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Abstract. The production of an organic fertilizer was carried out, from waste generated in the winemaking
process of white (Riesling Italian-RI) and red (Cabernet Sauvignon-CS) grapes obtained from the vineyard of
Pietroasa (Romania). The potential of the biotransformation process of by-product marc in an open pile in the
autumn-winter season was controlled and the thermophilic phase reached average values of 60 °C at a neutral
pH which gives it suitable characteristics to be used as a soil fertiliser. The values of the germination index
(GI) of Lepidium sativum L. seeds, using water dilutions from the RI and CS compost marc, demonstrated that
there was no degree of phytotoxicity (average GI 144.2% and 139.8%, respectively). The compost marc
microflora was represented by bacterial and fungal isolates belonging to genera Rhizopus (10%), Aspergillus
(80%), and Penicillium (17%), compared to by-product marc that only present fermentation yeasts. The
structure of the microorganism populations in the compost marc dried by lyophilisation showed an almost
double number of CFUg! compared to the oven-dried compost. The presence of potential antagonistic
microorganisms and the high number of CFUg™!, demonstrated that this compost can have a suppressive effect
on soil pathogens in addition to its quality as a fertilizer.

1 Introduction

The wine industry is associated with a great In the composting process, microorganisms that

environmental impact, according to OIV data, it is
estimated that for every 100 kg of processed grapes,
around 25 kg of by-products are generated, an alarming
value in the main wine-producing countries, such as
Spain, France or Italy, where production can reach 1,200
tons per year [1]. The main solid residue during the
winemaking process is the by-product marc, which
determines the contamination of the soil with a
phytotoxic effect on the roots [2] if it is incorporated
directly without prior treatment. The polluting potential
of grape marc depends on the high content of organic
matter with an acidic pH, high content of polyphenols,
tannin etc. [3]. Different authors have carried out and
studied the composting process of grape marc with other
organic residues and show that the compost obtained is
an adequate fertilizer for the soil and crops ([4-7]).
According to Nkoa (2014) [7] grape marc compost
increases the biomass of microorganisms and their
metabolic activity and provides organic carbon, nitrogen,
phosphorus and potassium. Used as a substrate, grape
marc compost determines a high rate of seed germination
and hygienization in terms of pathogens for plants or
human consumption [9].
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represent between 2 and 20% of the total mass participate.
Small temperature variations as a composting parameter
(50-60 °C optimal) affect microbial activity and compost
biomass in comparison with pH, organic matter or C/N
ratio [10]. The intense acid pH levels of grape marc affect
microbial activity and the transition from the mesophilic to
thermophilic stage. Aspergillus, Penicillium and Rhyzopus
species are active at an acid pH (pH 3-4), but
lignocellulosic residues with a buffer effect are normally
used due to their complex composition ([11,12]).

Grape marc represents an important source of
polyphenolic compounds. Yu and Ahmedna (2013) [13]
estimate that the total polyphenol content of the dry
matter is between 4.8% and 5.4%, being higher in red
grapes than in white grapes. It has been shown that the
lyophilization treatment of by-product marc has a
positive influence, being a method for the conservation of
active compounds (especially polyphenols) but it can also
represent a method for the conservation of the active
biomass of the compost [14].

The objectives of the work were to monitor some
parameters of the open-pile composting process of
Riesling Italian (RI) and Cabernet Sauvignon (CS) by-
product marc and the reduction of phytotoxicity as well
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as the evolution of the biomass of microorganisms by
different conservation methods.

2 Material and method

For this study, white grape marc (RI) and red grape marc
(CS) from the Pietroasa Viticulture and Oenology
Research and Development Station (SCDVV Pietroasa)
were used (Fig. 1).

Figure 1. Varieties: Riesling Italian (RI) and Cabernet
Sauvignon (CS) from Pietroasa vineyard.

The two compost piles were layered with white and
red by-product marc (250 kg), respectively, with straw (3
kg) and compost activator (AGROKompostuse Zeolitem)
(0.5 kg), directly on the ground and covered with plastic.
In total, each compost pile was turned three times during
the three months of composting (October to December),
at which time hydration (10 L water/turn) of each
compost mixture was also performed. The monitoring of
the composting process parameters (temperature,
humidity, pH and aeration) of the by-product marc from
the RI and CS varieties was carried out (Fig. 2).

Figure 2. Monitoring the parameters of the composting process
of by-product marc (RI and CS).

2.1 Compost phytotoxicity analysis

Seeds of Lepidium sativum L. (10 seeds/3 layers
Whatman filter/Petri dish) were selected as phytotoxicity
bioindicators for D; and D, dilutions (1:10 and 1:20,
respectively) in distilled water (1 hour) of the composts
obtained from white (RI) and red (CS) by-product marc.
To observe the phytotoxicity effect, root elongation and
germination percentage measurements were performed
after 72 hours at 25°C (FTC 90 E Velp Scientifica
incubator), for the control using distilled water (Fig. 3).
The humidity of the two composts was measured (Precise

XM 60 thermal balance) and the pH (ph meter WTW
inoLab pH 7110) of each compost extract. The
germination index (GI) is calculated according to
Zucconi et al. (1981) [15].
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Figure 3. Phytotoxicity analysis of by-product marc compost
extracts (RI and CS).
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2.2 Microbiological analysis of fresh and
composted by-product marc

The microbiological analysis was carried out on the by-
product marc obtained immediately after the white and
red winemaking process and on the composted by-
product marc obtained from the two varieties (RI and
CS). Fresh and composted by-product marc fragments are
placed in Petri dishes on PDA culture medium (Merk).
Reading was done after 7 days of incubation at a
temperature of 22 °C. Fungal colonies were identified
based on morphological characters. The results are
expressed as incidence of different fungal isolates (%).

2.3 Microbiology of by-product marc compost
oven-dried (Rlcd and CScd) and lyophilized
(RlcL and CSclL)

Serial dilution method has been used for estimation of
number of microorganisms of the by-product marc
compost oven-dried (120 °C for 48 hours) (Rlcd and
CScd) and lyophilized (minus 57.6 °C and 10> mbar for
24 hours) (RIcL and CScL). Ten grams from each marc
compost sample were put in 90 ml of distilled water.
After homogenization for 30 minutes, serial dilutions
(10'-10%) were prepared and aliquots (0.5 ml) were
plated on PDA. Four repetitions were made for each
dilution. All plates have been incubated at 22 °C. The
reading was carried out after 72 hours. The results are
expressed in CFUg! (colony-forming unit/g) of marc
compost. Fungal colonies were identified based on
morphological characters.

3 Results and Discussions

3.1 Control parameters of the by-product marc
(Rl and CS) composting process

The parameters followed such as temperature, humidity
and aeration (turning) are related to the evolution of the
by-product marc (RI and CS) composting process as well
as the seasonal effect (October-December) (Figs. 4 and 5)
([16, 17)).

Both for the RI and CS by-product marc piles, it was
necessary to turn three times to reactivate the composting
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process, due to the loss of humidity in the thermophilic
phase (62.5 °C for RI and 68 °C for CS, respectively).
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The highest growth values of tigella and radicella
were also demonstrated in the case of D, (CS: tigella
2.4 cm; RI: radicella 3.0 cm) compared to the control
(tigella 1.8 cm, radicella 2.0 cm).

Table 1. Germination index (GI%) of Lepidium sativum L.
seeds from the by-product marc (RI and CS) at two dilutions.

germinated

C.o m!)ost Tigella  Radicella sedes Gl

dilutions (%) (%)
RI Dy 2.2+0.3 2.7+0.5 9.5 133.7
RI D2 2.0+0.2 3.0+£0.5 9.0 144.2
CS Dy 2.14+0.1 2.240.1 9.8 116.9
CS D2 2.44+0.4 2.8+0.5 9.5 139.8
Control 1.840.1 2.0+0.1 9.5 105.4

Figure 4. Control parameters of the composting process
(T °C and H%) of by-product marc (RI variety).
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Figure 5. Control parameters of the composting process
(T °C and H%) of by-product marc (CS variety).

The mesophilic phase followed by the thermophilic
phase of the composting process is performed
sequentially ([16, 18]), the first phase was accompanied
by alcoholic fermentation (pH average 4.5-5). Presence
of  Basidiomycetes and earthworms (biohumus)
demonstrates the end of the composting process and
followed by the maturation process, it also demonstrates
the hygenization of the organic matter used [19] (Fig. 6).

Figure 6. Drosophila melanogaster, Basidiomycetes and
earthworms in the composting process.

3.2 Compost phytotoxicity analysis

Both compost marc (RI and CS) used can be considered
in the maturation process, the GI values exceed 60%
(non-phytotoxic). In Table 1 we can see that the GI value
was higher using D, for both composts (RI 144% and CS
139.8%, respectively).

D;: 1:10 and D,:1:20.

3.3 Microbiological analysis of fresh and
composted by-product marc

Microbial activity is fundamental in the composting
process for the decomposition of organic matter, so that
the nutrients remain available for crops [20]. The
microbiological composition of the fresh marc presented
only fermentative yeasts (100% in RI and CS)
demonstrating the hygiene of the winemaking process
(Fig. 7).
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Figure 7. The microbiological composition (average %) of
fresh (RI and CS) and composted by-product marc (RIc and
CSo).

The by-product marc compost presented, apart from
yeasts, microorganisms of the genera Aspergillus (13% in
Rlc and 80% in CSc), Rhizopus (10% in Rlc and 0%
CSc) and Penicillium (17% in Ric and 17% CSc), are
microorganisms specific to this residue and known to
have an antagonistic effect on pathogens ([20, 21]).

3.4 Microbiology of dry and lyophilized
by-product marc compost

Table 2 shows the structure of the populations of
microorganisms in the by-product marc compost and
detected by the dilution method and expressed in CFUg'!
(number/g of compost) and as incidence of genus/ species
identified.

The results show that the structure of the
microorganism populations in lyophilized marc compost
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(RIcL and CScL) preserves the microflora an almost
double number of CFUg! compared to the oven-drying
process of the same compost (Rlcd and CScd) [22].

Table 2. The microbiological composition (CFUg") of
oven-dried (Rlcd and CScd) and lyophilized (RIcL and CScL)
by-product marc compost.

Microorganisms CFUg marc compost

Rlcd RIcL CSecd CScL
Bacteria 0.1x10° | 1.5x10° | 0.2x10° | 0.5 x 10°
Yeasts 0.8x10° | 1.5x10% | 2.3 x10° | 5.2x10°
Aspergillus sp. | 0.5 x 10° 0 0 0
Penicillium sp. | 0.9x10° | 2.8 x 10° 0 1.3x10°
Total CFU/g 2.4x10° | 5.8x10° | 2.5x10° | 7.0 x 10°

The identified compost marc microflora was
represented by bacteria as well by fungal isolates
belonging to genera Apergillus, Penicillium and yeasts,
which actively participate in the composting process.
Differences were observed in the case of RI marc, a
double total CFUg™"! (5.8 x 10°) being observed for RIcL
compared to Rlcd (2.4 x 10%). For CS marc samples, the
total CFUg! recorded for CScL (7.0 x 10%) was 2.8 times
higher than CScd (2.5 x 10°).

Grape marc is considered an ideal raw material that
produces high-quality compost with a significant organic
matter  concentration  (84.5%), compared to
lignocellulosic residues resulting from vine pruning [23].
The presence of antagonistic microorganisms and the
high number of CFUg!, demonstrated that this compost
can have a suppressive effect on soil pathogens in
addition to its quality as a fertilizer.

4 Conclusions

The solid-phase composting of the by-product marc,
obtained by vilification of the RI and CS wvarieties,
allowed obtaining an excellent fertilizer, compost
mineralization being carried out under good conditions in
an open pile system, in the autumn-winter season. The
temperature in the thermophilic phase reached average
values higher than 60°C, and the composting took place
over a period of three months, the presence of
earthworms in the compost determining the formation of
biohumus.

Following the analysis of the germination index (GI)
of the Lepidium sativum L. seeds, using dilutions from
the compost obtained from the fermentation of by-
product marc (RI and CS), the percentage values of the
GI exceed the value of 60% (non-phytotoxic).

The microbiological analysis of the by-product marc
before and after composting demonstrated the fact that
the fresh marc, resulting from the winemaking process,
presents only fermentative yeasts on the culture medium,
which demonstrates a total hygiene of the winemaking
process. In the case of the composted by-product marc,
the culture medium presented other yeasts and specific
microflora known to have an antagonistic effect on
pathogens (Rhizopus, Aspergillus, Penicillium).

Using the dilution method to determine the CFU/g of
oven-dried and lyophilized marc compost, it
demonstrates that lyophilization completely preserves the

microflora specific to this by-product resulting from the
composting process.

This work was supported by a grant of the Ministry of
Research, Innovation and Digitization, CNCS/CCCDI -
UEFISCDI, project number PN-III-P3-3.5-EUK-2019-0213,
within PNCDI II1.

References

1. M. Bordiga, F. Travaglia, M. Locatelli, International
Journal of Food Science & Technology 54/4, 933-
942, https://doi.org/10.1111/ijfs.14118 (2019)

2. M.A. Bustamante, R. Moral, C. Paredes, A. Pérez-
Espinosa, J. Moreno-Caselles, M.D. Pérez-Murcia,
Waste Manag. 28, 372-380 (2008)

3. M.A. Bustamante, C. Paredes, R. Moral, et al., Water
Sci Technol. 56, 187-192 (2007)

4. J. Hungria, M.C. Gutiérrez, J.A. Siles, M.A. Martin,
https://doi.org/10.1016/j.jclepro.2017.07.029, (2017)

5. I. Ferrer, G. Paez, Z. Marmol, et al. Agronomic use
of biotechnologically processed grape wastes.
Bioresour Technol. 76, 39-44 (2001)

6. E. Bertran, X. Sort, M. Soliva, et al. Composting
winery waste: sludges and grape stalks. Bioresour
Technol. 95, 203-208 (2004)

7. M. GoOémez-Brandon, M. Lores, H. Insam, and J.
Dominguez. Critical Reviews in Biotechnology;
https://doi.org/10.1080/07388551.2018.1555514
(2019)

8. R. Nkoa R. Agricultural benefits and environmental
risks of soil fertilization with anaerobic digestates: a
review. Agron Sustain Dev. 34, 473-492 (2014)

9. M.M. Martinez Salgado, R. Ortega Blu, M. Janssens,
P. Fincheira. Journal of Cleaner Production: 216,
56-63  https://doi.org/10.1016/j.jclepro.2019.01.156
(2019)

10. V.L. McKinley, J.R. Vestal, A.E. Eralp, Biocycle
26(9), 39-43 (1985)

11. HM.N. Igbal, G. Kyazze, T., and
Keshavarz. BioResources. 8(2), 3157-3176
https://doi.org/10.15376/biores.8.2.3157-3176 (2013)

12. D. Mamma, E. Kourtoglou, P. Christakopoulos.
Fungal Multienzyme Production on Industrial By-
Products of the Citrus-Processing Industry.
Bioresource Technology 99, 2373-2383 (2008)

13. J. Yu, and M. Ahmedna. Functional components of
grape pomace: their composition, biological
properties and potential applications. Int. J. Food Sci.
Technol. 48, 221-237 (2013)

14. V. Marinelli, L. Padalino, D. Nardiello, M.A. Del
Nobile, A.J. Conte, J. Chem. 2015, 1-8 (2015)

15. F. Zucconi, A. Pera, M. Forte, M. De Bertoldi.
Evaluating toxicity of immature compost. BioCycle
22, 54-57 (1981)

16. P.M. Matei, M. Sanchez Bascones, C.T. Bravo
Sanchez, P. Martin Ramos, M.T. Martin Villullas,
M.C. Garcia Gonzalez, S. Hernandez Navarro, L.M.
Navas Gracia, J. Martin Gil. Waste Management.
Pergamon-Elsevier Science Ltd, ISSN 0956-053X_;
pp 126-134, http://dx.doi.org/10.1016/j.wasman,
(2016)



BIO Web of Conferences 68, 01041 (2023)
44" World Congress of Vine and Wine

https://doi.org/10.1051/bioconf/20236801041

17.

18.

19.

N. Zhu. Composting of high moisture content swine
manure with corncob in a pilot-scale aerated static
bin system. Bioresour. Technol. 97(15), 1870-1875
(2006)

P.D. Schloss, A.G. Hay, D.B. Wilson, L.P. Walker.
Tracking temporal changes of bacterial community
fingerprints during the initial stages of composting.
FEMS Microbiol. Ecol. 46(1), 1-9 (2003)

P.M. Matei, M. Sainchez Bascones, M*T. Martin
Villullas, M?A. Diez Gutiérrez, M.C. Garcia-Gonzalez.
Eficiencia del compostaje de sarmientos de vid
mediante pilas abiertas como metodode higienizacion.
1V Jornadas de la Red Espariola de Compostaje: ISBN:
978-84-617-2429-1; 156-160 (2014)

20. M. Santos, F. Dianez, M. Gonzalez del Valle et al.

21.

22.

23.

World J Microbiol Biotechnol 24, 1493-1505
https://doi.org/10.1007/s11274-007-9631-0 (2008)

F. Dianez, M. Santos, and C.J. Tello. Suppressive
effects of grape marc compost on phytopathogenic
oomycetes, Archives Of Phytopathology And Plant
Protection 40(1), 1-18, http://dx.doi.org/10.1080/
03235400500222339 (2007)

A.E. Brown. Benson Microbiological Applications
12th Edition, McGraw-Hill Science/Engineering/
Math; 978-0077302139 (2023)

T. Manios. The composting potential of different
organic solid wastes: Experience from the island of
Crete. Environment International 29, 1079-1089
(2004)



