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Encapsulation techniques have emerged as an important strategy for creating nu-
traceuticals and fortified foods and beverages that contain various bioactive compounds,
due to their potential health benefits [1-4]. Micro and nanoencapsulation are techniques
used to create physical barriers between sensitive compounds and external factors [5].
These methods have the potential to improve the stability and efficiency of various ingre-
dients, allowing for the modification of numerous food products (Contribution 1). They
contribute to the development of innovative qualities with beneficial effects on human
health. Therefore, encapsulation enables the protection and controlled release of several
active ingredients [5]. In the literature, numerous microencapsulation techniques are de-
scribed that can be used to encapsulate flavors, vitamins, stabilizers, probiotics, essentials
oils, natural antioxidants, bioactive proteins, and enzymes, among others [6-11].

Additionally, compounds extracted from agricultural byproducts within the agri-food
sector can be microencapsulated and integrated into various products to enhance their
properties [12,13] (Contribution 2). The reuse and valorization of byproducts, alongside the
efficient use of raw materials, are key concerns both in the EU and globally [11,14,15]. The
incorporation of vegetable byproducts supports a circular economy model by generating
eco-friendly and health-beneficial compounds [16-18]. The application of a circular econ-
omy in agro-industrial activities fosters strategies that not only address environmental
challenges, but also enable the creation of value from waste materials [18,19]. Around
89 million tons of food are discarded annually in the European Union. These byproducts
still hold potential for use in other economic and industrial sectors due to their unique
physical, chemical, and microbiological properties [12,20,21]. As a result, agricultural and
food wastes should be seen as valuable resources for producing high-value products, a
crucial step toward achieving a zero-waste economy [22-25].

This Special Issue presents recent research advancements on the encapsulation, de-
velopment, stabilization, and market application of microencapsulated formulations that
incorporate active natural compounds, especially those derived from agricultural byprod-
ucts. Specifically, this Special Issue comprises seven research papers that investigated
innovative encapsulation techniques and matrices. They also focused on the physicochem-
ical properties of encapsulation systems, examining their impact on food applications,
including sensory attributes and nutritional value. The simulated digestion behavior of
food products containing encapsulated compounds was also studied by some authors.
Furthermore, current strategies to enhance the encapsulation and valorization of specific
active and natural compounds were explored.
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Two of the papers in this Special Issue focus specifically on the microencapsulation of
extracts of byproducts: Otélora et al. (Contribution 3) studied the microencapsulation of
betaxanthin pigments from pitahaya (Hylocereus megalanthus) byproducts and Couto et al.
(Contribution 2) studied the microencapsulation of extracts of wild strawberry (Fragaria
vesca) byproducts.

Otélora et al. (Contribution 3) found that pitahaya (Hylocereus spp.) peel, a byproduct
discarded after the consumption or processing of the fresh fruit into juice, accounts for
approximately 30% of the fruit’s total weight. This byproduct is a rich, untapped source
of bioactive compounds, including polyphenols, betalains (natural pigments such as beta-
cyanins, red-purple substances, and betaxanthins, yellow-orange substances), lycopene,
flavonoids, phytosterols, carotenoids, dietary fiber, and pectin [26,27]. These compounds
can be utilized by the food industry as functional natural ingredients, namely, in the de-
velopment of new beverages and colorants. In this study, a betaxanthin-rich extract from
pitahaya peel was microencapsulated through spray drying, using pitahaya peel mucilage
and maltodextrin as wall materials (Contribution 3). Spray-drying is an efficient method
for improving the stability of bioactive substances by protecting them from oxidation
and degradation, while also producing powdered formulations. These powders are more
convenient and safer to transport, store, and process than liquid formulations [28]. Both
types of microencapsulates retained high betaxanthin content and antioxidant activity. The
powdered microencapsulates were incorporated into the formulation of candy gummies,
which served as a food model and were subjected to in vitro gastrointestinal digestion.
These authors concluded that the microencapsulation of betaxanthins with pitahaya peel
mucilage could be used as a natural food colorant, replacing synthetic alternatives. This
approach may help develop products with health benefits, meeting the increasing consumer
demand for healthier products (Contribution 3).

Couto et al. (Contribution 2) highlighted the valorization of agricultural byprod-
ucts from wild strawberry (Fragaria vesca) through the production of value-added mi-
cro/nanostructures using electrohydrodynamic techniques. Fragaria vesca is a member of
the Rosacea family and is usually found in Europe, Asia (west of the Urals), and North
America [29-32]. This plant has a rich history in traditional medicine, where various bene-
ficial biological effects of strawberry fruit consumption have been documented [29-31,33].
These beneficial effects have been mostly attributed to phenolic compounds [34,35]. In
the agricultural process, the leaves of F. vesca are usually thrown away and treated as
waste [32]. Nevertheless, they can be a rich source of valuable, biologically active sub-
stances with a wide range of applications. Couto et al. chose electrohydrodynamic (EHD)
techniques for encapsulation due to their inherent advantages, such as the absence of high
temperatures and extreme pH conditions, unlike traditional encapsulation methods [36]
(Contribution 4). EHD processes use high-voltage electrostatic fields to electrically charge
the surface of a polymer solution jet [36] (Contribution 4). Depending on the operational
conditions, various microstructures can be obtained, including micro/nanoparticles, fibers,
and films [36] (Contribution 4). In this study, different types of zein micro/nanostructures
incorporating extracts from Fragaria vesca byproducts or quercetin (one of the main polyphe-
nols in the plant) were produced and analyzed using numerous techniques. The main
release mechanism identified was “Fickian Diffusion”. However, the authors reported
that some antioxidant activity was lost during the encapsulation process or storage of
the samples. Ultimately, the micro/nanostructures achieved polyphenol supplementation
ranging from 10 to 50 mg of polyphenols per gram of powder. In conclusion, the elec-
trohydrodynamic technique effectively encapsulated the Fragaria vesca byproduct extract
and quercetin with zein, resulting in micro/nanostructures with different morphologies.
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These encapsulated structures show potential for use in various fields, including food and
nutraceutical applications.

Four other papers in this Special Issue focus on the microencapsulation of extracts of
plants: Laurus nobilis L. leaf extract (Contribution 5), Perilla skin extract (Contribution 6),
Tecoma stans extracts (Contribution 1), and indicaxanthin-rich Opuntia Green extracts
(Contribution 7).

Parralejo-Sanz et al. (Contribution 7) investigated the encapsulation of indicaxanthin-
rich Opuntia green extracts using double emulsions to enhance their stability and bioac-
cessibility. Opuntia ficus-indica var. Colorada fruit is a significant source of indicaxanthin, a
betalain known for its antioxidant, anti-inflammatory, and neuromodulatory properties,
which have been demonstrated in both in vitro and in vivo models. Indicaxanthin is also
considered a natural colorant. Parralejo-Sanz et al. (Contribution 7) prepared double
emulsion systems (W1/0/W2) using Tween 20 (TW) and sodium caseinate (S5C) as sur-
factants to encapsulate Colorada fruit pulp extracts. High encapsulation efficiencies were
obtained. An evaluation of the in vitro gastrointestinal stability and bioaccessibility was
carried out using the standardized INFOGEST®© protocol. The double emulsion prepared
with Tween 20 showed bioaccessibility values of up to 82.8 £ 1.5% for the main bioactives
(indicaxanthin, piscidic acid, and isorhamnetin glucoxyl-rhamnosyl-pentoside 2 (1G2)),
highlighting its promising potential as a functional natural colorant.

Garcia-Jiménez et al. (Contribution 1) studied the microencapsulation of Tecoma stans
extracts using a spray drying technique and performed an analysis of bioactive property
preservation and physical characterization. Maltodextrin (MD), arabic gum (AG), and
a 1:1 blend (MD/AG) were used as encapsulating agents. Spray drying decreased the
antioxidant activity of the extract. The encapsulated infusion with MD/AG exhibited the
highest hypoglycemic activity, as indicated by its low glycemic index (GI = 47). Based
on the results, the microencapsulates have the potential to be incorporated into food
products to enhance nutritional quality and help prevent or treat various health conditions
(Contribution 1).

The microencapsulation of Perilla skin extract was studied by Kang et al. (Contribu-
tion 6). The authors explored the formulation and evaluation of a sustainable oil-in-water
emulsion. The emulsion incorporates Perilla skin extract, which is rich in antioxidants,
and upcycled aquasoya powder, a byproduct derived from soy protein. The focus of the
study was on evaluating the physical stability and antioxidant properties of this emulsion
(Contribution 6). This study used aquasoya powder, a promising emulsifier, to incorporate
antioxidant compounds from Perilla skin extract (PSE) into an oil-in-water emulsion. The
results showed that the emulsion with PSE had a smaller droplet size and improved phys-
ical stability compared to the emulsion without PSE, maintaining stability over 30 days.
The emulsion with PSE also demonstrated higher antioxidant activity and slower lipid oxi-
dation, indicating superior antioxidant properties. Therefore, it was proven that aquasoya
is an effective emulsifier for stabilizing antioxidant compounds from perilla skin in O/W
emulsions (Contribution 6).

The encapsulation of Laurus nobilis L. leaf extract using an electrostatic extrusion
process was studied by Dobroslavi¢ et al. (Contribution 5). Bay leaves (L. nobilis L.) are rich
in polyphenols, which have potential for functional food applications but face challenges in
stability and bioaccessibility. These issues can be addressed by using microencapsulation
techniques, such as electrostatic extrusion. This study evaluated the use of electrostatic
extrusion for encapsulating bay leaf polyphenol (BLP), focusing on the evaluation of the
polyphenolic content, antioxidant activity, release kinetics, and bioaccessibility (Contribu-
tion 5). The results showed that using 1% alginate, 1.5% CaCl,, and 0.5% chitosan achieved
the highest encapsulation efficiency (92.76%) and antioxidant activity. The method also
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enhanced the controlled release and bioaccessibility of BLP, demonstrating that electrostatic
extrusion is an effective technique for BLP encapsulation (Contribution 5).

The last paper published in this Special Issue concerns the potential benefits of com-
bining astaxanthin and anthocyanin in nanoparticles, investigating their effects on lipid
levels and oxidative stress in Caenorhabditis elegans (C. elegans) [37]. Currently, there is a
global push to use natural bioactive compounds in the development of functional food
supplements. These supplements can complement traditional methods for managing obe-
sity, which is associated with a range of serious health problems, including type II diabetes,
cardiovascular diseases, reproductive failure, certain cancers, and premature death. This
paper explores the effects of astaxanthin—anthocyanin nanoparticles (AXT-ACN NPs) on
lipid accumulation and antioxidative capacity in C. elegans subjected to a high-sugar,
high-fat diet, simulating obesity. The results showed that AXT-ACN NPs improved the
lifespan, motility, and reproductive capacity of high-fat C. elegans [37]. The nanoparticles
also reduced fat and lipofuscin accumulation, and the level of reactive oxygen species
(ROS). Additionally, AXT-ACN NPs enhanced the activity of antioxidant enzymes (catalase,
superoxide dismutase, and glutathione peroxidase) while decreasing malondialdehyde
(MDA) levels. The study suggests that AXT-ACN NPs, through their synergistic antioxi-
dant and lipid-lowering effects, could be useful in functional foods targeting obesity-related
health issues. Moreover, the microencapsulation of these bioactive compounds appears
fundamental to obtaining their health benefits [37].

The papers in this Special Issue highlight ongoing research on the microencapsulation
of bioactive compounds for food applications worldwide. Several microencapsulation
methodologies were adopted in the studies. A key area for future research is the valorization
of byproducts and the extraction of value-added bioactive compounds from them. This
approach could lead to more sustainable practices and the discovery of new beneficial
compounds for various applications. With impressive results and significant potential for
further exploration, microencapsulation is seen as a promising technique for the creation
and reformulation of innovative food products.

The editor hopes this Special Issue will inspire readers in the field and encourage the
development of new ideas or methodologies for future research.

Funding: This work was supported by national funds through FCT/MCTES (PIDDAC): LEPABE,
UIDB/00511/2020 (DOI:10.54499/UIDB/00511/2020), UIDP/00511 /2020 (DOI: 10.54499/UIDP/00511/
2020), and ALiCE, LA /P/0045/2020 (DOI: 10.54499 /LA /P /0045 /2020).

Acknowledgments: Berta Nogueiro Estevinho is thankful for her contract financed by FCT/MCTES—
CEEC Individual Program Contract with the reference 2023.06611.CEECIND/CP2834/CT0010
(DOI 10.54499/2023.06611.CEECIND /CP2834/CT0010).

Conflicts of Interest: The author declares no conflicts of interest.

List of Contributions

1.  Garcia-Jiménez, ].R.; Luna-Guevara, M.L.; Luna-Guevara, ].J.; Conde-Hernandez, L.A.;
Ramos-Cassellis, M.E.; Herndndez-Cocoletzi, H. Microencapsulation of Tecoma Stans
Extracts: Bioactive Properties Preservation and Physical Characterization Analysis.
Foods 2024, 13, 1001. https:/ /doi.org/10.3390/foods13071001.

2. Couto, A.F,; Estevinho, B.N. Valorization of Agricultural By-Products (Fragaria vesca)
through the Production of Value-Added Micro/Nanostructures Using Electrohydro-
dynamic Techniques. Foods 2024, 13, 1162. https:/ /doi.org/10.3390/foods13081162.


https://doi.org/10.3390/foods13071001
https://doi.org/10.3390/foods13081162

Foods 2025, 14, 844 50f6

3.  Otélora, M.C.; Wilches-Torres, A.; Gémez Castario, ].A. Microencapsulation of Betax-
anthin Pigments from Pitahaya (Hylocereus megalanthus) By-Products: Characteriza-
tion, Food Application, Stability, and In Vitro Gastrointestinal Digestion. Foods 2023,
12, 2700. https:/ /doi.org/10.3390/foods12142700.

4.  Silva, PM.; Torres-Giner, S.; Vicente, A.A.; Cerqueira, M.A. Electrohydrodynamic
Processing for the Production of Zein-Based Microstructures and Nanostructures.
Curr. Opin. Colloid Interface Sci. 2021, 56, 101504. https://doi.org/10.1016/].COCIS.20
21.101504.

5. Dobroslavi¢, E.; Zori¢, Z.; Dragovi¢-Uzelac, V.; Elez Garofuli¢, I. Microencapsulation
of Laurus Nobilis L. Leaf Extract in Alginate-Based System via Electrostatic Extrusion.
Foods 2023, 12, 3242. https:/ /doi.org/10.3390/foods12173242.

6. Kang, B.-K,; Yu, J.-C.; Shin, W.-S. Physical Stability and Antioxidant Ability of a
Sustainable Oil-in-Water Emulsion Containing Perilla Skin Extract and Upcycled
Aquasoya Powder. Foods 2024, 13, 1063.

7.  Parralejo-Sanz, S.; Quereda-Moraleda, I.; Requena, T.; Cano, M.P. Encapsulation
of Indicaxanthin-Rich Opuntia Green Extracts by Double Emulsions for Improved
Stability and Bioaccessibility. Foods 2024, 13, 1003. https://doi.org/10.3390/foods130

71003.

References

1.  Carlan, I.C; Estevinho, B.N.; Rocha, F. Production of Vitamin B1 Microparticles by a Spray Drying Process Using Different
Biopolymers as Wall Materials. Can. J. Chem. Eng. 2020, 98, 1682-1695. [CrossRef]

2. Estevinho, B.N.; Damas, A.M.; Martins, P.; Rocha, F. The Influence of Microencapsulation with a Modified Chitosan (Water
Soluble) on b -Galactosidase Activity. Dry. Technol. 2014, 32, 1575-1586. [CrossRef]

3. Mcclements, D.J.; Xiao, H. Designing Food Structure and Composition to Enhance Nutraceutical Bioactivity to Support Cancer
Inhibition. Semin. Cancer Biol. 2017, 46, 215-226. [CrossRef] [PubMed]

4. Huang, X,; Huang, X.; Gong, Y.; Xiao, H.; Julian, D.; Hu, K. Enhancement of Curcumin Water Dispersibility and Antioxidant
Activity Using Core—Shell Protein—Polysaccharide Nanoparticles. Food Res. Int. 2016, 87, 1-9. [CrossRef] [PubMed]

5. Couto, A.F; Favretto, M.; Paquis, R.; Estevinho, B.N. Co-Encapsulation of Epigallocatechin-3-Gallate and Vitamin B12 in Zein
Microstructures by Electrospinning/Electrospraying Technique. Molecules 2023, 28, 2544. [CrossRef] [PubMed]

6.  Chen, C.-C.; Wagner, G. Vitamin E Nanoparticle for Beverage Applications. Chem. Eng. Res. Des. 2004, 82, 1432-1437. [CrossRef]

7. Alehosseini, A.; Gémez-Mascaraque, L.G.; Ghorani, B.; Lépez-Rubio, A. Stabilization of a Saffron Extract through Its Encapsulation
within Electrospun/Electrosprayed Zein Structures. Lwt 2019, 113, 108280. [CrossRef]

8. Raza, Z.A.; Khalil, S.; Ayub, A.; Banat, .M. Recent Developments in Chitosan Encapsulation of Various Active Ingredients for
Multifunctional Applications. Carbohydr. Res. 2020, 492, 108004. [CrossRef]

9. Augustin, M.A; Sanguansri, L. Challenges and Solutions to Incorporation of Nutraceuticals in Foods. Annu. Rev. Food Sci. Technol.
2014, 6, 1-15. [CrossRef]

10. Gonzéilez-Pefia, M.A.; Ortega-Regules, A.E.; Anaya de Parrodi, C.; Lozada-Ramirez, ].D. Chemistry, Occurrence, Properties,
Applications, and Encapsulation of Carotenoids—A Review. Plants 2023, 12, 313. [CrossRef]

11. Mosibo, O.K.; Ferrentino, G.; Udenigwe, C.C. Microalgae Proteins as Sustainable Ingredients in Novel Foods: Recent Develop-
ments and Challenges. Foods 2024, 13, 733. [CrossRef] [PubMed]

12.  Hadidi, M.; Orellana-Palacios, ].C.; Aghababaei, F.; Gonzalez-Serrano, D.J.; Moreno, A.; Lorenzo, ].M. Plant By-Product Antioxi-
dants: Control of Protein-Lipid Oxidation in Meat and Meat Products. LWT 2022, 169, 114003. [CrossRef]

13. Majeed, T.; Shabir, I; Srivastava, S.; Magbool, N.; Dar, A.H.; Jan, K.; Pandey, VK., Shams, R.; Bashir, I.; Dash, K.K; et al.
Valorization of Food Wastes by Implementation of Subcritical Water Extraction: A Comprehensive Review. Trends Food Sci.
Technol. 2024, 143, 104316. [CrossRef]

14. Marmol, I.; Quero, J.; Ibarz, R.; Ferreira-Santos, P.; Teixeira, ]J.A.; Rocha, C.M.R.; Pérez-Fernandez, M.; Garcia-Juiz, S.; Osada, J.;
Martin-Belloso, O.; et al. Valorization of Agro-Food by-Products and Their Potential Therapeutic Applications. Food Bioprod.
Process. 2021, 128, 247-258. [CrossRef]

15.  Gil-Martin, E.; Forbes-Hernandez, T.; Romero, A.; Cianciosi, D.; Giampieri, E; Battino, M. Influence of the Extraction Method on
the Recovery of Bioactive Phenolic Compounds from Food Industry By-Products. Food Chem. 2022, 378, 131918. [CrossRef]

16. Comunian, T.A.; Silva, M.P,; Souza, C.].F. The Use of Food By-Products as a Novel for Functional Foods: Their Use as Ingredients

and for the Encapsulation Process. Trends Food Sci. Technol. 2021, 108, 269-280. [CrossRef]


https://doi.org/10.3390/foods12142700
https://doi.org/10.1016/J.COCIS.2021.101504
https://doi.org/10.1016/J.COCIS.2021.101504
https://doi.org/10.3390/foods12173242
https://doi.org/10.3390/foods13071003
https://doi.org/10.3390/foods13071003
https://doi.org/10.1002/cjce.23735
https://doi.org/10.1080/07373937.2014.909843
https://doi.org/10.1016/j.semcancer.2017.06.003
https://www.ncbi.nlm.nih.gov/pubmed/28596014
https://doi.org/10.1016/j.foodres.2016.06.009
https://www.ncbi.nlm.nih.gov/pubmed/29606228
https://doi.org/10.3390/molecules28062544
https://www.ncbi.nlm.nih.gov/pubmed/36985516
https://doi.org/10.1205/cerd.82.11.1432.52034
https://doi.org/10.1016/j.lwt.2019.108280
https://doi.org/10.1016/j.carres.2020.108004
https://doi.org/10.1146/annurev-food-022814-015507
https://doi.org/10.3390/plants12020313
https://doi.org/10.3390/foods13050733
https://www.ncbi.nlm.nih.gov/pubmed/38472846
https://doi.org/10.1016/j.lwt.2022.114003
https://doi.org/10.1016/j.tifs.2023.104316
https://doi.org/10.1016/j.fbp.2021.06.003
https://doi.org/10.1016/j.foodchem.2021.131918
https://doi.org/10.1016/j.tifs.2021.01.003

Foods 2025, 14, 844 60f6

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Martins, VER.; Pintado, M.E.; Morais, RM.S.C.; Morais, A.M.M.B. Valorisation of Micro/Nanoencapsulated Bioactive Com-
pounds from Plant Sources for Food Applications Towards Sustainability. Foods 2023, 12, 32. [CrossRef]

Poponi, S.; Ruggieri, A.; Pacchera, E; Arcese, G. The Circular Potential of a Bio-District: Indicators for Waste Management. Br.
Food ]. 2024, 126, 290-308. [CrossRef]

Ziemlewska, A.; Zagoérska-Dziok, M.; Niziot-Lukaszewska, Z. Assessment of Cytotoxicity and Antioxidant Properties of Berry
Leaves as By-Products with Potential Application in Cosmetic and Pharmaceutical Products. Sci. Rep. 2021, 11, 1-14. [CrossRef]
Anwar, M.A.; Galal, D.; Khalifa, I.; Zahran, H.A.; Capanoglu, E.; Farag, M.A. Metabolomics: A Compilation of Applications for
Enhancing Agricultural Traits, Disease Resistance, Biotic Interaction, Byproducts Valorization, and Quality Control Purposes of
Olive. Trends Food Sci. Technol. 2024, 143, 104311. [CrossRef]

Tachie, C.; Nwachukwu, L.D.; Aryee, AN.A. Trends and Innovations in the Formulation of Plant-Based Foods. Food Prod. Process.
Nutr. 2023, 5, 16. [CrossRef]

Castro, V.T.G.; Rubiano, E.FL.; Carrefio, D.K.L.; Marin, FG.M.; Lozano, ].E.S.; Montenegro-Marin, C.E.; Garcia, P.A.G.; Victor,
J.AM. Strawberry Fragaria Cultivation in the Municipality of Sibaté, Cundinamarca. Characterization of the Production and Marketing
System to Incorporate; Springer Nature: Singapore, 2024; Volume 344, ISBN 9789819903320.

Dias, ML.L; Barros, L.; Fernandes, I.P.; Ruphuy, G.; Oliveira, M.B.P.P; Santos-Buelga, C.; Barreiro, M.E,; Ferreira, LC.ER. A Bioactive
Formulation Based on Fragaria vesca L. Vegetative Parts: Chemical Characterisation and Application in k-Carrageenan Gelatin.
J. Funct. Foods 2015, 16, 243-255. [CrossRef]

Rodriguez-Félix, F.; Graciano-Verdugo, A.Z.; Moreno-Vasquez, M.].; Lagarda-Diaz, I.; Barreras-Urbina, C.G.; Armenta-Villegas,
L.; Olguin-Moreno, A.; Tapia-Hernandez, J.A. Trends in Sustainable Green Synthesis of Silver Nanoparticles Using Agri-Food
Waste Extracts and Their Applications in Health. J. Nanomater. 2022, 2022, 8874003. [CrossRef]

Ni, N.; Dumont, M.J. Protein-Based Hydrogels Derived from Industrial Byproducts Containing Collagen, Keratin, Zein and Soy.
Waste Biomass Valorization 2017, 8, 285-300. [CrossRef]

Diaz, Y.L.; Torres, L.S.; Serna, J.A.; Sotelo, L.I. Efecto de La Encapsulacién En Secado Por Atomizacion de Biocomponentes de
Pitahaya Amarilla Con Interés Funcional. Inf. Tecnol. 2017, 28, 23-34. [CrossRef]

Otélora, M.C.; Wilches-Torres, A.; Gémez Castafio, J.A. Spray-Dried Microencapsulation of Anthocyanins from Mangosteen
Fruit Peel: Investigating the Impact of Pitahaya Peel Mucilage and/or Maltodextrin as Wall Materials. Powder Technol. 2025,
452,120580. [CrossRef]

Ribeiro, A.M.; Gongalves, A.; Rocha, F,; Estevinho, B.N. Statistical Simplex Centroid Experimental Design for Evaluation of Pectin,
Modified Chitosan and Modified Starch as Encapsulating Agents on the Development of Vitamin E-Loaded Microparticles by
Spray-Drying. Int. ]. Biol. Macromol. 2024, 269, 131792. [CrossRef]

Shikov, A.N.; Narkevich, .A.; Akamova, A.V,; Nemyatykh, O.D.; Flisyuk, E.V.; Luzhanin, V.G.; Povydysh, M.N.; Mikhailova, L.V,;
Pozharitskaya, O.N. Medical Species Used in Russia for the Management of Diabetes and Related Disorders. Front. Pharmacol.
2021, 12, 1-40. [CrossRef]

Vega, E.N.; Garcia-Herrera, P.; Ciudad-Mulero, M.; Dias, M.L; Matallana-Gonzélez, M.C.; Camara, M.; Tardio, J.; Molina, M.;
Pinela, J.; Pires, T.C.S.P; et al. Wild Sweet Cherry, Strawberry and Bilberry as Underestimated Sources of Natural Colorants and
Bioactive Compounds with Functional Properties. Food Chem. 2023, 414, 135669. [CrossRef]

Seke, F.; Adiamo, O.Q.; Sultanbawa, Y.; Sivakumar, D. In Vitro Antioxidant Activity, Bioaccessibility, and Thermal Stability of
Encapsulated Strawberry Fruit (Fragaria x Ananassa) Polyphenols. Foods 2023, 12, 4045. [CrossRef]

Bastos, Y.; Rocha, F.; Estevinho, B.N. Microencapsulation of Extracts of Strawberry (Fragaria vesca) By-Products by Spray-Drying
Using Individual and Binary/Ternary Blends of Biopolymers. Molecules 2024, 29, 4528. [CrossRef] [PubMed]

Malheiros, J.; Simoes, D.M.; Antunes, PE.; Figueirinha, A.; Cotrim, M.D.; Fonseca, D.A. Vascular Effects of Fragaria vesca L. in
Human Arteries. Nat. Prod. Res. 2023, 37, 3851-3856. [CrossRef] [PubMed]

Pawlaczyk-Graja, I.; Balicki, S.; Ziewiecki, R.; Capek, P.; Matulovd, M.; Wilk, K.A. New Isolation Process for Bioactive Food Fiber
from Wild Strawberry Leaf. Biochem. Eng. . 2020, 161, 107639. [CrossRef]

Martinez-Ferri, E.; Forbes-Hernandez, T.Y.; Cervantes, L.; Soria, C.; Battino, M.; Ariza, M. T. Relation between Strawberry Fruit
Redness and Bioactivity: Deciphering the Role of Anthocyanins as Health Promoting Compounds. Foods 2024, 13, 110. [CrossRef]
Castro Coelho, S.; Nogueiro Estevinho, B.; Rocha, F. Encapsulation in Food Industry with Emerging Electrohydrodynamic
Techniques: Electrospinning and Electrospraying—A Review. Food Chem. 2021, 339, 127850. [CrossRef]

Yu, D.; Guo, M.; Tan, M.; Su, W. Lipid-Lowering and Antioxidant Effects of Self-Assembled Astaxanthin-Anthocyanin Nanoparti-
cles on High-Fat Caenorhabditis Elegans. Foods 2024, 13, 514. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/foods12010032
https://doi.org/10.1108/BFJ-12-2022-1137
https://doi.org/10.1038/s41598-021-82207-2
https://doi.org/10.1016/j.tifs.2023.104311
https://doi.org/10.1186/s43014-023-00129-0
https://doi.org/10.1016/j.jff.2015.04.044
https://doi.org/10.1155/2022/8874003
https://doi.org/10.1007/s12649-016-9684-0
https://doi.org/10.4067/S0718-07642017000600004
https://doi.org/10.1016/j.powtec.2024.120580
https://doi.org/10.1016/j.ijbiomac.2024.131792
https://doi.org/10.3389/fphar.2021.697411
https://doi.org/10.1016/j.foodchem.2023.135669
https://doi.org/10.3390/foods12214045
https://doi.org/10.3390/molecules29194528
https://www.ncbi.nlm.nih.gov/pubmed/39407456
https://doi.org/10.1080/14786419.2022.2152448
https://www.ncbi.nlm.nih.gov/pubmed/36448418
https://doi.org/10.1016/j.bej.2020.107639
https://doi.org/10.3390/foods13010110
https://doi.org/10.1016/j.foodchem.2020.127850
https://doi.org/10.3390/foods13040514

	References

