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Oz

Bu galigma, iiziim (Vitis vinifera L.) ve erik (Prunus domestica L.) iiretiminde
onde gelen iiretici iilkelerden Tiirkiye ve Sirbistan’da ortaya ¢ikan tiziim ve
erik posalarimin iiretim, igleme ve degerlendirme potansiyelini veri temelli
bir yaklasimla incelemesi amaglanmistir. Calisma kapsaminda elde edilen
bulgular, bu yan diriinlerin dongiisel biyoekonomi ¢ercevesinde
stirdiiriilebilir ancak biiyiik 6l¢iide degerlendirilmeyen biyokiitle kaynaklari
oldugunu gostermektedir. Caligmada, acik erisimli ulusal ve uluslararasi
istatistik veri tabanlari ile literatiire dayali olarak gelistirilen veri temelli bir
metodolojik gergeve kullanilmigtir. Tiim veri isleme, istatistiksel analizler ve
gorsellestirmeler, yapilandirilmis tarimsal veri setlerine uygunlugu,
hesaplamalarin seffaf bigimde izlenebilmesi ve kullanicilar arasinda
tekrarlanabilirligi nedeniyle tercih edilen Microsoft Excel (Microsoft Corp.,
Redmond, WA, ABD) yazilimi kullanilarak; agirlikli olarak tanimlayici
istatistikler ve formiil tabanli hesaplamalar araciligiyla gerceklestirilmistir.
2020-2024 donemine ait tarimsal {iretim verileri, endiistriyel igleme oranlari,
posa miktarlar1 ve atik yonlendirme diizeyleri bu kapsamda
degerlendirilmistir. Bulgular, Tiirkiye’de yilda yaklagik 451x10° ton iiziim
posasi, Sirbistan’da ise 34x10° ton erik posast iiretildigini; buna karsin her
iki tilkede de degerlendirme oranlarmin %5’in altinda kaldigim
gostermektedir. Biyokimyasal veriler, her iki posanin da seliiloz,
hemiseliiloz, pektin ve fermente edilebilir sekerler agisindan zengin
oldugunu ve bu nedenle bakteriyel seliilloz, nanoseliiloz ve pektin bazl
biyopolimer {iiretimi i¢in uygun ve siirdiiriilebilir hammaddeler oldugunu
ortaya koymaktadir. Ancak yetersiz biyorafineri altyapist ve sinirh
endiistriyel ~ entegrasyon, bu potansiyelin  hayata  gecirilmesini
engellemektedir.
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This study examines the production, processing, and valorization potential of
grape and plum pomaces generated in Tiirkiye and Serbia, two leading
producers of grapes (Vitis vinifera L.) and plums (Prunus domestica L.),
using a data-driven approach, and demonstrates that these by-products
represent sustainable yet largely underutilized biomass resources within the
framework of the circular bioeconomy. The findings obtained within the
scope of this study indicate that these by-products represent sustainable yet
largely underutilized biomass resources within the framework of the circular
bioeconomy. All data processing, statistical analyses, and visualizations were
performed using Microsoft Excel (Microsoft Corp., Redmond, WA, USA),
primarily through descriptive statistical methods and formula-based
calculations, selected for its suitability for structured agricultural datasets,
transparent traceability of calculations, and reproducibility across users.
Agricultural production data for the period 2020-2024, including industrial
processing ratios, pomace quantities, and waste diversion levels, were
evaluated within this framework. The findings indicate that approximately
451x10° tons of grape pomace are generated annually in Tirkiye, while
Serbia produces about 34x10? tons of plum pomace; however, valorization
rates in both countries remain below 5%. Biochemical evidence shows that
both pomaces are rich in cellulose, hemicellulose, pectin, and fermentable
sugars, making them suitable and sustainable feedstocks for the production
of bacterial cellulose, nanocellulose, and pectin-based biopolymers.
Nevertheless, insufficient biorefinery infrastructure and limited industrial
integration continue to hinder the realization of this potential.

To Cite: Isitan A, Milanovic M, Gok C, Pavlovic V, Sknepnek A, Miletic D, Kus M, Milosavljevic N, Bersani M, Koluman
A., 2026. Data-Driven Analysis of Fruit Processing Efficiency and Pomace Valorization Potential in Tiirkiye and Serbia.
Kadirli Uygulamali Bilimler Fakiiltesi Dergisi, 6(1): 60-81.

Introduction

Large volumes of organic waste are produced by the food processing and agricultural

sectors worldwide, which not only present environmental challenges but also offer valuable
resources for the development of sustainable materials (Casquete et al., 2022; Galante et al.,
2025). Agricultural and food processing wastes represent a major environmental and economic
challenge in both Tiirkiye and Serbia.

Agricultural residues can be valorized in several ways to provide energy, biomaterials,
and soil additives that benefit both the environment and the economy. Conventional
management practices including open burning and landfilling not only waste valuable resources
but also emit particulate matter and greenhouse gases (Yaman, 2012; Unlii et al., 2023). Recent
advances in biotechnology and materials science have made it feasible to convert
lignocellulosic residues into biofuels (biogas, bioethanol, and biodiesel), biopolymers, and
activated carbons (Dhyani and Bhaskar, 2018; Awogbemi and Von Kallon, 2022a; Isitan,
2025). Composting and anaerobic digestion remain key biological routes, reducing organic load
while producing nutrient-rich fertilizers and renewable energy (Negi et al., 2022; Ivanovi¢ et
al., 2025). While chemical and enzymatic procedures facilitate the manufacture of

nanocellulose, activated carbon, and other high-value bioproducts, thermal conversion
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techniques like pyrolysis and gasification enable the recovery of bio-oils and syngas (loannidou
and Zabaniotou, 2007; Dhyani and Bhaskar, 2018; Koul et al., 2022; Bednarek et al., 2024;
Zielinska and Butkowska, 2024).

Agricultural residues and food industry by-products accounted for a significant share of
Tiirkiye’s total waste generation, which reached 109,200x10° tons in 2022, yet much of this
potential resource remains underutilized (CEIC, 2021). According to the Biomass Energy
Potential Atlas (EIGM, 2021), approximately 74.6% of Tiirkiye’s renewable biomass potential
originates from agricultural residues, corresponding to nearly 34,000x102 tons of oil equivalent
per year. Despite this, biomass contributes only about 1% of national electricity generation
(IRENA, 2019), revealing a considerable gap between potential and utilization. This underlines
the need for sustainable conversion routes such as composting, biogas production, and
biopolymer synthesis from lignocellulosic residues (Yaman, 2012; Unlii et al., 2023).

Similarly, in Serbia, annual food waste is estimated at 770x 103 tons (UNECE, 2022) with
more than 90% disposed in landfills due to limited recovery infrastructure. In addition, the
agricultural sector generated 88.2x10° tons of waste in 2022 (STAT, 2025). Fruit production
represents a cornerstone of Serbian agriculture, contributing around 6% of national GDP
(Zelenovi¢ et al., 2023). Serbia ranks among Europe’s leading producers of plums (430.2x103
tons) and raspberries (127x10° tons) (Subié¢ et al., 2021; FAOSTAT, 2023). Despite this
enormous output, only a small fraction of agro-industrial residues is valorized, primarily
through local composting or use as animal feed (Ketin et al., 2021). Serbia's sustainable biogas
potential is largely derived from livestock manure, crop residues and fruit by-products, and it
is estimated that if all these wastes are used properly, the country's electricity needs could be
met by 15%. Nevertheless, infrastructure limitations and policy fragmentation hinder large
scale adoption of circular economy practices (Vukeli¢ et al., 2023).

The economic potential of agricultural waste valorization is equally significant. In
Tirkiye, utilizing even 20% of agricultural residues for bioenergy could offset nearly 5% of
national natural gas imports (EIGM, 2021), while biocomposite production using crop-based
fillers can reduce manufacturing costs by up to 30% compared to synthetic materials (Avsar
and Cevik, 2023). Similarly, in Serbia, expanding biogas facilities to process available agro-
residues could generate rural employment and contribute to national energy independence
(Vukeli¢ et al., 2023; Belosevic et al., 2024).

Among the various agro-industrial residues, grape and plum pomaces stand out as
abundant and compositionally rich substrates for biotechnological valorization. Grape pomace,
consisting mainly of skins, seeds, and stems, accounts for nearly 20-25% of the total grape
weight after processing, and is rich in cellulose, hemicellulose, lignin, pectin, phenolic
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compounds, and residual sugars (Varis et al., 2000; Bekar, 2016; Mali¢anin et al., 2025;
Milin¢i¢ et al., 2025; Chedea et al., 2025). Similarly, plum residues, generated during juice,
jam, and brandy production, are composed of fibrous pulp, stone fragments, and carbohydrates
that can serve as feedstocks for microbial fermentation and enzyme-assisted hydrolysis (Subié¢
et al., 2021). Both residues have been traditionally discarded or used as low-value animal feed,
yet their biochemical composition provides a promising foundation for conversion into bio-
based materials such as bioplastics, biochar, or bacterial cellulose.

The objective of this study is to present a thorough quantitative evaluation of the
production of grapes (Vitis vinifera L.) and plums (Prunus domestica L.) together with their
industrial processing levels and valorization potential in Tiirkiye and Serbia. In addition to
assessing the sustainability implications in relation to the EU Green Deal framework (EC, 2019)
and the United Nations Sustainable Development Goals (SDGs) 9, 12, and 13 (UN, 2019), the
research incorporates agricultural production information for the years 2020-2024 with
industry-specific processing ratios, pomace yield models, and economic contribution
calculations. This study is the first cross-national quantitative analysis that simultaneously
estimates pomace quantities for two major fruit industries, models the economic outputs and
contributions of industrial processing, identifies pathways for valorization based on the
biochemical properties of grape and plum residues, and connects agricultural production
patterns with circular bioeconomy indicators pertinent to regional sustainability transitions.

Materials and Methods

Materials

Grape (Vitis vinifera L.) and plum (Prunus domestica L.) have been selected as target
materials in Tiirkiye and Serbia due to their high production volumes, significant processing
rates, and their substantial sectoral contribution and export relevance. As shown in Figure 1a,
Tiirkiye ranks among the world’s top grape-producing countries (typically within the top six),
with an annual production exceeding 3,500x103 tons, while Serbia is one of the world's leading
plum producers, generally ranking among the top five globally with an annual production
exceeding 400x10%tons (FAOSTAT, 2023). These production levels contribute significantly to
national revenues (Figure 1b) and also generate large quantities of industrial by-products: Grape
pomace constitutes approximately 20-25% of processed fruit and contains cellulose,
hemicellulose, lignin, pectin, and phenolic compounds (Bekar, 2016; Megias-Pérez et al.,
2023), while plum processing produces 12-18% solid residue rich in pectin and fermentable

sugars suitable for biopolymer synthesis (Subi¢ et al., 2021; Nirmal et al., 2023). The high
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availability and favorable biochemical composition make these residues particularly suitable

for evaluating biopolymer valorization potential in both countries.
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Figure 1. Comparative global production profiles of grapes and plums (a) and corresponding sectoral economic
indicators for Tiirkiye (grapes) and Serbia (plums) (b) (FAOSTAT, 2023; UN, 2023; StatAgri, 2024)

Data Sources and Methodological Framework for Data Collection and Processing

In this study, a data-driven methodological framework was adopted to evaluate fruit
processing efficiency and pomace valorization potential. All of the data utilized in this study
were obtained from publicly accessible secondary sources. From 2020 to 2024, agricultural
production data for grapes and plums were gathered from publicly accessible national and
international databases, such as FAOSTAT, TUIK, and the Statistical Office of the Republic of
Serbia (STAT). These databases provided annual national-level production figures. All
production statistics were standardized into uniform annual units (tons) to ensure cross-country
comparability. Industrial processing ratios (Rproc) for grapes and plums were obtained from
sector-specific reports and peer-reviewed literature rather than statistical databases. These ratios
reflect dominant processing pathways, such as the production of wine, juice, and vinegar for

grapes in Tiirkiye and brandy for plums in Serbia.
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FAOSTAT provided country-level data on grape and plum production for the years 2020
2023, and CEIC and the Turkish Statistical Institute (TUIK) provided supplementary
agricultural indicators for Tiirkiye. The Statistical Office of the Republic of Serbia (STAT)
provided corresponding agricultural output and processing data for Serbia (IRENA, 2019, 2020,
2022; TUIK, 2020; CEIC, 2021; EIGM, 2021; UNECE, 2022; FAOSTAT, 2023; StatAgri,
2024; STAT, 2025). Sectoral reports and peer-reviewed scientific literature were used to
determine processing ratios, pomace generation rates, and the average biochemical makeup of
grape and plum wastes (Bekar, 2016; Tarim ve Orman Bakanligi, 2020; Subi¢ et al., 2021;
Megias-Pérez et al., 2023; Taris Uziim, 2025;). In order to facilitate cross-national
comparability and subsequent residue-potential calculations, all statistics were harmonized to
annual production units (tons).

Sectoral averages were used to calculate the percentage of harvested produce that entered
industrial processing for each fruit species. Because grapes are widely used in the production
of wine, juice, molasses, and vinegar, they generally showed higher processing rates than
plums. According to published studies, pomace generation rates are between 20-25% for
processed grapes and between 12-18 % for plums, depending on the type of product. In this

study, fixed residue coefficients of 20% (grape) and 15% (plum) were applied.

Modeling Industrial Processing Levels

Production trends of grapes and plums and their total economic contribution (EC)

Each fruit category's industrial processing levels were determined by multiplying annual
production numbers by country-specific processing ratios. Grape processing in
Tiirkiye comprises the manufacturing of wine, vinegar, pekmez (molasses), dried grapes, and
industrial juice extraction. Brandy or plum spirit (rakija), jam, juice, compotes, and dried fruits
are the main products of plum processing in Serbia. Plum spirit, which represents the dominant
end use of plums in Serbia, was inscribed on the UNESCO Representative List of the Intangible
Cultural Heritage of Humanity in 2022, reflecting its cultural and socio-economic importance
(Trajkovic et al., 2025). These fruit processing chains generate considerable pomace residues,
which are currently treated as waste despite their high biochemical potential. The percentage of
residue left over after industrial extraction was represented by literature-based factors that were
used to estimate pomace generation. Depending on the processing route, reported pomace
yields range from 20-25% for grapes and 12-18% for plums. Economic analysis included two
components: Raw product economic value, based on average market prices (€/ton) and value-
added industrial contribution, reflecting the revenue generated through processed products.
Value-added multipliers were derived from national wine industry reports (Tiirkiye), plum
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brandy sector statistics (Serbia), export price datasets, and previously published studies (Pecot
and Watt, 1975; Salunkhe and Kadam, 1995; loannidou and Zabaniotou, 2007; Keshk, 2014,
Tarim ve Orman Bakanligi, 2020; Ataseven, 2025; Taris Uziim, 2025).

All data processing, statistical analyses, and visualizations were performed using
Microsoft Excel (Microsoft Corp., Redmond, WA, USA), primarily through descriptive
statistical functions and formula-based calculations, which was selected due to its suitability
for structured agricultural datasets, transparent traceability of calculations, and reproducibility

aCross users.

The industrial processing output (IPO) and pomace yield coefficient (PM)

The percentage of yearly fruit production that goes into the wine, brandy, juice, vinegar,
jam, and other fruit-processing operations is known as the industrial processing output, or IPO.
IPO was determined using:

IPO = Piotar X Rproc (1)
where Protal and Rproc refer to the total annual fruit production (x10° tons) and industrial
processing ratio (decimal) accordingly.

The amount of solid residue (annual produced pomace mass, PM) remaining after
industrial processing was calculated using the pomace yield coefficient (Y pom) :

PM =1IPO X Yo (2)

The values used in the calculations were obtained from the literature (Salunkhe and
Kadam, 1995; Tarim ve Orman Bakanligi, 2020; Subi¢ et al., 2021).

Waste Diversion Rate (WDR)
The waste diversion rate (WDR, %) quantifies the proportion of pomace that is valorized
(PMuvaiorized) (€.9., composting, animal feed, extraction, energy use), compared to the total

pomace generated (PMiotar):

WDR — PMyaiorized X 100 (3)

total

Approximately 2-5% of grape pomace in Mediterranean and European wine industries is
valorized, while plum pomace is even more underutilized, with only small fractions used for
feed or fuel (Subic et al., 2021; Carpentieri et al., 2023; Kokkinomagoulos and Kandylis, 2025).
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Results

Grape and plum production trends in Tiirkiye and Serbia and their total economic
contribution

As illustrated in Figure 2, both Tiirkiye and Serbia rank among the world’s top producers
of grapes and plums, respectively. In Tiirkiye, the annual grape production is around 4,200x103
tons, ranking the country sixth worldwide (TUIK, 2020). Manisa, Mardin, and Denizli rank first
in terms of vineyard area (Ataseven, 2025). Fruit production is currently Serbia's most
competitive agricultural industry and plums are the most significant fruit species in terms of
both production volume and land area covered by plantations (Subi¢ et al., 2021; Katarina et
al., 2024; Gaji¢ et al., 2025).
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Figure 2. Global Production Comparison of Grapes and Plums (Average 2020-2024, x10? tons) (TUIK, 2020;
FAOSTAT, 2023; UN, 2023; StatAgri, 2024; Taris Uziim, 2025)

Grapes are among Tiirkiye’s most important fruit crops, generating large quantities of
pomace during wine, juice, vinegar, and jam production. These residues are rich in sugars,
cellulose, and lignin, making them excellent candidates for microbial fermentation and bacterial
cellulose (BC) production. Approximately 3,400x10° tons of grapes were produced on 3.7
million decares of land during the 2023/2024 production season. According to FAO data, grapes
are one of the most produced fruits globally, with a total yield exceeding 87,000%10? tons per
year, generating approximately 20% solid waste (grape pomace) during wine and juice
production (Bekar, 2016; FAO, 2025). Approximately 11-12% of this production is used for
wine, vinegar, and molasses manufacturing, leading to the generation of nearly 600x10°—
800%107 tons of grape pomace annually (Bekar, 2016; Tarim ve Orman Bakanligi, 2020). After
processing, depending on the grape variety and processing step, 15-25% of the remaining
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material consists of grape pomace, comprising approximately 50% skins, 25% seeds, and 25%
other solid residues (Bekar, 2016; Varis et al., 2000) (Bekar, 2016; Varis et al., 2000).

In Serbia, over 80% of the plums that are produced is utilized to make brandy, with the
remainder being used for freezing, drying, or making jam and other confections. Fresh
consumption accounts for only a small proportion (Direk and Spahic-Vukojevic, 2021; Subié
etal., 2021). Plum pomace contains a soluble fraction of 7-13% and a total dietary fiber content
of 38-49% (Milala et al., 2013). A large number of by-products, including plum stones with
high potential value for sustainable utilization, are produced during the processing of plums.
Because of their advantageous structure and chemical characteristics, plum stones, which are
mostly composed of cellulose, hemicellulose, and lignin and contain about 61.1% carbon, are
regarded as a promising lignocellulosic biomass for numerous uses (Usmonova and
Salikhanova, 2024; Gajic et al., 2025).

Figure 3a, compiled from TUIK, and STAT data, shows the annual grape and plum
production in Tiirkiye and Serbia between 2020 and 2024. Tiirkiye consistently maintained high
grape production levels (>3,000x10° tons/year), while Serbia remained a major global producer
of plums (>325x10° tons/year). Observed interannual variations support the reliability of both
residues as continuous feedstock sources.

As shown in Figure 3b, approximately 2,200x10° tons of grapes and 300x10° tons of
plums are processed annually in Tirkiye and Serbia, respectively. Following industrial
processing, approximately 20% of the grape mass and 15% of the plum mass remain as pomace.
Despite their rich lignocellulosic composition, these by products are not sufficiently utilized.
These residues have the potential to be important raw materials for the circular economy.
Currently, most of grape and plum pomace residues in both Tiirkiye and Serbia are disposed of
in landfills, used as low-value animal feed, or left to decompose in open fields. These practices
fail to utilize the biochemical potential of these residues and often result in environmental
burdens. Improperly managed food and fruit processing wastes undergo uncontrolled microbial
degradation, leading to the release of methane (CH4) and carbon dioxide (CO:), both potent
greenhouse gases contributing to climate change (USDA, 2024). Additionally, leachates
generated during decomposition can contaminate soil and groundwater, while excessive organic

matter accumulation can result in eutrophication in nearby water bodies (EEA, 2025).
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Figure 3. (2) Annual grape and plum production in Tiirkiye and Serbia (2020-2024) and (b) Industrial processing
and pomace generation of grape and plum in Tiirkiye and Serbia (x10° tons) (Milala et al., 2013; TUIK, 2020;
Direk and Spahic-Vukojevic, 2021; Subié et al., 2021; FAOSTAT, 2023; UN, 2023; StatAgri, 2024; Taris Uziim,
2025).

Therefore, the valorization of grape and plum residues in Tiirkiye and Serbia represents
not only an environmental necessity but also a strategic economic opportunity that is related to
sustainability with regional development. The following sections present the quantitative results
of production trends, processing levels, residue generation, and the biopolymer valorization
potential of these residues.

Country-based industrial processing yield (IPO), pomace yield coefficient (PM), and
waste diversion rate (WDR) for grapes and plums

The industrial processing output (IPO) was calculated using Equation (1) and 2024 grape
and plum production values (Figure 3a): For Tiirkiye Puww=3468%10% and for Serbia
Piota=325%10° tons. As can be seen in Figure la, for Tiirkiye grapes (Rproc= 0.65) driven by

wine, vinegar, pekmez, and industrial juice processing (Bekar, 2016; Tarim ve Orman
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Bakanligi, 2020). For Serbian plum, (Rproc= 0.80), reflecting the dominance of brandy
production (Direk and Spahi¢-Vukojevi¢, 2021; Subic et al., 2021). The amounts of grapes and
plums used in industry, along with their respective pomace quantities (Y pom), Were assumed to
be 20% and 15% for Tiirkiye and Serbia, respectively (Figure 3b).

WDR is widely used in circular economy and waste management frameworks as an
indicator of material recovery efficiency and resource circularity. However, at present, only a
very small portion of grape residues (approximately 3% in the Mediterranean region) is used
for compost, animal feed, or low-value fuel, while the majority is underutilized or managed as
waste (Carpentieri et al., 2023). According to recent estimates for the EU wine industry; the
wast majority of residues is still dumped in landfills or scattered over fields as low-value waste
(Kokkinomagoulos and Kandylis, 2025). Despite this biochemical richness, plum pomace is
still largely underutilized in Serbia and other producing nations; the majority of residues are
inefficiently burned, dumped in the open, or used as animal feed. Studies frequently
characterize plum pomace as a "under-exploited” or "low-value™ by-product in relation to its
chemical potential, while quantitative evaluations of valorized fractions are still rare in the
literature (Milala et al., 2013; Subi¢ et al., 2021).

Based on these studies, PMuyalorized Was assumed to be 22x10° tons for grape pomace and
1.7x10° tons for plum pomaces for Tiirkiye and Serbia, respectively (WDR =5% for both fruit
pomaces) as summarized in Table 1 (Milala et al., 2013; TUIK, 2020; Direk and Spahic-
Vukojevic, 2021; Subi¢ et al., 2021; FAOSTAT, 2023; UN, 2023; StatAgri, 2024; Tarig Uziim,
2025). Strengthening the valorization pathways for these large quantities of waste, particularly
those related to biopolymer synthesis, bioactive extraction, and carbon-neutral material
production, will significantly support regional bio-based industries and circular economy plans.

Table 1. Parameters used to estimate industrial processing output, pomace generation,

valorization level, and waste diversion rate for grapes (Tiirkiye) and plums (Serbia)

Units Tiirkiye - Grape Serbia - Plum

The industrial processing output (IPO) 10%tons 2254 228
Annual generated pomace (PM) 10% tons 451 34
Valorized pomace (PMyalorized) 10° tons 22 1.7
The waste diversion rate (WDR) % 5 5
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Biochemical Characteristics and Valorization Potential of Grape and Plum Pomaces
for Biopolymer Applications

Thermal conversion techniques such as pyrolysis and gasification allow for the recovery
of bio-oils and syngas, while chemical and enzymatic methods support the production of
nanocellulose and other high-value bioproducts. These processes collectively align with
circular economy principles by maximizing resource recovery and minimizing environmental
impacts. Recent studies have demonstrated that lignocellulosic residues from fruit processing
can serve as efficient feedstock not only for bacterial cellulose, but also for biogas, bioethanol,
and biochar production—offering a closed-loop solution within the circular economy
(Awogbemi and Von Kallon, 2022a; Chilakamarry et al., 2022).

Beyond direct energy and material value, agricultural waste utilization enhances rural
livelihoods, stimulates innovation in small and medium enterprises, and supports carbon-
neutral growth strategies under the European Green Deal (EC, 2019). In recent years, both
Tiirkiye and Serbia have aligned their agricultural strategies with the European Green Deal and
the Circular Economy Action Plan, emphasizing the recovery and reuse of organic residues. As
emerging economies with rich agricultural outputs, they share similar challenges, including
inadequate biorefinery infrastructure, low public awareness, and limited financial incentives for
waste valorization. Yet, their combined potential for bio-based innovation, particularly in fruit
waste utilization, offers a promising pathway toward achieving the UN Sustainable
Development Goals (SDGs 12 and 13) (UN, 2019).

Bacterial cellulose (BC), a nano-structured polysaccharide synthesized by certain acetic
acid bacteria such as Komagataeibacter xylinus, has attracted significant attention due to its
high purity, crystallinity, tensile strength, and biocompatibility (Iguchi et al., 2000; Shah et al.,
2013). It serves as a sustainable alternative to plant-derived cellulose for applications in
biomedical materials, food packaging, and environmental remediation. The production of BC
typically relies on glucose-based substrates, but fruit processing wastes rich in fermentable
sugars can serve as cost-effective and eco-friendly alternatives, substantially lowering
production costs (Ul-Islam et al., 2012; Shah et al., 2013; Jozala et al., 2016; Khan et al., 2023).
Recent studies have demonstrated successful BC production using grape, apple, and citrus
pomaces as carbon sources, achieving yields comparable to or higher than those obtained from
synthetic media (Cakar et al., 2014; Keshk, 2014).

Mechanical characteristics (e.g., tensile strength, elongation at break), thermal stability
(glass transition, melting, and decomposition temperatures), barrier performance (moisture and
oxygen permeability), and biodegradability and sustainability attributes (renewable resource,

carbon footprint) are the main factors that determine the biopolymer potential of biomass
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feedstock. These criteria are frequently applied in the literature to evaluate whether biopolymers
are appropriate for specific applications in environmental technologies, biomaterials, and
packaging (Shah et al., 2013; Jozala et al., 2016). As a result, the overall "potential” of a
polymer or precursor feedstock is often assessed case by case, based on the demands of the
intended application in biopolymer research.

Nevertheless, when assessing food and agricultural waste as raw materials for the
production of biopolymers, the emphasis shifts from final material properties (mechanical or
thermal) to the biochemical composition of the raw biomass, specifically its structural
polysaccharide content that can be transformed into biopolymers based on cellulose or pectin.
Thus, biochemical composition (cellulose, hemicellulose, and pectin), extractives, ash, and
lignin ratios are also considered as key feedstock quality indicators in current biorefinery and
residue valorization studies (Awogbemi and Von Kallon, 2022a; Awogbemi and Von Kallon,
2022b; Chilakamarry et al., 2022).

In this regard, the biochemical properties of grape and plum pomace, specifically their
cellulose, hemicellulose, pectin, and fermentable sugar content, can be used to evaluate the
biopolymer valorization potential of these materials. Thus, three criteria commonly reported in
the literature were used in this study to assess the potential for valorization: (i) pomace
availability; (i) biochemical compatibility; and (iii) practical valorization capability, all of
which are supported by recent studies on bio-based material production.

The main biochemical and operational variables that determine the possibility for
producing biopolymers from grape and plum pomace are compiled in Table 2. Tiirkiye's grape
pomace is particularly well suited for BC production due to its higher usability and sugar-rich
composition. Despite being generated in relatively lower quantities, Serbian plum pomace
offers significant prospects for nanocellulose and pectin-based biopolymers due to its high
dietary fiber and lignocellulosic content. Both wastes currently exhibit very low valorization
rates (below 5%), indicating substantial untapped potential within circular bioeconomy

frameworks.
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Table 2. Biochemical and practical indicators for evaluating grape (Tiirkiye) and plum (Serbia)

pomace valorization potential for biopolymer production

Indicator and Relevance Pomace
Criterion for Biopolymer Key References
Production Grape Plum
Availability  PM - Determines fee_dstock I—llgh I\ﬂoderate Bekar, 2016:
supply  for  continuous (=451x10? (=34x10° C,
: . Subi¢ et al., 2021
biopolymer production tons/year) tons/year)
Carpentieri et al.,
WDR - Indicates extent of Very low (<3— Ver low 2023;
underutilization and 5(V)y ( <53//) Kokkinomagoulos
circularity potential 0 0 and Kandylis,
2025
Cellulose (%) - Structural Gajic et al., 2025;
polysaccharide essential for ~20-25% ~18-22% Ul-Islam et al.,,
BC, NC, bioplastics 2012; Milala et
Hemicellulose (%) - al., 2013; Cakar et
Supports biopolymer 12-18% 14-20% al., 2014; Keshk,
formation 2014; Ogrizek et
. . Pectin (%) - Key precursor al., 2021; Megias-
gllj?f;smtlsal for pectin films, hydrogels, ~6-10% ~10-15% Pérez et al., 2023;
edible coatings Usmonova  and
Salikhanova,
Fermentabl Direct Moderat 2024,
ermentable sugars - Direc High (glucose, oderate Kokkinomagoulos
carbon source for BC f (sorbitol, d Kandvli
fermentation ructose) polyols) an andyts,
2025
Valo_rl_za_ltlon Existing industrial Wine, Juice,
Feasibility and  vinegar
pathways - Lower . .
d .. industries Brandy .,
processing cost if . . Subi¢ et al., 2021
. . provide production
compatible with industry .
. continuous
infrastructure
feedstock
Suitability ~ for  BC Lmed
fermentation - Determines Demonstrated hiah  botential Cakar et al., 2014;
feasibility of microbial high BC yields 9" P Keshk, 2014
. but under-
valorization . .
investigated
Suitability for Good Good
nanocellulose - Depends on  (skin/seed (lignocellulose  Chilakamarry et
cellulose/lignin balance and  lignin high but al., 2022
extractability manageable) extractable)
Conclusion

In conclusions, grape and plum pomace in Serbia and constitute high-volume,

composition-rich biomass streams that are severely underutilized and possess substantial

potential for integration into a circular bioeconomy. Although Serbia produces more than

34%10? tons of plum pomace annually and Tiirkiye produces more than 451x10° tons of grape
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pomace annually, the rates of valorization are still remarkably low (<5%). Given the biological
suitability of these wastes, this production-utilization gap presents a significant opportunity for
the development of innovative biopolymer-oriented valorization pathways.

Both pomaces are attractive substrates for the production of bio-based materials due to
their high lignocellulose content. High-yield BC production has been reported to be supported
by the abundance of structural polysaccharides and residual glucose/fructose found in grape
pomace. In a similar vein, plum pomace is suitable for applications such as edible films,
nanocellulose extraction, and pectin-based bioplastics due to its increased pectin and dietary
fiber content. These findings also corroborate prior studies showing fruit-based wastes are
promising feedstocks for biochar synthesis, biopolymer manufacturing, and biogas upgrading
within low-cost and scalable biorefinery systems.

Despite the availability of biochemical pathways and demonstrated laboratory-scale
feasibility, practical limitations continue to represent a major barrier in Serbia and Tiirkiye.
Grape pomace is produced year-round by Tiirkiye's wine, vinegar, and pekmez sectors, which
increases the feedstock's dependability for bio-based production. On the other hand, Serbian
plum pomace is highly seasonal because brandy production is concentrated in a short processing
window. Logistical issues with storage, stability, and ongoing microbial processing result from
this. Despite the high biochemical richness of plum residues, these temporal constraints
partially explain Serbia’s lower level of technological adoption.

Both countries have acknowledged the need to expedite the use of organic waste and have
connected their agriculture plans with the EU Green Deal and the Circular Economy Action
Plan at the policy and system level. However, there is still a lack of the infrastructure needed
for large-scale biopolymer synthesis, such as fermentation facilities, biorefineries, and effective
pre-treatment systems. Despite solid scientific evidence supporting the widespread usage of
residue-based biological products, this structural deficiency leads to low recovery rates. In
addition to lessening the negative effects of unchecked decomposition on the environment
(methane emissions, leachate formation, eutrophication), increasing these capacities will make
it possible to produce high-value materials, including BC, nanocellulose, and pectin-based
composites domestically.

The comparative analysis also reveals that Tiirkiye has a quantitative and infrastructural
advantage due to its large-scale fruit processing industry, whereas Serbia has a qualitative
advantage driven by the high fiber content of plum pomace. This complementarity demonstrates
how cooperative biorefinery models and information sharing between nations may be crucial
in hastening regional bioeconomic changes. This complementary relationship emphasizes the

potential contribution of exchange of information, shared biorefinery models, and cross-border
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cooperation to the acceleration of regional bioeconomic development. Both countries show
outstanding potential for creating integrated value chains that promote rural economic growth,
reduce the burden on waste management systems, and assist in achieving SDGs 12 and 13.

Overall, the study indicates that grape and plum pomace have high biochemical suitability
for biopolymer-focused value recovery; however, targeted advancements in infrastructure,
technology, and policy frameworks are required to fully unlock this potential. Both in Tiirkiye
and Serbia, the conversion of these waste materials into BC, nanocellulose and pectin-based
biopolymers offers a technically feasible and strategically compatible path towards sustainable
industrial development.

Several limitations should be considered when interpreting these findings. First, the
analysis is mostly reliant on secondary datasets (FAOSTAT, TUIK, and STAT), which may
introduce variability due to differences in reporting standards, crop classifications, or data
update frequencies among agencies. Variation associated with climate conditions, processing
techniques, and storage conditions may not be fully captured, as biochemical composition data
were compiled from direct experimental analysis. Moreover, the lack of government
information on waste recovery in the fruit processing industry is reflected in the recovery rates
described in the literature, which are generalized estimates rather than country-specific
measures. Finally, economic metrics like value-added multipliers may not accurately reflect
small-scale producers or the informal processing sector because they are dependent on national
reports that are currently available.

To enable more accurate modeling of biochemical conversion efficiencies, future
research should experimentally evaluate biopolymer yields at the laboratory scale using grape
and plum pomace collected from Tiirkiye and Serbia. Cross-raw material comparisons could be
enhanced by creating a common biopolymer compatibility index that incorporates
polysaccharide content, extraction capacity, fermentation performance, and pretreatment
energy requirements. To quantify the economic and environmental benefits of the proposed
valorization pathways under realistic industrial conditions, techno-economic analysis and life
cycle assessment (LCA) are also required. Pilot-scale biorefinery design that emphasizes
continuous processing and seasonal stabilizing techniques will be made possible by cooperation
with nearby vineyards, brandy manufacturers, and food processing facilities. Including other
regional fruits like pomegranate, apricot, and apple residues could further enhance bio-based

innovation capacity and facilitate more extensive circular economy transitions in both nations.

Conflict of Interest

The authors declare no conflict of interest.
75



Authors’ Contributions
The authors declare that they have contributed equally to the article.

Acknowledgement
This study was compiled from research conducted during the preparation phase of a
Tiirkiye—Serbia bilateral cooperation project proposal.

References

Ataseven ZY., 2025. Tarmm iiriinleri piyasalari raporu (Uziim) Temmuz-2025.

Avsar Y, Cevik B., 2023. Biyokompozit iiretiminde takviye elemani olarak kullanilan
tarrmsal atiklarin incelenmesi ve Tiirkiye’deki tarimsal atik potansiyeli. Diizce Universitesi
Ziraat Fakiiltesi Dergisi, 1(1): 15-25. https://dergipark.org.tr/en/pub/jafdu/issue//1467094

Awogbemi O, Von Kallon DV., 2022a. Valorization of agricultural wastes for biofuel
applications. Heliyon, 8(10). https://doi.org/10.1016/j.heliyon.2022.e11117

Awogbemi O, Von Kallon DV., 2022b. Pretreatment techniques for agricultural waste.
Case Studies in  Chemical and Environmental Engineering, 6: 100229.
https://doi.org/10.1016/J.CSCEE.2022.100229

Bednarek J, Mat&jova L, Koutnik I, Vrablova M, Cruz GJF, Strasak T, Siler P, Hrbag J.,
2024. Revelation of high-adsorption-performance activated carbon for removal of
fluoroquinolone antibiotics from water. Biomass Conversion and Biorefinery, 14(2): 2585—
2599. https://doi.org/10.1007/S13399-022-02577-Z/FIGURES/10

Bekar T., 2016. Bagcilikta atik teknolojisi. Igdir Universitesi Fen Bilimleri Enstitiisii
Dergisi, 6(1). https://www.academia.edu/download/80516463/17-24.pdf

Belosevi¢ S, Tomanovi¢ I, Milicevic A, Crnomarkovi¢ N, Stojanovi¢ A., 2024.
Valorization of waste agricultural biomass as a fuel for sustainable power production by co-
firing. Serbian Journal of Engineering Management, 9(2): 9-19.
https://doi.org/10.5937/SJIEM2402009B

Cakar F, Kat1 A, Ozer I, Demirbag DD, Sahin F, Aytekin AO., 2014. Newly developed
medium and strategy for bacterial cellulose production. Biochemical Engineering Journal, 92:
35-40. https://doi.org/https://doi.org/10.1016/j.bej.2014.07.002

Carpentieri S, Ferrari G, Pataro G., 2023. Pulsed electric fields-assisted extraction of
valuable compounds from red grape pomace: Process optimization using response surface
methodology. Frontiers in Nutrition, 10: 11580109.
https://doi.org/10.3389/FNUT.2023.1158019/BIBTEX

76


https://dergipark.org.tr/en/pub/jafdu/issue/1467094
https://doi.org/10.1016/j.heliyon.2022.e11117
https://doi.org/10.1016/J.CSCEE.2022.100229
https://doi.org/10.1007/S13399-022-02577-Z/FIGURES/10
https://www.academia.edu/download/80516463/17-24.pdf
https://doi.org/10.5937/SJEM2402009B
https://doi.org/https:/doi.org/10.1016/j.bej.2014.07.002
https://doi.org/10.3389/FNUT.2023.1158019/BIBTEX

Casquete R, Benito MJ, Martin A, Martinez A, Rivas M. de los A, Cordoba M. de G.,
2022. Influence of different extraction methods on the compound profiles and functional
properties of extracts from solid by-products of the wine industry. LWT, 170: 114097.
https://doi.org/10.1016/J.LWT.2022.114097

CEIC,, 2021. Turkey Waste generation: Total.
https://www.ceicdata.com/en/turkey/environmental-waste-generation-by-sector-oecd-
member-annual/waste-generation-total

Chedea VS, Tomoiaga LL, Ropota M, Marc G, Ranga F, Muntean MD, Sirbu AD, Giurca
IS, Comsa M, Bocsan IC, Buzoianu AD, Kisher H, Pop RM., 2025. Transylvanian grape
pomaces as sustainable sources of antioxidant phenolics and fatty acids-A study of white and
red cultivars. Antioxidants, 14(10), 1152. https://doi.org/10.3390/ANTIOX14101152/S1

Chilakamarry CR, Mimi Sakinah AM, Zularisam AW, Sirohi R, Khilji IA, Ahmad N,
Pandey A., 2022. Advances in solid-state fermentation for bioconversion of agricultural wastes
to value-added products: Opportunities and challenges. Bioresource Technology, 343: 126065.
https://doi.org/https://doi.org/10.1016/j.biortech.2021.126065

Dhyani V, Bhaskar T., 2018. A comprehensive review on the pyrolysis of lignocellulosic
biomass. Renewable Energy, 129: 695-716.
https://doi.org/https://doi.org/10.1016/j.renene.2017.04.035

Direk M, Spahic-Vukojevic S., 2021. An economic analysis of plums production: The
case of Gradacac, Bosnia and Herzegovina. Selcuk Journal of Agricultural and Food Sciences,
35(3): 202-209. https://doi.org/10.15316/sjafs.2021.249

EC., 2019. The European green deal. https://ec.europa.eu/info/sites/info/files/european-
green-deal-communication_en.pdf

EEA., 2025. Leachate pollution from landfills (Signal).
https://www.eea.europa.eu/en/european-zero-pollution-dashboards/indicators/emission-from-
waste-management-facilities

EIGM., 2021. Biyokiitle enerjisi potansiyel atlas1 (BEPA). https://bepa.enerji.gov.tr/

FAO., 2025. Grape. Food and Agriculture Organization of the United Nations
Https://MWWww.Fao.0rg/Land-Water/Databases-and-Software/Crop-Information/Grape/En/.
https://www.fao.org/land-water/databases-and-software/crop-information/grape/en/

FAOSTAT., 2023. Crops and livestock products: Plumbs and sloes.
https://www.fao.org/faostat/en/#data/QCL

Gaji¢ N, Radovanovi¢ D, Doki¢ J, Jeli¢c I, Jevtic S, Soki¢ K, Stulovi¢ M., 2025.
Optimization of milling process parameters for waste plum stones for their sustainable

application. Processes 2025; 13(9): 2759. https://doi.org/10.3390/PR13092759
77


https://doi.org/10.1016/J.LWT.2022.114097
https://www.ceicdata.com/en/turkey/environmental-waste-generation-by-sector-oecd-member-annual/waste-generation-total
https://www.ceicdata.com/en/turkey/environmental-waste-generation-by-sector-oecd-member-annual/waste-generation-total
https://doi.org/10.3390/ANTIOX14101152/S1
https://doi.org/https:/doi.org/10.1016/j.biortech.2021.126065
https://doi.org/https:/doi.org/10.1016/j.renene.2017.04.035
https://doi.org/10.15316/sjafs.2021.249
https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf
https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf
https://www.eea.europa.eu/en/european-zero-pollution-dashboards/indicators/emission-from-waste-management-facilities
https://www.eea.europa.eu/en/european-zero-pollution-dashboards/indicators/emission-from-waste-management-facilities
https://bepa.enerji.gov.tr/
https://www.fao.org/land-water/databases-and-software/crop-information/grape/en/
https://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.3390/PR13092759

Galante M, Brassesco ME, Maragoni Santos C, Beres C, Fai AEC, Cabezudo 1., 2025.
Grape pomace as a natural source of antimicrobial agents for food preservation. Frontiers in
Nutrition, 12: 1650450. https://doi.org/10.3389/FNUT.2025.1650450/ENDNOTE

Ignjatovic J, Dordevic A, Robinic J., 2025. Potential for applying circular economy
principles in compost production in Serbia. 107-116. https://doi.org/10.53486/SER2025.11

Iguchi M, Yamanaka S, Budhiono A., 2000. Bacterial cellulose - a masterpiece of nature’s
arts. Journal of Materials Science, 35(2): 261-270.
https://doi.org/10.1023/A:1004775229149/METRICS

loannidou O, Zabaniotou A., 2007. Agricultural residues as precursors for activated
carbon production-A review. Renewable and Sustainable Energy Reviews, 11(9): 1966-2005.
https://doi.org/10.1016/J.RSER.2006.03.013

IRENA., 2019. Global energy transformation: a roadmap to 2050 (2019 Edition).
International Renewable Energy Agency. www.irena.org

IRENA., 2020. Recycle: Bioenergy (Circular Carbon Economy, 05). www.irena.org

IRENA., 2022. Scaling up biomass for the energy transition: Untapped opportunities in
Southeast Asia. www.irena.org

Isitan A., 2025. Sustainable adsorption of amoxicillin and sulfamethoxazole onto
activated carbon derived from food and agricultural waste: Isotherm modeling and
characterization. Processes, 13(8): 2528. https://doi.org/10.3390/PR13082528

Ivanovi¢ N, Vuéini¢ A, Marinkovi¢ V, Krajnovi¢ D, Cur¢i¢ M., 2025. Towards
sustainable food waste management in Serbia: A review of challenges, gaps, and future
perspectives. Sustainability; 17(7): 2961. https://doi.org/10.3390/SU17072961

Jozala AF., de Lencastre-Novaes LC, Lopes AM, de Carvalho Santos-Ebinuma V,
Mazzola PG, Pessoa-Jr A, Grotto D, Gerenutti M, Chaud MV., 2016. Bacterial nanocellulose
production and application: a 10-year overview. Applied Microbiology and Biotechnology,
100(5): 2063-2072. https://doi.org/10.1007/S00253-015-7243-4

Katarina B, Simin Mirela T, Trbi¢ Danica G, Bulatovi¢ Mirjana L., 2024. State and
perspective of fruit production in Serbia. Ekonomija: Teorija i Praksa, spec issue, 53-65.
https://doi.org/10.5937/ETP243-2053K

Keshk SM., 2014. Bacterial cellulose production and its industrial applications. Journal
of Bioprocessing and Biotechniques, 04(02). https://doi.org/10.4172/2155-9821.1000150

Ketin S, Kostié¢ B, Plojovi¢ S., 2024. Agricultural waste and statistics. Ekonomija-Teorija
I Praksa, 17 (Special Edition): 66-81. https://doi.org/10.5937/etp243-2066K

Khan S, Ul-Islam M, Fatima A, Manan S, Khattak WA, Ullah MW, Yang G., 2023.
Potential of food and agro-industrial wastes for cost-effective bacterial cellulose production:

78


https://doi.org/10.3389/FNUT.2025.1650450/ENDNOTE
https://doi.org/10.53486/SER2025.11
https://doi.org/10.1023/A:1004775229149/METRICS
https://doi.org/10.1016/J.RSER.2006.03.013
http://www.irena.org/
http://www.irena.org/
http://www.irena.org/
https://doi.org/10.3390/PR13082528
https://doi.org/10.3390/SU17072961
https://doi.org/10.1007/S00253-015-7243-4
https://doi.org/10.5937/ETP243-2053K
https://doi.org/10.4172/2155-9821.1000150
https://doi.org/10.5937/etp243-2066K

An  updated review of literature. ES Food and  Agroforestry, 13.
https://doi.org/10.30919/esfaf905

Kokkinomagoulos E, Kandylis P., 2025. Sustainable wine fining: Evaluating grape
pomace as a natural alternative to commercial agents. Beverages, 11(2): 31.
https://doi.org/10.3390/BEVERAGES11020031

Koul B, Yakoob M, Shah MP., 2022. Agricultural waste management strategies for
environmental sustainability. Environmental Research, 206: 112285.
https://doi.org/10.1016/J.ENVRES.2021.112285

Kruni¢ N, Josimovi¢ B, Gaji¢ A, Nenkovi¢-Rizni¢ M., 2019. Territorial analysis as
support to the Strategic Environmental Assessment process for agro-waste management
planning. Spatium, 42(42): 16-22. https://doi.org/10.2298/SPAT1942016K

Mali¢anin MV, gvarc-Gajié J, Levi¢ SM, Rac VA, Salevi¢-Jeli¢ AS, Pesi¢ MB, Milincic¢
DD, Pasarin D, Raki¢ VM., 2025. Valorization of grape seed cake by subcritical water
extraction. Processes, 13(5): 1597. https://doi.org/10.3390/PR13051597/S1

Megias-Pérez R, Ferreira-Lazarte A, Villamiel M., 2023. Valorization of grape pomace
as a renewable source of techno-functional and antioxidant pectins. Antioxidants, 12(4): 957.
https://doi.org/10.3390/ANTI0X12040957/S1

Milala J, Kosmala M, Soéjka M, Kotodziejczyk K, Zbrzeaniak M, Markowski J., 2013.
Plum pomaces as a potential source of dietary fibre: Composition and antioxidant properties.
Journal of Food Science and Technology, 50(5): 1012-1017. https://doi.org/10.1007/s13197-
011-0601-z

Milin¢i¢ DD, Stanisavljevi¢ NS, Pesi¢ MM, Kosti¢ A, Stanojevi¢ SP, Pesi¢ MB., 2025.
The bioaccessibility of grape-derived phenolic compounds: An overview. Foods, 14(4): 607.
https://doi.org/10.3390/FOODS14040607

Negi T, Kumar Y, Sirohi R, Singh S, Tarafdar A, Pareek S, Kumar Awasthi M, Alok
Sagar N., 2022. Advances in bioconversion of spent tea leaves to value-added products.
Bioresource Technology, 346. https://doi.org/10.1016/j.biortech.2021.126409

Nirmal NP, Khanashyam AC, Mundanat AS, Shah K, Babu KS, Thorakkattu P, Al-
Asmari F, Pandiselvam R., 2023. Valorization of fruit waste for bioactive compounds and their
applications in the food industry. Foods, 12(3): 556. https://doi.org/10.3390/FOODS12030556

Ogrizek L, Lamovsek J, Cu$ F, Leskoviek M, Gorjanc M., 2021. Properties of bacterial
cellulose produced using white and red grape bagasse as a nutrient source. Processes, 9(7):
1088. https://doi.org/10.3390/PR9071088

Pecot RK, Watt BK., 1975. Food yields - summarized by different stages of preparation
(Y. J. Garrison and R. H. Matthews, Eds.). DIANE Publishing.

79


https://doi.org/10.30919/esfaf905
https://doi.org/10.3390/BEVERAGES11020031
https://doi.org/10.1016/J.ENVRES.2021.112285
https://doi.org/10.2298/SPAT1942016K
https://doi.org/10.3390/PR13051597/S1
https://doi.org/10.3390/ANTIOX12040957/S1
https://doi.org/10.1007/s13197-011-0601-z
https://doi.org/10.1007/s13197-011-0601-z
https://doi.org/10.3390/FOODS14040607
https://doi.org/10.1016/j.biortech.2021.126409
https://doi.org/10.3390/FOODS12030556
https://doi.org/10.3390/PR9071088

Salunkhe DK, Kadam SS., 1995. Handbook of fruit science and technology: Production,
composition, storage, and processing. CRC Press.
https://books.google.com/books/about/Handbook_of Fruit_Science_and_Technology.htmi?hl
=trandid=50ZZDwAAQBAJ

Shah N, Ul-Islam M, Khattak WA, Park JK., 2013. Overview of bacterial cellulose
composites: A multipurpose advanced material. Carbohydrate Polymers, 98(2): 1585-1598.
https://doi.org/https://doi.org/10.1016/j.carbpol.2013.08.018

STAT., 2025. Waste generation and treatment, 2022. Statistical Office of the Republic of
Serbia. https://www.stat.gov.rs/en-us/vesti/statisticalrelease/?p=13623

StatAgri., 2024. Agricultural statistics. Https://Www.Statagri.Com/.
https://www.statagri.com/#google_vignette

Subi¢ J, Jelo¢nik M, Nasti¢ L, Vasile Andrei J., 2021. Economic effects of plum
plantation establishment. Sustainable Agriculture and Rural Development, 149-162.
http://repository.iep.bg.ac.rs/543/1/Subi%C4%87%2C%20Jel0%C4%8Dnik%2CNasti%C4%
87%2C%20Vasile.pdf

Suri S, Singh A, Nema PK., 2022. Current applications of citrus fruit processing waste:
A scientific outlook. Applied Food Research, 2(1): 100050.
https://doi.org/https://doi.org/10.1016/j.afres.2022.100050

Taris Uziim., 2025. Uziim hakkinda. S.S. Taris Uziim Tarim Satis Kooperatifleri Birligi.
https://www.tarisuzum.com.tr/uzum_hakkinda.html#baslik6

Tarim ve Orman Bakanlig1., 2020. Diinyada tiziim.

Trajkovié¢ D, Jojié A, Zivojinovi¢ D., 2025. Sensory characteristics of Serbian plum spirit.
Book of Abstracts : 3rd European Symposium on Phytochemicals in Medicine and Food, July
1-4, 2025, Belgrade, Serbia, 11-11. https://refri.institut-cacak.org/handle/123456789/987

TUIK., 2020. Bitkisel uretim istatistikleri, 2020.
https://data.tuik.gov.tr/Kategori/GetKategori?p=tarim-111

Ul-Islam M, Khan T, Park JK., 2012. Water holding and release properties of bacterial
cellulose obtained by in situ and ex situ modification. Carbohydrate Polymers, 88(2): 596-603.
https://doi.org/10.1016/j.carbpol.2012.01.006

UN., 2019. The 17 goals. Sustainable Development. https://sdgs.un.org/goals

UN., 2023. 2022 The International ~ Trade  Statistics  Yearbook.
https://comtradeapi.un.org/files/v1l/app/publicationfiles/2022/Vol12022.pdf

UNECE., 2022. Accelerating circular economy in Serbia: UNECE supports action on
agriculture and food loss and waste. https://unece.org/media/trade/uncefact/news/369099

80


https://books.google.com/books/about/Handbook_of_Fruit_Science_and_Technology.html?hl=tr&id=50ZZDwAAQBAJ
https://books.google.com/books/about/Handbook_of_Fruit_Science_and_Technology.html?hl=tr&id=50ZZDwAAQBAJ
https://doi.org/https:/doi.org/10.1016/j.carbpol.2013.08.018
https://www.stat.gov.rs/en-us/vesti/statisticalrelease/?p=13623
https://www.statagri.com/#google_vignette
http://repository.iep.bg.ac.rs/543/1/Subi%C4%87%2C%20Jelo%C4%8Dnik%2CNasti%C4%87%2C%20Vasile.pdf
http://repository.iep.bg.ac.rs/543/1/Subi%C4%87%2C%20Jelo%C4%8Dnik%2CNasti%C4%87%2C%20Vasile.pdf
https://doi.org/https:/doi.org/10.1016/j.afres.2022.100050
https://www.tarisuzum.com.tr/uzum_hakkinda.html#baslik6
https://refri.institut-cacak.org/handle/123456789/987
https://data.tuik.gov.tr/Kategori/GetKategori?p=tarim-111
https://doi.org/10.1016/j.carbpol.2012.01.006
https://sdgs.un.org/goals
https://comtradeapi.un.org/files/v1/app/publicationfiles/2022/VolI2022.pdf
https://unece.org/media/trade/uncefact/news/369099

USDA., 2024. Food waste and methane: What’s the Connection?

www.usda.gov/foodlossandwaste

81


http://www.usda.gov/foodlossandwaste

