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Abstract: The purpose of this preview paper is to bring closer the points of view regarding the
connection between by-products of winemaking and the circular economy as a guarantor of
revaluation of wine waste. As a very important agricultural activity, wine production generates
large amounts of solid organic waste in addition to wastewater, the disposal of which represents a
huge ecological challenge as well financial cost for the producers. The by-products that fall behind
in such production are pomace (stalks, skins, seeds), wine lees and some parts of the vine. The
potential of using stated above as a source of possible biologically active substances can be used in
various industries to obtain products for the benefit of life as known to humanity, including other
species. This improves the quality of human existence, and Mother Earth becomes less polluted. We
should not forget fact that we borrowed the Earth we live on from our descendants and did not
inherited it from our ancestors. The Republic of Serbia is also a part of this loop with its participation
in wine production and all of the above.
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1. Introduction

One of the fundamental pillars on which human society rests is the protection of the
environment and nature. The sustainability of the circular economy, as argued by Blewitt (2017), is
that by-products are not necessarily waste, already can close the recoverability circle to become
resources [1]. At the same time, it is very interesting to observe the intertwining of profit and
ecosystem protection as the principle on which the circular model is based. When food is thrown
away, all the resources used in its production are lost, creating economic losses and negative effects
on the environment. In the world, about a third of the produced food is thrown away every year,
which amounts to about 931 million tons [2].

Environmental problems that may arise are related to the non-use of by-products of fruit
production and processing, especially when by-products are discarded in the fields or burned
causing damage to the ecosystem [3]. Agricultural production is associated with soil erosion,
groundwater pollution, and drastic reduction of biodiversity and it is also recognized as a sector that
significantly contributes to greenhouse gas emissions [4]. The positive impact of reducing waste and
losses in the production chain is reflected in the cost of production (land, water, energy, storage,
transportation), increasing the efficiency (usefulness) of food systems, raising food and nutrition
safety to a higher level (health effect, nutritional value) and contribution to healthier environmental
sustainability (ecological performance, circular economy) [5].

One of the Sustainable Development Goals outlined by United Nations' in 2015 intends to ‘halve
the per capita global food waste at the retail and consumer levels and reduce food losses along
production and supply chains, by 2030. Sustainable development in accordance with some of the 17
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global development goals and 169 associated goals adopted by the UN is manifested in the
transformation from a linear to a circular bioeconomy [6].

The Republic of Serbia is also participating in the path of this transformation with the adoption
of the Industrial Policy Strategy for the period from 2021 to 2030 [7], which recognizes aapproaching
the agro-food industry with a circular and non-linear mindset leads to reduced resource waste and
greater economic savings. Implementing circular economy strategies can improve the environmental
and economic sustainability of the wine production process.

In this context, waste valorization and a closed-loop supply chain are key elements of industrial
symbiosis [8].

2. Grape and wine production in the Republic of Serbia

Grapes are the most widespread fruit species in the world. Although many grape-based food
products can be found in the market, the fact is that almost 80% of grapes are used for wine
production, about 13% are consumed fresh, and the remaining 7% are processed into fruit juices or
raisins [3]. According to data from the International Organization of Vine and Wine (OIV) for 2023,
grapes were grown on 7.2 million hectares in the world, and over 237 million hectoliters of wine were
produced [9]. Global grape production in 2022. reached 74.94 million tons [10].

Within wine-growing Serbia, there are three regions with 22 district county and 77 vineyards
[11] with a clearly defined vision of viticulture and winemaking that reads: "Unique in diversity,
development and knowledge". The Republic of Serbia has a moderate-continental climate and very
favorable climatic conditions for agricultural activity. Although the area between the 424 and 46
degrees of north latitude guarantees a favorable zone for growing vines, and thus wine production,
the decline in wine production in the Republic of Serbia dates back to almost two decades ago [12],
whose trajectory still continues [13]. Despite this, the Republic of Serbia produces sufficient quantities
of grapes and wine, and thus by-products that are part of the circular economy and wine production
loop.

The Law on Wine [14] prescribes the obligation to maintain the Winegrower's Register and the
Winery Register, and there is a defined base of data sources necessary for an adequate overview of
the sector. Every country takes care of having knowledge about the real situation in agriculture, with
the aim of creating a sustainable agricultural policy, as is done by the Republic of Serbia. That's why
in the Republic of Serbia, in 2012, a comprehensive inventory of agriculture was made, including vine
plantings, and the data goes back to 2023. (Table 1).

Table 1. Area under vineyards, grape yield and production of grapes and wine; 2012-2023 [15-17].

Year 2012. 2013. 2014. 2015. 2016. 2017. 2018. 2019. 2020. 2021. 2022. 2023.
Grapes
19.973
Productive 22,150 22150 21.200 21.201 21.201 21.201 20.333 20.501  19.840 18.349
20.113 20.113
area, ha 38.398 22791 22791 22150 22150 22150 21.328 21.328  20.466 20.113
Production, 128 164
1224 170.6 145.8 165.5 149.5 163.5 160.3 155.7 162.4 1315
thous. t 263.4 199.9
Yield per ha, t 6 7.7 5.8 8.0 6.9 7.8 7.4 8 8 7.7 8.1 7.2
198 241 362 375 331 279 240 251 233 215
4Wine, 000 hl 1581 1200
734 758 648 736 711 617 558 544 544 544

Data sources from Table 1 were taken from Report on the state of agriculture in the Republic of
Serbia, prepared by the Ministry of Agriculture, Forestry and Water Management for the period from
2012 to 2023, as well as from the OIV. In the rest of the text, we will refer to the data collected from
the Ministry of Agriculture, Forestry and Water Management. The year 2012 was taken as the starting
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year, because in that year the Census of Agriculture was conducted, which was comprehensive and
largest up to that time. If we are going to look back 20 years, then we should state that in 2005, the
production of grapes in the Republic of Serbia was 240 643 tons [19] and if this that data is compared
with the data from Table 1 for the year 2023, the comparison of those two years shows a drastic
decreasing trend (45.3%) in grape production.

Observed in the period on which Table 1 is based, it can be seen that the trends were oscillating,
when we talk about grape production, with a sharp decrease in the last year of observation, and
falling when it comes to wine production, especially in the last 5 years. Average wine production in
the period (2019-2023) was 24.36 million liters.

The area under vine plantations was around 20.000 hectares for a long time, but in the last year
of the census, it experienced a sharp decline. Depending on the climatic conditions in the observed
years from Table 1, the realized yields varied, and based on the arithmetic mean were 7.38 tons per
hectare. The average production of grapes in the five-year interval (2019-23) according to Table 1 was
154.709,6 tons of grapes. In Table 1, the data presented for vine plantations and wine production
differ from two different data sources, except for grape production where they are identic for period
2014-2022. The difference is based on the different methodology of data collection, which is partly
explained in footer of Table 1.

3. Waste in viticulture and winemaking

During wine production, 1.3-1.5 kg of by-products are produced per liter of wine produced, of
which about 75% goes to waste water [20].

Taking into account the data provided by the Ministry of Agriculture, Forestry and Water
Management and observing the average wine production in the last 5 years (Table 1), the Republic of
Serbia produces by-products of the wine industry in the amount from 31.668 to 36.540 tons. During
the processing of grapes into wine, solid organic waste and wastewater are created, which have a
harmful effect on the environment. Winemaking by-products are pomace (skins, seeds, and stalks)
and lees, which make up about 20-30% of the total amount of processed grapes [20].

Each year, around 20 million tons of wine by-products are produced, corresponding to 30% of
the total quantity of vinified grapes [21].

Grape pomace

Grape pomace is the most produced organic waste in wineries, representing around 62% of the
total waste [22]. It consists of 25% stalks, 25% seeds and 50% skin [23], and is formed during the wine
production process, after the fermentation step in the case of black grapes, and before it in the case of
white grapes [24]. It is a rich source of water-soluble pigments (anthocyanins), which are often used
to color various food products, such as soft drinks, wines, liqueurs, desserts, ice creams and jams [9].

Grape stalks

Grape stalks are the vertical part of the bunch that is removed before the vinification process.
They represent 3-5% of the raw matter of the processed grape [25]. Green and sustainable subcritical
water extraction techniques allow for the extraction of active compounds from grape stalks, adding
value to this agricultural waste. These extracts can be used to develop active food packaging materials
[26] and as a raw material for the microbial synthesis of polymer precursors [27]. The commercial
value of the petioles is currently low and they are mainly used as animal feed or as additives in soil
nutrients. However, due to the high content of lignin, cellulose and tannin, the stalks have the
potential for bioconversion into high-value products. Thus, they can be used in the production of
adhesives and resins for use in wood technology [28].

Grape skins

The grapes skin makes up the largest part of the composition of grapes and is mainly used as
animal feed. Grape skin extracts are mainly used as color enhancers derived from anthocyanin, and
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due to the high content of cellulose, it can be used in the production of ecological paper and in the
food and pharmaceutical industry as a natural thickener [29].

Grape seeds

Grape seeds are generally used to produce oil and meal for human and animal consumption.
They represent about 5% of the grape weight. Grape seed oil has found its most significant
application in the cosmetic industry [30], as an ingredient in products for moisturizing the skin,
softening the texture, tightening the skin, reducing swelling, and in other products with a
hypoallergenic effect. Also, recently is used in the food industry as an alternative culinary oil, often
as a dressing or sauce or part of a salad dressing [31].

Wine lees

Wine lees make up 2-6% of the total amount of by-products in wine production, and it is formed
as a residue at the bottom of wine vessels during a series of operations in the technological process
of wine production [32]. Since wine lees is considered a significant pollutant of the soil, its disposal
represents an exceptional cost for wineries, focus is on optimal use and valorization. Wine lees, with
appropriate processing, can be a useful source of numerous high-value bioactive ingredients that
have potential applications in the wine, food, biotechnological, cosmetic and pharmaceutical
industries. Sometimes only extraction with ethanol and tartaric acid is carried out, as an alternative
to direct disposal of the lees, which otherwise represents a high cost for wine producers [33].

Wastewater

The wastewater generated from wine lees and grape marc is referred to as vinasses, and is
characterized by a high content of solids composed mainly of dead yeast, grape pulp, skin and seeds
[34].

Vine parts

Pruning wood is the main by-product from vine activity, which can be used to improve the
organic matter directly in the vineyard or by compost process, or it can be transformed into wood
pellets for heating or electric energy production [35].

4. Valorization of by-products

In order to realize the circular economy in the best possible way, it is necessary to connect the
raw material base and industry based on the principle of recirculation and the use of waste as a
secondary raw material [36]. Certain products that are created at this production level can be
recirculated into the first production circle (recirculation), and some of the waste or secondary
products can be returned to agricultural production. In the biotechnological processing of secondary
products and wastes of the food industry, wastes and secondary products can also be created that
can be used as tertiary raw materials in new, alternative technologies, from which, depending on the
type of initial secondary raw material, different products of wide use or energy sources can be
produced [37].

Large quantities of by-products are created in the production of wine, which makes it difficult
to manage the waste mass of grapes with potential negative impacts on the environment due to the
organic matter, acidic pH, salinity and heavy metal content and causing economic and environmental
issues [38]. Some of the waste produced has nutritional and functional potential, as well as biological
properties, and have been classified as by-products [39]. Grapes contains compounds such as
polyphenols, carbohydrates, organic acids, dyes, etc. The essence is that the by-products of grape
processing and wine production can be used for the valorization of functional ingredients or bioactive
phytochemicals that can be devoted to the production of pharmaceutical, food and cosmetic
ingredients [40].
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Some already existing, along with a lot of newer techniques and technologies for the valorization
of the by-products of the wine industry, are shown as follows:
e producing functional food to enhance the nutritional value of products like bread, cereals,

pasta aromatized waters, dairy products, alcohol, sugary beverages, and processed foods
[21,26].

e extracting bioactive molecules, especially phenolic compounds, as the primary applications
of nanomaterials in pharmaceuticals and cosmetics [21,41].

¢ biogas production by anaerobic fermentation with reduction of greenhouse gases [27].

e recovering of tartaric acid which can be further transformed into succinic acid to produce
biopolyesters [27].

e usability of by-products as a feedstuffs due to their richness in nutritional and bioactive
compounds, such as dietary fiber and polyphenols [42,43].

¢ hydrothermal carbonization for the purpose of obtaining bioenergy [44].

¢ novel methods of extraction and new nanotechnological applications [45].

e using of new new technologies in the conversion of biomass into renewable fuels [46].

e anaerobic digestion that produces biogas, biomethane and carbon dioxide [46].

e pyrolysis for conversion into bio-oil (main product), biochar and gas (synthetic) in an oxygen-
free environment [46].

e extracting by high-voltage electrical discharge and ultrasound-assisted extraction [47].

e producing alcoholic beverages post-distillation from white wine pomace to make grappa
[26], which is also known as komovica [48].

e thermal gasification to obtain synthesis gas (production of methanol or ammonia and motor
fuels) [49].

The valorization of mentioned by-products leads to obtaining very valuable products both from

a nutritional and industrial point of view and its valorization demonstrates an important economic

efficiency.

5. Conclusions

It is known that wine production annually generates around of 20 millions of tons of waste on a
global scale. Due to the impact on the environment, the resulting waste must be disposed of properly.
Since the adequate disposal of waste obtained from the production of wine simultaneously increases
production costs, there is no place to wait, but the waste should be valorized, thus reaching an
ecologically and economically acceptable solution.

The Republic of Serbia, yearly, participates in the production of this waste with about thirty to
forty thousand tons. In the wine industry after the processing of grapes, a series of by-products, such
as pomace (stems, skins and seeds) and wine lees, can be turned into very valuable products from
both a food and industrial point of view. Until recent days, some of the technologies have already
been implemented on an industrial scale, while others are in the development phase for potential
application, both for human and other species.

A circular loop is realized when the raw material base and industry are connected on the
principle of recirculation and the use of waste as a secondary raw material, as shown in the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Blewitt, J. Understanding Sustainable Development, 3rd ed.; Routledge, London, UK, 2017; pp. 1-34.



J Agron Technol Eng Manag 2024, 7(6), 1245-1251. https://doi.org/10.55817/TPWZ4981 1250

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.
27.

UN, United Nations - Sustainable development goals. Available online:
http://www.un.org/sustainabledevelopment/sustainable-consumption-production/ (accessed on 27
September 2024).

Kallj, E.; Lappa, I.; Bouchagier, P.; Tarantilis, P.A.; Skotti, E. Novel application and industrial exploitation
of winery by-products. Bioresour. Bioprocess. 2018, 5, 1-21.

Dalin, C.; Outhwaite, C.L. Impacts of Global Food Systems on Biodiversity and Water: The Vision of Two
Reports and Future Aims. One Earth 2019, 1, 298-302.

FAOQ, Food and Agriculture Organization of the United Nations - The State of Food and Agriculture 2023.
Available online: https://doi.org/10.4060/cc7724en (accessed on 27 September 2024).

UN, United Nations - Sustainable development goals. Available online:
https://www.un.org/sustainabledevelopment/sustainable-development-goals/ (accessed on 27 September
2024).

Industrial Policy Strategy for the period from 2021 to 2030 ("Official Gazette of RS", number 35/20).
Mirabella, N.; Castellani, V.; Sala, S. Current options for the valorization of food manufacturing waste: a
review. J. Clean. Prod. 2014, 65, 28-41.

OlV, International Organisation of Vine and Wine - State of the World vine and wine sector 2024.

Available online: https://www.oiv.int/sites/default/files/2024-
04/OIV_STATE_OF_THE_WORLD_VINE_AND_WINE_SECTOR_IN_2023.pdf (accessed on 27
September 2024.

FAOSTAT, Food and Agriculture Organization of the United Nations—Statistics Division, 2022.
Available online: https://www.fao.org/faostat/en/#data/QCL (accessed on 27 September 2024).
VBannmesuh, A.; Jakmmh, 4.; Kopah, H. Bunorpagapckn ataac, PermyOamdaku 3aBod 3a CTaTUCTHKY,
beorpag, 2015; pp. 12.

Vlahovi¢, B.; Tomi¢, D.; Puskari¢, A. Proizvodnja vina u Republici Srbiji. Ekonomika poljoprivrede 2008, 55,
277-288.

Baaxosuh, B.; Ilymxapuh, A.; Aatuh, K. buaanc cnosnoTprosuncke pasmene suna Perrybanke Cpouje.
Agroekonomika 2023, 100, 13-32.

The Law on Wine ("Official Gazette of the RS", number 41/09 and number 3/12).

Ministry of Agriculture, Forestry and Water Management. Available online:
http://www.minpolj.gov.rs/download/ZK-2023-II-knjiga.pdf (accessed on 27 September 2024).

Ministry of Agriculture, Forestry and Water Management. Available online:
http://www.minpolj.gov.rs/download/ZK-2021-I-knjiga.pdf (accessed on 27 September 2024).

Ministry ~ of  Agriculture, Forestry = and  Water = Management. Available  online:
https://www.medjia.srbija.gov.rs/medsrp/dokumenti/ZK-2022-I-knjiga041022.pdf ~ (accessed on 27
September 2024).

OlV, International Organisation of Vine and Wine - Country Statistics. Available online:

https://www.oiv.int/what-we-do/country-report?oiv (accessed on 27 September 2024).

Statistical Bulletin - Crop farming, fruit growing and viticulture. Statistical Office of the Republic of Serbia,
Belgrade, 2005; pp. 45.

Maicas, S.; Mateo, ].J. Sustainability of Wine Production. Sustainability 2020, 12, 559.

Ferrer-Gallego, R.; Silva, P. The Wine Industry By-Products: Applications for Food Industry and Health
Benefits, Antioxidant 2022, 11, 2025.

Ruggieri, L.; Cadena, E.; Martinez-Blanco, J.; Gasol, C.M.; Rieradevall, ]J.; Gabarrell, X.; Gea, T.; Sort, X.;
Sanchez, A. Recovery of organic wastes in the Spanish wine industry. Technical, economic and
environmental analyses of the composting process. J. Clean. Prod. 2009, 17, 830-838.

Spinei, M.; Oroian, M. The Potential of Grape Pomace Varieties as a Dietary Source of Pectic Substances.
Foods 2021, 10, 867.

Mubhlack, R.A.; Potumarthi, R.; Jeffery, D.W. Sustainable wineries through waste valorisation: A review of
grape marc utilisation for value-added products. Waste Manag. 2018, 72, 99-118.

Spigno, G.; Marinoni, L.; Garrido, G.D. 1 - State of the Art in Grape Processing By-Products. In Handbook
of Grape Processing By-Products, 1st ed.; Galanakis, C.M., Ed.; Academic Press/Elsevier: London, UK, 2017;
pp- 1-27.

Bochoidze, I. Grape Processing for Sustainable Development. Environ. Res. Eng. Manag. 2024, 80, 5-7.
Niculescu, V-C.; Ionete, R.-E. An Overview on Management and Valorisation of Winery Wastes, Appl.
Sci. 2023, 13, 5063.


http://www.un.org/sustainabledevelopment/sustainable-consumption-production/
https://www.fao.org/faostat/en/#data/QCL
http://www.minpolj.gov.rs/download/ZK-2023-II-knjiga.pdf
https://www.media.srbija.gov.rs/medsrp/dokumenti/ZK-2022-I-knjiga041022.pdf
https://www.oiv.int/what-we-do/country-report?oiv

J Agron Technol Eng Manag 2024, 7(6), 1245-1251. https://doi.org/10.55817/TPWZ4981 1251

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

Ping, L; Brosse, N.; Sannigrahi, P.; Ragauskas, A. Evaluation of grape stalks as bioresource. Ind. Crop. Prod.
2011, 33, 200-2004.

Ledesma-Escobar, C.A.; Luque de Castro, M.D. Coverage Exploitation of By-Products from the Agrofood
Industry. In Green Extraction of Natural Products: Theory and Practice, 1st ed.; Chemat, F., Strube, J., Eds.;
Wiley-VCH Verlag GmbH & Co. KGaA, Germany, 2015; pp. 265-306.

Beres, C.; Costa, G.N.S.; Cabezudo, I.; da Silva-James, N.K,; Teles, A.S.C.; Cruz, A.P.G.; Mellinger-Silva, C.;
Tonon, R.V.; Cabral, L.M.C,; Freitas, S.P. Towards integral utilization of grape pomace from winemaking
process: A review. Waste Manag. 2017, 68, 581-594.

Martin, M.E.; Grao-Cruces, E.; Millan-Linares, M.C.; Montserrat-de la Paz, S. Grape (Vitis vinifera L.) seed
oil: A functional food from the winemaking industry. Foods 2020, 9, 1360.

Dimou, C.; Kopsahelis, N.; Papadaki, A.; Papanikolaou, S.; Kookos, I.K.; Mandala, I.; Koutinas, A.A. Wine
Lees Valorization: Biorefinery Development Including Production of a Generic Fermentation Feedstock
Employed for Poly(3-hydroxybutyrate) Synthesis. Food Res. Int. 2015, 73, 81-87.

De Iseppi, A.; Lomolino, G.; Marangon, M.; Curioni, A. Current and future strategies for wine yeast lees
valorization. Food Res. Int. 2020, 137, 109352.

Devesa-Rey, R.; Vecino, X.; Varela-Alende, J.L.; Barral, M.T.; Cruz, ].M.; Moldes, A.B. Valorization of
winery waste vs. the costs of not recycling. Waste Manag. 2011, 31, 2327-2335.

Jin, B.; Kelly, ].M. Biotechnology for Agro-Industrial Residues Utilisation. In Wine Industry residues, Singh
nee’ Nigam, P, Pandey, A., Eds.; Springer, Dordrecht, 2009; pp. 293-311.

Mammadova, S.M.; Fataliyev, HK.; Gadimova, N.S.; Aliyeva, G.R.; Tagiyev, A.T.; Baloglanova, K.V.
Production of functional products using grape processing residuals. Food Sci. Technol 2020, 40, 422-428.
Corona, B.; Shen, L.; Reike, D.; Carredn, J.R.; Worrell, E. Towards sustainable development through the
circular economy —A review and critical assessment on current circularity metrics. Resour. Conserv. Recycl.
2019, 151, 104498.

Ahmad, B.; Yadav, V.; Yadav, A.,; Rahman, M.U.; Yuan, W.Z; Li, Z; Wang, X. Integrated biorefinery
approach to valorize winery waste: A review from waste to energy perspectives. Sci. Total Environ. 2020,
719, 137315.

Abdel-Shafy, H.I; Mansour, M.S.M. Solid waste issue: Sources, composition, disposal, recycling, and
valorization. EQypt. ]. Pet. 2018, 27, 1275-1290.

Genisheva, Z.; Soares, M.; Oliveira, J.M.; Carvalho, J. Wine Production Wastes, Valorization, and
Perspectives. In Advances and Challenges in Hazardous Waste Management, Saleh, M., Hassan, H.I,
Aglan, R.F., Eds.; Intech Open, 2023; 9, pp. 1-18.

Baroi, A.M.; Sieniawska, E.; éwiqtek, L.; Fierascu, I. Grape Waste Materials —An Attractive Source for
Developing Nanomaterials with Versatile Applications. Nanomaterials 2023, 13, 836.

Costa M.M.; Alfaia, C.M.; Lopes, P.A.; Pestana, ].M.; Prates, ]. A.M. Grape By-Products as Feedstuff for Pig
and Poultry Production. Animals 2022, 12, 2239.

Ingrao, C.; Faccilongo, N.; Di Gioia, L.; Messineo, A. Food waste recovery into energy in a circular economy
perspective: A comprehensive review of aspects related to plant operation and environmental assessment.
J. Clean. Prod. 2018, 184, 869-892.

Barbanera, M.; Cardarelli, A.; Carota, E.; Castellini, M, Giannoni, T.; Ubertini, S. Valorization of winery and
distillery by-products by hydrothermal carbonization. Sci Rep 2021, 11, 23973.

Portilla Rivera, O.M.; Saavedra Leos, M.D.; Espinosa Solis, V.; Dominguez, ].M. Recent trends on the
valorization of winemaking industry wastes. Curr. Opin. Green Sustain 2021, 27, 100415.

Zhu, Y.; Luan, Y.; Zhao, Y,; Liu, J.; Duan, Z.; Ruan, R. Current technologies and uses for fruit and vegetable
wastes in a sustainable system: A review. Foods 2023, 12, 1949.

Loncari¢, A.; Jozinovi¢, A.; Kovag, T.; Koji¢, N.; Babi, J.; Subari¢, D. High Voltage Electrical Discharges and
Ultrasound-Assisted Extraction of Phenolics from Indigenous Fungus-Resistant Grape By-Product. Pol. ].
Food Nutr. Sci. 2020, 70, 101-111.

Law on strong alcoholic beverages ("Official Gazette of RS", number 92/15).

Frolov, S.M. Organic waste gasification: A selective review. Fuels 2021, 2, 556-650.

© 2024 by the authors. Submitted for possible open access publication under the terms
@ ® and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).


https://www.bib.irb.hr/1053082
https://www.bib.irb.hr/1053082

