cut-offs 1000
Da, both filtrate and retentate showed antiradical activity. Fractionation
scheme in SEC-FPLC was developed in order to identify the fractions showing
the antiradical activity. Two major peaks were involved in the enhancement of
the antiradical activity: the first one corresponding to the brown pigments and
the second one composed of low molecular weight UV-absorbing/non
fluorescent molecules. The active fractions were isolated by means of RP-
HPLC for further identification using the LC-MS spectroscopy

The fraction > 1000 Da do not exhibited cytotoxicity (CI50 > 1 g/L) in
experiments in vitro using cellular cultures (fibroblast 3T3, VERO and DIET
cells).

These antioxidant fractions may represent a viable alternative to current
shrimp waste valorisation and may have promising applications in various
areas, including nutraceutical and cosmetic fields.



Thermophilic biological hydrogen production from
carbohydrates
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In a national project on biological hydrogen production from wet biomass
containing carbohydrates, TNO and Techno Invent collaborate with
Agrotechnology and Food Innovations, universities, institutes and companies.
The production process envisaged is based on hydrolysis of carbohydrates
and the bioconversion of mono- and dimeric sugars into hydrogen, carbon
dioxide and acetic acid by extreme thermophilic anaerobic bacteria, followed
by the conversion of acetic acid by photoheterotrophic bacteria in presence of
light.

Since the production of hydrogen gas in the thermophilic process is inhibited
by hydrogen concentrations higher than 20,000 Pa, dilution with other gases
is required. Steam was selected as a good medium as it can easily be
removed from the production gas by condensation. An anaerobic trickle bed
reactor of 400 litres, of which 190 litres packing, was constructed. The reactor
contained gas as the continuous phase and a packing covered with a biofilm
over which a sucrose solution was trickled. In this way hydrogen producing
biomass, the liquor with substrate and the gas phase were within millimetres
reach of each other. By maintaining a temperature of 70°C and a low
pressure, steam was produced as a medium to strip H, and CO; from the
water phase in the biofilms. 10 litre Hyo/h was produced. Present research
efforts are focussed on a higher volumetric production capacity (100 | Hx/h).

In future applications, the steam can be easily condensated, by which heat
and water is recovered. The mixture of H, and CO; of both thermophilic
process and photohetrotrophic process can be introduced in a fuel cell for the
production of electricity, while the hot waste gases from this cell can be used
to compensate for heat losses in the biological hydrogen production process.



Conversion of environmentally-unfriendly onion waste into
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Onions are economically-important crop plants. The edible portion consists of
swollen leaf bases which constitute the inner parts of the bulb. In a mature
onion bulb the outer tissues are dehydrated to form an inedible, protective
skin. In the European Economic Community, over 450,000 tonnes of onion
waste are produced annually, particularly in the UK, Holland, Spain and lItaly.
The waste comprises a mixture of damaged, whole onions and outer, dry
leaves and fleshy tissues.

Unfortunately, the waste makes poor fodder and disposal commonly involves
land-fill which costs between 15 and 40 Ecu per tonne. This is not particularly
suitable, environmentally, due to the growth of phytopathogens e.g.
Sclerotinium cepivorum (white rot). Hence, there is considerable industrial and
political pressure for the valorization of the waste to facilitate its utilisation -
this would be of benefit not only to the onion producers and processors, but
environmentally also.

The objectives of this EU-funded research project are: 1) To reduce the
environmental impact of onion waste disposal by converting waste streams
into useful products, resulting in low-waste food production; 2) To optimize
existing, and to develop new, food processes for extracting and tailoring onion
flavours; adapt for extraction from waste; 3) To develop combination
processes for the extraction and modification of fructo-oligosaccharides,
gelling and non-gelling pectins and dietary fibre from onion waste; 4) To
exploit the unique properties of onion parenchyma for producing dietary fibre
supplements suitable for texturally-sensitive foods.



The project brings together European partners from the food industry (small-
and medium-sized enterprises), research institutes and universities. It is
multidisciplinary in nature, making use of the scientific expertise of the
different participants. These range from detailed chemical analysis of fibre and
flavour components, through to processing methodologies including extrusion,
supercritical CO, and other extraction technology, and distillation. The strategy
of the project will be presented as a flow-chart, and will summarise some of
the results to date.
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Dry skin of onion — a promising dietary supplement
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Onion, a worldwide-consumed vegetable, is known to be a rich source of
quercetin, which famed as strong bioactive compound which can chelate
metals, scavenge free radicals, inhibit platelet aggregation and inhibit or
induce broad spectrum of enzymes. Therefore quercetin may contribute to
prevention of “civilization diseases”.

In onion flesh quercetin is present mainly as p-glycosides: quercetin-3,4’-O-
glucoside, quercetin-4’-O-glucoside, quercetin-3-O-glucoside and in trace
amount as aglycone. Analysis of the dry skin of onion showed that it is a very
rich source of quercetin (33,70 mg/g d.m.), where the predominant form of
quercetin is its aglycone.

Traditional way of onion preparation for direct consumption at home and for
processing in food industry includes peeling off the dry skin. Dry peels are not
processed and are forming the waste. Keeping in mind a high potential of
beneficial activities of quercetin for human health it would be justified to utilise
this waste product as a material for dietary supplement production.

The objective of this research was to study the bioavailability of quercetin from
onion dry skin in humans. Nine volunteers after 3 days of phenolics low diet
and overnight fast were challenged with the dose of pulverised onion dry skin
in water supplying 1.37 mg of quercetin per kg of body weight. Following the
challenge blood was collected at certain time intervals for next 3 days, plasma
was prepared and stored at —70°C until analysed. Plasma quercetin was
measured on HPLC with amperometric detection after enzymatic release from
the conjugates (glucuronides and sulphates). Obtained results demonstrate
that considering quercetin content and its bioavailability the waste product
from onion processing - onion dry skin - is a promising material for dietary
supplement production.



