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Abstract: The production of olive oils implies the generation of high quantities of solid residues 

and/or wastewaters that may have a great impact on terrestrial and aquatic environments because 

of their phytotoxicity. Alperujo is a combination of liquid and solid waste of olive oil processing, 

few studies are known that show their high biological potential. Indeed, wastes remaining after the 

production of olive oil are a heterogeneous mixture of many chemical components, such as metal 

ions, carbohydrates, and polyphenols that may exert different biological activities, primarily acting 

as antioxidant. The samples of “alperujo” were obtained as waste given from industries that work 

on olive oil production. Three ethanolic organic extracts were prepared using solvent maceration, 

ultrasound and reflux extraction methods. Yields of each extract were determined and evaluated 

for their ability to trap free radicals, using the DPPH and ABTS assays contributing to the calculation 

of SC50 (free radical scavenging). The extracts were subjected to preliminary phytochemical testing, 

analyzing phenolic content by Folin method and heavy metals concentration using atomic absorp-

tion spectrometry. The extraction method was decisive for the yield obtained, with the reflux system 

being highly efficient, the antioxidant activity shows the potential of these wastes as a source of 

bioactive compounds of interest for possible reuse. 
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1. Introduction 

Chile has emerged as a notable producer of olive oil, with an expanding olive culti-

vation industry driven by favorable climatic conditions, particularly in the central regions. 

In 2022, Chile produced approximately 19,500 metric tons of olive oil, positioning itself as 

a competitive player in the global market. The most cultivated varieties, including Arbe-

quina and Arbosana, have gained prominence due to their adaptability to Chile’s agricul-

tural environment and their high oil yield [1]. 

In this context, the efficient use of by-products, such as olive pomace (alperujo), plays 

a critical role in promoting a circular economy. Olive pomace, a residue generated during 

olive oil extraction, represents a significant environmental challenge due to its volume 

and organic load. However, its rich composition of bioactive compounds offers an oppor-

tunity for valorization, transforming waste into valuable resources. By implementing sus-

tainable extraction methods, it is possible to recover these compounds for potential appli-

cations in the food, pharmaceutical, and cosmetic industries, aligning with the goals of 

waste reduction and resource efficiency [2]. 

This study aims to evaluate the efficacy of three extraction techniques—sonication, 

reflux, and maceration—applied to olive pomace from Arbequina and Arbosana varieties. 

The extracted compounds were analyzed for their antioxidant capacity using DPPH and 

ABTS assays, enzymatic inhibition of acetylcholinesterase and butyrylcholinesterase, and 

FTIR-ATR spectroscopy. The findings of this research are expected to contribute to the 
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sustainable use of olive by-products, enhancing their value within a circular economy 

framework. 

2. Materials and Methods 

2.1. Plant Material 

Olive pomace (alperujo) from two olive varieties, Arbequina and Arbosana, was pro-

vided by local companies from the Maule region, Chile. Samples were collected immedi-

ately after the oil extraction process to minimize oxidation of bioactive compounds. The 

pomace samples were air-dried at room temperature and stored in a dark, cool environ-

ment until further processing. 

2.2. Extraction Procedures 

Three extraction techniques were employed to recover bioactive compounds from 

the olive pomace: 

2.2.1. Sonication 

A total of 200 g of dried pomace was suspended in 800 mL of ethanol (100%) for 

sonication-assisted extraction. The mixture was sonicated using a probe sonicator (output 

power: 400 W, frequency: 20 kHz) for 30 min at room temperature. After sonication, the 

mixture was filtered, and the solvent was evaporated under reduced pressure using a ro-

tary evaporator, followed by lyophilization to obtain the dry extract. 

2.2.2. Reflux Extraction 

For the reflux system extraction, 200 g of pomace was placed in a round-bottom flask 

with 800 mL of a 7:3 ethanol:water mixture. The reflux process was maintained at 70 °C 

for 1 h. After the extraction, the liquid phase was filtered, concentrated via rotary evapo-

ration, and lyophilized to recover the extract. 

2.2.3. Maceration 

In the maceration process, 200 g of pomace was mixed with 800 mL of ethanol (100%). 

The mixture was stirred at room temperature for 48 h. Following maceration, the extract 

was filtered, concentrated using a rotary evaporator, and lyophilized for further use. 

2.3. Biological Activity 

The antioxidant potential of the extracts was assessed using two radical scavenging 

assays: 

2.3.1. DPPH Assay 

The free radical scavenging activity was measured by the DPPH (2,2-diphenyl-1-pic-

rylhydrazyl) method [3]. A solution of 0.1 mM DPPH in methanol was prepared, and 1 

mL of each extract was mixed with 2 mL of DPPH solution. After 30 min in the dark, the 

absorbance was measured at 517 nm. The percentage of inhibition was calculated relative 

to a control. Ascorbic acid was used as reference compounds with EC50 = 1.5 mg/mL 

2.3.2. ABTS Assay 

The ABTS radical cation decolorization assay was performed by mixing ABTS stock 

solution with potassium persulfate and allowing it to stand overnight to generate ABTS•+. 

The working solution was diluted, and the absorbance was set to 0.700 ± 0.020 at 734 nm. 

Each extract (100 μL) was added to 2.9 mL of ABTS solution, and the absorbance was 

measured after 30 min [4]. Ascorbic acid was used as reference compounds with EC50 = 

27.62 mg/mL. 
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2.4. Enzymatic Inhibition Assays 

The enzymatic inhibition of acetylcholinesterase (AChE) and butyrylcholinesterase 

(BChE) was determined using Ellman’s method [5]. The extracts were tested at various 

concentrations, and the reaction was initiated by adding acetylthiocholine or butyrylthi-

ocholine as substrates. The formation of the yellow 5-thio-2-nitrobenzoate anion, resulting 

from the reaction between thiocholine and Ellman’s reagent (DTNB), was monitored at 

405 nm. Galantamine was used as reference with IC50 of 0.101 ± 0.01 µg/mL in AChE and 

0.58 ± 0.05 µg/mL in BChE. 

2.5. FTIR-ATR Analysis 

The chemical composition of the extracts was characterized using Fourier-transform 

infrared (FTIR) spectroscopy with an attenuated total reflectance (ATR) accessory. Spectra 

were recorded over a range of 4000 to 400 cm−1 at a resolution of 2 cm−1 with 32 scans per 

sample. Key functional groups were identified, and the results were compared with the 

literature for validation. 

3. Results and Discussion 

3.1. Extraction Yields 

The extraction yields obtained from the three methods (sonication, reflux, and mac-

eration) show significant differences across the two olive pomace varieties, Arbequina and 

Arbosana. Reflux extraction yielded the highest amounts for both varieties, likely due to 

the use of heat, which facilitated the breakdown of cell walls and enhanced the release of 

bioactive compounds. Sonication provided moderate yields, while maceration, being the 

least aggressive method, resulted in the lowest yields. These results are consistent with 

previous findings that suggest heat-assisted extraction methods tend to be more efficient 

in recovering bioactive compounds from plant materials [6,7]. 

3.2. Antioxidant Activity 

3.2.1. DPPH Radical Scavenging Activity 

The antioxidant capacity of the extracts was evaluated using the DPPH assay, where 

the reflux method consistently demonstrated the highest radical scavenging activity for 

both olive varieties. Arbequina showed slightly better results than Arbosana, which may 

be attributed to differences in their polyphenolic composition. The EC50 values of the re-

flux extracts were the lowest, indicating a higher efficiency in neutralizing free radicals 

compared to sonication and maceration extracts. These results align with previous litera-

ture findings, where heat treatments, such as reflux, have been shown to increase the sol-

ubility of phenolic compounds, thereby enhancing antioxidant activity [8,9]. Table 1 

shows the results of the antioxidants activity. 

Table 1. DPPH/ABTS Radical Scavenging (%) at Different Concentrations for Reflux (SR), Macera-

tion (M), and Sonication (S). 

Concentration (µg/mL) SR Arbequina (%) M Arbosana (%) S Arbequina (%) 

100 96.06/85.43 94.48/88.56 93.70/80.23 

50 92.12/78.34 96.06/75.23 77.95/69.55 

10 46.85/65.14 62.20/52.61 27.16/43.22 

3.2.2. ABTS Radical Cation Scavenging Activity 

The ABTS assay confirmed the antioxidant trend observed in the DPPH assay. Reflux 

extracts displayed the highest ABTS radical cation scavenging capacity, followed by son-

ication and maceration. This further highlights the superiority of the reflux method in 

extracting compounds with high antioxidant potential. The results obtained from both 

DPPH and ABTS assays suggest that the higher temperature employed during reflux 
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extraction enhances the release of phenolics and flavonoids, which are key contributors to 

antioxidant activity. Table 1 shows the results of the percentage of discoloration of the 

radical solution at three concentrations of each extract analyzed. 

3.3. Enzymatic Inhibition Assays 

Cholinesterase Inhibition 

The AChE inhibitory activity was highest in the extracts obtained from the reflux 

method, particularly in Arbosana samples, with inhibition reaching 83.21% at 500 µg/mL 

and 49.19% at 125 µg/mL. Reflux extracts from Arbequina also demonstrated strong inhi-

bition, with 80.75% at 500 µg/mL. Sonication extracts exhibited moderate inhibitory activ-

ity, with inhibition values ranging from 47.85% to 80.98% for Arbequina and 47.85% to 

80.81% for Arbosana. The maceration extracts displayed more variable results, with Ar-

bequina showing inhibition levels between 50.83% and 74.29%, while Arbosana exhibited 

a higher inhibition at 82.41% at 500 µg/mL but lower activity at 43.02% at 125 µg/mL. 

Table 2. Cholinesterase (AChE/BChE) Inhibition (%) for Different Extraction Methods (Sonicated, 

Macerated, Reflux) at Four Concentrations. 

Sample 500 µg/mL (%) 250 µg/mL (%) 125 µg/mL (%) 

Sonicated Arbequina 80.98/44.61 63.03/39.10 47.50/27.48 

Sonicated Arbosana 80.81/0.00 65.64/44.01 47.85/19.30 

Macerated Arbequina 74.29/56.74 62.29/30.88 50.83/31.77 

Macerated Arbosana 82.41/52.95 68.58/29.43 43.02/11.92 

Reflux Arbequina 80.75/40.63 63.81/0.00 53.13/0.00 

Reflux Arbosana 83.21/43.37 63.97/32.13 49.19/15.54 

These results suggest that the reflux method is highly efficient for extracting com-

pounds with AChE inhibitory activity The differences between Arbequina and Arbosana 

varieties were less pronounced in the sonication method but more variable in maceration. 

These findings are consistent with previous studies that highlight the role of phenolic 

compounds, including flavonoids and secoiridoids, in inhibiting cholinesterase enzymes. 

The high inhibitory activity of these extracts makes them promising candidates for the 

development of neuroprotective agents, especially in neurodegenerative disorders like 

Alzheimer’s disease [1,2]. 

The maceration method exhibited the highest BChE inhibition, with Arbequina 

reaching 56.74% and Arbosana 52.95% at 500 µg/mL, making it the most effective extrac-

tion technique for BChE across all concentrations. The sonication method showed moder-

ate inhibition, with Arbequina ranging from 44.61% to 21.23% and Arbosana from 44.01% 

to 25.10%. In contrast, the reflux method, which was highly effective for acetylcholines-

terase inhibition, displayed lower BChE inhibition, with Arbequina at 40.63% and Ar-

bosana at 43.37% at 500 µg/mL, dropping significantly at lower concentrations. These 

findings suggest that maceration is better suited for extracting compounds that inhibit 

BChE, highlighting how different extraction methods favor distinct bioactive compounds 

for enzyme inhibition. In general, the extracts showed activity and selectivity for AChE. 

Table 2 shows the percentage values of enzyme inhibition at the three highest concentra-

tions of each extract analyzed. 

3.4. FTIR-ATR Spectral Analysis 

The IR spectra of the olive residue with the three methods of extracts are given in 

Figure 1. It can be seen that the position of the characteristic peaks did not change with 

the extraction methods used, but only the peak intensity change. The FTIR-ATR spectra 

of the extracts revealed the presence of key functional groups commonly associated with 

phenolic compounds, such as hydroxyl (-OH) and carbonyl (C=O) groups. All extracts 
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showed a broad O-H stretching band around 3300 cm−1, indicative of alcohols and phe-

nols. Strong peaks observed at 1735 cm−1 correspond to C=O stretching in ester and car-

boxylic acid groups, which are characteristic of phenolic acids and flavonoids [10]. 

  

Figure 1. FTIR-ATR Spectra of Arbequina and Arbosana Extracts. The first image shows the spectra 

of Arbequina extracts: green line represents sonicated, blue line represents reflux system, and red 

line represents maceration. The second image shows the spectra of Arbosana extracts: green line 

represents sonicated, blue line represents reflux system, and red line represents maceration. 

Comparing these spectra with previously reported spectra in the literature, the pres-

ence of polyphenolic compounds such as oleuropein and hydroxytyrosol in the olive pom-

ace extracts was confirmed. These compounds are known for their strong antioxidant and 

anti-inflammatory properties. The spectral regions between 1600–1500 cm−1, attributed to 

aromatic C=C stretching, further support the identification of flavonoid structures, align-

ing with earlier studies on olive leaves and pomace [10]. 

The presence of oleanolic acid and maslinic acid could be expected based on the char-

acteristic absorption bands around 2925 cm−1 and 2854 cm−1, which correspond to the 

methylene and methyl groups of these triterpenoids. These results suggest the possibility 

that these compounds are present, aligning with previous studies where these triterpe-

noids have been identified as key components in olive by-products with significant bio-

activity, although their presence has not been confirmed in this specific case [11]. 

4. Conclusions 

This study demonstrated the potential of olive pomace extracts from Arbequina and 

Arbosana as valuable sources of bioactive compounds with significant antioxidant and 

enzyme inhibitory properties. Among the extraction methods tested, the reflux system 

showed the highest efficiency for AChE inhibition, while maceration proved most effec-

tive for BChE inhibition. The FTIR-ATR analysis confirmed the presence of key phenolic 

compounds, including oleuropein and hydroxytyrosol, along with triterpenoids such as 

oleanolic acid and maslinic acid, further supporting the bioactive potential of these ex-

tracts. These findings highlight the importance of optimizing extraction techniques to 

maximize the recovery of functional compounds from olive by-products, contributing to 

sustainable applications in the food, pharmaceutical, and cosmetic industries. 
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