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Abstract: The production of olive fruits is a major agricultural and industrial activity with significant economic and vital
importance. During the pressing process, about 80% of the material becomes a residue called olive pomace, while only 20%
is oil. This ratio varies depending on the type of olive fruit and the extraction method employed, which presents a major
challenge for olive presses in terms of draining, disposing of the residue, and protecting the environment. (Medeiros et al.,
2016).
The chemical analysis of waste from the olive oil industry shows it is high in dietary fiber (54.5%), lipids (11.5%), protein
(8.9%), fatty acids, minerals (4%), and antioxidants. This encouraged researchers to utilize it as a food source to fortify food
and to benefit from itin the improvement and development of food products as value-added ingredients (Nunes et al.,, 2019).
Some previous studies have also demonstrated the high nutritional value of olive oil industry waste in preventing
atherosclerosis, diabetes, obesity, and many other chronic diseases. Additionally, many studies have focused solely on
extracting phenols from olive oil industry waste for pharmaceutical and cosmetic uses (Difonzo et al., 2021).
The goal of this review is to highlight the positive features of olive pomace, allowing for the introduction of its important
components into the development of certain food items. This technology aims to improve the nutritional profile of these
meals while also addressing environmental problems related to the disposal of this byproduct.
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Introduction:

Olive is a popular fruit of all civilizations worldwide with multifaceted use purposes. Itis widely appreciated and integrated as
a main ingredient in the daily diet of several countries (Rivas-Garcia et al. 2023).

Global olive oil production has increased significantly, rising from approximately 1.8 million tons per year in the early 1990s
to around 3 million tons annually by 2017 (International Olive Council, 2019). The byproducts from olive processing, including olive mill
wastewater (OMW), have significant adverse effects on the environment. These impacts include threats to aquatic life, the release of
unpleasant odors, the formation of dense membranes that block oxygen flow, color changes in natural water bodies, and overall toxicity
(Yayaetal,2012).

The industry of olive has experienced substantial growth within the Mediterranean basin, characterized by the rapid
production of olive oil in considerable volumes. However, the processing chain associated with olive oil production resulted in the
generation of significant quantities...throughout the processing chain. This byproduct presents significant environmental challenges in
the Mediterranean region, necessitating careful management and mitigation strategies to address the resulting ecological impacts. In
recent years, the food industry has generated substantial quantities of both solid and liquid waste, presenting significant challenges
related to disposal and environmental pollution.

Despite of the economic and dietetic benefits of olive oil, huge amounts of wastes are generated either in the cultivation fields
from pruning or in the olive mills during olive oil processing. Therefore, it is of importance to consider all potential pathways for circular
economy in the olive oil supply chain. Stempfle et al. (2021) mapped these potential pathways based on an intensive literature review

study.
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Chemical Composition of Olive Pomace:

Olive pomace, a byproduct of olive oil extraction, exhibits a diverse composition influenced by several factors, including the
variety of olives used, agricultural practices, storage duration, and extraction methodologies. Typically, olive pomace comprises
approximately 75—80% dry matter, with mineral content ranging from 3—5%. The total nitrogenous fraction constitutes about 5—10%
of its composition. In addition, the average cellulose content is reported to be between 35—50%, while the fatty matter accounts for 8—
15% of the pomace (Dermeche etal. 2021).

Pomace is primarily a lignin-rich component derived from seed fragments. It also contains a section high in carbohydrates,
including cellulose and hemicellulose. Smaller proportions of protein and oil are also present. The exact quantities depend on how it

was processed.

Components Percentage (%) References
Oils 20 Dermeche et al. (2013)
Water 48 Dermeche et al. (2013)
Mineral materials 1.6—-2.5 Dermeche et al. (2013)
Mono et disaccharides 3 Dermeche et al. (2013)
Polysaccharides (hemicelluloses,
27 Dermeche et al. (2013)
celluloses, pectin's)
pH 2.24-5.9 Dermeche et al. (2013) and Akar et al. (2009)
Electrical conductivity (dS/m) 5.5—10 Dermeche et al. (2013) and Aggoun et al. (2016)
Total carbon (%) 2-3.3 Rajhi etal. (2018) and Regni et al. (2021)
Organic matter (%) 57.2-62.1 Dermeche et al. (2013) and Foti et al. (2021)
Chemical oxygen demand (g/L) 30-320 Al Bawab et al. (2018)
Total organic carbon (g/L) 20.19-39.8 Dermeche et al. (2013) and Rahmanian et al. (2014)
Total suspended solids (g/L) 25-30 Elayadi et al. (2019)
Mineral suspended solids (g/L) 1.5-1.9 Mauro et al. (2019)
Mineral solids (g/L) 6.7 Mauro et al. (2019)
Bombino et al. (2021)and Ochando-Pulido et al.
Total nitrogen (%) 0.63
(2017)
Total phenols (%) 0.63-5.45 Al Bawab et al. (2018) and Mauro et al. (2019)
Fe (%) 0.26 +0.03 Dermeche et al. (2013)
Dermeche et al. (2013), Bombino et al. (2021) and
Cu (%) 0.0022
Ochando-Pulido et al. (2017)
Zn (%) 0.0057 Dermeche et al. (2013), Bombino et al. (2021)

Table 1. Main bioactive compounds identified in olive oil and principal by-products of its production

Extraction of olive oil and its related By-Products:

Olive oil (OO) production generates significant amounts of by-products, including olive leaves and pruning residues, olive
pomace, OO wastewater, and olive stones. These by-products are rich in bioactive compounds, particularly polyphenols and secoiridoids,
which possess antioxidant, anti-inflammatory, antimicrobial, and cardio-protective properties. However, their stability and bioavailability
remain challenges, necessitating innovative recovery and stabilization techniques, highlighting their potential in high-value industries
such as food, cosmetics, nutraceuticals, and pharmaceuticals

Olive oil can be obtained by several methods, which are generally divided into three main categories based on the physical
forces and water consumption during separation (Yang et al., 2019; Silva and Schmiele, 2021). These methods include pressing,
centrifugation, and percolation olive oil (OO) extraction process has been studied using stone mortars since 5000 BC. Three different
techniques are used to extract OL from olives, including traditional presses and two- or three-phase centrifugation systems (Ammari et
al., 2025). The growing demand for OO necessitates the refinement and development of extraction techniques to meet this demand (Mili

and Bouhaddane, 2021). At the same time, new agricultural policies adopted in several countries have led to an increase in the number
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of new plantations to meet the growing demand for OO (Neves and Pires, 2018).0live oil (OO) production generates substantial
residues, estimated at 30 million m? annually, which pose significant economic and environmental challenges due to high organic loads
and phytotoxic compounds (Ammari et al. 2025; Abboud et al. 2025). The conversion of OO waste into sustainable bioenergy can
mitigate environmental burdens and support the green economy by decreasing fossil fuel reliance (Alharbi and Ghonimy 2025).
However, the nutritional and bio-functional potential of OO by-products remains largely untapped. Consequently, there is a pressing
need to explore sustainable technological strategies for valorizing these liquid and solid by-products to enhance their utility while

fostering innovation and environmental sustainability.
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Fig. 2. Process of olive oil production and its by-products.

Food industry byproducts pose significant environmental and economic challenges (Goldsmith et al., 2018). Consequently,
there is growing interest in reusing food industry byproducts as they can be a potential source of energy and bioactive compounds. These
bioactive compounds from food industry byproducts can be used to enrich various food products, pharmaceuticals, and cosmetics
(Galanakis, 2022). In the Mediterranean region, olive oil is the primary edible vegetable oil, widely consumed in large quantities and
valued for its health-promoting bioactive properties (Jimenez-Lopez et al.,, 2020). Currently, olive oil production is a significant source of
income for Mediterranean countries, with only about 2% of global olive oil production originating from outside the region. Extra virgin
olive oil production involves a process that generates large amounts of waste, such as olive leaves and olive wood, as well as byproducts
such as olive pomace and wastewater. These waste streams present a critical issue for Mediterranean countries, as increased olive oil

production leads to a rapid rise in waste and by-product quantities (Banias et al., 2017).

Utilization of olive pomace in the food industry:

Olive pomace is produced in large quantities as a byproduct of olive oil processing. It represents a promising source of
polyphenolic compounds and fiber that could find applications in the food industry.

To meet the high expectations and growing demands of consumers for a healthier lifestyle, who want to consume foods with
fewer synthetic preservatives, there is a trend toward incorporating olive pomace byproducts as natural preservatives and technologically
functional ingredients into food production, in line with an integrated strategy consistent with a responsible environmental and social
impact (Laura et al., 2025).

Khaled et al. (2020) conducted a study to examine how different extracting solvents affect the recovery of phenolic
compounds from olive pomace produced by a two-phase olive oil extraction process. The study measured total phenolic content,

flavonoids, and flavonols, along with the antioxidant activity of the extracts using the DPPH assay. Additionally, cellulose from olive
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pomace was added at various concentrations to bread formulations to evaluate its effect on bread quality. The proximate chemical
analysis of the olive pomace showed the following composition on a fresh weight basis: protein (2.48%), fat (2.33%), ash (1.33%), and
fiber (20.37%). In total, seven solvents were tested for their effectiveness in extracting phenolic compounds.

Olive pomace (OP) is known for its high fiber content, mainly cellulose (40.7% of total fiber). The total phenolic content in
various OP extracts ranges from 8.29 to 36.24 mg GAE per gram, while total flavonoids range from 2.23 to 12.52 mg QE per gram.
Antioxidant activity was strongest in an 80:20 methanol-water extract, with an EC50 of 1.373 pg/ug DPPH, compared to the acetone
extract, which had an EC50 of 8.052 pg/pg DPPH. Incorporating cellulose isolated from OP into toast bread at levels of 2%, 4%, and 6%
showed no significant sensory differences between the control and the 2% cellulose sample. The 2% addition notably improved the
bread's texture and was more acceptable than the control. Overall, the results suggest that olive pomace is a valuable source of dietary
fiber and polyphenolic compounds, with potential uses in the food industry.

Pamela et al. (2023) developed biscuits with partial wheat flour substitution using olive pomace flour (OPF). The substitution
levels used were 0%, 10%, and 20%. They examined how these flours affected the chemical composition, lipid profile, and sensory
attributes of the biscuits. The results showed that OPF has a high dietary fiber content of 43.75% and lipid content of 27.70%. Biscuits
with 10% OPF contained 4.29% dietary fiber and 22.61% lipids, while those with 20% OPF had 8.52% dietary fiber and 23.78% lipids.
Adding OPF increased levels of lipids, minerals, and dietary fiber.

Annamarie et al. (2019) studied how adding dry olive paste flour (DOPF) from the Cellina di Nardo variety influences bread's
sensory and nutritional qualities. Their results showed that including DOPF increased overall phenolic compounds, flavonoids, and
antioxidant activity, while the bread remained generally acceptable. The bioavailability of polyphenols after digestion was 59.3% in the
control bread and 72.1% in the DOPF-enriched bread. Additionally, the glycemic response of the fortified bread was significantly
improved.

Studies show that cereal products are effective carriers of bioactive compounds, mainly due to their high consumption
(Duranti, 2006). Pasta is especially notable, ranking among the most consumed foods worldwide. A recent study examined the sensory
and nutritional properties of durum wheat pasta, aiming to improve its composition by adding an industrial byproduct of olive oil
production, known as olive paste. The results indicated that spaghetti containing 10% olive paste flour and 0.6% transglutaminase
received positive sensory reviews from the panel. Nutritional analysis revealed that adding 10% olive paste flour significantly increased
the overall flavonoid and polyphenol levels in the pasta. This strategic use of olive paste flour with transglutaminase offers a promising
initial approach for utilizing industrial byproducts from olive oil production, helping to develop new, health-promoting food products
(Padalino et al., 2018).

Additionally, a functional yogurt fortified with olive pomace lipid bioactive, administered to 92 overweight but otherwise
healthy volunteers in a randomized double-blind, three-arm trial, resulted in decreased activity of the main regulatory enzymes of
Platelet-Activating-Factor (PAF) biosynthesis. Thus, consuming yogurt fortified with olive pomace may optimize PAF-biosynthesis and
catabolic pathways (Schieber et al., 2001).

It is worth mentioning that consumption of fortified biscuits led to a significant increase of the amounts of homovanillic acid
and 3,4-dihydroxyphenyl acetic acid, as compared to the control samples, which may consequently minimize oxidative LDL cholesterol;
additionally, the raising levels of phenolic acids in urine have suggested a boost of these bioactive modifications in the intestine (Conterno

etal,2019andLin etal, 2017).

Conclusion:

The olive oil industry produces a considerable amount of waste each year, which poses potential risks to vegetation. However,
olive oil is rich in valuable natural compounds that can be utilized in food products. The reduction of waste and the effective utilization
of by-products not only enhances the value of the industry but also contributes positively to both its financial viability and environmental
sustainability. Olive pomace, the principal waste by-product of olive oil production, represents a significant opportunity for olive growers
when utilized effectively. This practice supports the establishment of a green production system, aligning with contemporary bio-
economy concepts.

In recent years, there has been a growing recognition of the importance of environmental protection alongside an increasing
demand for the sustainable valorization of olive oil co-products. This dual awareness has prompted leading scientists and industries to

harness these natural resources and explore innovative alternatives. Presently, the integration of bioactive components, particularly
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phenolic compounds derived from the olive oil production process, is becoming a prominent trend within the pharmaceutical and food

sectors as a source of nutraceuticals and food additives.
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