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Abstract

Grape culture is one of the most widespread in the world, with about 77 million tonnes of grapes harvested only in
2016. After the winemaking process, the main waste is grape marc. Traditionally, grape marc was thrown into the field,
thus losing an important source of valuable compounds. The main purpose of this paper is to present some aspects of
the grape marc valorisation obtained from vinification of Romanian autochthonous grapes varieties (Feteasca Neagra,
Busuioacd de Bohotin, Babeasca Neagra etc.). This information will be analysed in terms of the compounds present in
widely used grape varieties. Regarding Romanian grape varieties, the bibliographic sources are limited and it is
necessary to carry out some analyses and characterizations of the grape marc obtained from native grape varieties as a
potential source of alternative products (use in cosmetics, animal feeds, composting etc.).
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INTRODUCTION

Biomass is a residual material resulting from
food production processes, from agriculture,
horticulture or human waste. Its issued in
various industrial processes, such as energy
production, supplement in animal feed, or as
raw materials for chemical products.

As the need for food is higher day by day,
agriculture generate large amounts of biomass
residues. Some of the residues are left in the
field to improve the quality of the soil by return
of the nutrients. Others, can provide different
added-value products by various processing
techniques with applications in cosmetics
industry or as alternative sources of feed or as
compost.

With around 63 million tons produced
worldwide, grapes are one of the most
cultivated crops around the world (FAOSTAT,
2013). From the total weight of the grapes,
approx. 20% constitute the main winemaking
by-product, the grape or wine marc
(Laufenberg et al., 2003). Grape (or wine) marc
is a residue of pressed grapes, pieces of stalks
and yeast from the wine fermentation process.
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The wine production process generates huge
amounts of by-products consisting mainly in
organic wastes (Musee et al., 2007; Rondeau et
al., 2013). For a long time, due to the lack of
knowledge, wine marc was an under-valued
product. Traditionally, wine marc was
subjected to distillation, producing alcohol
(Silva et al, 2000) or used as fertilizer
(Arvanitoyannis et al., 2006). Around the
world, grape marc is processed in different
manners: recovery of grape seed for oil
extraction (Vera, 2016), in the soap
manufacture, as animal feed, fertilizer or as part
of varnish and paints. Usually, grape marc
consists in seeds, skins, stalks and residual
moisture, residual sugars, organic acids and
some quantities of alcohol. Residual alcohol
and sugars concentration in marc varies
according to the processes and practices used in
winemaking (Devesa-Rey et al., 2011; Hixson
et al., 2014; Zheng et al., 2012).

One of the operations that can influence the
quality and content of the marc is pressing.
Depending on the type of press used
(traditional presses, vertical presses, horizontal
presses,  pneumatic  horizontal  presses,
horizontal presses with membrane or presses



with continuous action), the yield of the marc is
inversely proportional to the must. The higher
the yield of the presses, the resulting marc is
less rich in nutrients (Baltes, 2016).

Sustainable aspects of winemaking

Wine making is a process that produce a large
amount of organic and inorganic waste.
Bibliographic sources specify that during
cultivation and harvesting about 5 tons of solid
waste is generated per hectare per year
(Zacharof, 2017). In this respect, the adoption
of sustainable cultivation practices for grape
and wine crops has been encouraged. (Rugani
et al., 2013; Cuccia, 2015; Da Ros et al., 2016).
A sustainable winemaking process consists in
maximizing resources and reducing emissions
from the production process (Castillo-Vergara
et al., 2015; Cuccia, 2015). At global level, the
wine sector produces about 0.3% of annual
greenhouse gas emissions (Amienyo et al,
2014).

European legislation explicitly uses the term
by-products only for grape marc and lees.
Based on the by-product definition given by the
Waste  Framework  Directive  (Directive
2008/98/EC on waste), grape marc are
substances resulting from a production process,
the primary aim of which was not the
production of such residues and, furthermore,
they are able to be used afterward (Spigno,

2017).
The added- value conversion of the bio-
products from winemaking can help in

reducing the negative costs and demonstrating
sustainability in winemaking. It is important to
maximize product recovery and minimize the
secondary wastes. Is necessary to
understanding the potential benefits of the
reuse of winery wastes and by-products
(Nerantzis, 2006).

In order to reduce the negative environmental
impact, companies have to take into account
technologies proposed in the industry to add
value to the residues produced in the wine-
making industry (Rosa et al., 2011).

Depending on the winemaking process, the
marc characteristics may vary. For the red wine
production process, the must and the marc are
fermented together. This allows the release of
pigments (such as anthocyanins) that give the
specific colour to red wine. Also, this process is
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the only one that brings changes to the marc,
because fermentation reduces its sugar content.
In the case of white wine, the must is fermented
separately (Dwyer et al., 2014) and the
resulting marc has a higher content in pulp and
sugars (Mendes et al., 2013). Figure 1 presents
the process of white and red wine production
and the marc resulting.

Destemming
and
Crushing

' 8 p  Freshwhite
@ grape marc

Fermentaion

Final product

Figure 1. White and red grape marc resulted from the
winemaking process (adapted after Muhlack et al., 2018)

GRAPE MARC APPLICATIONS

Grape marc is a rich source of high-value
products such as ethanol, tartrate and maltase,
citric acid, grape seed oil, hydrocolloids and
dietary fibres. In addition, the grape marc is
characterized by a high content of phenol, due
to poor extraction during winemaking, which
makes their use useful and supports sustainable
agricultural production (Kammerer et al,
2004).

The products resulting from the wine making
process are cheap raw materials with a high
amount of antioxidant substances that can be
used in human or animal nutrition or in the
production of substances with phytochemical
activity (Alonso et al., 2002; Negro et al., 2003;
Gonzalez-Paramas et al., 2004).

In Romania, a few studies have been focused



on the use of grape marc. An important study
was carried out by Olteanu et al. (2014), in
which the marc from South Eastern Romanian
winery was studied for the feeding value and
antioxidant capacity. In their study were used
three marc varieties consisted of: (1) fresh
grape peals, pulp and seeds of red grapes, with
no stems; (2) dry, seed-less red grape peals and
pulp, with no fermentation smell, and (3) the
seed cakes, by-product of oil extraction, with
no smell of fermentation or rancidity.

A close correlation between the antioxidant
capacity and the polyphenols concentration
shows a higher antioxidant character for the dry
grape marc sample.

Usually, when studying the feed properties of
winemaking by-products some standardized
analysis methods are recommended:

» the dry matter (DM) to be determined by
gravimetric method according to Regulation

(CE) nr. 152/2009 and standard SR ISO
6496:2001;

» crude protein (CP) to be determined by the
Kjeldahl method;

» the amino acids to be determined by High
Pressure Liquid Chromatography (HPLC);

» the crude fat to be determined by extraction
in organic solvents;

» the fatty acids to be determined by gas
chromatography;

» the crude fibre to be determined by the
method with intermediary filtration;

» the ash to be determined with
gravimetric method;

» the calcium, copper, iron, manganese and
zinc to be determined by atomic absorption
spectrometry;

» the phosphorus
spectrophotometry;
» the gross energy to be determined by
calculation, using the dry matter, protein, fibre,
fat, nitrogen-free extractives and ash, using the
equations developed by Burlacu et al. (2002).

» the  polyphenols  concentration  (mg
equivalent gallic acid/g sample) to be
determined according to the modified method
described by Mihailovic et al. (2013);

» antioxidant capacity (mM equivalent
Trolox/g sample) to be determined by the
DPPH (2,2-diphenyl-1-picrylhydrazyl) method
proposed by Marxen et al. (2007).

The use of marc as a component of compost is

the

to be determined by
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the most readily available. In his book, Madjar
et al. (2007), concludes that compost with marc
helps to improve soil with nutrients needed for
plants. Also, due to the high-level content of
organic matter in the composted marc, it helps
to increase the level of life in the soil layers by
increasing the level of respiration in the soil,
supporting the catalase activity, the urease and
the phosphatase activity.

Marc compost can also help sandy soils. When
applying a rotation of appropriate crops, the
application of marc compost can lead to the
improvement of trophic and biological soil
characteristics (Ion et al., 1996).

Another approach was taken by Barbulescu et
al. in 2017 with fermented Merlot grape marc,
taken from the Oprisor area. The fermentation
was carried out under natural light and in
darkness; in the study were used in the
fermentation yeast isolates also from the
Oprisor area. The dried grape marc was
grounded and added in the fermentation mix
after 13 hours of fermentative process. The
authors have noticed that in the presence of
natural light, both unfermented and fermented
grape residues, compared to similar samples
processed at darkness, have lower values
(content in  polyphenols, protein and
antioxidant activity). Also, the biomass
obtained through fermentation shows higher
antioxidant activity in both light and darkness
in comparison with similar samples to the
initial grape residue.

Baltes et al. (2016) have analysed
quantitatively and qualitatively the polyphenols
from the varieties of Cabernet Sauvignon,
Merlot, Pinot Noir and Feteascd Neagra
harvested in 2014 and 2015. For the study, the
marc was dried and crushed and then subjected
to solvent extraction consisting of ethyl alcohol
and water (1: 1 ratio) and then quantitative
analysed using the modified Folin-Ciocalteu
method. Following the analyses, the studied
samples showed values ranging from 558.6 mg
to 608.2 mg/100 g grape marc.

Higher values showed the samples of Pinot
Noir grape marc (approx. 600 mg/100 g), and
the lowest were the marc of Cabernet
Sauvignon (558.6 mg/100 g). Merlot and
Feteascd Neagra varieties showed similar
values: from 566.3 mg to 587.5 mg/100g grape
marc.



The values obtained for total phenolic content
place grape marc on an equal footing with:
» black currant - 758 mg/100 g;
» capers - 654 mg/100 g;
» black olives - 569 mg/100 g;
» high bush - 560 mg/100 g (J Pérez-Jiménez
et al., 2010).
Some Romanian studies have covered also
health aspects related to the marc extracts.
Studies conducted by Balea et al. (2018) on
Feteasca Neagra and Pinot Noir marc harvested
in Romania in 2015 showed that the marc
extracts (fresh and fermented) have improved
cardiac parameters and oxidative stress when
were administrated to rats. They assumed this
result are due to the higher values of phenols
and antioxidant activity in the fermented marc
compared to fresh marc extracts. Regarding the
cardio-protective effect, the fresh Feteasca
Neagra marc had a higher cardio-protective
effect than fermented marc. Pinot Noir extract
presented equal cardiovascular effects.

CONCLUSIONS

In the current global context, when the
tendency is to use the most of the resources
(even some by-products like grape marc),
efficient valorisation is a win-win situation.
Grape marc brings, besides a significant
amount of protein, fats and fibres, a large
amount of bio-compounds with a strong
antioxidant effect.

The high concentration of polyphenols
recommends grape marc utilization particularly
in diets enriched in polyunsaturated fatty acids
like diets used for the production of animal
feed high in omega 3 fatty acids. The use of
winery by-products, in animal feeding, in
composting or in different extractions also
solves the problems of their storage,
transformation or disposal, thus maintaining the
environmental balance.

The identification of beneficial compounds
present in grape marc is important because the
identified elements can be a natural source of
beneficial compounds. As it is demonstrated,
grape marc is an important source of
polyphenols.

In Romania, the bibliographic sources are
limited and it is necessary to carry out some
analyses and characterizations of the grape
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marc obtained from native grape varieties as a
potential source of alternative products.
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