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AGRIMA aims to foster universities’ capacity building for

the green transition through innovative practices and

higher education curricula updating in agri-food waste

management for the circular bioeconomy.

Goals

AGRIMA addresses:

1. Advancing pedagogical methods for industrial agri-food waste valorisation based on business-academia

synergies.

2. Integrating citizen science in bio-economy-enhanced waste valorisation as a means of civic engagement and

environmental advocacy.
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Figure 1. Mediterranean diet pyramid. Source: Fundacion Dieta Mediterrànea (from Mentella et al., Nutrients,  2019, 11, 2059; doi:10.3390/nu11092059).

What is called the « Mediterranean diet » ?

http://www2.isep.ipp.pt/agrima/


www2.isep.ipp.pt/agrima 

Figure 2. Double Pyramid proposed by Barilla Centre for Food and Nutrition—Source: Barilla Center For Food and Nutrition 

(https://www.barillacfn.com/en/dissemination/double_pyramid/) (from Mentella et al., Nutrients,  2019, 11, 2059; doi:10.3390/nu11092059).

Mediterranean diet : good for you and for the Earth (but also for your wallet !) 
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What are observed health effects of the Mediterranean diet ? 

Figure 3. Left image: Characteristics of the Mediterranean diet and associated health benefits (from Agaj et al., Molecules, 2022, 27, 8655. 

https://doi.org/10.3390/molecules27248655). Right image: Annual number of deaths by cause. The Mediterranean diet may help preventing deaths related to 

cardiovascular diseases, diabetes, cancers, or infections.
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Figure 4. The polypharmacology effects of natural compounds and functional foods in the main cancer pathways (from Maruca et al., European Journal of 

Medicinal Chemistry, 2019, https://doi.org/10.1016/j.ejmech.2019.111579 0223-5234).

Focus on the anti-cancer effect of the Mediterranean diet (suspected or proved) 
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Focus on the anti-cancer effect of the Mediterranean diet (suspected or proved) 

Figure 5. The link between « bad food » (rich in saturated fatty acids and sugar) and diseases. Diet rich in saturated fatty acids and sugar causes obesity which 

leads to chronic inflammation in adipocytes and liver. This “visceral” chronic inflammation leads to type-2-diabetes (insulin resistance) and higher risk of cancer 

(due to oncogenic mutations caused by ROS).
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Focus on the anti-cancer effect of the Mediterranean diet (suspected or proved) 

Ajouter des images bien / pas bien 

Table 1. Example of elements linked with Mediterranean diet, effect of elements on cancer and cancer risk for each element (from Mentella et al., Nutrients,  

2019, 11, 2059; doi:10.3390/nu11092059). 
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How does it work ? What are i) the molecules involved and ii) their mechanisms of action ?

Figure 6. Mechanism between Mediterranean diet components and beneficial effects (from Mentella et al., Nutrients,  2019, 11, 2059; 

doi:10.3390/nu11092059).  
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Figure 7. Molecular mechanisms of Mediterranean diet bioactive dietary components on cancer prevention. AMPK: AMP-mediated protein kinase; IGF-1: insulin-

like growth factor-1; MAPKs: mitogen-activated protein kinases; NFκβ: nuclear factor kappa beta; PI3K: phosphoinositol-3-kinase; PPAR: peroxisome proliferator-

activated receptor; RONS: reactive species of oxygen and nitrogen (from Hernáez and Estruch, Nutrients, 2019, 11, 2155; doi:10.3390/nu11092155).

How does it work ? What are i) the molecules involved and ii) their mechanisms of action ?
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Knowing the beneficial health effects of the Mediterranean diet, what about Mediterranean 

Food Industry By-Products and wastes ? Can they have beneficial health effects ?

➢ Million tons of agricultural by-product waste are generated worldwide, including from the Mediterranean Food Industry

➢ These by-products and wastes consist of non-edible parts such as peel, stem, seeds, and pulp, among others

➢ These non-edible parts may have a similar content of bioactives compounds as the edible parts that are consumed

➢ Are these by-products / wastes, cheap and easily accessible in large amounts, a potential source of molecules with health 

effects that can be used as pharmaceuticals, nutraceuticals, and/or cosmetics ?

➢ Some examples of by-products and wastes from 

➢ Olives and Olive oil

➢ Tomato

➢ Tuna

➢ Pomegranate 
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Example 1: By-products and wastes from Olives and Olive oil

Production of Olive Oil Mill Waste Water (OMWW) has been estimated at around 20 million m3 (equivalent to 20 million 

tons) per year worldwide. Can OMWW be a source of active compounds ? 

Figure 8. Extraction of active compounds from OMWW wastes of olive oil (from Albini et al., Front. Nutr. 2023, 10:1254947. doi: 

10.3389/fnut.2023.1254947). 
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Example 1: By-products and wastes from Olives and Olive oil

Details within residuesOlive oil versus residues

Figure 9. Distribution of compounds of interest between olive oil and residues (left image) and within residues part (right image) and their known biological 

activities (from Agaj et al., Molecules, 2022, 27, 8655. https://doi.org/10.3390/molecules27248655). 

➢ Antioxidant

➢ Anti-inflammatory

➢ Anti-diabetes

➢ Anti-hypertension

➢ Anticancer
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Example 1: By-products and wastes from Olives and Olive oil

Figure 10. Anticancer effect of OMWW extracts demonstrated In vitro and in vivo and molecules potentially involved (from Albini et al., Front. Nutr. 2023, 

10:1254947. doi: 10.3389/fnut.2023.1254947). 

Secoiridoids (phenolic compounds)
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Example 1: By-products and wastes from Olives and Olive oil

Figure 11. Compounds of interest extracted from olive and olive oil wastes (from Pessoa et al., Molecules, 2024, 29, 4249, 

https://doi.org/10.3390/molecules29174249).

Secoiridoids (phenolic compounds)

Olive and olive oil wastes
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Example 2: By-products and wastes from Tomato

Figure 12. Main bioactive compounds of different tomato fruit parts, namely, seeds, skin/peel and pulp (from Agaj et al., Molecules, 2022, 27, 8655. 

https://doi.org/10.3390/molecules27248655).
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Table 2. Main strategies to extract active compounds (here, lycopene as an example) from tomato wastes (from Bolaño et al., Molecules, 2024, 29, 3079. 

https://doi.org/10.3390/molecules29133079).

Example 2: By-products and wastes from Tomato
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Example 2: By-products and wastes from Tomato

Table 2. Main strategies to extract active compounds (here, lycopene as an example) from tomato wastes (from Bolaño et al., Molecules, 2024, 29, 3079. 

https://doi.org/10.3390/molecules29133079).
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Figure 13. Effect of tomato seed extract (TSE) on lipids. (a) TSE prevents the absorption of dietary fats, decreasing the plasma total cholesterol content and 

(B) TSE regulates the plasma fat content through LDLR (low-density lipoprotein receptors); it also reduces the plasma level of fats by enhancing the 

mitochondrial β-oxidation pathway (from Kumar et al., Biomedicine & Pharmacotherapy, 2021. https://doi.org/10.1016/j.biopha.2021.112018).

Example 2: By-products and wastes from Tomato
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Example 2: By-products and wastes from Tomato

Figure 14. Anti-platelet activity/cardioprotective effects of tomato seed extract (TSE). (A) Normal blood flow in a healthy individual; (B) prevention of blood clot 

formation by TSE; (C) prevention of local vascular inflammation by TSE. Platelets adhere to the endothelial cell lining by P-selectins which, in turn, recruits 

leukocytes through intercellular adhesion molecule-2. This subsequently results in local vascular inflammation causing permanent or intermittent obstruction of 

blood flow, causing organ dysfunction and ischemic injury (from Kumar et al., Biomedicine & Pharmacotherapy, 2021.

https://doi.org/10.1016/j.biopha.2021.112018).
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Example 2: By-products and wastes from Tomato

Figure 15. Control of hypertension through the renin-angiotensin system and its regulation through TSE. (A) Angiotensin-1 converting enzyme (ACE) mediates the 

conversion of angiotensin-1 (vasodilator) to angiotensin-2 (vasoconstrictor); (B) vasoconstriction of blood vessels through angiotensin-2 (vasoconstrictor); (C) 

blockage of ACE activity by TSP (tomato seed protein) for controlling blood pressure; (D) radical scavenging and antioxidant activity of TSE (from Kumar et al., 

Biomedicine & Pharmacotherapy, 2021. https://doi.org/10.1016/j.biopha.2021.112018).
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Example 2: By-products and wastes from Tomato

Figure 16. Inhibition of interaction between spike glycoproteins (S-protein) and host cell surface receptors angiotensin converting enzyme 2 (ACE-2) by tomato 

seed extract (TSE) (from Kumar et al., Biomedicine & Pharmacotherapy, 2021. https://doi.org/10.1016/j.biopha.2021.112018).
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Example 2: By-products and wastes from Tomato

Figure 17. Anticancer effects of lycopene (carotenoid) and mechanisms involved

(from Bolaño et al., Molecules, 2024, 29, 3079. 

https://doi.org/10.3390/molecules29133079)
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Example 2: By-products and wastes from Tomato

Figure 18. Quercetin anti-inflammatory and antitumor mechanisms of action. Quercetin inhibits NF-κB (Nuclear factor kappa-lightchain-enhancer of activated B 

cells), iNOS (Inducible nitric oxide synthase) and COX2 (Cyclooxygenase 2). It results in blockade of proliferation of inflammation and cell division. Moreover, 

quercetin inhibits interaction of GRB (Growth factor receptor-bound protein), RhoA (Ras homolog family member A), SOS1 (Son of Sevenless 1) and RAS (Rat 

sarcoma virus), which prevents further metabolic reprograming. That includes inhibition of other metabolic molecules; PKC (Protein kinase C), MEKK-3, -7 

(Mitogen-activated protein/ERK kinase -3, -7), JNK1/2 (c-Jun N-Terminal Protein Kinase 1/2), ERK1/2 (Extracellular signal-regulated kinase 1/2), p38 (Mitogen-

activated protein kinase), PI3K (Phosphoinositide 3-kinase), IKKalpha/beta (Inhibitor of nuclear factor kappa-B kinase subunit beta). It also inhibits MMP-2, -7, -8, 

and -9 (Matrix metalloproteinases) involved in metastasis. Finally, quercetin induces tumour cell apoptosis (from Agaj et al., Molecules, 2022, 27, 8655. 

https://doi.org/10.3390/molecules27248655).
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Example 3: By-products and wastes from Tuna

Figure 19. Fishes and Seafood production in 2016 (from Mutalipassi et al., Foods, 2021, 10, 1495. https://doi.org/10.3390/foods10071495). 

➢ Unsaturated fatty acids 

(PUFA, EPA, DHA) (anti-

diabetes, anti-

inflammatory, anti-

hypertension, cosmetic)

➢ Gelatin and Collagen 

(antioxidant, cosmetic)

➢ Polysaccharides

(antioxidant, anti-

microbial, anti-viral, anti-

hypertension, anticancer, 

cosmetic)

➢ Bioactive peptides 

(antioxidant, antimicrobial, 

anticancer, and others)

➢ Minerals                     

(calcium, magnesium, 

iron, phosphorus)

Source of:
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Bioactive compounds can be extracted from all parts of the fishes

Figure 20. Extraction of antioxidant peptides from fish parts (from Liu et al., Metabolites, 2024, 14, 561. https://doi.org/10.3390/metabo14100561). 

Example 3: By-products and wastes from Tuna
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Figure 21. Tuna wastes and by-products as a source of antioxidant peptides (from Cheng et al., Mar. Drugs, 2025, 23, 293. https://doi.org/ 10.3390/md23070293). 

Example 3: By-products and wastes from Tuna
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Figure 22. Tuna wastes and by-products as a source of antihypertension peptides (from Cheng et al., Mar. Drugs, 2025, 23, 293. https://doi.org/ 

10.3390/md23070293). 

Example 3: By-products and wastes from Tuna
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Figure 23. Other bioactive peptides found in Tuna wastes and by-products (from Cheng et al., Mar. Drugs, 2025, 23, 293. https://doi.org/ 10.3390/md23070293). 

Example 3: By-products and wastes from Tuna
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Figure 24. Methods of extraction from Pomegranate peel: (A) Pressurized Liquid Extraction (PLE), (B) Enzyme-Assisted Extraction (EAE), (C) Microwave-Assisted

Extraction (MAE), (D) Ultrasound-Assisted Extraction (UAE), and (E) Soxhlet extraction(from Singh et al., ACS Omega, 2023, 8, 35452−35469, DOI: 

10.1021/acsomega.3c02586). 

Example 3: By-products and wastes from Pomegranate
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Example 3: By-products and wastes from Pomegranate

Figure 25. Valuable molecules found in Pomegranate peel (from Mo et al., Front. Nutr. 2022, 9:887113. doi: 10.3389/fnut.2022.887113 and Singh et al., ACS 

Omega, 2023, 8, 35452−35469, DOI: 10.1021/acsomega.3c02586). 
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Table 3. Valuable molecules found in Pomegranate peel and their biological activities (from Singh et al., ACS Omega, 2023, 8, 35452−35469, DOI: 

10.1021/acsomega.3c02586). 

Example 3: By-products and wastes from Pomegranate
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Example 3: By-products and wastes from Pomegranate

Figure 26. Yield of extraction, Total phenol content (TPC) and total flavonoid content (TFC) from Pomegranate peel of Lebanon using different methods and 

type of solvents (Unpublished personal data). 

Unpublished personal data obtained in collaboration with Prof Akram Hijazi and his students (Mohamad Ataya, Houssein Bazzi, Marwa 

Fouani) (from Lebanese University, Lebanon).
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Example 3: By-products and wastes from Pomegranate

Figure 27. Antioxidant activity of aqueous, methanol and ethanol extract of the Pomegranate peel obtained by ultrasound and maceration extraction

(Unpublished personal data). 

Extraction method Ethanol Methanol water 

Maceration 0.22 µg / ml 0.73 µg / ml 0.2 µg / ml 

Ultrasound 0.1 µg / ml 1.07 µg / ml 0.4 µg / ml 

 

IC50 values of pomegranate peel extract for the DPPH test. 

http://www2.isep.ipp.pt/agrima/


www2.isep.ipp.pt/agrima 

Example 3: By-products and wastes from Pomegranate

Figure 28. Anti-proliferative activity on human gastric cancer cells of extracts in ethanol (E), methanol (M), or water (W) obtained by ultrasound (UL) 

and maceration (Mac) (Unpublished personal data) 
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Example 3: By-products and wastes from Pomegranate

Extract EC50 (mg/mL) 

Juice 18.40 

Internal peel ETOH 0.36 

Internal peel H2O 0.40 

External peel H2O 0.40 

External peel ETOH 0.33 

 

EC50 : concentration of extract that reduce 50 % of DPPH activity

Unpublished personal data obtained in collaboration with Prof Akram Hijazi and his students (Mohamad Ataya, Houssein Bazzi, Marwa 

Fouani) (from Lebanese University, Lebanon) and with Chaker El Kalamouni (from Université de la Réunion, France).

Figure 29. Anti-oxidant activity of extracts in ethanol or water obtained by ultrasound from inner and external part of Pomegranate peel (Unpublished 

personal data) 
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Extract CC50 (mg/mL) a IC50 (mg/mL) b SI c 

Juice > 10 na na 

Internal peel ETOH 1.58 0.35 4.5 

Internal peel H2O 1.60 0.55 2.9 

External peel H2O 1.00 0.35 2.8 

External peel ETOH 0.90 0.25 3.6 
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Figure 30. Extracts exhibit dose-dependent antiviral effect against the epidemic strain of Zika virus. Human cells were infected at a MOI of 2 and 

treated simultaneously with various concentrations of the extract (ranging from 0 to 0.8 mg/mL). The virus growth was evaluated by counting the 

number of plaques formed. The data is the average of three independent experiments and their standard deviation. The statistical analysis used was 

one-way ANOVA and Dunnett's test, and the results with ** p<0.01 and *** p<0.001 were considered as statistically significant. Effect of extracts was 

measured in term of cytotoxic concentration (CC50) on human cells and inhibitory concentration (IC50) on virus (Unpublished personal data) 

Example 3: By-products and wastes from Pomegranate
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Figure 31. Left image: Extracts inhibit the early stage of ZIKV infectious cycle. (A) Representative schematic for time-of-drug addition assay to examine the 

antiviral activity of extracts. The extracts were added at various points during the infection process, including throughout the entire infection, at the same time as 

virus entry, and after virus challenge. (B) Flow cytometry was used to analyze the infected cells and (C) measure viral progeny production under the different 

conditions shown in A. Right image: . Extracts preclude virus entry by acting directly on ZIKV particles. (A) Schematic representation of virus inactivation assay 

carried out to characterize the virucidal activity of P. granatum extracts.  (B) ZIKVGFP was incubated with the extracts at a concentration of 0.5 mg/mL for 2 hours 

at 37°C and subsequently diluted 50 times before infection of cells. EGCG (100 µM) was used as a positive control. The results are means ± SD of three 

independently performed experiments and are expressed as relative values to untreated infected cells (Unpublished personal data).

Example 3: By-products and wastes from Pomegranate
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Example 3: By-products and wastes from Pomegranate

Table 4. Uses of valuable molecules found in Pomegranate peel other than in health (from Singh et al., ACS Omega, 2023, 8, 35452−35469, DOI: 

10.1021/acsomega.3c02586). 
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Example 3: By-products and wastes from Pomegranate

Table 4. Uses of valuable molecules found in Pomegranate peel other than in health (from Singh et al., ACS Omega, 2023, 8, 35452−35469, DOI: 

10.1021/acsomega.3c02586). 
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In conclusion

Mediterranean Food 

Industry 
By-Products and Wastes 

Extracts and pure molecules with

➢ Antioxidant

➢ Anti-inflammatory

➢ Anti-diabetes

➢ Anti-hypertension

➢ Anticancer

➢ Other activities
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