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Abstract: This review paper highlights the latest advancements in polymer films modified with olive
leaf extract (OLE) for various applications, particularly in food packaging. The overview is focused
on the preparation, properties, and multifunctionality of OLE-enhanced polymer materials. Olive leaf
extract, known for its antibacterial, antifungal, and antioxidant properties, is also shown to enhance
the physicochemical characteristics of polymer films. This review consolidates current knowledge on
using OLE as a bioactive additive in polymer-based packaging materials, improving their structural
integrity and functionality. In addition to food packaging, the review explores other applications of
OLE-modified polymer films in industries such as biomedicine, pharmaceuticals, and cosmetics. The
paper also addresses future perspectives in polymer food packaging, suggesting that OLE-modified
films offer significant potential for industrial and academic research due to their enhanced properties.
Overall, this review provides a comprehensive overview of the role of olive leaf extract in improving
the performance of polymer films in diverse fields.
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1. Introduction

Olea europaea L., known as olive, is an evergreen tree belonging to the Oleaceae family.
It has great commercial and historical importance, especially in the Mediterranean [1,2].
It is an essential plant to extract olive oil, but practically not only olive fruits can be used
in various applications. Olive leaves, olive tree pruning biomass, olive pomace, olive mill
wastewater (OMWW), and olive stones could be used in different ways, technologies, and
industries [3,4].

Olive fruits and olive oil are important elements of the healthy daily diet of a large
part of the world’s population, while the olive leaves are of interest to scientists and
companies dealing with supplementation, packaging materials, and the food industry,
thanks to their high amount of polyphenolic compounds [1]. In the past, olive leaves
were commonly used as a remedy for fever and other infections, including malaria, in
Mediterranean countries such as Spain, Italy, France, Greece, Morocco, Tunisia, Turkey, and
Palestine. Nowadays, the use of fresh or dried olive leaves to make olive tea is popular,
as well as consuming their dried, powdered, capsulated form as dietary supplements [5].
Olive leaves are becoming more popular as tea and dietary supplements because they are
believed to have antimicrobial, antifungal, antioxidant, hypoglycemic, anti-hypertensive,
hypocholesterolemia, and anti-inflammatory properties [5–8].

Olive leaf extract is rich in a large variety of phenolic derivatives, which consist of
simple phenols (the most common and important low-molecular-weight phenolic com-
pounds), flavonoids (flavones, flavanones, flavonols, and flavan-3-ols), secoiridoids, and
other compounds [2]. Several studies focus on the extraction of olive leaves and the analysis
of the phenolic compound composition in the resulting extracts. However, the analysis of
these results indicates that the presence of different phenolic compounds in OLE depends
on such factors as olive tree cultivation, harvest season and period, environmental and
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climatic conditions, plant diseases, maturity, moisture content, time and temperature of
extraction, solvent, pH, solvent-to-substrate ratio, adsorbent [8–10]. In addition, it was
determined that the extraction method significantly affects the amount and composition
of extract obtained from olive leaves. Scientists have adopted numerous extraction meth-
ods (conventional and latest) to obtain OLE. Among these techniques maceration, cold
solvent extraction, Soxhlet extraction, microwave-assisted extraction, ultrasound-assisted
extraction, supercritical fluid extraction, and pressurized liquid methods are commonly
used [10–13]. Taking into account the above, it is important to evaluate the composition
of the particularly obtained and used OLE. An example list of compounds present in the
chloroformic OLE is given in Table 1. The study was performed by LC-MS/MS using
negative ionization according to the method described in detail elsewhere [14].

Table 1. Phenolic compounds identified by LC-MS/MS using the negative ionization mode of
Chemlali olive leaf cultivar extract. Olive leaves have been collected from Sfax (Tunisia) in July
2019. Adapted from S. Grabska-Zielińska et al., “Polylactide Films with the Addition of Olive Leaf
Extract—Physicochemical Characterization” [9].

N◦ Molar Mass Chemical Formula Compound

1 170.0215 C7H6O5 Gallic acid

2 154.0630 C8H10O3 Hydroxytyrosol

3 180.0425 C9H8O4 Caffeic acid

4 640.2003 C29H36O16 β-hydroxyverbascoside III

5 610.1534 C27H30O16 Quercetin 3-O-rutinoside (rutin)

6 624.2054 C29H36O15 Verbascoside

7 448.1006 C21H20O11 Luteolin 7-O-glucoside

8 702.2371 C31H42O18 Oleuropein hexoside I

9 624.2054 C29H36O15 Isoverbascoside

10 432.1056 C21H20O10 Apigenin 7-O-glucoside

11 540.1843 C25H32O13 Oleuropein I

12 540.1843 C25H32O13 Oleuropein II

13 558.2309 C26H38O13
6’-O-[(2E)-2,6-dimethyl-8-hydroxy-2-

octenoyloxy]-secologanoside

14 926.3056 C42H54O23 Jaspolyoside III

It has been repeatedly reported that oleuropein is the main compound found in
olive leaf extract and its content is estimated to be in the range of 17–23% depending
upon the harvesting time of the leaves [9,15–17]. Oleuropein is a phenolic secoiridoid
glycoside that consists of hydroxytyrosol, elenolic acid, and a glucose molecule. It has
been shown to possess anticancer properties, particularly against breast, pancreatic, and
prostate cancers. Additionally, oleuropein exhibits various biological activities, including
antimicrobial, hypoglycemic, antioxidant, antiviral, anti-hypertensive, hepatoprotective,
and neuroprotective effects [17–20]. As the most abundant bioactive compound in olive
leaves, oleuropein serves as a chemotaxonomic marker in the Oleaceae family. Numerous
articles in the literature summarize its known biological activities and significance [17–22].
Olive leaf extract, particularly oleuropein, has been demonstrated to be non-toxic [23–26].
It showed no mutagenic or genotoxic effects in multiple tests, including the bacterial
reverse mutation test, in vitro mammalian chromosomal aberration test, and in vivo mouse
micronucleus test. The NOAEL was established at 1000 mg/kg bw/d in a 90-day study [26].
The safety of olive leaf extract (based on the Bonolive™—proprietary water-soluble extract
of the leaves of the olive tree Olea europaea L.) is also corroborated by the lack of treatment-
related adverse events in the long-term (12 months) clinical trial, the history of safe ingestion
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of olive leaves as animal feed, and consumption of olive-based products by humans that
contain many of the same constituents, such as table olives, olive oils, and other olive-
derived products with a lack of known toxicity [26].

Regardless of the extractant (water, chloroform, hexane, acetonitrile, diethyl ether,
ethanol, 80% ethanol, 20% methanol), olive leaf extract exhibited antibacterial and antifun-
gal activity [1]. Table 2 shows the microorganisms against which the extract was active.
The antimicrobial activity studies were performed for the whole extracts, because extracts
may be more beneficial than isolated constituents since a bioactive individual component
can change its properties in the presence of other compounds present in the extracts [1,27].
Additionally, the additive and synergistic effects of phytochemicals in fruits and vegetables
are responsible for their potent bioactive properties [1,28].

Table 2. The antimicrobial and antibacterial activity of olive leaf extract.

Type of Microorganism Microorganism References

Gram + bacteria

Bacillus cereus [1,29]

Bacillus subtilis [1]

Staphylococcus aureus [1,29–34]

Staphylococcus epidermidis [34]

Staphylococcus hominis [6,35]

Staphylococcus xylosus [6,35]

Staphylococcus capitis [6,35]

Listeria monocytogenes [32,33,36]

Listeria innocua [37]

Enterococcus faecalis [30]

Kocuria rhizophila [6,35]

Lactobacillus acidophilus [6,35]

Lactobacillus casei [6,35]

Micrococcus luteus [6,35]

Streptococcus pyogenes [6,35]

Gram − bacteria

Escherichia coli [1,29–33,36]

Pseudomonas aeruginosa [1,30]

Klebsiella pneumoniae [1,29]

Klebsiella aerogenes [38]

Yersinia enterocolitica [33,34]

Vibrio parahaemolyticus [39]

Enterobacter cloacae [38]

Campylobacter jejuni [37]

Salmonella Typhimurium [29,33]

Salmonella enterica [40]

Salmonella Typhi [39]

Salmonella Enteritidis [32,36]

Acinetobacter calcoaceticus [6,35]

Helicobacter pylori [6,35]

Serratia marcescens [6,35]
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Table 2. Cont.

Type of Microorganism Microorganism References

Fungi

Cryptococcus neoformans [1,8]

Aspergillus flavus [41]

Aspergillus niger [42]

Aspergillus fumigatus [42]

Candida albicans [1,8,30]

Candida glabrata [8,30]

Candida krusei [30]

Candida parapsilosis [8,30]

Candida oleophila [6,43]

Saccharomyces uvarum [6,43]

Saccharomyces cerevisiae [6,43]

Metschnikowia fructicola [6,43]

Kloeckera apiculata [6,43]

Schizosaccharomyces pombe [6,43]

What is more, utilizing olive leaf extract is a smart way to repurpose agricultural waste.
Large amounts of leaves are left over after tree maintenance, pruning, and olive harvesting,
as olives are primarily used for oil pressing and direct consumption. By extracting valuable
compounds from these leaves, it does not only reduce waste but also creates sustainable
solutions for food packaging and preservation. This approach supports a circular economy,
where by-products are efficiently used, contributing to environmental sustainability while
adding value to the food industry [15,44,45].

An important aspect of using olive leaf extract in packaging materials is its application
in biodegradable polymers. This is particularly significant given the global challenge of
waste accumulation and the difficulties associated with recycling. The development of
environmentally friendly packaging materials is a priority for researchers as they seek
solutions to mitigate the impact of plastic waste on the environment. In this work, various
commercial packaging modified with olive leaf extract is also discussed, highlighting the
potential of plant-derived substances as natural preservatives with antioxidant and an-
timicrobial properties. These modifications demonstrate the viability of using plant-based
extracts to enhance both the sustainability and functionality of packaging materials [44,45].
All the reasons and motivations for using olive leaf extract are pointed out in Figure 1.

All in all, this review summarizes the current research on polymer films modified
with olive leaf extract for food packaging applications. In addition, it discusses other
uses of olive leaf extract in the food industry, including its role as a preservative and
antimicrobial agent in direct contact with food, as well as encapsulated olive leaf extract for
preservation purposes. The article also explores the extract’s applications in the biomedical
and pharmaceutical industries and briefly mentions its utilization in cosmetics and the
synthesis of silver and gold nanoparticles for medical applications.

The motivation for preparing this review stemmed from the lack of comprehensive
articles on the use of olive leaf extract as a modifier for polymer films. In this work, a
thorough overview of this topic is provided, as no existing review has yet summarized the
research in this area. Additionally, the goal of this manuscript was to compile the various
applications and studies conducted on olive leaf extract-modified materials in one place,
accompanied by relevant references, making it easier for researchers to access and build
upon this knowledge.



Processes 2024, 12, 2329 5 of 24Processes 2024, 12, x FOR PEER REVIEW 5 of 25 
 

 

 
Figure 1. Motivations for using olive leaf extract. The diagram is the author’s own work. 
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2. Incorporation of Olive Leaf Extract in Polymer Films for Food Packaging Applications

Nowadays, advances in food packaging play a primary role in keeping food fresh and
safe, as well as in caring for the environment. Consumers want food that is healthy, fresh,
high quality, and safe. Moreover, they increasingly pay attention to waste reduction and
biodegradability of packaging.

Food packaging materials are very important to ensure the safety of food, to preserve
the quality of food, and to extend their shelf life, as well as to prevent food deterioration,
which happens as a result of microbial spoilage, metabolism, and oxidation. Food must be
protected from the outside world, environmental pollution, and other factors such as light,
temperature, humidity, physical damage, dust, odors, and microorganisms.

Epidemiological studies indicate that the number of food-borne illnesses caused by
pathogens has increased significantly [46]. They are caused by various types of pathogens.
Controlling pathogens could help significantly reduce food-borne epidemics and provide
consumers with safe and healthy packaged food products. It can be found that active
substances obtained from natural sources have antimicrobial and antibacterial activity.
Such substances can serve as packaging additives to inhibit the action of food-borne
microorganisms [47]. These naturally active substances can be found in essential oils,
herbs, and plants. Thanks to such compounds, it is also possible to achieve longer food
storage [46,47].
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2.1. Active Packaging Films with OLE

Active packaging is one of the emerging areas where antimicrobial agents are embed-
ded in the packaging materials so those agents can interact with the packaged food in a
desirable way to control the growth of microbes. The area of research on food packaging
with antimicrobial activity is currently a rapidly growing field. It is happening because
it is regarded as an important tool in the combat against most potential food safety haz-
ards [48–51]. Antimicrobial food packaging is one of the most innovative concepts of active
packaging, where interactions with the product are envisioned to reduce, inhibit, or delay
the growth of microbes that may be present in the packed food or on the surface of the
packaging materials, and extend the shelf life of the preserved foodstuffs [48–50,52].

Taking into account the above, scientists are looking for plant extracts and active
substances that can modify polymer materials, giving them antibacterial and antioxidant
properties. Materials from various polymers, modified with olive leaf extract, are of
great interest to science. Olive leaf extract was used to enrich the chitosan (CTS) [53–56],
carrageenan (CN) [57–59], gelatin (GEL) [60], methylcellulose (MCEL) [61], sodium alginate
(SA) [62], polylactide (PLA) [9,63], polyvinyl alcohol/cellulose (CEL) nanofibers [64], and
cellulose nanocrystals/poly(butylene adipate-co-terephthalate) [65] films. Usually, each
type of film enriched with OLE was characterized by antioxidant activity, thanks to the
high polyphenols content in OLE.

CTS/OLE films exhibited reduced permeability against water vapor, higher solubility
in food simulants, and antimicrobial activity against L. monocytogenes and C. jejuni, which
was confirmed by in situ testing using chicken [54]. Nevertheless, the results of antibacterial
tests suggest that CTS/OLE films may play an important role in inhibiting microorganisms
capable of growing in food at refrigerated temperatures. Furthermore, OLE per se has an
inhibitory effect but is not bactericidal at 41.5 ◦C [54]. When the effect of OLE-enriched
CTS films on extending the shelf life of fish fillets was studied, better results were found
for 1% than for 2% OLE addition, which can be caused by peroxidation property at high
concentrations of the extract [53]. Moreover, the addition of OLE to CTS films improved
tensile strength, elongation, and moisture retention capability [55].

G.S. da Rosa et al. [58] and T.R. Martiny et al. [57,59] prepared bio-based active
packaging CN films with OLE, and the films were suggested as good materials for the
preservation of food products, including lamb meat. The CN/OLE films exhibited good
barrier and mechanical properties, with increased stretching capacity, reduced tensile
strength, and higher water vapor permeability [58]. Additionally, the CN films enriched
with OLE were characterized by changed thickness and color parameters and showed
antibacterial activity against E. coli, and the packaging demonstrated inhibitory activity of
the microbial population in the packed meat product [59]. On the other hand, antibacterial
GEL films modified with OLE have been proposed to enhance the quality of cold-smoked
salmon. The films significantly reduced the growth of L. monocytogenes on the fish over
storage [60].

A study of Kasar cheese storage using MCEL films with the addition of OLE is
also known [61]. The addition of OLE to MCEL films caused a decrease in water vapor
permeation and elongation, and an increase in tensile strength. Antibacterial activity of
the films against S. aureus and a decrease in the count of S. aureus during 7 and 14 days of
Kasar cheese storage in the tested films were also observed [61].

If it is about SA films, the addition of OLE improved the barrier properties and
promoted changes in resistance and flexibility [62]. Apart from that, the increase in the
opacity values after the addition of OLE can help reduce the passage of light and thus be
useful to avoid food oxidation. The films showed antibacterial activity against S. aureus,
and the materials can be advisable for foods with lower water content and potential lipid
degradation because of the reduced moisture content and water vapor permeability values
after OLE incorporation [62].

Antimicrobial PLA/OLE films showed an antimicrobial effect on S. aureus [63]. More-
over, the incorporation of OLE into PLA films had no effect [9] or enhanced [63] the water
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vapor permeability, while the color of the polymeric films was strongly dependent on the
presence and content of the extract and changed during contact with different solutions
(HCl, water, NaOH) [9].

Evaluation of microbial and oxidative changes of 100% Iberian Spanish salchichón
in contact with a polyvinyl alcohol/CEL nanofibers composite olive leaf extract food film
and vacuum-packaged have been researched by M. Sánchez-Gutiérrez et al. [64]. Only a
slight reduction of lipid oxidation and mesophilic aerobic bacteria was observed at 25 ◦C
in the test sample, while at 5 ◦C no significant differences were found between control
and test batches when the active films were tested in contact with sliced 100% Iberian
salchichón [64]. CEL nanocrystals/poly(butylene adipate-co-terephthalate) packaging
materials have been obtained by melt processing, and their physicochemical properties
have been studied [65]. The results corroborate the incorporation of OLE in poly(butylene
adipate-co-terephthalate) for food packaging with stable mechanical performance and
antioxidant activity and suggest its use in active food packaging [65].

2.2. Edible Films with OLE

Edible films based on chitosan [66–68], sodium alginate [66,69], chitosan/hydroxyethyl
cellulose (HCEL) [70], corn starch (CST) [71], corn zein (CZN) [72], and pectin (PEC) [73]
enriched with olive leaf extract have been obtained, and their physicochemical and antibac-
terial properties were studied. Generally, each system was characterized by antioxidant
properties, whereas CTS and CTS/HCEL-based films demonstrated antibacterial activity
against Gram-negative (S. Enteritidis, S. enterica, E. coli, P. aeruginosa) and Gram-positive
(E. faecalis, S. aureus, B. cereus, L. monocytogenes) bacteria, and antifungal activity against A.
flavus, A. niger [68,70]. CST edible films with OLE showed homogeneity and high visual
transparency with significantly improved thermo-oxidative resistance with temperature
compared to the control film (non-modified CST film) [71]. The CTS coating with OLE could
improve the oxidative status of the pork burgers, facilitating the production of healthier
pork products, even though the lack of a noticeable inhibition of microbial growth (Aerobic
Psychrotrophic Bacteria and Lactic Acid Bacteria). Nevertheless, incorporation of OLE
into CTS coatings is beneficial to limit the changes in texture (hardness, gumminess, and
chewiness) of meat that occur over storage, as well as oxidative reactions [67]. The edible
CTS or SA-based films enriched with OLE were proven to retard the ripening process
of sweet cherries [66], while edible SA coatings with OLE were found to be effective in
reducing lipid oxidation in chicken nuggets stored in the deep freezer [69].

Another invention, where active PEC films with OLE were used as soluble sachets
for chicken stock powder, was developed and performed by M. Sabbah et al. [73]. The
properties of such films were compared to the properties of PEC films enriched with guava
leaf extract (GLE). The results indicated that incorporating OLE or GLE into the pectin-
based films significantly increased their opacity, greenness, and antioxidant activity, and the
films had lower water vapor permeability than the control film. Additionally, sachets with
chicken stock powder, after being introduced to boiling water, rapidly dissolved within
seconds [73]. These studies suggested the potential of edible films incorporated with a
natural olive leaf extract as sustainable systems to wrap hamburgers, chicken nuggets,
fruits, vegetables, and sour cream packaging [66–71], as well as to use as soluble sachets for
chicken stock powder, for example [73]. Additionally, edible films with olive leaf extract
could be used as supplements to reinforce the human diet with polyphenols [68].

Apart from the above-described examples where scientists extracted olive leaves to
use extract in their experiments, there are also examples of researchers using commercially
available olive leaf extract. For example, the aim of the C. Fioretini et al. study [74], was to
test the application on fresh pork burgers of PLA/polyhydroxybutyrate-based films coated
with CTS/commercial OLE or MCEL/commercial OLE to evaluate their effect on meat
quality preservation. The sample where CTS/commercial OLE coating was used showed a
slight slowdown in Enterobacteriaceae growth, revealing promising results in maintaining
the meat quality longer [74].
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2.3. Conventional Materials Modified with OLE

In addition to the fact that scientists are working on creating new polymer films
or edible coatings modified with olive leaf extract, they are also working on modifying
existing films. An example of such a solution is supercritical solvent impregnation (SSI) of
polyethylene terephthalate/polypropylene (PET/PP) commercial plastic films by olive leaf
extract [75–77]. The authors carried out a study of OLE active substances migration into
food simulants, and they obtained the highest migration rate into 95% ethanol (stimulant
C, for food with high lipid content). The effectiveness of the optimum active packaging
evaluated against lipid oxidation of sunflower seeds was confirmed. This effectiveness
estimation could be possible thanks to the study of the peroxide value of sunflower seeds.
The peroxide value of samples packed with impregnated PET/PP films was significantly
lower than that obtained on samples packed with non-impregnated film and unpacked
samples, which can lead to the opinion that foods with high lipid content are susceptible to
the effect of this kind of active films [75].

In another study by F. Khanum et al., three types of commercial plastic films based
on different mixtures of nylon, polyethylene, and polypropylene were coated by mixtures
of olive leaf extract, methylcellulose, hydroxypropyl methylcellulose, and polyethylene
glycol, and the performed studies found significant antioxidant and antibacterial (against
S. aureus, E. coli, S. Typhimurium) potential of obtained packaging materials [78].

A study of active substances migration into food simulants (water, 10% ethanol, 50%
ethanol) has also been performed for oriented polypropylene (OPP) films coated by shellac
and cellulose nitrate lacquers with incorporated OLE [79]. This work provides information
not about the possibility of using such a combination of substrates to prepare packaging but
about the possibility of using such a research method for the comparison of the retention
performances of various coating matrices [79].

Polyamide/polyethylene (20/70) based films with a thickness of 70 µm, coated by
OLE, have been used for high-pressure packaging of sliced Iberian ham [80]. Active
packaging was not effective because most of the sensory parameters (appearance, taste,
flavor, texture) did not show significant differences due to packaging with or without
OLE [80], and none of the antioxidant and antimicrobial effects on meat even applying a
high dose of the lyophilized OLE [81]. Likely, oxidative characteristics of shoulders from
pigs reared outdoors would be partly responsible for the high stability of this product
during processing and storage [80].

In the next interesting study, olive leaf extract was incorporated into an aqueous dis-
persion formula, which was used to glue two different layers of polyethylene/polyethylene
(PE/PE) [82,83] or polyethylene/paper (PE/P) [83] materials in such a way that compo-
nents of OLE were sandwiched in the middle of the two layers. In this study, migration
of the phenolic compounds from materials modified with OLE into two simulants was
performed and demonstrated a non-migrating behavior. Phenolic compounds from OLE
were anchored in the adhesive used to build the multilayer materials; PE/OLE/PE film
efficiently enhanced the stability of fresh meat against oxidation processes [82], and it can
be proposed as a packaging material for food products [83], especially for fresh minced
pork meat.

2.4. Other OLE Applications for Extending Food Shelf Life

When summarizing the potential uses of olive leaf extract as an additive to various
types of packaging films, it is also important to briefly mention other applications of
this extract.

Olive leaf extract was used as an additive to food as a preservative, antibacterial, and
antifungal agent [36,84–87]. For example, poultry meat slices from the chicken breast were
dipped for 15 min in OLE at different concentrations (0.25%, 0.5%, 1%). The results of
various tests revealed that the OLE addition reduced microbial growth successfully and
maintained the chemical quality and sensory attributes of poultry meat [88]. The mixture
of olive leaf extract and pomegranate peel extract was used as an antibacterial additive
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to poultry, yellow poultry, and rabbit minced meat. Various tests of studied meat were
prepared, and the results showed the potential of this mixture in food preservation and shelf
life [89]. In addition to meat [88–94], olive leaf extract has also been tested as a preservative
of pasteurized milk [95,96], marinated anchovies [97], vacuum-packed salmon burgers [98],
raw peeled undeveined shrimps [39], frankfurter type sausages [99], baked snacks [100], as
well as gluten-free bread [101], vegetable pate [102], tomato [41], and pepper pastes [103].
Furthermore, OLE has been tested as an agent to improve the quality of refined oils and
extra virgin olive oil [8], sunflower [104] and soybean [105] oils.

Other examples will be chitosan-coated nanoliposomes (chitosomes) containing olive
leaf extract [106], as well as OLE encapsulated in chitosan [107], alginate [107], or gelatin/
tragacanth gum [108] microbeads. Chitosomes were proposed as promising nanocarriers
for retention of OLE optimized by response surface methodology (RSM) based on central
composite design. The authors suggested encapsulation of OLE to use in different food
systems because it is a reasonable solution to overcome some limitations of OLE, like bitter
taste or the possibility of degradation of phenolic content due to the external and storage
conditions [106,107].

In summary, olive leaf extract extends food shelf life, exhibits antibacterial and anti-
fungal properties, and can be proposed as a food preservative. However, further studies on
other types of food and additional microbiological testing are still needed. Table 3 provides
a summary of the materials described above, along with their applications and a list of
studies performed to characterize them.

Table 3. The summary of the food packaging based on polymers enriched with olive leaf extract.

Polymer Base Application Studies Reference

Chitosan

Coatings for improving
food shelf life of fish

fillets

Studies of fish samples (fat, protein,
thiobarbituric acid, volatile nitrogen, total

microbial count on fish fillets)
[53]

Bioactive films to ensure the
microbiological safety of

food and prevent
earlier oxidative

degradation

Thickness; measurements of solubility in
aqueous solutions simulating foods; water vapor

transmission rate (WVPR); mechanical
properties; antimicrobial properties against

L. monocytogenes, E. coli and C. jejuni

[54]

Films for active food
packaging

Thickness; light barrier properties; FTIR
spectroscopy; X-ray diffraction analysis;
mechanical properties; WVPR; moisture

retention capability; antioxidant activity (AA);
antibacterial properties against

S. aureus

[55]

Film coatings to preserve apple fruit

Analysis of coated apple measurements
(anthocyanins content; carotenoids and

chlorophylls content; total phenolic compounds
(TPC) content; total flavonoids content); analysis
of apple samples (AA of acetonic extracts; decay

apple area determination; microstructure
analysis)

[56]

Edible film coatings to shelf life
sweet cherries

Analysis of the sweet cherries (weight loss; total
soluble solids and acidity; ascorbic acid content;

AA; TPC; anthocyanins determination)
[66]

Coatings for improving food shelf
life of pork burgers

Headspace gas analysis, analysis of meat
samples (microbial counts, color and texture
measurements, lipid and protein oxidation

measurements)

[67]
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Table 3. Cont.

Polymer Base Application Studies Reference

Chitosan

Edible films as bioplastics to wrap
meat hamburgers; supplements to

reinforce the human diet with
polyphenols

AA; antimicrobial activity against S. Enteritidis,
S. enterica, E. faecalis; in vitro oral digestion;

mechanical properties
[68]

Coating to
PLA/polyhydroxybutyrate
packaging film to test the

application on fresh pork burgers

Analysis of meat samples (pH; color
measurements; thiobarbituric acid reactive
substances measurements, microbiological

analysis, sensory analysis—appearance
and odor)

[74]

Chitosan-coated nanoliposomes
(chitosomes) containing OLE to

food shelf life

TPC; electrical conductivity; accelerated
centrifugal stability of chitosomes; encapsulation

efficiency; particle size; zeta potential; SEM;
TEM; FTIR spectroscopy; stability of formulation
during storage; release behavior of chitosomes

[106]

Nanocarriers containing OLE for
food shelf life TPC; oxidation test; encapsulation efficiency [107]

Chitosan/hydroxyethyl
cellulose

Biodegradable, edible films for sour
cream packaging

FTIR spectroscopy; contact angle; mechanical
properties; barrier properties; antimicrobial

properties against S. Typhimurium,
L. monocytogenes, S. aureus, E. coli, P. aeruginosa,

B. cereus, A. niger, A. flavus; AA; analysis of sour
cream samples (oxidative stability

parameters; pH;
microbiological analysis)

[70]

Gelatin Antimicrobial films for enhancing
the quality of cold-smoked Salmon

Antimicrobial activity against L. monocytogenes;
TPC; AA; color measurements; WVPR; storage

studies: inhibition of L. monocytogenes in
salmon samples

[60]

Gelatin/tragacanth
gum

Nanocarriers containing OLE for
food shelf life

AA; study of the pH effect (turbidimetry);
encapsulation efficiency; SEM; FTIR

spectroscopy; DSC
[108]

Pectin Soluble sachets for chicken
stock powder

Mechanical properties; thickness; AA; opacity;
moisture content; color measurements;

barrier properties
[73]

Corn starch

Edible films to prevent the
oxidative deterioration of packaged

foodstuff such as nuts, seeds
and sausages

Thickness; color measurements; ATR-FTIR
spectroscopy; thermal properties; mechanical

properties; barrier properties; AA; antimicrobial
activity against E. coli and S. aureus

[71]

Corn zein Edible coatings to foodstuff Mechanical properties; color measurements;
thickness; moisture content; barrier properties [72]

Methylcellulose

Active films to control S. aureus
during storage of Kasar cheese

Mechanical properties; water vapor permeation;
antibacterial activity against S. aureus;

Kasar cheese storage
[61]

Coating to
PLA/polyhydroxybutyrate
packaging film to test the

application on fresh pork burgers

Analysis of meat samples (pH; color
measurements; thiobarbituric acid reactive
substances measurements; microbiological

analysis; sensory analysis—appearance
and odor)

[74]



Processes 2024, 12, 2329 11 of 24

Table 3. Cont.

Polymer Base Application Studies Reference

Sodium alginate

Packaging for foods with lower
water content and

potential lipid degradation

Thickness; WVPR; color measurements; opacity;
moisture content; water solubility; mechanical
properties; SEM imaging; FTIR spectroscopy;
antibacterial activity against L. monocytogenes,

S. aureus, E. faecalis, S. Typhimurium, and E. coli;
migration tests

[62]

Edible film coatings to shelf life
sweet cherries

Analysis of sweet cherries (weight loss; total
soluble solids and acidity; ascorbic acid content;

AA; TPC; anthocyanins determination)
[66]

Packaging to improve the quality of
chicken nuggets during refrigerated

and deep-freeze storage

Analysis of chicken nugget samples (moisture
content, pH, color measurements, lipid oxidation

analysis, microbiological analysis)
[69]

Nanocarriers containing OLE for
food shelf life TPC; oxidation test; encapsulation efficiency [107]

Carrageenan

Active films for lamb
meat preservation

Thickness; WVPR; mechanical properties; color
measurements; FTIR spectroscopy; antimicrobial
activity of films in the packaging of lamb meat

[57]

Films for food
packaging applications

Thickness; WVPR; mechanical properties; color
measurements; TPC; AA; SEM imaging;

FTIR spectroscopy
[58]

Active films for lamb
meat preservation

Thickness; WVPR; mechanical properties; color
measurements; water solubility of films;

inhibition of psychrophiles in meat samples
(storage studies)

[59]

Polylactide

Active food packaging films
TPC; AA; FTIR-ATR spectroscopy; thermal

properties; mechanical properties; thickness;
WVPR; color measurements; SEM imaging

[9]

Antimicrobial food packaging to
reduce post-process growth of

S. aureus

WVPR; mechanical properties; antimicrobial
activity against S. aureus; thermal properties;

water absorption; degradability
[63]

Polyethylene
terephthalate/
polypropylene

Films to extend food shelf life (e.g.,
cherry tomatoes)

AA; antimicrobial activity against P. aeruginosa,
S. aureus, E. coli and S. Enteritidis; application of
active film to the preservation of cherry tomatoes

[75]

Films to extend food shelf life AA; SEM imaging [76]

Films to extend food shelf life Color parameters; UV barrier properties; WVPR;
mass transfer of OLE into food simulant [77]

Polyethylene/
polyethylene layers

Packaging for fresh minced
pork meat

Analysis of meat samples (color measurements;
assay of thiobarbituric acid reactive substances) [82]

Food multilayer films to scavenge
the free radicals from the

package headspace
AA; migration tests [83]

Methylcellulose/
hydroxypropyl

methylcellulose/
polyethylene glycol

Coating to commercial plastic
packaging materials

Thickness; AA, antibacterial activity against
S. aureus, E. coli, S. Typhimurium; WVPR; oxygen

transmission rate
[78]

Polyamide/
polyethylene

Preservation of sliced dry-cured
shoulders from Iberian pigs

Analysis of ham samples (color, lipid oxidation,
protein oxidation, flavor, taste, texture) [80]

Polyethylene/
paper layers

Food multilayer films to scavenge
the free radicals from the

package headspace
AA; migration tests [83]
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Table 3. Cont.

Polymer Base Application Studies Reference

Oriented
polypropylene films
coated by shellac and

cellulose
nitrate lacquers

Antioxidant packaging for food AA; migration tests [79]

Cellulose nanocrys-
tals/poly(butylene

adipate-co-
terephthalate)

Active packaging for food

Thermal properties; mechanical properties; SEM
imaging; release tests in simulant food; AA;
oxidation induction temperature; study of

π-π stacking interactions

[65]

- Preservative, antibacterial, and
antifungal agent to food shelf life

Tests on poultry meat slices from the chicken
breast; poultry, yellow poultry, and rabbit

minced meat; pasteurized milk;
marinated anchovies;

vacuum-packed salmon burgers; raw, peeled
undeveined shrimps; frankfurter-type sausages;
baked snacks; gluten-free bread; vegetable pate;

tomato and pepper pastes

[39,41,88–103]

- Agent to improve the quality of oils Tests on refined oils, extra virgin olive oil,
sunflower and soybean oils [8,104,105]

3. Biomedical and Pharmaceutical Applications of Olive Leaf Extract

When reviewing the available literature on the use of olive leaf extract as an enrich-
ment for polymer films, the most commonly mentioned application is in food packag-
ing films. This chapter will focus on the other applications of olive leaf extract, which
are not as widely considered but can also be found in the literature—biomedical and
pharmaceutical applications.

3.1. Wound-Healing Materials Modified with OLE

CTS [109], SA/PEC [110], and SA/CTS [111] blends have been used to obtain films
for potential wound healing. The materials loaded with plant-derived compounds ensure
faster tissue repair thanks to the fact that they show better biocompatibility and biological
properties. If it is about the use of polymeric material in wound healing, it is important to
develop films with good mechanical properties, antibacterial properties, and good stability
in water conditions with good permeation ability.

Chitosan membrane enriched with olive leaf extract presented an increase in fluid
drainage capacity, promoting an improvement in wound healing [109]. Thanks to the
adequate absorption of exudates and mechanical properties, the developed membranes
showed visible characteristics for use as wound dressing. Additionally, CTS/OLE films
exhibited antibacterial activity against E. coli and S. aureus, the most common bacteria in
skin wounds [109]. An innovative approach to creating a suitable material for wound
healing was the development of the 3D-printed patch using SA, PEC, and OLE as an active
additive [110]. The obtained materials showed high antioxidant activity with an almost
complete release of the polyphenols within 48 h. Further, the patches demonstrated the
capacity to absorb exudates and maintain an optimal moisture balance. Most importantly, in
this experiment, SA/PEC/OLE films showed the ability to promote cell motility and wound
healing and to increase collagen I expression in BJ fibroblast cells [110]. Another promising
strategy for potential in skin lesions involves using double-layer membranes composed of
CTS and SA, enhanced with the addition of OLE [111]. Thanks to the antioxidant capacity,
antibacterial activity (against E. coli), good flexibility, ease of manipulation, excellent
adhesion between the layers, fluid drainage capacity, and water vapor transmission rate,
bilayer CTS/SA films with OLE can be promising for utilization as wound dressings [111].
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The objective of A. Casado-Diaz et al.’s study was to evaluate the antioxidant and
wound-healing properties of EHO-85, a novel multifunctional amorphous hydrogel in
which olive leaf extract was incorporated [112,113]. Apart from the fact that the materials
showed antioxidant activity due to the presence of OLE polyphenols, these compounds act
as reactive-oxygen-species (ROS) scavengers, thus protecting and promoting the viability
of the cell types involved in the structure and regeneration of the skin, such as dermal
fibroblasts (HDFs) and keratinocytes (HaCaT) [112]. Nowel EHO-85 hydrogel can modulate
the wound microenvironment, mainly through its antioxidant effect and pH and moistening
regulation [113].

3.2. Tissue Engineering Materials Modified with OLE

In addition to film-form materials, electrospun fibers can also be used for tissue
engineering. An example of such a solution is the incorporation of olive leaf extract
inside poly(hydroxybutyrate-co-hydroxyvalerate) (PHBHV) [114], zein (ZN) [115], car-
boxymethylcellulose/alginate [116], silk fibroin (SF)/hyaluronic acid (HA) [117], or poly(ω-
pentadecalactone-co-δ-valerolactone)/gelatin (enzymatically synthesized lactone-based
copolymer and gelatin, PDL-VL/GEL) [118] fibers via electrospinning to obtain bioac-
tive materials that are useful in biomedical applications. The PHBHV/OLE materials
showed adequate stability in the presence of metalloproteinase 9 (MMP-9, an enzyme
produced in chronic wounds), together with adequate cytocompatibility with human Cau-
casian foreskin fetal fibroblasts (HFFF2) and human keratinocytes (HaCaT) [114], while
ZN/OLE materials were biocompatible with mouse fibroblasts (NIH/3T3) which prolifer-
ated and spread on fiber surface [115]. Additionally, the release of the OLE polyphenols
occurred within 4–8 days, and in SEM imaging, the fibrous meshes resulted in smooth
fiber surfaces [114,115,117]. Antimicrobial tests have shown that carboxymethylcellu-
lose/alginate/OLE electrospun mats and PDL-VL/GEL/OLE electrospun membranes
achieve reduction toward the tested microorganisms (S. aureus [116,118], E. coli [116,118], E.
faecalis [116], P. aeruginosa [116], B. subtilis [118]) while the high antioxidant activity of OLE
was preserved during the electrospinning procedure. SF/HA/OLE nanofiber webs can
be good candidates for wound dressing applications as well as tissue engineering, thanks
to the antioxidant activity, controlled release of OLE, and nontoxicity against the human
epidermal keratinocytes [117].

3.3. Drug Delivery Systems with OLE

Mouth-dissolving films (MDFs) are a drug delivery system that can offer some benefits,
like the possibility of dispensing the drug with a film dispersed in the mouth, which
eliminates problems of conventional drug delivery methods such as swallowing common
among pediatric and geriatric patients [119]. Carboxymethyl chitosan/okra gum films
with the addition of olive leaf extract as mucoadhesive oral films have been prepared by
casting method, and their physicochemical properties have been studied. The authors
prepared 17 different propositions of films and performed numerous tests, and the results
showed that the addition and amount of OLE directly related to the surface properties
of obtained films and their disintegration time. The formulation with the most suitable
properties as flexibility and homogeneity, the lower disintegration time (200 s), and a high
antioxidant capacity (3.21 mM TEAC/g MDF) have been suggested as a possibility to
deliver polyphenols with the mouth dissolving films [120].

Olive leaf extract has been used to obtain silver (AgNP) [121–124] and gold (AuNP) [125]
nanoparticles via the environmentally friendly method. AgNPs have the potential for use in
medicine, including anticancer therapy [121,124], and as antibacterial agents against drug-
resistant bacterial isolates [122], while AuNPs have great potential for use in biomedical
applications and will play an important role in future optoelectronic and biomedical device
applications [125].
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3.4. OLE in Human and Animal Dietary Supplementation

Nowadays, olive leaf extract is proposed and marked as an antioxidant, anti-aging, car-
dioprotective, immune stimulator, antibiotic, anti-inflammatory, and blood sugar-regulating
agent [8]. Several studies have been conducted on olive leaf extract supplementation involv-
ing both animals (e.g., chickens, rabbits, rats, fish) and humans. Dietary supplementation
of common carp (Cyprinus carpio) increases hematological, serum biochemical parameters,
and immune-related gene expression levels [126], as well as enhances growth performance,
digestive enzyme activity, and growth-related gene expression [127]. If it is about hens sup-
plementation, G.A. Papadopoulos et al. evaluated the effects of OLE, when supplemented
at different levels in laying hens’ diets, on egg yolk antioxidant properties, egg quality, fatty
acid content, and liver pathology characteristics [128]. P. Xie et al. studied the effect of
OLE addition to broiler diets on growth performance, breast meat quality, and antioxidant
capacity, as well as caecal bacterial populations [129]. On the other hand, regarding dietary
supplementation in rabbits, G.E. Younan et al. evaluated the effect of OLE on productive
performance, blood parameters, and carcass traits in growing rabbits [130]. Generally,
olive leaf extract presented a positive effect in many aspects and is recommended for use
in supplementation.

The anticancer effect of olive leaf extract has been confirmed [8,131]. Both inflamma-
tory and cancer cell models have shown that olive leaf polyphenols are anti-inflammatory
and protect against DNA damage initiated by free radicals [131]. Nevertheless, it is im-
portant to take into account that cell models are very different from the complex human
body, and applying these findings to cancer outcomes in humans is difficult. To prove that
OLE improves cancer outcomes in humans, clinical trials would be required [131]. The
supplementation with OLE yielded beneficial effects on lipid profile and blood pressure in
adults, especially in patients with hypertension [132–134], and may represent an effective
adjunct therapy that normalizes glucose homeostasis in individuals with diabetes [135].
Moreover, the impact of OLE on upper respiratory illness (URI) has been controlled in high
school athletes, and the results showed that OLE supplementation over a season did not
significantly reduce URI incidence but did decrease duration in athletes, potentially aiding
return to play [136].

To sum up, OLE demonstrated positive effects in terms of antinociceptive, anticancer,
cardiovascular, and neuroprotective activities, but human studies on this topic are still
extremely uncommon, and the data are still inadequate [8]. Table 4 provides a summary of
the materials described above, along with their applications and a list of studies performed
to characterize them.

Table 4. The summary of the materials enriched with olive leaf extract used in biomedical and
pharmaceutical fields.

Polymer Base Application Studies Reference

Chitosan Membranes to wound
healing

Thickness; mechanical properties; SEM imaging;
WVPR; solubility; swelling; fluid drainage

capacity; FTIR-ATR spectroscopy; antibacterial
activity against E. coli and S. aureus

[109]

Sodium alginate/
pectin

3D-printed patches for
wound healing

Thermal properties; SEM imaging; film
expansion profile; WVPR; TPC; AA; evaluation
of the anti-inflammatory properties: nitric oxide

scavenging activity; in vitro release study;
in vitro diffusion study; cell viability assay with

BJ fibroblasts; wound-healing scratch assay;
hemolysis assay

[110]

Chitosan/sodium
alginate

Double-layer membranes
for potential in skin

lesions

Thickness; mechanical properties; fluid drainage
capacity; WVPR; thermal stability; ATR-FTIR

spectroscopy; SEM imaging; antimicrobial
activity against E. coli and S. aureus

[111]
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Table 4. Cont.

Polymer Base Application Studies Reference

EHO-85
Novel Multifunctional

Amorphous Hydrogel to
wound healing

AA; protection against oxidative damage of OLE
on cell cultures (HDFs and HaCaT); in vivo
wound-healing activity; moistening ability;

study of the effect of EHO-85 on lipid
peroxidation and pH in the wound bed; effect of

EHO-85 on wound pH in an animal model

[112,113]

Poly(hydroxybutyrate-co-
hydroxyvalerate)

Electrospun fibers to
wound healing

SEM imaging; FTIR spectroscopy; degradation
study; in vitro phenol release study;

cytocompatibility with HFFF2 fibroblasts and
HaCaT

[114]

Zein Electrospun fibers to
wound healing

SEM imaging; FTIR spectroscopy;
thermogravimetric analysis; in vitro release

studies; cytocompatibility with NIH/3T3 mouse
fibroblasts

[115]

Carboxylmethylcellulose/
alginate

Electrospun mats for
wound healing

AA; in vitro release studies; SEM imaging;
antimicrobial tests against S. aureus, E. coli,

E. faecalis and P. aeruginosa
[116]

Silk fibroin/
hyaluronic acid

Electrospun nanofiber
webs

AA; in vitro drug release tests; in vitro
cytotoxicity tests with the human epidermal

keratinocytes
[117]

Poly(ω-pentadecalactone-
co-δ-valerolactone)/

gelatin

Electrospun membranes to
wound healing

AA; SEM imaging wettability; thermal behavior;
antibacterial activity against E. coli, S. aureus,
B. subtilis; cytotoxicity tests with fibroblasts

[118]

Carboxymethyl
chitosan/okra gum

Mouth-dissolving films for
drug delivery

Thickness and weight; disintegration time; pH;
SEM imaging; FTIR spectroscopy; AFM; AA [120]

-

Agent to obtain silver
(AgNP) and gold (AuNP)

nanoparticles via the
environmentally friendly

method

SEM; TEM; TGA; XRD; FTIR spectroscopy;
UV-Vis spectroscopy; zeta potential; dynamic

light scattering (DLS); antimicrobial tests;
cytotoxicity tests on healthy lines (HDF) and
cancerous cell lines (U118, CaCo-2, Skov-3,

MCF-7)

[121–124]

- Supplementation agent to
animals and humans

Tests on chickens, rabbits, rats and fishes;
cell culture; human studies [126–136]

EHO-85—amorphous hydrogel composed of purified water, Olea Europea leaf extract, Fucocert®, glycerin, Car-
bopol 980®, trieathanolamine, disodic ethylenediaminetetraacetic acid (EDTA), and Geogard ultra® [113].

4. Cosmetic Applications of OLE

An interesting application of olive leaf extract is its use, either in its pure form [137–144] or
combined with nanoparticles [145], as a cosmetic ingredient. M.L. Cádiz-Gurrea et al. studied
olive leaf extract enriched with oleuropein [137]. A total of 49 compounds were detected in
olive leaf extract, using HPLC coupled with QTOF/MS, while 10 compounds were detected
for the first time in olive leaves. All detected compounds demonstrated high antioxidant
and antiradical activities. Regarding enzyme inhibition, the promising potential of OLE
against skin damage related to aging by elastase and hyaluronidase inhibition was reported.
Additionally, OLE did not lead to a decrease in keratinocyte viability [137].

Usually, solvents such as acetone, methanol, ethanol, diethyl ether, and their mixtures,
among others, are used for the extraction of active compounds from olive leaves. The
novelty lies in the use of eco-friendly solvents such as polypropylene glycol (PPG), lactic
acid (LA), and water [138]. In vitro and anti-aging bioactivities of prepared extracts were
evaluated, and excellent antioxidant activity was observed, as well as inhibition of elastase,
collagenase, tyrosinase, and lipoxygenase. The obtained results suggest that the extracts
could be directly used in cosmetic products [138].
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Day creams, anti-aging creams, and shampoo with the addition of olive leaf extract
were prepared [139–141,143]. No significant changes were observed in the physicochemical
parameters of cosmetics enriched with olive leaf extract [139,141], apart from a slight reduc-
tion in viscosity by improving the extracts’ concentrations in day creams [140]. Furthermore,
stability studies showed stable homogenous appearance and effectiveness during a year
storage period at room temperature [139]. Apart from that, after two months of anti-aging
cream applications by experiment participants, transepidermal water loss decreased, skin
hydration increased, wrinkles improved, and skin imaging showed improvement in skin
texture [141].

Another study presents the encapsulation of olive leaf extract in biodegradable
poly(lactic acid) nanoparticles, characterization, and incorporation of them in a cosmetic
formulation [145]. The stability studies of the prepared o/w cream containing loaded
nanoparticles demonstrated enhanced stability, particularly in terms of viscosity, pH,
organoleptic properties, emulsion phases, and texture [145].

5. Conclusions and Future Perspectives

The use of olive leaf extract (OLE) as a bioactive component in packaging materials
offers a natural, sustainable alternative to synthetic preservatives, promoting food safety
and shelf life extension. The utilization of olive leaf extract as a bioactive component in
packaging materials presents a sustainable and innovative approach to extending product
shelf life through its natural antioxidant and antimicrobial properties. Derived from olive
tree by-products, including leaves obtained during pruning and harvests, OLE offers
a natural, eco-friendly alternative to synthetic preservatives and contributes to waste
reduction. However, optimizing extraction efficiency while maintaining environmental
and economic sustainability remains a crucial challenge.

Future studies should focus on several key areas:

(1) Maximizing extraction efficiency and functionality: future research should prioritize
developing extraction methods that maximize both yield and functionality while
minimizing costs. Although advances have been made in extraction techniques such
as supercritical fluid extraction or ultrasound-assisted extraction, further efforts are
needed to refine these processes to achieve greater reproducibility, flexibility, and
scalability [146,147].

(2) Mechanism of action: The specific biochemical pathways through which OLE ex-
erts its antioxidant, anti-inflammatory and antimicrobial actions may not be fully
explored [148,149]. A complete understanding of these mechanisms is critical to im-
proving the formulation of OLE-based treatments, ensuring their efficacy in real-world
food and medical applications.

(3) Analytical and cultivar variability: One of the challenges in utilizing OLE is the
variability in phenolic biosynthesis and bioactivity across different olive cultivars.
To address this, innovative analytical techniques like metabolic fingerprinting can
be used to classify cultivars based on their molecular profiles, identifying the most
suitable varieties for OLE extraction [150]. Understanding the specific composition
and activity of OLE components from different cultivars is critical to ensuring the
consistency and effectiveness of OLE in packaging applications.

(4) Replacement of synthetic preservatives: OLE’s natural preservative qualities can
effectively replace synthetic antioxidants and antimicrobials in packaging. Its ability
to inhibit the growth of bacteria such as E. coli, S. aureus, and S. Typhimurium makes
it a valuable component in active packaging systems. These systems can help reduce
the need for artificial preservatives, contributing to safer, cleaner packaging solutions
and potentially lowering health risks associated with chemical additives [88].

(5) Economic benefits and minimizing environmental impact: a key consideration for
future developments is minimizing the use of toxic chemicals in the extraction and
production process. Non-conventional extraction methods that reduce the use of
solvents and chemicals are increasingly being explored to present an innovative
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alternative or complement to traditional extraction methods (supercritical fluid ex-
traction; cloud point extraction) [146,151]. Reducing the use of solvents and chemical
residues is critical not only for improving extraction efficiency and environmental
sustainability but also for consumer safety. This makes the process more cost-effective
and aligns with environmental sustainability goals, particularly in industries looking
to minimize waste (food shelf life and packaging, as well as the biomedical field).
Additional in vivo toxicological studies on olive leaves and their phenolic compounds
are necessary to fully substantiate the safety of OLE in industrial applications.

(6) Sustainability and circular economy practices: OLE extraction aligns with the princi-
ples of the circular economy by utilizing olive tree by-products, which are abundant
due to regular pruning and olive harvesting [152,153]. Future perspectives should em-
phasize integrated approaches to ensure the maximum reuse of biomass, contributing
to economic and environmental sustainability. Research into the flexible processing of
olive leaves and biomass stabilization techniques will be essential to make OLE ex-
traction more efficient and economically feasible. Furthermore, sequential extraction
of various fractions from olive residues should be explored to increase the recov-
ery of valuable components for packaging, food, pharmaceutical, and nutraceutical
applications [152,154].

(7) Regulations and market acceptance of OLE-modified packaging materials: OLE not
only provides antimicrobial and antioxidant protection for food products but also
helps reduce food waste by extending shelf life. However, for such solutions to gain
market acceptance, they must meet both consumer expectations as well as regional and
global regulatory requirements. Future studies should evaluate the long-term stability,
effectiveness, and safety of OLE in packaging under real-world conditions while also
addressing any regulatory hurdles and certification processes for its commercial use.
Additionally, research into consumer preferences will be important to the commercial
success of OLE-infused packaging.

Additionally, future directions that extend beyond the field of packaging materials
could be mentioned. One of the most promising applications of OLE is its incorporation
into functional foods and nutraceuticals. The development of foods enriched with OLE
to provide antioxidant, hypocholesterolemic, and anti-inflammatory benefits represents a
promising direction in promoting public health. Despite the compelling evidence of OLE’s
health benefits, it has yet to be fully integrated into modern medical practice. With addi-
tional research, OLE could find a place in the treatment of bacterial infections, inflammatory
diseases, and chronic conditions, potentially as a complement to existing medications. To
truly unlock the therapeutic potential of OLE, more human studies are needed. Current
research is predominantly preclinical, with limited human trials addressing specific areas
like skin protection, platelet aggregation, and hypoglycemic effects. Broader human studies
are required to confirm OLE’s anticancer, cardiovascular, and anti-inflammatory effects.

OLE’s potential to replace synthetic antioxidants and antimicrobials positions it as an
innovative solution in the packaging sector, aligning with global trends toward sustain-
ability and responsible production. By focusing on integrated approaches that optimize
extraction, minimize environmental impact, and maximize the reuse of agricultural by-
products, OLE can become a cornerstone of future sustainable packaging technologies,
contributing to both environmental and economic goals outlined in the United Nations’
2030 Agenda for Sustainable Development [15].
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