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ABSTRACT 

In the last few years, the production of olive oil has incredibly increased due to its beneficial properties on human 

health. On the other hand, the amount of waste and by-products derived from the olive oil industry has increased 

as well, prompting the development of new fields of research aiming to reduce disposal costs and valorize 

bioactive compounds from the viewpoint of the green economy. Interestingly, olive oil and by-products contain 

numerous molecules, including phenols, exhibiting pleiotropic effects in both in vitro and in vivo studies. This 

review aims to describe the more recent studies focusing to identify and describe the potential roles and the new 

applications of extracts isolated from wastes and by-products or specific compounds, such as hydroxytyrosol (HT) 

and oleuropein. Extracts or bioactive molecules from olive oil and by-products have been proposed as a food 

additive, to produce biofuel, for animal feeding, and to create new matrices in bioremediation protocols. 

Moreover, bio-compounds have been described to have numerous beneficial effects on human health as they 

reduce the risk of developing certain chronic diseases. Despite the already published studies, more research is 

necessary to valorize bioactive compounds in olive oil and by-products, as well as their potential use to improve 

human health and green applications in different industrial processes. 

  
Keywords: extra virgin olive oil, by-products, olive leaf extract, bioactive compounds, human health, and 

industrial application 
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INTRODUCTION 

In the last few years, the consumption of olive oil has 

increased significantly throughout the world for its 

organoleptic and healthy features. The increased 

demand for olive oil has been accompanied by the 

development of new and green technologies aimed to 

reduce the disposal cost of wastes and to valorize by-

products as they contain numerous added-value 

compounds that can have a variety of applications.  

Olive leaves have a high content of antioxidant 

compounds, including phenols (hydroxytyrosol, or 

tyrosol), and secoiridoids such as oleuropein, 

flavonoids including, luteolin, hesperetin, and 

diosmetin. Secoiridoids include several bioactive 

compounds found expressed in all species of 

Oleaceae plants. The composition of bioactive 

molecules in the leaves depends on plant variety and 

season harvesting [1-6]. In the leaves, oleuropein is 
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the most abundant secoiridoid, having well-

documented health effects. Oleuropein displays free 

radical scavenging and metal-chelating activities that 

are crucial to contrast membrane lipid oxidation [7]. 

Olive pomace (OP), and olive wastewater 

(OWW) contain an important fraction of phenolic 

compounds [6]. In particular, OWW is enriched with 

hydroxytyrosol (HT), which is considered a potent 

antioxidant compound. In this respect, HT-enriched 

extracts are marketed as food supplements and 

patented for their organoleptic and healthy 

properties [4]. The beneficial effects of olive oil by-

products are mainly due to their antioxidant and anti-

inflammatory potential. Dysregulation in the 

processes controlling the intracellular level of reactive 

species (RS) often characterizes several conditions, 

including aging and frailty. It is now well accepted that 

a high level of intracellular reactive species can be 

associated with chronic diseases, thyroid dysfunction, 

cancer, and several age-related disorders such as 

atherosclerosis, hypertension, cardiovascular 

dysfunction, etc. [8]. Emerging evidence revealed that 

RS can modulate intracellular signaling by functioning 

as messenger molecules. Hence, the intracellular 

roles of these molecules have been deeply revised. 

Membrane receptors and channels might be involved 

in sensing and transporting RS such as hydrogen 

peroxide and nitric peroxide [9]. On the other hand, 

oxidative molecules can also control the functionality 

of the membrane transport system through 

oxidative-sensitive post-translational modifications 

[10]. Indeed, several transporters and channels can 

be subjected to S-glutathionylation, nitrosylation, or 

carbonylation that may alter protein stability, 

localization, and function. Numerous 

phytocompounds in food have been demonstrated to 

provide beneficial effects to human health as they 

may participate and modulate several physiological 

processes by interfering with signal transduction 

pathways controlling inflammation, cell growth, and 

survival. Numerous studies revealed that bioactive 

molecules in EVOO and olive by-products have 

hormone-interfering features [11-12]. In euthyroid 

animals, administration of olive oil or OLE increased 

the active triiodothyronine (T3) and the inactive 

thyroxine (T4) and reduced the thyroid-stimulating 

hormone (TSH) [12-14]. Furthermore, oral 

administration of EVOO improves the TSH profile and 

the oxidative status of the thyroid gland in a rat model 

of hypothyroidism [15]. Nevertheless, the molecular 

signals responsible for these beneficial effects are still 

not known. 

Leaves and by-products, derived from 

agricultural processes, contain a high level of 

bioactive molecules and certain phenols that can be 

marketable as nutraceuticals or in the pharmaceutical 

and cosmetic industry [16]. Bioactive compounds in 

olive by-products could selectively be extracted and 

applied for different industrial processes. These 

principles represent the core of the circular economy, 

a model aiming to valorize by-products and wastes 

making the industrial processes more sustainable. 

Wastes and by-products are most valuable when used 

as pharmaceuticals for human health. This review 

provides an update on the functional characterization 

and application of olive leaves and by-products 

extracts that are enriched with bioactive molecules 

and several polyphenols displaying antioxidant 

activity.  

 

Exploitation and alternative use of olive oil by-

products: Olive oil demand is rapidly expanding 

worldwide due to its nutraceutical properties. Olive 

oil production is typical of the Mediterranean area, 

and it is developing in several other regions of the 

world sharing similar environmental and climate 
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conditions. The production process, however, 

generates a huge amount of waste, mainly pomace 

(OP) and mill wastewater (OWW), that create serious 

environmental issues due to the high and toxic 

concentration level of polyphenols. Moreover, tons of 

pruning residues are also generated from regular 

cultivation. This huge amount of biomass is usually 

used for energy production, composting, and recently 

also biofuel [17-18]. Notably, the high level of 

bioactive compounds in the by-products and their 

recovery offers a great challenge and a unique 

opportunity for the further development of the olive 

oil industry in the optical of the circular economy. 

Therefore, green extraction technologies that include 

the use of environmentally friendly solvents aiming to 

preserve the functionality of phytocompounds should 

always be applied [2]. The use of olive by-products for 

animal feeding is also well established. Dried olive 

cake has been successfully supplemented in the diet 

of different farm animals as it does not alter blood 

parameters and serum enzyme activities [19-20]. 

Also, OWW has been supplemented in the sheep diet 

to produce high-quality cheese [21]. Moreover, the 

olive extract has been applied to generate edible 

biofilm displaying antioxidant and antibacterial 

properties against Escherichia 

coli and Staphylococcus aureus [22]. Also, extracts 

from olive oil by-products were incorporated into 

different food matrixes including sunflower oil, 

thereby increasing antioxidant potential [23]. 

Alternative use of olive by-products includes the 

generation of selective biosorbent surfaces for the 

removal of environmental pollution induced by heavy 

metals like Pb and Cd [24]. In this respect, we have 

recently demonstrated that green olive leaf extracts 

(OLE) impaired cytotoxic effects induced by exposure 

to a low concentration level of cadmium. In the renal 

collecting duct MCD4 cells exposed to Cd, treatment 

with OLE decreased the frequency of micronuclei, 

DNA double-strand breaks, actin depolymerization 

and S-glutathionylation, and generation of ROS [5]. 

Moreover, thyroid deregulation can cause metabolic 

diseases and affect skeletal development. Treatment 

with oleuropein and HT showed beneficial actions to 

protect against bisphenol A-induced hypothyroidism 

[25]. Interestingly, olive pruning residues and OWW 

also have been applied as a substrate to grow edible 

mushrooms. In that study, the residue and OWW 

reduced certain pollution parameters of olive by-

products, bio-converting them in high-quality 

biomass as these mushrooms are enriched with 

glucans and phenols that give health benefits [18]. 

Lately, it has been shown that oleuropein and HT in 

extracts obtained from leaves or OWW, respectively, 

display antiviral activities against the SARS-COV2, 

possibly by inducing structural changes of the virus 

[26-27]. Hydrogel or cream enriched with HT has been 

proposed as an antiviral hand cream [26]. On another 

hand, it has been proposed that phytosomal 

formulation containing luteolin (in olive pomace 

oil) may mitigate some of the symptoms observed in 

long-COVID patients [28].  

By-products, derived from olive oil production, have 

been used in the cosmetic and food industry for their 

antioxidant supply. Consistently, bioactive 

compounds from OWW are now marketable as bio-

preservatives useful to improve the product’s shelf 

life [23]. Indeed, the addition of OLE to olive oil 

increased the quality and the shelf life of baked 

snacks [29-30] due to a reduction of oxidative 

degradation assessed by the oven test [30]. Also, 

dried olive paste has been used to prepare ready-to-

cook cod sticks breaded that were enriched with total 

phenols and flavonoids compared to control foods 

that were not treated with olive by-products [31].
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Figure 1. Diagram showing industrial application of olive oil and olive-by-products: as a food additive, to produce 

biofuel, for animal feeding, and to create new matrices in bioremediation protocols. 

 

Beneficial effects of olive oil and olive by-products in 

human health: The Mediterranean diet, which is 

typical of Mediterranean countries, includes a diet 

rich in vegetables, legumes, fruits, fish, wine, and 

olive oil. This diet is associated with healthy aging, 

longevity, a low risk of incidence of age-related 

disorders such as cardiovascular diseases, 

hypertension, cancer, and chronic diseases (Figure 2) 

[32]. Interestingly, an abnormal production or 

degradation of reactive species can be considered the 

common denominator of all these diseases.  The diet 

may represent a modifiable risk effector that can 

modulate several important cellular processes. Olive 

oil, a core of the Mediterranean diet, is an important 

lipid source having several beneficial effects on 

human health due to its specific chemical 

composition, which includes triacylglycerols, oleic 

acid, palmitic acid, linoleic acid, and minor 

compounds as tocopherols, terpenes, sterols, 

chlorophylls and phenolic molecules [33]. Over the 

last few years, particular attention has been paid to 

investigate the functional roles of the phenolic 

fraction for its antioxidant and anti-inflammatory 

activity [34]. Bioavailability studies in humans 

revealed that even the absorption of olive oil phenols 

is about 55-66%, the final content of phenols may be 

too low to display beneficial responses [35]. 

Nevertheless, extra virgin olive oil (EVOO), which is 
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considered a functional food, displayed beneficial 

effects on the digestive system being involved in the 

modulation of the arachidonic acid [36] and NF-kB 

signal transduction pathway [37]. Olive extracts, 

indeed, may modulate and contrast the inflammation 

by targeting TAK-1 mediated activation of the MAPK 

or by modulating the activities of immune system 

cells [38-39].

 
Figure 2. Diagram showing beneficial properties of olive oil and olive by-products on human health; in particular, on 
kidney diseases, cardiovascular diseases, gastrointestinal disorders, inflammation and oxidative stress, thyroid 
disorders, and cancer.  

 

Beneficial actions on the gastrointestinal tract: The 

intestinal epithelium constitutes a physiological 

barrier involved in the reabsorption of nutrients and 

water as the intestines express several nutrient 

transporters [40]and aquaporins [41]. The physiology 

of the intestinal tract is tightly dependent on complex 

interplay between intrinsic and systemic factors 

modulating the immune response and the 

microbiota. Abnormal functioning of this complicated 

network may promote the onset of certain 

inflammatory disorders altering gastrointestinal 

functionality. It is well established that the 

Mediterranean diet, which includes consumption of 

fruits, vegetables, legumes, and olive oil, prevents 

several inflammatory diseases. In particular, EVOO 

and olive by-products contain an important fraction 

of polyphenols that possibly exert anti-inflammatory 

and antioxidant functions [42]. Importantly, while the 

plasma concentration of phenols might not be 

sufficient to promote significant systemic actions 
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even after extensive intake, the concentration level in 

the lumen of the colon is incredibly high due to low 

reabsorption and bile secretion. Therefore, the colon 

represents an excellent choice organ to evaluate the 

physiological effects of bioactive compounds in EVOO 

and olive by-products [43]. In vitro studies showed 

that a phenolic fraction isolated from two 

monovarietal EVOOs prevented the oxidative stress 

induced by the tert-butyl hydroperoxide (tBHP) or 

diet oxysterols [44]. Following EVOO intake, 

hydroxytyrosol, tyrosol, oleuropein, and their 

metabolites are mainly identified in the lumen of the 

intestine where they might be committed to exert 

antioxidant and anti-inflammatory actions [45]. 

Extracts enriched in phenols and isolated from EVOO 

or olive by-products, including pomace and waste-

water, modulated cell viability and counteracted the 

oxidative stress induced by tBHP in Caco-2 and HCT8 

colon cell lines [6; 46]. Until now, pieces of evidence 

revealed that EVOO impaired antioxidant and anti-

inflammatory signals by inhibiting interleukin 

production and release and promoting the expression 

of anti-inflammatory genes. In Caco-2 cells, phenols 

derived from EVOO modulated the expression level of 

the inflammatory cytokine IL-8 possibly through p38 

signaling [47]. In a mouse model of colitis, 

administration of EVOO reduced body weight and 

rectal bleeding possibly by reducing the expression 

level of pivotal cytokines involved in the onset of 

inflammation including IL-1β, TGFβ, IL-6 [37]. 

Interestingly, in healthy volunteers, intake of EVOO, 

enriched in polyphenols, improved insulin sensitivity 

and tightly regulated the expression level of miRNAs 

involved in metabolism, inflammation and cancer 

[48]. In patients with metabolic syndrome (MetS) and 

hepatic steatosis, EVOO administration for two 

months, significantly ameliorated crucial metabolic 

parameters and anthropometric data such as body 

weight, waist circumference, body mass index (BMI). 

This improvement was correlated with a reduction in 

alanine transaminase, IL-6, and IL-17A [49]. 

Moreover, phenols in EVOO have been suggested to 

be potentially useful in the management of obesity as 

they activated several intracellular pathways 

involving the stimulation of the AMP-activated 

protein kinase (AMPK) and sirtuin-1 that may 

promote the activation of the brown adipose tissue 

[50]. 

 

Effects of EVOO and olive by-products on the renal 

system: Renal disease represents a worldwide health 

issue due to its high clinical impact and costs. Renal 

tubular cells play key roles in water and solute 

reabsorption. This crucial resorptive function requires 

energy derived from mitochondria, which are also a 

natural source of reactive species. Therefore, the 

kidney is an organ particularly exposed to oxidative 

stress. Consistently, several renal disorders, including 

obstructive nephropathy, glomerular damage, 

polycystic kidney diseases, acute and chronic kidney 

injury, are associated with abnormal ROS signaling 

[10]. Several studies revealed that phenols in EVOO 

and olive by-products might be useful to counteract 

renal oxidative stress. Oleuropein, which is the main 

phenol in the OLE, displayed a beneficial effect in rats 

subjected for 3-days to unilateral ureteral obstruction 

(UUO) possibly by reducing oxidative stress and 

inflammation [51]. Moreover, hydroxytyrosol and 

tyrosol can be absorbed but also excreted in renal 

tubules where they might play a role as antioxidant 

and anti-inflammatory molecules. Interestingly, 

hydroxytyrosol and tyrosol reduced the H2O2 induced 

oxidative stress in proximal tubule LLC-PK cells [52], 

possibly by modulating the MAPK and PI3 kinase 

pathways [53-54]. Hydroxytyrosol, which is enriched 

in EVOO and olive wastewater, provided 
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cytoprotection in three different renal cell models 

exposed to ochratoxin-A which is a contaminant 

mycotoxin isolated in foods [55]. Due to anti-

inflammatory actions, EVOO supplementation has 

been tested in patients with chronic kidney disease 

(CKD). CKD is a worldwide worrying health problem 

associated with impaired renal function caused by the 

loss of functional nephrons. Patients with CKD have a 

high risk of developing serious complications such as 

cardiovascular disease that increased mortality rates 

[56].The abnormal generation of ROS activated 

selective transcription factors that promoted the 

expression of pro-inflammatory genes causing renal 

injury [57]. In a pilot study, it has been found that 

consumption of EVOO (40 mL per day for 9 weeks), 

enriched in hydroxytyrosol, ameliorated the 

glomerular filtration rate, the lipid profile, the uric 

acid level and reduced the triglycerides concentration 

in CDK patients [33]. In vitro and in vivo findings from 

our group showed that exposure to OLE impaired the 

vasopressin-dependent AQP2 water reabsorption 

through the activation of the Calcium Sensing 

Receptor (CaSR) signaling. Specifically, we found that 

stimulation of the CaSR induced by OLE increased the 

AQP2 targeted miR-137 which is known to play a role 

in decreasing AQP2 expression and function [58]. In 

glioblastoma multiforme cells it has been 

demonstrated that OLE induced the expression of 

certain miRNAs such as miR-137 [59] that 

downregulated the Akt/mTOR pathway [60]. 

Exposure to oleuropein impaired Akt/mTOR signals by 

stimulating the calcium-induced CAMK and AMPK 

[61]. In renal proximal tubule cells, stimulation of the 

CaSR with the selective NPS-R568 agonist 

upregulated AMPK and decrease mTOR function [62]. 

Accordingly, exposure to OLE increased intracellular 

calcium level, reduced PKA activity and the cyst size in 

a 3D-cell culture model of autosomal dominant 

polycystic kidney disease [63]. Overall, these 

observations likely indicated that OLE may be 

administered as an adjuvant to treat disorders 

characterized by abnormal intracellular calcium 

concentration and associated with the 

downregulation of the CaSR signaling pathway.  

 

EVOO and by-products on Cardiovascular health: The 

incidence risk of cardiovascular diseases (CVD) is 

increasing rapidly worldwide. Heart disorders are one 

of the main causes of death.  Hypertension, abnormal 

plasmatic lipid profile, diabetes, and overweight can 

be considered the major risk factors for developing 

CVD. Numerous studies showed that cardiovascular 

dysfunctions are strictly related to uncontrolled 

oxidative stress and inflammation [64-65]. In this 

respect, a balanced diet enriched in antioxidant 

compounds may prevent the onset of the worsening 

of certain cardiovascular disturbs. Regular 

consumption of EVOO may provide benefit to human 

health due to the presence of several nutraceutical 

molecules exerting antioxidant and anti-

inflammatory functions, vasodilatory and anti-

platelet aggregation [66]. EVOO intake, indeed, 

reduced the oxidation of LDL that represents a 

priming event affecting endothelial cells and leading 

to arterial injury and the development of 

atherosclerosis [67]. In hypertensive patients, a single 

dose of virgin oil improved endothelial function by 

reducing the oxidation of LDL [68]. In traditional 

medicine, olive leaves were used as an anti-

hypertensive remedy, possibly for their action on 

cardiomyocytes. In fact, in cardiomyocytes, exposure 

to OLE reduced the function of L-type calcium 

channels [69]. Initially, the beneficial effects of EVOO 

were mainly attributed to monounsaturated fatty 

acids (MUFA), such as oleic acid. Nevertheless, further 

studies revealed that a minor fraction containing 
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antioxidant components plays a pivotal role for their 

nutraceutical properties. Hydroxytyrosol and 

oleuropein intake provided a protective effect against 

atherosclerosis due to a reduction of LDL lipid 

peroxidation [66;70]. Moreover, consumption of food 

enriched with HT, isolated from olive wastewater, 

significantly decreased plasma thromboxane B2 

generation, a known biomarker of platelet 

aggregation [71]. Administration of olive oil, with a 

different phenolic concentration, revealed that the 

intake of the oil containing the highest level of 

phenols is associated with a lower concentration of 

circulating oxidation markers [72]. In human vascular 

endothelial cells, oleuropein and HT decreased the 

LPS-induced expression of the vascular adhesion 

molecule-1 (VCAM-1), thereby impairing the cell 

adhesion of monocytes to endothelial cells [73]. At 

the molecular level, HT increased the expression of 

the antioxidant enzyme catalase through the AMPK 

pathway and reduced oxidative stress by stimulating 

the nuclear factor-E2-related factor-2 (Nrf2). Nrf2 is 

an important transcriptional factor that is stimulated 

in response to oxidative stress and promotes the 

expression of selective genes by interacting with the 

antioxidant response element (ARE) [74]. In 

endothelial cells treated with HT, Nrf2 modulates the 

PI3K/Akt and ERK1/2 signal pathways [75-76]. 

Moreover, in an animal model of myocardial injury 

induced by ischemia, perfusion with oleuropein 

before the ischemia reduced the abundances of 

creatine kinase and the oxidized glutathione which 

are specific biomarkers of cellular injury [77]. Also, in 

hypercholesterolemic rabbits subjected to 

ischemia/reperfusion, treatment with oleuropein 

significantly decreased the infarct size [78]. Together, 

these observations likely suggest that oleuropein may 

provide cardioprotection responses following 

coronary occlusion and may be beneficial for re-

perfused myocardium. 

 

Potential actions of olive oil and by-products in 

cancer prevention: Cancer is the second leading 

worldwide cause of death following CVD. The most 

common cancers are from the lung, breast, 

colorectal, and pancreas, whose incidence has 

dramatically increased over the past few years. 

Cancer is a multifaceted disorder characterized by 

abnormal production of reactive species, 

inflammation, deregulated cell cycle, and 

angiogenesis [79]. It has been estimated that 30-50% 

of cancers may be prevented with a correct lifestyle 

and a healthy diet [80]. Several data proposed that 

consumption of olive oil may potentially reduce the 

risk of developing certain cancers. Epidemiological 

observations depicted a negative correlation 

between EVOO intake and the incidence to develop 

cancers [81]. Nevertheless, strong scientific evidence 

supporting this fascinating hypothesis is still missing.  

Several studies revealed, indeed, that bioactive 

compounds, such as monounsaturated fatty acid 

(MUFA) and oleic acid (OA), in EVOO play pivotal roles 

in contrasting tumorigenesis. In breast cancer cells, 

treatment with a physiological level of OA 

significantly reduced the expression of HER2 (which is 

a known oncogene playing a role in tumor 

progression) and the response to chemotherapy [82]. 

Lignans, secoiridoids, the phenolic compounds in oil 

and by-products may be also partially involved in the 

described anti-tumorigenic effects [83]. Consistently, 

it has been reported that bioactive compounds in oil 

and by-products may act as antioxidants [84-85], by 

modulating the immune system [86-87] and by 

controlling signals involved in cell proliferation and 

cell cycle [88-89]. In vivo and in vitro observations 

showed that EVOO may prevent the development of 
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colon cancer [88;90-91]. In HT29 and Caco-2 colon 

cells olive oil supplementation reduces the expression 

of COX-2 and Bcl-2 [91]. The carcinogenic function of 

COX-2 is associated with the generation of 

prostaglandins that play an important role in 

promoting the survival and proliferation of colon 

cancer cells [92]. In HT29 cells, treatment with a 

dialdehydic form of decarboxy methyl ligstroside 

aglycone (p-HPEA-EDA), which is a phenolic substance 

in virgin oil, reduced cell proliferation and survival by 

downregulating COX-2 expression, AMPK signaling 

and the 12-O-tetradecanoylphorbol-13-acetate 

(TPA)-induced phosphorylation of extracellular signal-

regulated kinases 1/2  (ERK1/2)[93]. Hydroxytyrosol 

and oleuropein promote apoptosis in human 

melanoma cells and in human breast cancer cells by 

inducing an abnormal accumulation of ROS through 

the inhibition of the NF-kB factor [94-95]. Other EVOO 

components, including oleanolic acid, oleocanthal, 

and pinoresinol displayed significant antiproliferative 

effects in breast cancer cells. Oleocanthal also 

blocked cell invasion [95]. Oleacein, the most 

abundant secoiridoids in EVOO, has a strong 

antiproliferative action in SH-SY5Y human 

neuroblastoma cells. In particular, it has been 

demonstrated that oleacein blocks cell cycle in the S 

phase and stimulates the apoptotic cell program 

through the activation of Bax and p53, the 

downregulation of Bcl-2 and the phosphorylation of 

the transcription factor STAT3 [96].  

 
CONCLUSION 

Emerging evidence in biological and clinical fields 

revealed and proposed the potential health benefits 

of EVOO and olive by-products to prevent and 

improve certain chronic disturbances, including those 

affecting gastrointestinal function, renal physiology, 

and cardiovascular diseases. Interestingly, new data 

are now available showing the effect of specific 

phenols in olive oil and by-products to counteract 

tumorigenesis at different molecular levels. Novel 

and alternative use of bioactive compounds in wastes 

and by-products as a food preservative are emerging 

to generate green biofuel or to produce specific 

matrices in bioremediation plans. More focused 

research is needed to clarify the potential role and 

application of bioactive compounds having healthy 

effects and application in industry processes. 

 
Abbreviations: EVOO: extra virgin olive oil, OP: olive 

pomace, OWW: olive wastewater, OLE: olive leaf 

extracts, HT: hydroxytyrosol, RS: reactive species, 

ROS: Reactive Oxygen Species, MetS: metabolic 

syndrome, CVD: cardiovascular diseases, CKD: chronic 

kidney disease 
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