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Abstract

The circular economy's primary goals are reducing and recycling food waste, which are still problems in the agro-
industrial sector. Waste reduction is one of the potential strategies that can be used to increase the sustainability of food
production. So, the best method to transform these wastes into useful products that also reduce environmental issues is
to feed nutritious by-products to animals. One of the guiding principles of the circular economy and one of the most
significant challenges in food engineering, with implications for the strategic fields of bioeconomy, health, and
environment, is the identification and establishment of new directions for utilizing the nutritional and functional
potential of wine lees produced as a by-product from the wine industry. Wine lees composition varies widely due to a
multitude of factors, primarily connected to the varieties of yeast and grapes utilised as well as the vinification process,
as evidenced by data published in the literature. This paper proposes a review of the specialised literature regarding the
valorisation of wine lees from the wine industries, in the context of the circular economy and the promotion of "green
technologies”, in order to obtain food and feed with high nutritional value and antioxidant potential. Future research
areas are outlined, along with other strategies for valuing this especially valuable by-product.
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The population of the globe is predicted to By-products and waste from the food
consume three times as much food as there is on industry can be recycled and used again, which
Earth by the year 2050. The European Union benefits both the industry and the environment.
intends to put into place mechanisms that can According to EUROSTAT, 179 kg of food are

counteract this effect, such as the circular wasted per person per year in Europe, or around 90
economy, in order to prevent such a situation. The million tons (Van Raamsdonk L.W.D. et al, 2023).
circular economy's primary goals are reducing and The current state of the world compels us to look
recycling food waste, which are still problems in for options for valuing these by-products with
the agro-industrial sector (Dabija D., & Nastase C., excellent nutritional and practical potential.
2024). Adopting a sustainable management strategy for
One of the major sources of waste in the food by-products is crucial because they are key
world is agro-industrial residue, which, if resources from a nutritional, economic, or
improperly managed, can have detrimental effects environmental standpoint and are crucial to the
on the ecosystem, including the release of implementation of systemic solutions based on the
greenhouse gases and oxygen depletion (de principles of a circular economy.
Andrade Bulos R.B. et al., 2023). Developing Regulations in the European Union promote
sustainable techniques for waste valorisation is the extraction of important components from food
imperative in this scenario. This method industry secondary products to produce functional
emphasises the necessity of switching from a linear foods and feeds (Turcu R.P. et al, 2020).
(make/take/dispose) to a circular (take/make/use) Alternative techniques are needed to repurpose
economy model, which aligns with the EU aim of food waste into uses with a higher value in order to
reaching zero food waste by 2030 (Medana C. et lessen the environmental load that is brought on by
al, 2024). their production. This will improve the long-term
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sustainability of our food system and reduce the
environmental impact that food waste causes
(Chetrariu A. & Dabija A., 2020).

One of the guiding principles of the circular
economy and one of the most significant
challenges in food engineering, with implications
for the strategic fields of bioeconomy, health, and
environment, is the identification  and
establishment of new directions for utilizing the
nutritional and functional potential of wine lees
produced as a by-product from the wine industry.

Wine lees are described by European
Regulation (EEC) number 337/79 as the residue
that remains at the bottom of wine-containing
containers following fermentation, storage, or
treatment, as well as the residue that is acquired
following filtering or centrifugation. Wine lees are
made of phenolic chemicals, inorganic materials,
tartaric acid, and microbes. The complex mixture
of yeast cells, insoluble carbohydrates, organic
acids, ethanol, phenolic compounds, proteins,
inorganic salts, and lignin that makes up wine lees
accounts for 15-20% of all waste produced in
wineries and produces about 2-6% of all wine
produced. Wine lees can account for up to 5% of
the overall weight of the processed grapes
(Athanasiou P.E. et al, 2024; Balmaseda A. et al,
2024; Garcia Alvaro A. et al, 2024).

Wine lees represent a significant portion of
by-products from winemaking, and while they
include various high-value components that may
be used in industrial sectors, like phenolic
compounds, they are still one of the wastes that
receives the least attention and utilisation.
Traditionally, wine lees are essential raw materials
for the synthesis of tartaric acid and ethanol.
Anaerobic digestion uses wine lees to produce
methane-rich biogas. Yeast cells and their cell
walls are primarily home to proteins, lipids, and
polysaccharides. Yeasts perish and a process
known as cell lysis starts when the alcoholic
fermentation process comes to a stop. Peptides,
fatty acids, nucleotides, and amino acids found in
the cytoplasm as well as components of the cell
wall called mannoproteins can be released by this
mechanism. Although autolysis is a very slow and
drawn-out process, it can be triggered in industrial
processes by a variety of physical, chemical, or
biological stimuli, including a rise in temperature,
alternating freezing and thawing, osmotic pressure,
detergents and antibiotics (Di Nicolantonio L. et
al, 2023; Timira V., et al, 2024).

In the context of the circular economy and
the promotion of "green technologies,” this paper
offers a mini-review of the specialized literature on
the valorization of wine lees in order to obtain food
and feed with high nutritional value and

166

antioxidant ~ potential, as  well other

biotechnological applications.

as

COMPOSITION OF WINE LEES

Wine lees consist of the solid component that
decants to the bottom of wine tanks at the end of
the alcoholic fermentation process. Depending on
the environment, agronomic traits, grape variety,
and winemaking techniques (such as racking or
ageing for a period of time in wood barrels or
tanks), wine lees are primarily made up of organic
acids, carbohydrates, inorganic salts, proteins,
fibres, phenolic compounds, and plant residues
from grapes. Significant concentrations of proteins,
lipids, polysaccharides, and other organic species
with a high oxygen demand can be found in wine
lees. The grape variety and provenance, the ageing
period in the wine vessels, and the ambient factors
all affect the makeup of wine lees. Low pH levels
and high chemical oxygen demand (COD > 30,000
mg/ L) levels are characteristics of wine lees,
which are composed of phenolic compounds,
organic acids, proteins, lignin, tartaric acid,
ethanol, grape remnants, and yeast cells.
According to estimates, wine lees make about 14%
of all processing waste in winemaking, which
results in the production of nearly 1.26 million
tonnes of wine lees globally (Chiappero M. et al,
2023; Chioru A. et al, 2023, De Luca M. et al.,
2023; Melo, F.D.O. et al, 2024).

Yeast has been found to be present in
considerable amounts in wine lees. The presence of
yeast and other microorganisms in high
concentration causes the secretion of enzymes (j-
glucosidase, E.C. 3.2.1.21) that can accelerate the
hydrolysis and transformation of phenolics.
Furthermore, wine lees produce specific enzymes
that facilitate the breakdown and conversion of
polyphenolic substrates into extremely useful
compounds such as ellagic acid or gallic acid.
Wine lees are important because they can affect
wine's colour and organoleptic characteristics by
interacting with the polyphenol in the wine. The
chemical composition of wine lees includes
anthocyanins (6-11.7 mg/g DW) and phenolics
(29.8 mg/lg DW) (Constantin, O.E. et al, 2024).
Varelas et al. (2016) have described the first
environmentally friendly method of isolating -
glucan from wine lees.

Wine lees are therefore regarded as an
environmental contaminant. Its composition,
however, varies widely due to a multitude of
factors, primarily connected to the varieties of
yeast and grapes utilised as well as the vinification
process, as evidenced by data published in the
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literature. Figure 1 provides an overview of the
components of wine lees.
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Figure 1. Main components of wine lees

Minerals (particularly K), organic debris,
and water-soluble polyphenols are abundant in
wine lees. These qualities, along with their low pH,
render raw wine lees unsuitable for direct
agricultural use. The suggestion to use wine lees as
a source of protein for ruminants originated from
the high concentrations of protein and total
nitrogen as well as the good presence of essential
amino acids (tyrosine, valine, and aminocaproic
acid). However, a significant portion of that
fraction is indigestible due to the high
concentrations of polyphenols connected to the
proteins. Wine lees can contain anywhere from 1.9
to 16.3 g of polyphenols/kg, depending on the type
of wine and how it was processed, according to
Bustamante et al. (2008). The characterisation of
this fraction has been the subject of more recent
research, which has identified a number of
phenolic chemicals primarily from the subclasses
of anthocyanins, flavonols, and phenolic acids.
Because wine lees adsorb polyphenols onto the cell
walls of the yeast during the winemaking process,
the polyphenols are present in both the liquid
fraction (basically wine) and the solid fraction. The
kind and quantity of the various phenolic
compounds, as well as a number of other factors
like the grape variety, fruit maturity level,
maceration  technique,  and fermentation
temperature, all affect the mechanism of
adsorption. However, because of the fragility of
these interactions, polyphenols have the potential
to be used because they are easily retrieved from
yeast lees. In fact, food-grade organic solvents and
membrane technologies have been used to recover
polyphenols from wine lees. These methods might
be used on a massive scale to produce food-grade
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phenolic extracts, which the food industry could
use as natural antioxidant and antibacterial
additives (De Iseppi A. et al, 2020).

Furthermore, it has been demonstrated that
wine lees have an average anthocyanin content that
ranges from 10 to 31 mg/g. Surprisingly, these
chemicals' existence in wine lees has been linked
to significant functions like antioxidant properties
and the control of sheep peripheral blood
mononuclear cell proliferation. Polyphenols from
wine lees can be extracted using a variety of
methods, including membrane technology,
enzymatic hydrolysis, supercritical CO: extraction,
solid-liquid extraction utilising organic solvents,
and microwave-assisted extraction (Garcia, R.M. et
al, 2023).

Lipids from yeast cell walls and grape seeds
are also present in wine lees. Gomez et al. (2004)
state that high-value fatty acids such as stearic
(C18:0, =10%), linoleic (C18:2, =21%), and
palmitic (C16:0, ~33% of the lipid fraction) can be
found in wine lees. However, non-food grade
solvents were used to extract these lipids. Further
research is required to fully comprehend the nature
and concentration of potentially beneficial
compounds found in wine lees, as well as the ways
in which winemaking techniques, grape varietal,
and yeast strain might influence their variability.

APPLICATIONS OF WINE LEES

Recent studies have revealed the existence
of considerable amounts of bioactive components
in wine lees, including minerals, organic acids,
phenolic acids, flavonols, flavanols, anthocyanins,
and polysaccharides found in yeast cell walls, such
as P-glucans and mannoproteins. Thanks to its
valuable composition, wine yeast has numerous
applications, some of which are outlined below
(Figure 2).

Applications in food. Wine lees have been
used in a large number of earlier investigations to
assess their nutritional value and antioxidant
activity in various food matrices, such as burgers,
cereal bars, ice cream, microbial oil, yoghurt,
biscuits, and even food packaging (Caponio, G.R.
et al, 2024; Gumiis T. et al, 2024). Incorporating
wine lees also altered the food's sensory qualities
and had an antibacterial effect on aerobic
psychrotrophic  bacteria.  Following  sensory
analysis, the hamburgers showed features of low-
intensity wine and bakery notes, which were
deemed to be agreeable. This resulted from the
growth of acids, esters, and benzene compounds,
all of which were previously present in wine lees
(Constantin, O.E. etal, 2024).
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To create enriched biscuits with dietary fibre
and polyphenols, Caponio et al. (2024) were
utilised wine lees flour (WLF). The amount of
bioactive compounds such phenolic acids,
flavonoids, and anthocyanins increased when 10%
and 20% WLF was substituted for wheat flour in
the  biscuits, improving their  nutritional
composition and enabling the nutritional claims
"source of fibre" and "high fibre". For vegetarian
and vegan recipes, yeast mannoproteins can serve
as a viable substitute for commercial emulsifiers
(De Iseppi A. et al, 2020).

Food
aditives

. Food
. kaci
\p\:ac aging

Functicnal
food
/

Biofuel Animal feed

Figure 2. Wine lees' potential for value generation

In their 2023 study, Bianki et al. sought to
assess the viability of wine lees as a sustainable fat
alternative in baked items. To investigate wine
lees' potential as a fat substitute in various cereal-
based food formulations, more research is required.
Studies have shown that fish gelatine supported by
wine lees may be utilised in place of egg proteins
to create affordable, sustainable spreadable
emulsions (Kaynarca G.B., 2024).

Recent research has explored the possible
application of wine lees as a source of food
additives like B-glucans and mannoproteins, as
well as a nutritional supplement for the microbial
synthesis of several industrially significant
chemicals like lactic acid, citric acid, and xylitol.
Because it can influence food's physicochemical
and rheological qualities, such as viscosity, water
holding capacity, oil binding, and emulsion

stability, p-glucan from grains and yeast is
especially interesting (De Iseppi A. et al, 2020).
Moreover, an initial investigation has

demonstrated the possible advantages of adding
lees to grape must fermentation (Onetto C. et al,
2024).
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Tartaric acid is usually made from wine lees.
Numerous biological and chemical procedures can
be used to gather tartaric acid and supply it to the
food and pharmaceutical industries. Cation
exchange resin can be used to process wine lees
waste from the wine industry, recovering
industrially relevant tartaric acid while lowering
the undesirable potassium concentration. Tartaric
acid recovery was about 74.9%, and the resin
concentration, pH of the process, and water content
all had a big impact on this. Tartaric acid, ethanol,
and antioxidants can all be obtained by using wine
lees. The portion left over, which is plentiful in
yeast cells, could be used as a feedstock for other
types of fermentation (Constantin, O.E. et al,
2024).

Food packaging. Food's self-life s
observed to be increased when phenolic extracts
with antibacterial and antioxidant properties are
added to biodegradable biopolymer films,
including chitosan films. Therefore, the creation of
chitosan films enhanced with phenolic compound-
rich wine lees extracts has the potential to enhance
current food packaging systems by offering new
biodegradable and bioactive substitutes that
support the circular economy (Athanasiou P.E. et
al, 2024).

Among the most prevalent and significant
by-products of the winemaking process, wine lees
are a great source of phenolic compounds, which
have strong antioxidant and other biological
properties. To create phenolic polymers with
adjustable properties, the wine lees phenolic
polymerisation reaction was investigated over a
range of time intervals. In order to track the
polymerisation process and look into the properties
of the newly produced products, like thermal
stability, spectroscopic and analytical techniques
were used to analyse the polymerisation reaction
and the formed polymeric products. Finally, the
addition of several polymeric goods to chitosan
films enhanced their antioxidant activity,
suggesting that these materials can serve as viable
substitutes for additives in biodegradable food
packaging films (Athanasiou P.E. et al, 2024).

Animal nutrition. Animals, especially those
housed on farms, are regularly fed food scraps and
other types of waste. This is a typical practice that
dates back a long time. Along with international
policies to lessen their detrimental effects on the
environment, these by-products can also contribute
to the physical wellbeing of animals. In order to
maintain sustainability in the livestock industry,
"waste into development potential™ can be a useful
method (Nath P.C. et al, 2023). Animals have the
ability to convert indigestible by-products and
forages into food that humans may consume. So,



Lucrari $tiintifice — vol. 67(1)/2024, seria Agronomie

the best method to transform these wastes into
useful products that also reduce environmental
issues is to feed nutritious by-products to animals
(Rashwan A.K. et al, 2023). Moreover, compared
to spent brewer's yeast, wine lees do not contain
bitter compounds that could cause negative effects
to animals, especially to dairy cattle (Schlabitz C.
etal, 2022).

Wine lees are primarily used in animal feed,
but the use of various pretreatment processes
transforms them into a product with a variety of
uses intended for human consumption. For
example, they can be used to improve or impart a
meaty flavor to food products, as an alternative to
protein production, or as a folate-rich yeast extract
(Avramia 1. & Amariei S., 2021; Gokulakrishnan
M. et al, 2022; Tao Z. et al, 2023).

Cosmetics. Certain research describes the
extraction of bioactive compounds that are of
interest to cosmetics, like squalene, polyphenols
(flavonols and phenolic acids), and mannoproteins
and beta-glucans. Pretreatments that permit the
release of these chemicals typically facilitate their
recovery. Although lees have been shown to offer
skin-beneficial characteristics, few cosmetic firms
have included this agro-industrial waste into their
formulations; in many cases, wine lees have been
used exactly as is, without modification (Di
Nicolantonio L. et al, 2023; Souza, A. et al, 2024).

Biofuels. Wine lees must be sent to
distilleries in accordance with European Council
Regulation in order to produce ethanol. This
alcohol's high concentration of fragrant wine
components allows it to be used to manufacture
spirit liquors. Among the high-value elements that
can be extracted from the distilled lees, vinasses, or
distillation by-product are tartrates, polyphenols,
and yeast biomass. On the other hand, because of
their high organic content and high oxygen
consumption, vinasses provide a possible
ecological risk when disposed of (Constantin, O.E.
etal, 2024).

CONCLUSIONS

The massive amounts of solid-liquid waste that are
thrown away each year without specific uses make
wine lees, a significant by-product of the wine
industry, a significant environmental concern.
Wine lees are a by-product that has the potential to
be used in a variety of industries, including the
food, winemaking, biotech, and pharmaceutical
sectors. Wine lees contain various high-value
components. Despite this potential, wine lees are
now one of the least researched and utilised by-
products of winemaking, in contrast to grape skins
and seeds. Subsequent uses ought to concentrate on
creating a comprehensive strategy that targets the
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extraction of the greatest quantity and variety of
chemicals from wine lees that may find
applications in various industries.

Further research is therefore required to effectively
recover important compounds. For instance, it
would be appropriate to create an integrated
process for extracting polyphenols, ethanol, and
tartaric acid. The residual biomass may be utilised
to acquire nutrients for the fermentation medium,
hence aiming for full lees exploitation. The
variation in the composition of wine lees is one
problem with industrial scaling. In this regard,
recovering the polysaccharides found in yeast cell
walls could be a viable strategy for biomass
valorisation.
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