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Introduction 

Coffee's scientific name, Coffea, refers to a member of the 

Rubiaceae family. These plants are classified as shrubs or small trees 

and are native to tropical and southern Africa, as well as tropical Asia. 

Coffee is famous for its high caffeine content, an ingredient that has 

largely contributed to its worldwide popularity.1 Coffee is the world's 

second most-traded commodity, only surpassed by oil.2 The two most 

dominant species in coffee production and consumption are: Coffea 

arabica var. arabica represents around 70% of world production, while 

Coffea canephora var. robusta, is less expensive, has a stronger flavor, 

and higher levels of antioxidants, caffeine, and soluble solids 3 World 

coffee production rose by a modest 0.1% in coffee year 2022/23, 

reaching around 168.2 million 60-kilogram bags, according to the 

International Coffee Organization (ICO). In 2023/24, production is 

expected to rise by 5.8% to around 178 million bags.  
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Growth is due to increased Arabica (102.2 million bags) and Robusta 

(75.8 million bags) production.4 However, this expansion has resulted 

in significant waste production, in particular spent coffee grounds 

(SCG), which are the main by-product of coffee consumption. without 

proper management, coffee grounds can contribute to environmental 

pollution.5 Around 650 kilograms of SCG are generated per ton of green 

coffee processed, and one kilogram of soluble coffee can produce 

almost two kilograms of wet spent coffee grounds.6 SCGs include 

residual materials left over after the preparation of soluble, brewed, or 

pressed coffee, which are generated both industrially and domestically 

worldwide.7 Recent studies have shown that coffee residues, in 

particular SCG, are rich in bioactive compounds, including polyphenols 

(e.g., As indicated by the extant literature, a wide array of chemical 

constituents, including chlorogenic acid, flavonoids, and protocatechuic 

acid, as well as proteins, oils, and sugars, have been identified in SCG 

extracts.8,9 These chemical constituents have been shown to possess a 

range of biological activities, including antioxidant, antiviral, anti-

inflammatory, and antibacterial effects10–12 The valorization of coffee 

by-products is attracting growing interest worldwide. A study13 was 

conducted to compare ultrasound-assisted extraction (UAE) and 

conventional extraction (CE) methods for the recovery of natural 

polyphenols from spent coffee grounds (SCG). This study highlighted 

the potential of these extracts as cosmetic additives or dietary 

supplements. meanwhile, another study14 focused on the encapsulation 

of crude antioxidant extracts from cold-infused SCG, demonstrating 

their stability under simulated food processing and gastrointestinal 

conditions.15 In addition to their biological properties, SCG can also be 

transformed into biofuels and activated carbon, which can serve as 

compost additives in agriculture, due to their rich mineral content.2,16,17 

ART ICLE  INFO  ABSTRACT 

Article history: 

Received 08 May 2025 

Revised 07 July 2025 

Accepted 09 July 2025 

Published online 01 September 2025 

Coffee, the second most consumed beverage in the world produces considerable quantities of 

coffee grounds, a brewing by-product that has a considerable impact on the environment. this 

study, the chemical composition and antioxidant properties of Arabica and Robusta coffee 

varieties and their coffee grounds were compared. Extracts were prepared by aqueous and 

hydroalcoholic maceration, and analyzed for total and reducing sugars, proteins, polyphenols, 

flavonoids, tannins, and antioxidant activity. the analysis revealed significant disparities between 

the samples.  Robusta SCGs had the highest total sugar content (111.92 ± 0.95 mg Glu/g DW), 

while Arabica SCG contained higher levels of reducing sugars and proteins (24.65 ± 0.39 mg 

Glu/g DW and 85.81 ± 1.54 mg BSA/g DW, respectively). Robusta and its SCGs were particularly 

rich in polyphenols (CR-H = 342.73 ± 11.40; SCGR-H = 275.66 ± 0.54 mg GAE/g DW), 

flavonoids, and tannins. Antioxidant tests confirmed Robusta SCG’s superior activity with TAC 

(460.8 ± 8.5 mMAAE/g), FRAP (0.236 ± 0.01 mg/mL), and DPPH radical scavenging (IC50 = 

0.115 ± 0.00 mg/mL). further HPLC-DAD analysis revealed distinct phenolic profiles, Robusta 

SCG being enriched in hydroxybenzoic acids and flavonol glycosides such as rutin and quercetin-

3-O-glucoside. These results indicate the viability of spent coffee grounds, particularly Robusta 

coffee, as a sustainable source of valuable bioactive compounds that possess substantial 

antioxidant properties. 
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furthermore, these materials show promise for the development of food 

and health-related applications.18 The exploration of such industrial 

applications could facilitate the purification of compounds extracted 

from coffee grounds for therapeutic studies and offer significant 

financial support for future research.18,19 However, the impact of 

extraction methods on the recovery of bioactive secondary metabolites 

from Arabica and Robusta coffee grounds is not well understood, 

despite the potential benefits of such research. The present study aims 

to explore the still underexploited potential of coffee grounds (SCG) by 

evaluating the effect of two types of aqueous and hydroalcoholic 

extraction carried out by cold maceration on the yields of polyphenols, 

flavonoids, and tannins. The antioxidant activity of the extracts was 

evaluated using commonly used tests such as DPPH (2,2-diphenyl-1-

picrylhydrazyl) radical scavenging, total antioxidant capacity (TAC), 

and ferric reducing antioxidant power (FRAP). The objective of this 

study is to improve the biochemical understanding of SCGs and to 

propose innovative methodologies for their sustainable use, with 

potential applications in the agri-food, nutraceutical, and environmental 

fields. 

 

Materials and Methods 
 

Chemicals 

Ascorbic acid ( sharlau, spain) , caffeic acid (Sigma-Aldrich, USA), 

dinitrosalicylic acid (Sigma-Aldrich, USA), gallic acid (Sigma-Aldrich, 

USA), sulfuric acid (H2SO4) (Sigma-Aldrich, USA), trichloroacetic 

acid (TCA) (Oxford Lab Fine Chem LLP, India), Catechin (Sigma-

Aldrich, USA), Coomassie Blue G250 ( Fisher Scientific Belgium) , 

aluminum chloride (AlCl3) (Sigma-Aldrich, USA), ferric chloride 

(FeCl3) (Oxford Lab Fine Chem LLP, India), DPPH (1,1-diphenyl-2- 

picrylhydrazyl) (Sigma-Aldrich, USA), ethanol (Solvachim, Morocco), 

Folin-Ciocalteu (Oxford Lab Fine Chem LLP, India), Phenol 

(Solvachim, Morocco), potassium ferricyanide [K3Fe(CN)6] 

(Solvachim, Morocco), glucose (Merck KGaA, Germany), sodium 

hydroxide (NaOH) (Sigma-Aldrich, USA), methanol (Solvachim, 

Morocco), ammonium molybdate (Panreac, Spain), sodium nitrate 

(NaNO3) (Sigma-Aldrich, USA), monobasic sodium phosphate 

(NaH2PO4) (Sigma-Aldrich, USA), quercetin (Oxford Lab Fine Chem 

LLP, India), dibasic sodium phosphate (Na2HPO4) (Sigma-Aldrich, 

USA). 

 

Plant collection and Identification   

Two coffee species, Coffea arabica and Coffea canephora (Robusta), 

in addition to their respective spent coffee grounds, were utilized as 

plant materials in this study. The coffee beans were obtained from the 

local market and subsequently ground and pressed to yield the spent 

grounds. The plant material was collected on September 25, 2024, from 

sites with coordinates 34°40'50.4"N, 1°54'32.2"W. Voucher specimens 

of the two Coffea species were deposited in the herbarium of the Oujda 

Faculty of Science, and the accession numbers assigned were 

HUMPOM787 (Coffea canephora) and HUMPOM788 (Coffea 

arabica). To prevent microbial degradation during storage, the coffee 

grounds were steamed at 30°C for 48 hours until a constant weight was 

achieved. After drying, they were stored in opaque containers, kept in 

the dark at room temperature. 

 

Extraction process of coffee 

In this study, four distinct samples were examined: The materials used 

in the experiment included Arabica coffee, Arabica spent coffee 

grounds, Robusta coffee, and Robusta spent coffee grounds. The 

samples were selected meticulously to facilitate a comprehensive 

evaluation of their chemical composition and essential properties. In 

order to avert degradation during the drying and storage processes, the 

samples were placed in an oven set at 40°C. The extraction process 

utilized a maceration of 10 g of each sample in two distinct solvents. A 

hydroalcoholic extract was obtained through the use of a mixture of 

methanol and distilled water at a volume ratio of 80:20. The aqueous 

extract was derived from distilled water. Each extraction was executed 

over the course of 24 hours under consistent conditions.   The resulting 

extracts were then subjected to desiccation via oven drying at 30°C. 

Subsequently, the samples were stored at 4°C in darkness to facilitate 

subsequent analysis. 

 

Analysis of primary metabolites 

Total sugars 

In test tubes, 200 µL of a 5% (w/v) phenol solution was added to 200 

µL of each sample (1 mg/mL), followed by 1 mL of 96% sulfuric acid 

(H₂SO₄). The mixtures were vortexed thoroughly and incubated at 

100 °C for 5 minutes. Tubes were then cooled in the dark for 30 

minutes. Absorbance was measured at 490 nm using a Jenway 7315 

spectrophotometer (Jenway, Cole-Parmer Ltd., UK). Total sugar 

content was quantified using a glucose calibration curve. All 

experiments were conducted in triplicate.20 

 

Reducing sugars 

According to the DNS method, 500 µL  of dinitrosalicylic acid reagent 

and 500 µL of the 1 mg/mL test solution mixed with either 500 µL of 

distilled water (control) or the test solution were placed in test tubes. 

The tubes were then incubated in a water bath at 100 °C for five minutes 

and immediately cooled in ice water. During cooling, 5 mL of distilled 

water was added to each tube to stop the reaction. After reaching room 

temperature, the absorbance was measured at 540 nm, and the reducing 

sugar content was calculated using a standard glucose calibration 

curve.21 

 

Proteins 

Protein extraction was achieved by mixing 100 mg of powdered sample 

with 3 mL of 1 M NaOH.22 The mixture was heated at 90 °C for 15 

minutes, then cooled. Protein content was determined using the 

Bradford assay, in which 200 µL of extract was mixed with 2 mL of 

Coomassie Brilliant Blue G-250 reagent. Absorbance was measured at 

595 nm against a blank (0.2 mL NaOH + 2 mL reagent). The intensity 

of the blue color correlates with protein concentration, which was 

determined using a bovine serum albumin (BSA) calibration curve.23 

 

Analysis of secondary metabolites 

Determination of Total Phenolic Content (TPC) 

Total phenolics were determined using the Folin–Ciocalteu method. A 

0.2 mL aliquot of each extract was mixed with 1 mL of 0.2N Folin–

Ciocalteu reagent and left for 5 minutes. Then, 0.8 mL of sodium 

carbonate solution was added. After 1 hour of incubation at room 

temperature, absorbance was measured at 760 nm against a blank. Total 

phenolic content was expressed as mg gallic acid equivalents (GAE) 

and mg caffeic acid equivalents (CAE) per gram of extract, based on 

standard calibration curves.24 

 

Determination of total flavonoid content (TFC)  

A mixture of 0.05 mL sodium nitrite (5% w/v) and 1 mL of distilled 

water was added to 0.4 mL of each extract (1 mg/mL) in test tubes. After 

a five-minute incubation, 0.12 mL of aluminum chloride (10% w/v) was 

added, followed by an additional five minutes of incubation. 

Subsequently, 0.4 mL of sodium hydroxide (1 M) was introduced and 

mixed thoroughly. The absorbance of each solution was then measured 

at 430 nm against a blank.25 The flavonoid content was expressed in 

milligrams of quercetin equivalents per gram of extract (mg QE/g), 

based on a calibration curve constructed using quercetin as the standard. 

 

Determination of condensed tannins 

A volume of 0.05 mL of each extract was mixed with 1.5 mL of 4% 

vanillin in methanol and vortexed. Then, 0.75 mL of hydrochloric acid 

was added. The mixture was incubated at room temperature for 20 

minutes. Absorbance was measured at 550 nm. The results were 

expressed as milligrams of catechin equivalents per gram of extract.24 

 

Evaluation of antioxidant activity 

Determination of Total Antioxidant Capacity (TAC)  

The total antioxidant capacity was assessed using the 

phosphomolybdenum method.26  One milliliter of phosphomolybdenum 

reagent (containing 28 mM sodium phosphate, 0.6 M sulfuric acid, and 

4 mM ammonium molybdate) was added to 1 mL of the extract solution 

(1 mg/mL). The mixture was incubated at 95°C for 90 minutes. After 
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cooling to room temperature, absorbance was measured at 695 nm 

against a blank. All tests were performed in triplicate, and the results 

were expressed as ascorbic acid equivalents. 

 

Determination of Ferric reducing power test (FRAP) 

Each extract (0.5 mL) was mixed with 1.25 mL of 0.2 M phosphate 

buffer (pH 6.6) and 1.25 mL of 1% potassium ferricyanide (w/v). The 

mixture was incubated at 50°C for 20 minutes, then 1.25 mL of 10% 

trichloroacetic acid was added to stop the reaction. After centrifugation 

at 3000 rpm for 10 minutes, 1.25 mL of the supernatant was mixed with 

1.25 mL of distilled water and 0.25 mL of 0.1% ferric chloride (w/v). 

Absorbance was read at 700 nm using ascorbic acid as the standard and 

distilled water as the blank.27 Each measurement was carried out in 

triplicate. 

 

Determination of the free radical-scavenging activity (DPPH) 

The DPPH radical scavenging activity was evaluated using a 

methanolic DPPH solution (4 mg/100 mL). Extracts were prepared at 

eight concentrations ranging from 0.05 to 1 mg/mL. For each 

concentration, 0.2 mL of the extract was added to 1.8 mL of DPPH 

solution. The mixtures were incubated in the dark at room temperature 

for 30 minutes. Absorbance was measured at 517 nm against a blank. 

All experiments were performed in triplicate.24 

The percentage of DPPH radical scavenging activity was calculated 

using the following equation1 

% Radical Scavenging activity = (Abs Control – Abs sample) x 100 

Abs Control……equation. 1 

 

HPLC Analysis of Phenolic Compounds 

High-performance liquid chromatography (HPLC) was performed 

according to a modified protocol.28 Analyses were conducted using a 

Waters Alliance™ e2695 system equipped with a photodiode array 

detector (PDA Waters 2996) and a P680 Socratic pump. Phenolic 

compounds were separated on a C18 column (250 × 4 mm, 5 μm) using 

a gradient elution with solvent A (water with 0.5% acetic acid) and 

solvent B (methanol) at a flow rate of 1 mL/min. 

 

Statistical analysis 

Principal component analysis (PCA), Pearson correlation, and analysis 

of variance (ANOVA) were among the statistical methods used to 

analyze the data. SPSS version 25 for Windows was used for this 

analysis. At a 5% significance level, mean comparisons were conducted 

using the Tukey test. The mean ± SEM is used to express data. 

 

Results and Discussion 
 

Analysis of primary metabolites  

Total sugars, reducing sugars, and proteins  

The quantification of total sugars was carried out using a phenol-based 

method, with the results expressed in mg Glu/g DW. As demonstrated 

in Figure 1(a), a significant difference was observed among the extracts 

(p < 0.001). The analysis revealed that Arabica coffee extract (CA) had 

the highest total sugar content (139.52 ± 0.07 mg Glu/g DW), followed 

by Robusta coffee extract (CR) with 119.35 ± 0.08 mg Glu/g DW. 

Conversely, spent coffee grounds showed a significant decrease in 

sugar levels: SCG-A (Arabica) and SCG-R (Robusta) contained 105.89 

± 1.27 and 111.92 ± 0.95 mg Glu/g DW, respectively.  

These results indicate a significant decrease in soluble sugars during the 

brewing process, likely due to partial extraction by hot water.  Reducing 

sugars, measured using the dinitrosalicylic acid (DNS) method (Figure 

1(b)), displayed a distinct pattern. Robusta coffee extract exhibited the 

highest reducing sugar content (33.26 ± 0.49 mg Glu/g DW), surpassing 

that of Arabica (27.02 ± 0.47 mg Glu/g DW). In contrast, spent grounds 

showed lower concentrations, with SCG-A and SCG-R having 24.65 ± 

0.39 and 19.71 ± 0.18 mg Glu/g DW, respectively. These results are in 

agreement with previous findings,2 who reported significant variability 

in reducing sugar levels based on coffee variety, geographical origin, 

and processing methods. During brewing, the partial leaching of sugars 

from SCGs is strengthened by the marked decrease in reducing sugars, 

which underscores the value of variety in shaping the residual sugar 

profile. The protein content, measured in milligrams of bovine serum 

albumin equivalents per gram of dry weight (mg BSA/g DW), was 

highly variable among the samples (p < 0.001) (Figure 1(c)).  
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Figure 1: the total sugars (a), reducing sugars (b), and protein (c) content in spent coffee grounds (SCG) and coffee (C). Values marked 

with different letters indicate significant differences (P < 0.05), while values with the same letter show no significant difference 

(P>0.05). 
 

The Robusta coffee extract had the highest protein concentration 

(109.81 ± 1.54 mg BSA/g DW), followed closely by the Arabica variety 

(108.51 ± 2.11 mg BSA/g DW). The spent coffee grounds had 

significantly lower protein levels, with SCG-A at 85.81 ± 1.54 mg 

BSA/g DW and SCG-R at only 68.70 ± 0.07 mg BSA/g DW. These 

results are in agreement with the predicted studies,29,30 who reported a 

wide range of protein recoveries from coffee by-products. The 

reductions observed in total sugars, reducing sugars, and proteins in 

spent coffee grounds compared to raw beans are mainly due to the hot 

water extraction process, which removes a substantial portion of soluble 

compounds. However, the remaining levels, particularly of proteins, 

remain relatively high, indicating that SCGs hold significant nutritional 

potential. This residual wealth supports their use in functional food and 

nutraceutical applications. SCGs proteins may be involved in 

formulations that aim to reduce liver dysfunction, oxidative stress, and 

cardiovascular disease, as previously documented in previous 

research.31 The comparison between Arabica and Robusta varieties 

indicates that Robusta generally has higher levels of reducing sugars 

and proteins, while Arabica is richer in total sugars. The selection of 

coffee types for specific valuation strategies can be influenced by these 

varietal differences. It is important to use SCG according to the 

a b c 
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compositional characteristics of each coffee variety, as highlighted by 

the results. 

 

Analysis of secondary metabolites 

Total Phenolic Content (TPC), total flavonoid content (TFC), and 

condensed tannins 

Coffee beans and their by-products, particularly spent coffee grounds 

(SCG), contain polyphenols, which are important plant secondary 

metabolites.25,32 The Folin–Ciocalteu assay, a widely used method for 

estimating total phenolic content (TPC) content, despite its limited for 

phenolic structures, was used in this study to evaluate the TPC of 

various extracts.17 The TPC of the eight samples tested varied 

significantly (p < 0.001), ranging from 221.27 ± 1.62 to 342.73 ± 11.40 

mg GAE/g DW (Figure 2a). Robusta coffee's hydroalcoholic extract 

(CR-H) had the highest concentration, followed by its aqueous extract 

(CR-Aq).In contrast, the aqueous extract of spent Arabica coffee 

grounds (SCGA-Aq) showed the lowest TPC (221.27 ± 1.62 mg GAE/g 

DW). These results align with previous studies, which reported 

phenolic contents ranging from 45.68 to 291.86 mg GAE/g DW. Further 

research found values of 57.49 and 398.95 mg GAE/g DW in SCG 

samples. The superior performance of hydroalcoholic extracts 

compared to aqueous ones (p < 0.001) indicates that methanol improves 

the solubility of phenolics compounds by reducing the polarity of the 

solvent. Ethanol-water mixtures have been proven to extract a wider 

variety of phenolic compounds, particularly those with low to medium 

polarity. In comparison, one study using ultrasound-assisted extraction 

with 60% ethanol reported the highest phenolic content in Arabica 

SCGs (941.04 ± 37 mg GAE/g), followed by Robusta SCGs (547.51 ± 

59 mg GAE/g).  

These results highlight the impact of the extraction technique and 

solvent system on phenolic recovery.37 Overall, Robusta coffee and its 

by-products have been shown to have higher levels of total phenolic 

content (TPC) in comparison to Arabica. This finding provides further 

evidence for the idea that Robusta beans tend to contain higher 

concentrations of chlorogenic acids and related phenolic 

compounds.35,38 The differences observed in total phenolic content 

(TPC) are probably attributable to genotypic variation, in particular the 

presence of a more active phenylpropanoid biosynthesis pathway in 

Robusta.39 However, when the phenolic content was expressed as 

caffeic acid equivalents (Figure 2b), lower values were obtained 

(175.91–262.87 mg CAE/g DW). This variation can be attributed to the 

structural differences between gallic and caffeic acids, which affect 

their molar absorptivity in the Folin–Ciocalteu reaction. As well as 

polyphenols, the total flavonoid content (TFC) showed significant 

variation between samples (p < 0.001) (Figure 2c). The hydroalcoholic 

extracts of Robusta coffee (CR-H) and its spent grounds (SCGR-H) 

demonstrated the highest TFC values (35.10 ± 0.33 and 30.19 ± 0.59 

mg QE/g DW, respectively). This result indicates that methanol 

facilitates the dissolution of flavonoid glycosides and aglycones, as 

previously reported.36 Due to their reduced polarity compared to many 

phenolic acids, flavonoids necessitate solvents of intermediate polarity 

for efficient extraction. A literature comparison reveals significant 

variation in TFC. A number of studies reported lower values (2.11–8.03 

mg QE/g DW),30,40 while others presented considerably higher 

concentrations, particularly in Arabica SCGs (78.21 ± 24 mg 

QE/g).37such discrepancies are attributed to differences in extraction 

protocols, coffee variety, roasting level, and storage conditions. 

Specifically, the roasting process has been shown to induce Maillard 

reactions and phenolic degradation, which have been shown to decrease 

extractable flavonoids levels.39,41 

Tannin content showed significant variability (p < 0.001) (Figure 2d). 

The hydroalcoholic extract of Robusta spent grounds (SCGR-H) 

exhibited the highest tannin concentration (71.76 ± 2.42 mg CAE/g 

DW). Due to their high molecular weight and polymeric nature, tannins 

are more effectively solubilized in ethanol-rich solvents. In addition, 

hydroalcoholic conditions have been shown to facilitate the extraction 

of condensed tannins, which are prevalent in coffee tissues.42  As 

previous research has shown, there are significant varietal differences. 

For instance, Arabica varieties Minas (8.33 ± 0.00 mg/g) and 

Cioccolatato (1.74 ± 0.00 mg/g) showed significant disparities in tannin 

content.42 
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Figure 2: Total polyphenols (a), flavonoids (b), and tannins (c) content in spent coffee grounds (SCG) and coffee (C) for both aqueous 

and hydroalcoholic extracts. Values marked with different letters indicate significant differences (P < 0.05), while values with the same 

letter show no significant difference (P>0.05).
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Similarly, Robusta varieties Vietnam (7.94 ± 4.70 mg/g) and Cherry 

(19.66 ± 3.20 mg/g) showed lower levels, potentially attributable to 

variations in extraction methods, bean ripeness, and geographical 

origin. It is important to note that, compared with Arabica, Robusta 

varieties tend to accumulate higher concentrations of tannins and 

lignin.39  

The variability noted in the literature can be attributed to several factors. 

Firstly, the intensity of the roasting process is very important, since 

polyphenols are sensitive to heat. I High levels of roasting have been 

shown to frequently result in substantial decreases in total polyphenol 

content and total flavonoid content, caused by thermal degradation.39,43 

Secondly, phenolic recovery efficiency is significantly influenced by 

extraction conditions, including solvent composition, duration, 

temperature and particle size.36  Thirdly, intrinsic characteristics of the 

samples, including bean genotype, agricultural practices, and post-

harvest processes (e.g., fermentation, drying), also affect the final 

phenolic profile.39 Finally, methodological limitations must be 

acknowledged. The Folin-Ciocalteu test is particularly problematic in 

this regard due to its lack of specificity, which results in reactions with 

various reducing agents (e.g., ascorbic acid, sugars). 

This risk of cross-reactivity can lead to an overestimation of total 

polyphenol content.44 Furthermore, SCGs have been found to contain 

high levels of carbohydrates, particularly cellulose and hemicellulose, 

which have the potential to inhibit the extraction of phenolics 

compounds by trapping them within the fiber matrix. However, it has 

been demonstrated that ethanol can more effectively disrupt these 

matrices than water, which explains the improved recovery observed in 

hydroalcoholic extracts.45From an applied perspective, the high levels 

of polyphenols, flavonoids, and tannins found in SCGs underscore their 

potential as bioactive ingredients. Polyphenols have garnered 

significant attention from the food, cosmetic, and pharmaceutical 

industries due to their well-documented antioxidant, antibacterial, and 

anti-inflammatory properties.46,47  Furthermore, the valorization of 

SCGs supports circular economy strategies by transforming waste 

materials into valuable bioresources, thereby contributing to 

environmental sustainability48–50 

 

Evaluation of antioxidant activity 

Determination of Total Antioxidant Capacity (TAC) 

The determination of phosphomolybdenum assay was used to evaluate 

the total antioxidant capacity. This method is based on the reduction of 

molybdate to Mo(V), which forms green Mo(V) complexes. The 

analysis revealed significant variations in antioxidant capacity between 

the different extracts (p < 0.001) (Table 1). Overall, hydroalcoholic 

extracts showed higher antioxidant activity than aqueous extracts, 

probably due to the increased solubility of phenolic compounds in 

alcohol-water mixtures, as reported in previous studies.43,51 

 

Table 1: Total antioxidant capacity of spent coffee grounds (SCG) and coffee (C) for extracts (aqueous and hydroalcoholic). Values 

marked with different letters indicate significant differences (P < 0.05), while values with the same letter show no significant difference 

(P>0.05). 

 
TAC CA-Aq CR-Aq SCGA-Aq SCGR-Aq CA-H CR-H SCGA-H SCGR-H 

mMAAE/g 307.3± 

6.7e 

325.9± 

9.8de 

326.6± 

7.0de 

366.6± 

7.0bcd 

336.9± 

5.8cde 

371.6± 

5.2bc 

396.6± 

15.7b 

460.8± 

8.5a 

 

Extracts of exhausted spent coffee grounds showed higher antioxidant 

capacities than the coffee bean extracts for both solvents evaluated. The 

analysis revealed that the hydroalcoholic extract of Robusta coffee 

grounds (SCGR-H) exhibited the highest antioxidant activity (460.8 ± 

8.5 mMAAE/g), while the aqueous extract of Arabica coffee (CA-Aq) 

demonstrated the lowest activity level (307.3 ± 6.7 mMAAE/g). such 

results are consistent with previous reports indicating that Robusta 

coffee generally contains higher levels of antioxidant compounds than 

Arabica, mainly due to higher concentrations of caffeine and 

chlorogenic acid.52 Furthermore, the higher antioxidant activity 

observed in coffee grounds compared to fresh coffee beans corroborates 

previous studies highlighting that spent coffee grounds retain 

significant amounts of polyphenols and melanoidins formed during 

roasting, both of which contribute strongly to antioxidant properties.31 

The use of hydroalcoholic solvents significantly improved the recovery 

of antioxidant compounds, as alcohol facilitates the extraction of polar 

and moderately non-polar phenolics.40 This explains the consistently 

higher antioxidant capacity observed in hydroalcoholic extracts 

compared to aqueous extracts for all sample types. The solvent system 

and the matrix type of matrix (spent coffee grounds or coffee beans) 

therefore have a decisive influence on total antioxidant activity, 

underlining the potential of used coffee grounds as a sustainable source 

of natural antioxidants for functional applications. The use of 

hydroalcoholic solvents significantly increased the recovery of 

antioxidant compounds. This is attributable to the fact that alcohol 

facilitates the extraction of both polar and moderately non-polar 

phenolics.40 Consequently, this finding explains the consistently higher 

antioxidant capacity observed in hydroalcoholic extracts compared to 

aqueous extracts, for all sample types. Therefore, the solvent system 

and the type matrix (spent coffee grounds or coffee beans) have been 

shown to exert a substantial influence on total antioxidant activity. The 

results underline the potential of spent coffee grounds as a sustainable 

source of natural antioxidants for functional applications. 

 

Determination of Ferric reducing power test (FRAP) 

Figure 3 illustrates that antioxidant activity increased proportionally 

with extract concentration for all samples. The data, presented as OD50 

values (mg/mL), indicate the concentration necessary to achieve an 

optical density of 0.5.  
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Figure 3:  FRAP assay: Optical density versus concentration for (a) Aqueous Extract and (b) Hydroalcoholic 

 

The hydroalcoholic extract of Robusta coffee grounds (SCGR-H) 

exhibited the highest antioxidant activity, as demonstrated by the lowest 

OD50 value of 0.236 ± 0.01 mg/mL, suggesting a strong capability for 

free radical reduction. Conversely, the aqueous extract of Arabica 

coffee (CA-Aq) showed the weakest antioxidant activity among the 

hydroalcoholic extracts, with an OD50 of 0.536 ± 0.00 mg/mL, likely 

reflecting the limited solubility of bioactive compounds in water. For 

aqueous extracts, Robusta coffee (CR-Aq) displayed the highest 

antioxidant activity (OD50 = 0.394 ± 0.00 mg/mL), while the Arabica 

aqueous extract (CA-Aq) again exhibited the lowest activity (OD50 = 

0.536 ± 0.00 mg/mL), similar to its hydroalcoholic counterpart. 

Notably, all extract activities were significantly lower than that of 

ascorbic acid, the reference standard, which had an OD50 of 0.103 ± 

0.00 mg/mL (Table 2).  

 

Table 2: FRAP  inhibitory concentration of extracts in mg/mL. 
 

 

These OD50 results demonstrate that hydroalcoholic extracts are more 

effective free radical scavengers than aqueous extracts. This can be 

explained by the ability of hydroalcoholic solvents to dissolve a broader 

spectrum of antioxidant compounds, including polyphenols, flavonoids, 

and other lipophilic molecules that are less soluble in pure 

water.43,51Additionally, coffee grounds exhibited higher antioxidant 

activity than coffee beans, which may be due to the presence of 

bioactive compounds that are not fully extracted during brewing and 

thus remain concentrated in the grounds.31 This trend is especially 

pronounced in Robusta coffee grounds, which appear richer in phenolic 

compounds and flavonoids than their Arabica counterparts. FRAP assay 

results ranged from 0.236 ± 0.01 to 0.536 ± 0.00 mg/mL, confirming 

the superior antioxidant power of hydroalcoholic extracts over aqueous 

ones. Among coffee types, Robusta showed the highest antioxidant 

capacity in both beans and grounds, with values of 0.251 ± 0.02 mg/mL 

and 0.236 ± 0.01 mg/mL, respectively. These findings are consistent 

with earlier studies reporting greater antioxidant activity in Robusta 

coffee grounds compared to Arabica, with values ranging from 26 to 38 

mg TE/g sample.52 Other research similarly found that Robusta and 

Liberica coffee varieties exhibit higher antioxidant activity in Fe(III) 

reduction assays relative to Arabica coffee.44 

 

Determination of the free radical-scavenging activity (DPPH) 

As illustrated in Figure 4, the inhibitory effect of the extracts on DPPH 

radicals is concentration-dependent. The level of antioxidant activity 

increased with concentration for all samples examined, with statistically 

significant differences observed between aqueous and hydroalcoholic 

extracts. The half maximal inhibitory concentration (IC50) was 

calculated for each extract, as well as for ascorbic acid, which was 

utilized as a reference standard. In comparison to aqueous extracts, 

hydroalcoholic extracts exhibited higher free radical scavenging 

activity.  
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Figure 4: DPPH Antioxidant Activity and evolution of optical density as a function of concentration: (a) Aqueous Extract and (b) 

Hydroalcoholic Extract 

FRAP CA-Aq  CR-Aq SCGA-Aq SCGR-Aq CA-H CR-H SCGA-H SCGR-H A-A 

OD 0,5 

mg/mL 

0.536 ± 

0.0e 

 0.394 ± 

0.0d 

0.501 ± 

0.01e 

0.411 ± 

0.01d 

0.320 ± 

0.02c 

0.251 ± 

0.02bc 

0.266 ± 

0.02bc 

0.236 ± 

0.01b 

0.103 ± 

0.00a 
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The hydroalcoholic extract of Robusta coffee (CR-H) exhibited the 

most significant activity, with an IC50 value of 0.108 ± 0.00 mg/mL, 

indicating the possibility of elevated concentrations or enhanced 

accessibility of radical-scavenging compounds. Conversely, the 

hydroalcoholic extract of spent Arabica coffee grounds (SCGA-H) 

exhibited the lowest antioxidant activity among the hydroalcoholic 

extracts, with an IC50 of 0.139 ± 0.01 mg/mL. Among the aqueous 

extracts, Robusta coffee (CR-Aq) demonstrated the highest activity 

(IC50 = 0.387 ± 0.02 mg/mL), while spent Arabica coffee grounds 

(SCGA-Aq) exhibited the lowest (IC50 = 0.433 ± 0.00 mg/mL). It is 

noteworthy that the IC50 values of all the extracts were higher than that 

of pure ascorbic acid (IC50 = 0.053 ± 0.00 mg/mL) (Table 3), indicating 

the superior radical-scavenging efficiency of the standard antioxidant.  

 

Table 3: DPPH inhibitory concentration of extracts in mg/mL. 

 

 

 

 

 

 

 

 

These results are consistent with previous findings that hydroalcoholic 

extraction is more efficient for isolating antioxidant compounds from 

plant materials. Solvents such as ethanol and methanol, when mixed 

with water, facilitate the solubility of phenolics and flavonoids, 

resulting in enhanced antioxidant potential in extracts. This 

enhancement is attributed to the broader polarity range of 

hydroalcoholic solvents, which facilitates the extraction of both 

hydrophilic and moderately lipophilic bioactives. 53 Furthermore, coffee 

extracts generally showed higher antioxidant activity than coffee 

grounds. Nevertheless, spent coffee grounds, particularly from Robusta, 

still demonstrated notable radical scavenging ability. The DPPH 

scavenging activity of Robusta coffee and its grounds was significantly 

higher, with IC50 values of 0.108 ± 0.00 mg/mL and 0.115 ± 0.00 

mg/mL, respectively. Arabica coffee and its grounds exhibited slightly 

lower activities (IC50 = 0.111 ± 0.00 mg/mL and 0.139 ± 0.01 mg/mL, 

respectively). The higher antioxidant activity exhibited by Robusta 

samples may be attributed to their elevated content of polyphenols and 

other electron-donating molecules. These molecules possess the 

capacity to stabilize free radicals by donating electrons or hydrogen 

atoms.54 A statistically significant difference was observed between 

Robusta and Arabica extracts (p < 0.05), which is consistent with 

previous reports indicating that Robusta generally possesses a more 

pronounced phenolic profile.51 This observation aligns with the results 

of earlier studies, which demonstrated that extraction methods, 

particularly the use of ethanol and methanol mixtures, have a significant 

impact on the antioxidant potency of extracts.55 Methanol-water 

mixtures (typically 80/20) are recognized for their superior efficiency 

in extracting antioxidant compounds compared to pure water, primarily 

due to the enhanced solubility of phenolic and flavonoid compounds in 

organic solvents. A multitude of studies have substantiated the 

antioxidant properties of coffee grounds. The reported antioxidant 

activities ranged from 1.56% to 92.12% for DPPH, from 41.44 to 93.94 

mg TE/g for FRAP, and from 2.11 to 2.22 mmol TE/g for ABTS assays. 

These results demonstrate the strong radical-scavenging ability of spent 

coffee materials.25 Comparative studies between Soxhlet extraction and 

decoction techniques revealed that Soxhlet extraction yields superior 

antioxidant activity (588 μg/mL and 367 μg/mL by DPPH and FRAP 

assays, respectively). The observed antioxidant activities can be 

attributed largely to the abundance of secondary metabolites in coffee 

grounds, particularly polyphenols, flavonoids, and tannins, which 

exhibit strong positive correlations with radical scavenging activity. 

 

HPLC Analysis of Phenolic Compounds 

The chromatographic analysis enabled the identification and 

quantification of 18 phenolic and flavonoid compounds in both aqueous 

(Aq) and hydroalcoholic (H) extracts of Arabica (CA) and Robusta 

(CR) coffee beans, as well as their respective spent grounds (SCGA and 

SCGR) (Table 4, Figure 5). The identified compounds included 

phenolic acids, such as gallic acid (GA), caffeic acid (CAF), 3-

hydroxybenzoic acid (HBA3), 4-hydroxybenzoic acid (HBA4), 

syringic acid (SA), vanillic acid (VA), p-coumaric acid (PCA), 

cinnamic acid (CIN), ferulic acid (FA), and sinapic acid (SINA); 

Flavonoids (FLA), rutin (RUT), quercetin (QUE), quercetin 3-O-β-D-

glucoside (Q3G), kaempferol (KAE), and flavone (FLA); as well as 

other derivatives, such as naringin (NAR).  

A comparison of the two types of extracts revealed that hydroalcoholic 

extracts exhibited consistently higher concentrations of bioactive 

compounds compared to aqueous extracts. For instance, the SCGA-H 

extract contained 35.5% 3-hydroxybenzoic acid (HBA3), 27.72% 

sinapic acid (SINA), and 6.43% quercetin-3-O-β-D-glucoside (Q3G), 

whereas these compounds were present at substantially lower levels in 

the SCGA-Aq extract. This difference is attributed to the enhanced 

solubility of moderately polar phenolic compounds in hydroalcoholic 

solvents, as documented in previous studies.56 At the varietal level, 

Arabica coffee was characterized by higher amounts of 

hydroxycinnamic acids (caffeic acid, ferulic acid, and p-coumaric acid), 

while Robusta coffee and its spent grounds were richer in complex 

flavonoids such as rutin, quercetin 3-O-β-D-glucoside (Q3G), and 

kaempferol. Notably, the hydroalcoholic extract of Robusta spent 

grounds (SCGR-H) showed remarkable levels of 3-hydroxybenzoic 

acid (17.35%), sinapic acid (22.86%), rutin (9.22%), and quercetin 3-

O-β-D-glucoside (6.24%) (Table 4).  

These high-performance liquid chromatography (HPLC) results align 

well with previous research examining the phenolic profiles of roasted 

coffee and its by-products. The significantly higher flavonoid content 

in SCGA-H and SCGR-H extracts confirms the superior extraction 

efficiency of hydroalcoholic solvents for flavonoids, as demonstrated in 

earlier investigations.57 The efficacy of water/ethanol mixtures in 

extracting intermediate polarity metabolites likely accounts for the 

enhanced recovery of bioactive compounds observed here. Elevated 

levels of 3-hydroxybenzoic acid, rutin, and quercetin 3-O-β-D-

glucoside further reinforce the potential of coffee residues as valuable 

sources of bioactive molecules, consistent with prior studies.51 

Collectively, these findings, along with previous reports18,43, emphasize 

the richness of phenolic compounds in coffee residues, highlighting the 

promising application of spent coffee grounds as functional ingredients 

with high antioxidant potential. Moreover, positive correlations 

observed between the concentrations of quercetin 3-O-β-D-glucoside, 

rutin, and 3-hydroxybenzoic acid and the total antioxidant capacity 

(TAC) support earlier evidence that glycosylated flavonoids exhibit 

potent free radical scavenging activity, largely due to their hydroxylated 

structures.58 Additionally, the compositional differences between 

Arabica and Robusta samples, notably the richer antioxidant profile of 

Robusta, corroborate earlier findings attributing greater antioxidant 

complexity to Robusta coffee.37 The absence of detectable chlorogenic 

acid in the analyzed samples can be attributed to multiple factors. The 

primary finding of this study is that thermal degradation during the 

roasting process significantly reduces chlorogenic acid concentrations. 

This reduction leads to the breakdown of chlorogenic acid into smaller 

phenolic compounds and melanoidins. Furthermore, the selection of 

extraction solvent may have influenced chlorogenic acid recovery, 

given its high polarity and affinity for aqueous phases.  The possibility 

of co-elution with other compounds or concentrations below the 

detection limit should be considered as a potential contributor to the 

observed results.  

 

DPPH CA-Aq CR-Aq SCGA-

Aq 

SCGR-Aq CA-H CR-H SCGA-H SCGR-H A-A 

IC50 

mg/mL 

0.421±0.0

2c 

0.387± 

0.02c 

0.433± 

0.0c 

0.431± 

0.02c 

0.111± 

0.0ab 

0.108± 

0.0ab 

0.139± 

0.01b 

0.115±0.0
ab 

0.053± 

0.0a 
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Table 4: Chromatographic Analysis of Phenolic Compounds in Arabica and Robusta Coffee and Their Spent Coffee Grounds 

 
Compounds abbreviation Molecular 

Formula 

Retention 

time (Tr) 

(min) 

CA-

Aq 

CR-

Aq 

SCGA-

Aq 

SCGR-

Aq 

CA-

H 

CR-

H 

SCGA-

H 

SCG-

H 

Gallic acid GA C₇H₆O₅ 1,896 0,97 0,06 - 0,09 - - - - 

Catechin CAT C₁₅H₁₄O₆ 2,348 - - - - 0,12 - - - 

Caffeic acid CAF C₉H₈O₄ 2,63 - 1,3 1,87 0,25 1,08 0,74 0,71 0,23 

4-Hydroxybenzoic 

acid 

HBA4 C₇H₆O₃ 2,815 0,41 1,97 3,19 0,86 1,06 0,55 - - 

Catechin hydrate CATH C₁₅H₁₄O₆·H₂O 3,937 1,18 - - - 6,43 6,58 - - 

Syringic acid SA C₉H₁₀O₅ 4,403 13,32 11,77 16,06 10,26 8,94 4,69 14,3 7,12 

Vanillic acid VA C₈H₈O₄ 5,855 0,3 12,13 1,26 11,76 - - - 7,91 

3-Hydroxybenzoic 

acid 

HBA3 C₇H₆O₃ 6,288 15,13 21,64 13,28 21,75 36,14 29,35 35,5 17,35 

Naringin NAR C₂₇H₃₂O₁₄ 6,706 30,5 6,41 29,83 7,23 6,69 7,26 8,64 8,8 

Cinnamic acid CIN C₉H₈O₂ 8,053 4,03 - 5,28 - - - - - 

Ferulic acid FA C₁₀H₁₀O₄ 8,59 3,4 8,59 5,26 10,02 5,64 7,89 5,12 8,28 

p-Coumaric acid PCA C₉H₈O₃ 9,837 30,78 33,14 - - - 8,72 - 8,7 

Sinapic acid SINA C₁₁H₁₂O₅ 10,032 - - 23,81 33,08 26,9 22,46 27,72 22,86 

Quercetin 3-O-β-

D-glucoside 

Q3G C₂₁H₂₀O₁₂ 11,097 - - - - 3,86 4,67 4,3 6,24 

Rutin RUT C₂₇H₃₀O₁₆ 11,907 - 1,95 - 3,33 1,5 3,57 0,92 5,33 

Quercetin QUE 

 

C₁₅H₁₀O₇ 12,214 - 0,55 - - 1,21 1,2 1,21 2,07 

Kaempferol KAE C₁₅H₁₀O₆ 12,574 - 0,49 0,17 1,37 - 2,33 0,95 2,27 

Flavone FLA C₁₅H₁₀O₂ 13,33 - - - - 0,43 - 0,66 2,86 

 
These observations are consistent with the findings of prior studies that 

reported substantial chlorogenic acid degradation in roasted coffee and 

related by-products.7 The results of this study demonstrate the viability 

of Robusta coffee grounds as a sustainable and valuable source of 

natural antioxidants for applications in the nutraceutical and cosmetic 

industries. This potential is particularly pronounced when the grounds 

are extracted with hydroalcoholic solvents. 

 

Principal Component Analysis (PCA) 

The principal Component Analysis (PCA) was employed to integrate 

data from phenolic compound concentrations and antioxidant activity 

assays, including DPPH, FRAP, TAC, total flavonoids, and total 

polyphenols. The initial two principal components, PC1 and PC2, 

accounted for 44.93% and 17.33%, respectively, of the total variance, 

explaining a cumulative 62.26%. As demonstrated in Figure 6 (A and 

B), PC1 effectively differentiated simple phenolic compounds (e.g., 

gallic acid, cinnamic acid) and antioxidant assays (DPPH, FRAP) from 

glycosylated flavonoids (quercetin 3-O-β-D-glucoside, rutin, 

kaempferol, and flavone). These compounds exhibited a positive 

correlation with TAC and total flavonoid content. PC2 further 

distinguished the samples based on their content of 3-hydroxybenzoic 

acid, total polyphenols, and flavonoids. Hydroalcoholic extracts 

(SCGA-H, SCGR-H) clustered with higher concentrations of 

glycosylated flavonoids, 3-hydroxybenzoic acid, and elevated TAC 

values, indicating their richer antioxidant profiles. In contrast, aqueous 

extracts (CA-Aq, CR-Aq) were more closely associated with simple 

phenolic acids and moderate antioxidant activity, reflecting the lower 

extraction efficiency of water compared to hydroalcoholic solvents. 

Correlation analyses demonstrated that higher levels of polyphenols and 

flavonoids were inversely correlated with IC50 values, indicating 

enhanced antioxidant potential. Conversely, elevated IC50 values were 

associated with lower concentrations of these compounds. A negative 

correlation was also observed between DPPH and FRAP activities and 

tannin content, suggesting that high tannin concentrations may 

negatively impact antioxidant efficiency. These trends may be 

attributed to the specific phenolic profiles of the extracts, potential 

interactions with other phytochemicals, or synergistic effects. 

Variations from literature values in phenolic, flavonoid, and tannin 

contents may stem from differences in roasting degree, extraction 

procedures, geographical origin, soil characteristics, coffee variety, 

climate conditions, and agricultural practices.59 Overall, PCA revealed 

distinct clustering patterns among the different coffee and spent coffee 

ground extracts, underscoring the influence of extraction method, 

sample matrix, and coffee variety.  
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Figure 5: HPLC-DAD chromatograms of aqueous and hydroalcoholic extracts of Arabica coffee (CA), Robusta coffee (CR), spent 

coffee grounds of Arabica (SCGA), and spent coffee grounds of Robusta (SCGR) 
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Figure 6: Graphical representation of Principal Component Analysis (PCA) of different phenolic compounds and antioxidant activities 

(a) and sample distribution (b). 
 

These insights further support the potential valorization of spent coffee 

residues as sustainable sources of bioactive compounds for applications 

in the food and nutraceutical industries. 

 

Statistical Correlation 

A statistical correlation analysis was conducted to examine the 

relationships between phenolic compound content and antioxidant 

activities (Table 5). A significant correlation was identified at two levels 

of significance (p < 0.01 and p < 0.05). For total antioxidant capacity 

(TAC), a weak positive correlation was found with total polyphenol 

content (r = 0.064) and a moderate positive correlation with total 

flavonoid content (r = 0.480, p < 0.05). It is important to note that the 

content of tannins exhibited a significant positive correlation with TAC 

(r = 0.849, p < 0.01), suggesting their pivotal role in enhancing 

antioxidant performance. The ferric reducing antioxidant power (FRAP 

OD50) and the half-maximal inhibitory concentration of DPPH radical 

scavenging activity (DPPH IC50) showed negative correlations with 

polyphenol content (r = –0.541, p < 0.01 and r = –0.489, p < 0.05, 

respectively) and with flavonoid content (r = –0.845, p < 0.01).  

 

a 

b 
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Table 5: Correlation between phenolic compounds and antioxidant activity 

 polyphenols flavonoids tannins 

TAC 0.064 0.480* 0.849** 

DPPH -0.541** -0.845** -0.414* 

FRAP -0.489* -0.849** -0.659** 

**. The correlation is statistically significant at the 0.01 level (two-tailed). 

*. The correlation is statistically significant at the 0.05 level (two-tailed). 

 

These inverse correlations suggest a potential correlation between 

higher levels of polyphenols and flavonoids and stronger antioxidant 

activity, as indicated by lower IC50 and OD50 values. Furthermore, a 

significant and negative correlation was observed between tannin 

content and both DPPH IC50 (r = –0.849, p < 0.01) and FRAP OD50 (r 

= –0.659, p < 0.01). Additionally, a moderate correlation was identified 

between tannin content and FRAP activity (r = –0.414, p < 0.05). These 

findings underscore the significant role of tannins in enhancing the 

antioxidant efficacy of the extracts. 

 

Conclusion 

The present study set out to compare the biochemical composition and 

antioxidant capacity of Arabica and Robusta beans, as well as their 

spent grounds. It was demonstrated that Robusta spent grounds 

extracted with a hydroalcoholic solvent exhibited the highest 

antioxidant activity. The analysis, performed using HPLC-DAD, led to 

the identification of distinct phenolic profiles, with particular emphasis 

on hydroxybenzoic acids and flavonol glycosides, including rutin and 

quercetin-3-O-glucoside, in Robusta samples. A clear correlation was 

identified between phenolic content and antioxidant capacity. The 

bioactive profiles were found to be significantly influenced by the 

botanical origin and extraction solvent. The utilization of spent coffee 

grounds, which are frequently disposed of, as a source of functional 

biomolecules has been demonstrated. These compounds hold 

considerable promise for application in the food, cosmetic, and 

pharmaceutical industries. The study promotes the sustainable reuse of 

coffee waste in accordance with the principles of the circular economy. 
 

Conflict of interest 
The author declare no conflicts of interest. 

 

Authors’ Declaration 
 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

References 

1.  AL-Asmari KM, Abu Zeid IM, Al-Attar AM. Medicinal properties 

of arabica coffee (coffea arabica ) oil: An overview. Adv Life Sci. 

2020;8(1):20–29.  

2.  Franca AS, Oliveira LS. Potential Uses of Spent Coffee Grounds in 

the Food Industry. Foods. 2022;11(14):1–19.  

3.  Andrade C, Perestrelo R, Câmara JS. Valorization of Spent Coffee 

Grounds as a Natural Source of Bioactive Compounds for Several 

Industrial Applications—A Volatilomic Approach. Foods. 

2022;11(12).  

4.  ICO. Coffee Report and Outlook. Vol. 1, International Coffee 

Organization ICO. 2023. Available from: 

https://icocoffee.org/documents/cy202324/Coffee_Report_and_Ou

tlook_2023_ICO.pdf 

5.  Santos da Silveira J, Durand N, Lacour S, Belleville MP, Perez A, 

Loiseau G, Dornier M. Solid-state fermentation as a sustainable 

method for coffee pulp treatment and production of an extract rich 

in chlorogenic acids. Food Bioprod Process. 2019;115:175–184. 

Available from: https://doi.org/10.1016/j.fbp.2019.04.001 

6.  Miladi M, Martins A, Mata TM, Vegara M, Remmani R, Ruiz-

canales A. Optimization of Ultrasound-Assisted Extraction of Spent 

Coffee Grounds Oil Using Response Surface Methodology. 

2021;9(i):1–14.  

7.  Shayene A, Bomfim C De, Magalh D, Walling E, Babin A, 

Vaneeckhaute C, Dumont, M-J, Rodrigue D. Spent Coffee Grounds 

Characterization and Reuse in Composting and Soil Amendment. 

2022;2–20.  

8.  Sermyagina E, Mendoza Martinez CL, Nikku M, Vakkilainen E. 

Spent coffee grounds and tea leaf residues: Characterization, 

evaluation of thermal reactivity and recovery of high-value 

compounds. Biomass and Bioenergy . 2021;150:106141. Available 

from: https://eur-lex.europa.eu/legal-content/EN/TXT/? 

uri=CELEX:52015DC0614 

9.  McNutt J, He Q (Sophia). Spent coffee grounds: A review on 

current utilization. J Ind Eng Chem. 2019;71:78–88. Available 

from: https://doi.org/10.1016/j.jiec.2018.11.054 

10.  Souza Almeida F, Furlan Goncalves Dias F, Kawazoe Sato AC, 

Leite Nobrega de Moura Bell JM. From solvent extraction to the 

concurrent extraction of lipids and proteins from green coffee: An 

eco-friendly approach to improve process feasibility. Food Bioprod 

Process. 2021;129:144–156. Available from: 

https://doi.org/10.1016/j.fbp.2021.08.004 

11.  Alamri E, Rozan M, Bayomy H. A study of chemical Composition, 

Antioxidants, and volatile compounds in roasted Arabic coffee: 

Chemical Composition, Antioxidants and volatile compounds in 

Roasted Arabic Coffee. Saudi J Biol Sci. 2022;29(5):3133–3139. 

Available from: https://doi.org/10.1016/j.sjbs.2022.03.025 

12.  Bouhlal F, Aqil Y, Chamkhi I, Belmaghraoui W, Labjar N, El 

Hajjaji S, Benabdellah G-A, Aurag J, Lotfi El-M, El Mahi M. GC-

MS Analysis, Phenolic Compounds Quantification, Antioxidant, 

and Antibacterial Activities of the Hydro-alcoholic Extract of Spent 

Coffee Grounds. J Biol Act Prod from Nat. 2020;10(4):325–337.  

13.  Dattatraya Saratale G, Bhosale R, Shobana S, Banu JR, 

Pugazhendhi A, Mahmoud E, Sirohi R, Kant Bhatia S, Atabani A.E, 

Mulone V, Yoon J-J, Seung Shin H, Kumar G. A review on 

valorization of spent coffee grounds (SCG) towards biopolymers 

and biocatalysts production. Bioresour Technol. 2020;314:123800. 

Available from: https://doi.org/10.1016/j.biortech.2020.123800 

14.  Chongsrimsirisakhol O, Pirak T. Polyphenol Release and 

Antioxidant Activity of the Encapsulated Antioxidant Crude 

Extract from Cold Brew Spent Coffee Grounds under Simulated 

Food Processes and an In Vitro Static Gastrointestinal Model. 

Foods. 2023;12(5).  

15.  Jin Cho E, Gyo Lee Y, Song Y, Nguyen DT, Bae HJ. An integrated 

process for conversion of spent coffee grounds into value-added 

materials. Bioresour Technol. 2022;346:126618. Available from: 

https://doi.org/10.1016/j.biortech.2021.126618 

16.  Zengin G, Sinan KI, Mahomoodally MF, Angeloni S, Mustafa AM, 

Vittori S, Maggi F, Caprioli G. Chemical composition, antioxidant 

and enzyme inhibitory properties of different extracts obtained from 

spent coffee ground and coffee silverskin. Foods. 2020;9(6):1–17.  

17.  Gebreeyessus GD. Towards the sustainable and circular 

bioeconomy: Insights on spent coffee grounds valorization. Sci 

Total Environ. 2022;833.  

18.  de Melo Pereira G V., de Carvalho Neto DP, Magalhães Júnior AI, 

do Prado FG, Pagnoncelli MGB, Karp SG, Soccol CR. Chemical 

composition and health properties of coffee and coffee by-products. 

1st ed. Vol. 91, Adv. Food Nutr. Res. Elsevier Inc.; 2020. 65–96 p. 

Available from: http://dx.doi.org/10.1016/bs.afnr.2019.10.002 

19.  Supang W, Ngamprasertsith S, Sakdasri W, Sawangkeaw R. Ethyl 

acetate as extracting solvent and reactant for producing biodiesel 



                               Trop J Nat Prod Res, August 2025; 9(8): 3568 - 3580                ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

3579 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

from spent coffee grounds: A catalyst- and glycerol-free process. J 

Supercrit Fluids. 2022;186:105586. Available from: 

https://doi.org/10.1016/j.supflu.2022.105586 

20.  Dubois M, Gilles K., Hamilton J., Rebers P., Smith F. Colorimetric 

method for determination of sugars and related substances. Anal 

Chem. 1956;28:350–356.  

21.  Rodriguez-jasso RM, Rodriguez-jasso RM, Gomes N, Teixeira A, 

Belo I. Adaptation of dinitrosalicylic acid method to microtiter 

plates. 2010;2–5.  

22.  Vandeponseele A, Draye M, Piot C, Chatel G. Study of Influential 

Parameters of the Caffeine Extraction from Spent Coffee Grounds: 

From Brewing Coffee Method to the Waste Treatment Conditions. 

Clean Technol. 2021;3(2):335–350.  

23.  Bradford MM. A rapid ans sensitive method for the quantitation of 

microgram quantities of protein utilizing the principale of protein-

dye binding. Anal Biochem. 1976;72:248–254.  

24.  Azizi S, Dalli M, Berrichi A, Gseyra N. Quantification of secondary 

metabolites and the evaluation of the in vitro antioxidant activity of 

the Argan tree of eastern Morocco. Mater Today Proc. 

2021;45:7314–7320.Available from: https://doi.org/10.1016/ 

j.matpr.2020.12.1214 

25.  Bijla L, Ibourki M, Bouzid HA, Sakar EH, Aissa R, Laknifli A, 

Gharby S. Proximate Composition, Antioxidant Activity, Mineral 

and Lipid Profiling of Spent Coffee Grounds Collected in Morocco 

Reveal a Great Potential of Valorization. Waste Biomass Valor. 

2022; Available from: https://link.springer.com/article/ 

10.1007/s12649-022-01808-8 

26.  Loukili EH, Ouahabi S, Elbouzidi A, Taibi M, Parvez MK, El 

Guerrouj B, Touzani R,  Ramdani M. Phytochemical Composition 

and Pharmacological Activities of Three Essential Oils Collected 

from Eastern Morocco (Origanum compactum, Salvia officinalis, 

and Syzygium aromaticum): A Comparative Study. J Plants. 

2023;12:2–20.  

27.  Jeleń M, Ying PTC, Hao YJ, Balachandran A, Anamalay K, Morak-

Młodawska B, GauravA,  Lavilla C-A,  Uy M-M, BillacuraM-P, 

Okechukwu P- N. In vitro study of antioxidant, antigylycation, 

sugar hydrolysis enzyme inhibitory effect and molecular in silico 

docking study of angularly condensed diquinothiazines. J Mol 

Struct. 2024;1296.  

28.  Loukili EH, Bouchal B, Bouhrim M, Abrigach F, Genva M, Zidi K, 

Bnouaham M, Bellaoui M, Hammouti B, Addi M, Ramdani M, 

Fauconnier M-L. Chemical Composition, Antibacterial, Antifungal 

and Antidiabetic Activities of Ethanolic Extracts of Opuntia dillenii 

Fruits Collected from Morocco. J Food Qual. 2022;2022.  

29.  Ballesteros LF, Teixeira JA, Mussatto SI. Chemical, Functional, 

and Structural Properties of Spent Coffee Grounds and Coffee 

Silverskin. Food Bioprocess Technol. 2014;7(12):3493–3503.  

30.  Conde T, Mussatto SI. Isolation of polyphenols from spent coffee 

grounds and silverskin by mild hydrothermal pretreatment. Prep 

Biochem Biotechnol. 2016;46(4):406–409. Available from: 

https://doi.org/10.1080/10826068.2015.1084514 

31.  Campos-Vega R, Loarca-Piña G, Vergara-Castañeda HA, Dave 

Oomah B. Spent coffee grounds: A review on current research and 

future prospects. Trends Food Sci Technol. 2015;45(1):24–36.  

32.  Engida AM, Faika S, Nguyen-Thi BT, Ju YH. Analysis of major 

antioxidants from extracts of Myrmecodia pendans by UV/visible 

spectrophotometer, liquid chromatography/tandem mass 

spectrometry, and high-performance liquid chromatography/UV 

techniques. J Food Drug Anal . 2015;23(2):303–309. Available 

from: http://dx.doi.org/10.1016/j.jfda.2014.07.005 

33.  Budaraju S, Pmallikarjunan K, Petit R. Comparison and 

optimization of solvent extraction and microwave assisted 

extraction of phenolic compounds from spent coffee grounds. 2017 

ASABE Annu Int Meet. 2017;1–18.  

34.  Pavlović MD, Buntić A V., Šiler-Marinković SS, Dimitrijević-

Branković SI. Ethanol influenced fast microwave-assisted 

extraction for natural antioxidants obtaining from spent filter 

coffee. Sep Purif Technol. 2013;118:503–510.  

35.  Solomakou N, Loukri A, Tsafrakidou P, Michaelidou AM, 

Mourtzinos I, Goula AM. Recovery of phenolic compounds from 

spent coffee grounds through optimized extraction processes. 

Sustain Chem Pharm. 2022;25:100592. Available from: 

https://doi.org/10.1016/j.scp.2021.100592 

36.  Andrade KS, Gonalvez RT, Maraschin M, Ribeiro-Do-Valle RM, 

Martínez J, Ferreira SRS. Supercritical fluid extraction from spent 

coffee grounds and coffee husks: Antioxidant activity and effect of 

operational variables on extract composition. Talanta. 

2012;88:544–552.  

37.  Ansori NI, Zainol M, Mohd Zin Z. Antioxidant Activities of 

Different Varieties of Spent Coffee Ground (SCG) Extracted Using 

Ultrasonic-Ethanol Assisted Extraction Method. Univ Malaysia 

Teren J Undergrad Res. 2021;3(3):33–42.  

38.  Mussatto SI, Ballesteros LF, Martins S, Teixeira JA. Extraction of 

antioxidant phenolic compounds from spent coffee grounds. Sep 

Purif Technol. 2011;83(1):173–179. Available from: 

http://dx.doi.org/10.1016/j.seppur.2011.09.036 

39.  Rothwell JA, Perez-Jimenez J, Neveu V, Medina-Remón A, M’Hiri 

N, García-Lobato P. Phenol-Explorer 3.0: A major update of the 

Phenol-Explorer database to incorporate data on the effects of food 

processing on polyphenol content. Database. 2013;2013:1–8.  

40.  Panusa A, Zuorro A, Lavecchia R, Marrosu G, Petrucci R. 

Recovery of natural antioxidants from spent coffee grounds. J Agric 

Food Chem. 2013;61(17):4162–41628.  

41.  Sulastri, Ahmad A, Karim A, Wahid I, Rauf W, Karim H, Farid 

AM. Green Synthesized Zinc Oxide Nanoparticles from Coffea 

arabica: Bioprospecting and Functional Potential as an Antioxidant 

and Larvicidal Agent against Aedes aegypti. Trop J Nat Prod Res. 

2025;9(1):90–96.  

42.  Hečimović, Ivana, Belščak-Cvitanović A, Horžić D, Komes D. 

Comparative Study of Polyphenols and Caffeine in Different 

Coffee Varieties Affected by the Degree of Roasting. Food Chem. 

2011;129(3):991–1000.  

43.  Mussatto SI, Machado EMS, Martins S, Teixeira JA. Production, 

Composition, and Application of Coffee and Its Industrial Residues. 

Food Bioprocess Technol. 2011;4(5):661–672.  

44.  Saw AKC, Yam WS, Wong KC, Lai CS. A Comparative study of 

the volatile constituents of southeast asian Coffea arabica, Coffea 

liberica and Coffea robusta green beans and their antioxidant 

activities. J Essent Oil-Bearing Plants. 2015;18(1):64–73.  

45.  Caballero-Galván AS, Restrepo-Serna DL, Ortiz-Sánchez M, 

Cardona-Alzate CA. Analysis of Extraction Kinetics of Bioactive 

Compounds from Spent Coffee Grounds (Coffea arábica). Waste 

Biomass Valor. 2018;9(12):2381–2389. Available from: 

http://dx.doi.org/10.1007/s12649-018-0332-8 

46.  Ramón-Gonçalves M, Gómez-Mejía E, Rosales-Conrado N, León-

González ME, Madrid Y. Extraction, identification and 

quantification of polyphenols from spent coffee grounds by 

chromatographic methods and chemometric analyses. Waste 

Manag. 2019;96:15–24.  

47.  Luna-Lama F, Rodríguez-Padrón D, Puente-Santiago AR, Muñoz-

Batista MJ, Caballero A, Balu AM, Romero AA, Luque R. Non-

porous carbonaceous materials derived from coffee waste grounds 

as highly sustainable anodes for lithium-ion batteries. J Clean Prod. 

2019;207:411–417. Available from: https://doi.org/10.1016/ 

j.jclepro.2018.10.024 

48.  Milivojević AD, Ćorović MM, Simović MB, Banjanac KM, 

Blagojević SN, Pjanović R V, Bezbradica DI. Novel Approach for 

Flavonoid Esters Production: Statistically Optimized Enzymatic 

Synthesis Using Natural Oils and Application in Cosmetics. Ind 

Eng Chem Res. 2019;58(9):3640–3649.  

49.  Leal Vieira Cubas A, Medeiros Machado M, Tayane Bianchet R, 

Alexandra da Costa Hermann K, Alexsander Bork J, Angelo 

Debacher N, Flores Lins E, Maraschin M, Sousa Coelho D, Siegel 

Moecke EH. Oil extraction from spent coffee grounds assisted by 

non-thermal plasma. Sep Purif Technol. 2020;250:117171. 

Available from: https://doi.org/10.1016/j.seppur.2020.117171 

50.  Nakkong K, Tangpromphan P, Jaree A. The Design of Three-Zone 

Simulated Moving Bed Process for the Separation of Chlorogenic 

and Gallic Acids Extracted from Spent Coffee Grounds. Waste 

Biomass Valor. 2021;12(5):2389–2405. Available from: 

https://doi.org/10.1007/s12649-020-01160-9 

51.  Murthy PS, Naidu MM. Recovery of Phenolic Antioxidants and 



                               Trop J Nat Prod Res, August 2025; 9(8): 3568 - 3580                ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

3580 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

Functional Compounds from Coffee Industry By-Products. Food 

Bioprocess Technol. 2012;5(3):897–903.  

52.  Yashin A, Yashin Y, Wang JY, Nemzer B. Antioxidant and 

antiradical activity of coffee. Antioxidants. 2013;2(4):230–245.  

53.  Murthy PS, Madhava Naidu M. Sustainable management of coffee 

industry by-products and value addition - A review. Resour 

Conserv Recycl. 2012;66:45–58. Available from: 

http://dx.doi.org/10.1016/j.resconrec.2012.06.005 

54.  Moon JK, Shibamoto T. Antioxidant assays for plant and food 

components. J Agric Food Chem. Bioact Food Proteins Pept Appl 

Hum Heal. 2009;57:1655–1666.  

55.  Oliveira RT De, Junior JM, Vinicius D, Stefani R. Phytochemical 

Screening and comparison of DPPH radical scavenging from 

different samples of coffee and Yerba Mate beverages. Int J Sci Res 

Publ. 2014;4(5):1–7.  

56.  Alara OR, Abdurahman NH, Ukaegbu CI. Extraction of phenolic 

compounds: A review. Curr Res Food Sci. 2021;4:200–14. 

Available from: https://doi.org/10.1016/j.crfs.2021.03.011 

57.  Chew KK, Ng SY, Thoo YY, Khoo MZ, Wan Aida WM, Ho CW. 

Effect of ethanol concentration, extraction time and extraction 

temperature on the recovery of phenolic compounds and 

antioxidant capacity of Centella asiatica extracts. Int Food Res J. 

2011;18(2):571–578.  

58.  Heim KE, Tagliaferro AR, Bobilya DJ. Flavonoid antioxidants: 

Chemistry, metabolism and structure-activity relationships. J Nutr 

Biochem. 2002;13(10):572–584.  

59.  Król K, Gantner M, Tatarak A, Hallmann E. The content of 

polyphenols in coffee beans as roasting, origin and storage effect. 

Eur Food Res Technol. 2020;246(1):33–39. Available from: 

https://doi.org/10.1007/s00217-019-03388-9 

 

 

 

 


