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Article Info Abstract 

Article type: Objective: The consumption of coffee has increased globally because of its 

flavor and health benefits. The present study aimed to investigate the phenolic 

compounds and biological activity of four varieties of Coffea arabica L. 

(Heirloom 1-4) from the flora of Africa.  

Methods: Ethanolic extracts of the green and roasted coffee beans were screened 

in vitro for their total phenols and flavonoids using Folin-Ciocalteu and AlCl3 

assays, respectively. In addition, the antioxidant activity of the extracts was 

evaluated by three complementary tests DPPH free radical-scavenging, β-

carotene/linoleic acid, and metal chelating activity. The antibacterial activity of 

the aqueous extracts of the samples against two gram-positive and two gram-

negative bacteria was also studied by the disk diffusion method.  

Results: Results showed that the ethanolic extracts from both green and roasted 

beans of the variety Heirloom 4 contain the highest amounts of phenols and 

flavonoids. In addition, the antioxidant activity assays indicated that the activity 

of the studied extracts was lower than ascorbic acid (a standard synthetic 

antioxidant) in the metal-chelating activity and the DPPH radical scavenging 

assay. However, the oxidation of linoleic acid in the β-carotene/linoleic acid 

system was inhibited by all studied extracts. Furthermore, the aqueous extracts 

of the green and roasted beans of all varieties showed proper antibacterial activity 

against the bacterial strains tested.  

Conclusion: In conclusion, several factors including altitude, variety, extraction 

methods, and type of solvent used affected the bioactivity of the coffee extracts. 

All antioxidant activity assays showed a close relationship with the phenolic 

content of green and roasted samples. Antioxidant activity assays indicated that 

the green or roasted bean extracts of coffee have potent free radical scavenging 

activity. Moreover, the differences in the antioxidant activity of green and roasted 

bean extracts in the same variety could be attributed to the roasting process. 
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Introduction 

For years, plants have been used globally as food and medicine. They produce bioactive metabolites, 

which are used to prevent and treat diseases caused by free radicals (Gomaa et al. 2019). Excessive 

free radicals in cells are the cause of oxidative stress in humans which results in various diseases and 

early aging (Yahayu et al. 2020). The human body possesses antioxidant defensive systems that 

quench free radicals. They are found in enzymatic and non-enzymatic forms (Nimse and Pal 2015). 

Polyphenols are one of the most important antioxidants, which are found in plants (Priftis et al. 2015). 

In recent years, the antioxidant activity of phenolic compounds such as flavonoids has attracted the 

interest of many researchers, and some plants rich in phenolic compounds such as cocoa (Davinelli 

et al. 2018), coffee (Priftis et al. 2015; Sentkowska et al. 2016), and legumes (Kamalvand et al. 2021) 

are useful in the treatment of several diseases. 

The Coffea L. genus of the Rubiaceaea family has over 500 species. Among these, Coffea 

arabica L. (arabica) and Coffea canephora L. (robusta) are the most important commercial species 

(Jeszka-Skowron et al. 2015). Arabica comes mostly from Brazil and Ethiopia, while canephora 

inhabits South Asia (mainly Vietnam) and the lowlands of Central and West Africa (Sentkowska et 

al. 2016). C. arabica L. is known for its low caffeine content and fine aroma and accounts for 65% 

of the world’s coffee production (Cho et al. 2013). The chemical composition of coffee brews 

depends on the coffee species and varieties, as well as the preparation method, brew volume, and 

roasting degree (Alves et al. 2010). Coffee, both green and roasted beans, contains several bioactive 

compounds with antioxidant activity (Makiso et al. 2023). The antioxidant activity of coffee depends 

on some factors such as coffee bean type and variety, regional conditions, bean processing, and 

extracting methods (Jung et al. 2021; Yust et al. 2024). The roasting process is required to bring out 

coffee flavors (Jung et al. 2021). The association between coffee roasting and antioxidant activity has 

been investigated in some studies, but results were inconsistent. Studies have indicated that the 

antioxidant activity of coffee is associated with compounds such as caffeine, chlorogenic acids, and 

tocopherols (Parras et al. 2007). Phenolic compounds act as hydrogen donors, metal chelators, 

reducing agents, and singlet oxygen quenchers to enforce their antioxidant effects (Cho et al. 2013).  

There is no knowledge about the inter-variety variation concerning the in vivo effects of the 

coffee bean extracts. The existence of any possible differences among coffee varieties may help us to 

unravel the distinct metabolic properties of the bioactive compounds. Hence, this study aimed to 

assess the total phenolic content, antioxidant properties, and antibacterial activities of the green and 

roasted bean extracts from four C. arabica varieties, namely Heirloom 1, Heirloom 2, Heirloom 3, 

and Heirloom 4.  
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Materials and Methods 

Chemicals 

Gallic acid, ascorbic acid, aluminum chloride, butylated hydroxytoluene (BHT), chloroform, ethanol, 

Folin-Ciocalteu reagent, nutrient agar, potassium acetate, sodium bicarbonate, and Tween-40 were 

purchased from Merck (Darmstadt, Germany). β-carotene, 1, 1-diphenyl-2-picrylhydrazyl (DPPH), 

linoleic acid, and quercetin were obtained from Sigma (St. Louis, MO, USA).  

 

Coffee sample preparation 

The green and roasted beans of four Coffea arabica varieties were purchased from the SET Coffee 

Company (Tehran, Iran). They included Heirloom 1 (Ethiopia, Yirgacheffe, 1950 MASL, natural 

process), Heirloom 2 (Ethiopia, Yirgacheffe, 1800 MASL, washed process), Heirloom 3 (Ethiopia, 

Guji, 2100 MASL, washed process), and Heirloom 4 (Ethiopia, Limu, 1600 MASL, washed process).  

 

Extract preparation 

Both green and roasted beans were ground to powder. For extraction, 4 g of the powder was added to 

100 mL ethanol 70% at room temperature followed by magnetic stirring for 1 h. The mixtures were 

kept in the dark under refrigeration (2-8 °C) for 18 h. The extracts were recovered by filtration on 

cellulose support under reduced pressure, and then, concentrated in a rotatory evaporator (60 °C, 82 

rpm). The dried extracts were resuspended in 10 mL distilled-deionized water, centrifuged at 4000 

rpm for 10 min, and the supernatants were collected for further analyses (Affonso et al. 2016). 

 

Determination of total phenol and flavonoid contents 

The Folin-Ciocalteu method was used to determine the total phenol content of the extracts (Singleton 

and Rossi 1965). Briefly, 100 μL of the ethanolic extract (1 mg/mL) was mixed with 0.75 mL Folin-

Ciocalteu reagent which was previously diluted 10-fold with distilled water and kept at 22 °C for 5 

min. Then, 0.75 mL sodium bicarbonate (60 g/L) solution was added and mixed thoroughly. The 

absorbance of samples was determined by the UV-Vis Array Photonix Ar 2017 spectrophotometer at 

725 nm at 22 ºC after 90 min. The total phenols content was determined as gallic acid equivalent 

(GAE) and presented as mg GAE/g dry weight. 

The aluminum trichloride method was applied to determine the total flavonoid content with 

quercetin as a reference compound (Chang et al. 2002). Based on this method, a flavonoid-aluminum 

complex is formed with the maximum absorptivity at 415 nm, after the remaining reaction at room 

temperature for 30 min. Briefly, 0.5 mL of each extract (1:10 g/mL) was separately mixed with 0.1 
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mL of 10% aluminum chloride, 1.5 mL of ethanol, 0.1 mL of 1 M potassium acetate, and 2.8 mL of 

distilled water. The calibration curve was obtained by preparing the quercetin solution in ethanol at 

different concentrations from 12.5 to 100 g/mL. 

 

Antioxidant activity assays 

DPPH free radical scavenging activity 

The hydrogen atoms of the corresponding extracts and several pure compounds were determined by 

bleaching of the purple-colored methanol solution of DPPH. The stable 1,1- diphenyl-2-

picrylhydrazyl radical (DPPH) was used to determining of the free radical scavenging activity of the 

extracts. The method of Mensor et al. (2001) was applied to measure the radical scavenging ability. 

Briefly, the ethanolic solution of 0.5 mL DPPH (0.3 mM) was added to 2.5 mL of the different 

concentrations of coffee extracts (0.2, 0.4, 0.6, 0.8, and 1 mg/mL). The samples were first kept in the 

dark at room temperature. Then their absorbance was read at 517 nm after 30 min. The antiradical 

activity (I) was measured as follows: 

I% = 1- (As – Ab)/Ac × 100 

Blank samples (Ab) consisted of 1 mL ethanol and 2.5 mL of different concentrations of the extract 

and the control sample (Ac) contained 1 mL 0.3 mM DPPH and 2.5 mL ethanol. The optical density 

of the samples, the control, and the empty samples were determined by comparing them with ethanol. 

The amount of discoloration was plotted against the sample concentration to calculate the IC50 value, 

which is the amount of sample needed to decrease the absorbance of DPPH by 50% (Koleva et al. 

2002). 

 

Metal chelating activity 

The method of Dinis et al. (1994) was utilized to determine the chelating activity of ferrous ions. The 

reaction mixture consisted of 0.5 mL of different concentrations of test compounds, 0.05 mL (2 mM) 

of FeCl2+ solution, and 1.6 mL of deionized water. After 30 s, 0.1 mL 5 mM ferrozine solution was 

added. The Fe2+-ferrozine magenta complex was very soluble and stable in water. The absorbance 

was measured at 562 nm after 10 min at room temperature. The relative activities of test compounds 

to chelate ferrous ion were presented as a percentage of absorbance disappearance as the following 

formula: 

Metal chelating activity (%) = (Acontrol ˗ Asample)/ Acontrol × 100 

Where, As is the reaction mixture absorbance in the presence of the coffee, and Ac is the absorbance 

of the reaction mixture in the absence of the coffee extract. 
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β-Carotene/linoleic acid model system 

The antioxidant capacity was determined by measuring the inhibition of the volatile organic 

compounds and the conjugated diene hydroperoxides arising from linoleic acid oxidation (Barrière et 

al. 2001). A stock solution of β-carotene/linoleic acid was prepared as follows: first, 0.5 mg β-

carotene was dissolved in 1 mL chloroform, then 25 µL linoleic acid and 200 mg Tween-40 were 

added. The chloroform was evaporated using a vacuum evaporator. Then, 100 ml of distilled water, 

saturated with oxygen (30 min at 100 mL/min), was added with vigorous shaking. In brief, 350 µL 

portions of the extracts were added to 2.5 mL of the above mixture in test tubes. The test tubes were 

incubated in a hot water bath at 50 ºC for 2 h, together with two blanks, one consisted of the 

antioxidant BHT as a positive control, and the other comprised the same volume of ethanol instead 

of the extracts. The absorbance was measured at 470 nm by a spectrophotometer. The inhibition 

percentage (I%), representing the antioxidant activity of the samples was calculated as follows:  

I% = (Aβ-carotene after 2h assay /Ainitial β-carotene) × 100 

Where Aβ-carotene after 2h assay is the absorbance of the remaining β-carotene after 2 h assay in the samples 

and Ainitial β-carotene is the absorbance of β-carotene at the beginning of the experiment (Amiri and 

Ghiasvand 2016). 

 

Antibacterial activity assay 

The antibacterial activity of the aqueous extracts was evaluated against two gram-positive (Bacillus 

cereus PTCC 1247, Staphylococcus aureus PTCC 1337) and two gram-negative (Escherichia coli 

ATCC 25922, Pseudomonas aeruginosa PTCC 1707) bacteria by the disk diffusion method (Bauer 

et al. 1966) at three different concentrations (0.1, 0.2, and 0.4 g/mL of the extracts). The extracts were 

prepared by adding samples to 10 mL boiling distilled water and placing them on boiling water vapor 

for 20 min. Then, 25 µL of the extracts were applied to blank sterile paper discs (6 mm diameter). 

These discs were placed onto the nutrient agar medium, previously inoculated with a bacterial 

suspension (0.5 McFarland standard). The cultures were incubated at 37 ºC for 24 h. The antibacterial 

activity against each test organism was quantified by determining the mean zone of inhibition. 

Negative controls were made using discs consisting of 25 µL sterile distilled water, while positive 

controls were made by chloramphenicol, clindamycin, nitrofurantoin, and vancomycin. 

 

Statistical analysis 

The data were recorded as means ± standard deviations. One-way analysis of variance was performed 

at the p-value ≤ 0.05. Means were compared by Duncan’s multiple range test.  
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Results and Discussion 

Total phenol and flavonoid contents 

The total phenol content of the green and bean extracts measured by Folin Ciocalteu reagent in terms 

of gallic acid equivalent (standard curve equation: y = 0.0041x - 0.022, R2 = 0.9982) are shown in 

Table 1. The results showed the total phenol content of Heirloom 3 and Heirloom 4 varieties were 

significantly different from other varieties in green bean extracts. In the roasted coffee beans, 

Heirloom 4 had higher total phenol content than other varieties (Table 1). The roasting process 

significantly increased the total phenolic content, which could be due to thermal degradation of 

complex phenolic compounds such as chlorogenic acids into simpler compounds such as melanoidins 

(Fuller and Rao 2017; Acidri et al. 2019). The differences in phenolic content of the varieties can be 

affected by environmental factors. Altitude is an environmental factor that affects the coffee quality 

by optimizing temperature. Temperature has an important effect on coffee plants, especially in fruit 

development and ripening stages. Joët et al. (2010) showed that chlorogenic acids and fatty acids in 

the seed were controlled by the mean air temperature during seed development. The suitable 

temperature for the arabica coffee is between 18-21 ºC and other temperatures will result in 

incomplete fruit maturity. Therefore, when the temperature is high throughout the growing period, 

several chemical compounds accumulate and reduce the coffee quality (Adugna 2021). However, our 

results showed that the Heirloom 4 variety which grows in the low altitude represents the highest 

content of phenolic compounds in both green and roasted bean extracts. In another study, Link et al. 

 

 Table 1. Total phenol content of the roasted and green beans in four Coffea arabica varieties studied. 

Variety Roasted beans (mg GAE/g DWa) Green beans (mg QE/g DWa) 

Heirloom 1 229.52 ± 6.06b 34.22 ± 1.83b 

Heirloom 2 230.7 ± 12.31b 35.85 ± 2.76b 

Heirloom 3 234.78 ± 4.53b 52.11 ± 4.76a 

Heirloom 4 325.35 ± 14.31a 55.64 ± 2.82a 

aDW: Dry weight; Data are expressed as mean ± standard deviation (n = 3); Means with different letters in each column denote 

significant differences according to Duncan’s multiple range test (p ≤ 0.05). 

 

 (2014) reported that the chlorogenic acid content declined with altitude but the alkaloid content 

increased. In addition, Sridevi and Parvatam (2014) showed the negative effect of altitude on caffeine 

content. 

Results from total flavonoids assessment in terms of quercetin equivalent (the standard curve 

equation: y = 0.0091x ̠  0.0206, R2 = 0.995) in green beans extracts showed that there were significant 

differences between the Heirloom 3 and Heirloom 4 and the other varieties in total flavonoid content, 
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however, in the roasted beans extracts the total flavonoid content of Heirloom 4 was significantly 

higher than other varieties which represents its highest quality (Table 2). It is established that phenolic 

compounds contribute to the quality (Acidri et al. 2019) and nutritional value (Bondam et al. 2022) 

of coffee, and has health-beneficial effects (Bondam et al. 2022). They also participate in plant 

defense mechanisms to alleviate the harmful effects of several biotic and abiotic stresses (Machado 

et al. 2023).  

 

Antioxidant activity 

DPPH radical scavenging activity 

Coffee plants are indeed an important source of dietary antioxidants, and the antioxidant activity of 

coffee is primarily due to the accumulation of polyphenols, including phenolic compounds (Priftis et 

al. 2015; Sentkowska et al. 2016). Phenolic compounds act as free radical terminators (Kalpoutzakis 

et al. 2023), and their bioactivity properties may be associated with their abilities to chelate metals, 

inhibit lipoxygenase, and scavenge free radicals (Decker 1997; Yin et al. 2008). According to 

Sacchetti et al. (2005), among a large number of tests, the results of a single assay can provide only 

a reductive suggestion of the antioxidant properties of extracts toward food matrices and must be 

interpreted with some caution. Moreover, the chemical complexity of extracts, often a mixture of 

several compounds with different functional groups, chemical behavior, and polarity, could lead to 

scattered results, depending on the test type. Therefore, Sacchetti et al. (2005) recommended multiple 

 

 Table 2. Total flavonoid content of the roasted and green beans in four Coffea arabica varieties studied. 

Variety Roasted beans (mg GAE/g DWa) Green beans (mg QE/g DWa) 

Heirloom 1 154.68 ± 4.08c 16.21 ± 0.39b 

Heirloom 2 162.07 ± 4.37b 16.32 ± 2.39b 

Heirloom 3 163.69 ± 5.25b 19.40 ± 0.76ab 

Heirloom 4 191.71 ± 7.88a 22.19 ± 1.41a 

          aDW: Dry weight; Data are expressed as mean ± standard deviation (n = 3); Means with different letters in each column denote 

significant differences according to Duncan’s multiple range test (p ≤ 0.05). 

 

assays in screening work. They further stated that among the methods that evaluate the antioxidant 

activity, very few of them, including DPPH, are useful for determining the activity of both hydrophilic 

and lipophilic species, thus ensuring a better comparison of the results and covering a wider range of 

possible applications. The results of the free radical-scavenging capacities of the corresponding 

extracts are shown in Tables 3 and 4. The extracts from the green beans of all varieties at different 
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concentrations exhibited more than 50% scavenging activity, whereas the roasted beans showed more 

than 60% scavenging activity. Ascorbic acid as the standard compound had the IC50 value lower than 

those of all studied extracts from both green and roasted beans. Hence, it was a more potent 

antioxidant than the tested samples, because the higher antioxidant activity is reflected in a lower 

IC50. The radical scavenging activity of the green and roasted beans extracts respectively, decreased 

in the following order: Heirloom 4 (IC50 = 0.105 mg/mL, IC50 = 0.102 mg/mL) > Heirloom 3 (IC50= 

0.165 mg/mL, IC50 = 0.1156 mg/mL) > Heirloom 2 (IC50 = 0.195 mg/mL, IC50 = 0.141 mg/mL) > 

Heirloom 1 (IC50 = 0.196 mg/mL, IC50 = 0.150 mg/mL) (Figures 1 and 2). These differences might 

have been derived from local, climate, and seasonal factors related to the cultivation regions of the 

varieties. Phenolic compounds with a higher number of hydroxyl groups have enhanced ROS 

scavenging activity (Świętek et al. 2019). It was reported that the decrease in the absorbance of DPPH 

 

  Table 3. DPPH radical scavenging activity of the green beans in four Coffea arabica varieties studied.  

 DPPH concentration (mg/mL) 

Variety 0.2 0.4 0.6 0.8 1 Average 

Heirloom 1 52.62 ± 4.13m 68.51 ± 2.45kl 78.42 ± 4.40h-j 85.97 ± 2.06d-g 89.90 ± 4.44c-e           75.08 

Heirloom 2 66.77 ± 5.40l 73.51 ± 4.44jk 80.02 ± 2.86g-i 88.66 ± 2.06de 91.24 ± 3.49b-d 80.04 

Heirloom 3 67.33 ± 2.06l 75.30 ± 3.49ij 82.38 ± 3.01f-h 88.66 ± 0.79de 94.84 ± 1.27a-c 81.70 

Heirloom 4 74.18 ± 0.63i-k 82.04 ± 0.32f-h 84.51 ± 0.32e-g 86.53 ± 2.54d-f 89.90 ± 1.59c-e 83.43 

Ascorbic acid 96.43 ± 0.16ab 96.85 ± 0.20ab 98.05 ± 0.22a 98.45 ± 0.62a 99.06 ± 0.12a 97.76 

Data are expressed as mean ± standard deviation (n = 2); Means with different letters denote significant differences according to 

Duncan’s multiple range test (p ≤ 0.05). 

 

 

      Table 4. DPPH radical scavenging activity of the roasted beans in four Coffea arabica varieties studied.  

 

Variety 

DPPH concentration (mg/mL) 

0.2 0.4 0.6 0.8 1 Average 

Heirloom 1 62.64 ± 0.31k 79.10 ± 11.00g-j 85.43 ± 1.72d-h 91.43 ± 2.99a-e 97.67 ± 1.42ab              83.25 

Heirloom 2 76.54 ± 1.73ij 81.65 ± 4.56f-i 91.66 ± 3.93a-e 92.88 ± 1.26a-d 98.33 ± 0.47a 88.21 

Heirloom 3 76.76 ± 0.16ij 78.65 ± 3.46h-j 87.44 ± 2.04c-g 89.21 ± 6.76b-f 95.55 ± 0.00a-c 85.52 

Heirloom 4 71.31 ± 6.92j 79.32 ± 5.03g-j 80.54 ± 1.10g-i 83.77 ± 3.15e-i 96.78 ± 2.67ab 82.34 

Ascorbic acid 96.43 ± 0.16ab 96.85 ± 0.20ab 98.05 ± 0.22a 98.45 ± 0.62a 99.06 ± 0.12a 97.76 

      Data are expressed as mean ± standard deviation (n = 2); Means with different letters denote significant differences according  

      to Duncan’s multiple range test (p ≤ 0.05). 

 

radical caused by phenolic compounds is due to the reaction between antioxidant molecules and 

radicals, resulting in the scavenging of the radicals by hydrogen donation and is visualized as a 

discoloration from purple to yellow (Thirumalai et al. 2011), and flavonoids with their hydroxyl 
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groups may be also responsible for the radical scavenging potential of the extracts. Moreover, a strong 

positive correlation between total phenol content and scavenging activity was reported here, while  

 
Figure 1. IC50 values of DPPH scavenging activity of the green beans in four Coffea arabica varieties studied and ascorbic 

acid; Means with different letters denote significant differences according to Duncan’s multiple comparison test (p ≤ 

0.05). 

 

 
Figure 2. IC50 values of DPPH scavenging activity of the roasted beans in four Coffea arabica varieties studied and 

ascorbic acid; Means with different letters denote significant differences according to Duncan’s multiple comparison test 

(p ≤ 0.05). 

 

these characteristics were strongly and negatively correlated with the DPPH IC50 (Table 5). Several 

experimental data in the literature support that the total phenolic content contributes to the antioxidant 

activity of some plants (Karamian and Ahmadi Khoei 2022). However, the antioxidant activity 

assessed by the DPPH assay did not correlate with the total phenolic content in different Epilobium 

species, contradicting that these compounds contribute to antioxidant activity (Abbasi Karin et al. 

2023). The variation in phytochemical traits of medicinal plant species can be attributed to the effect 
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of various geographical conditions and also, developmental and genetic factors (Rahmati and 

Ghorbanpour 2023). 

 

Metal chelating activity 

Lipid peroxidation can be described generally as the reaction of lipids with molecular oxygen. It 

involves hydrogen-atom abstraction by peroxyl radicals, with oxygen addition to carbon radicals 

resulting in lipid peroxyl radicals and hydroperoxides (Yin et al. 2011).  Iron is an essential metal for 

the transport of oxygen, respiration, and activity of enzymes. Also, it is the most important pro-

oxidant among transition metals because of its high reactivity (Cho et al. 2013). The ferrous iron 

reacts with hydrogen peroxide (Fenton reaction) and consequently produces reactive free radicals 

(Prescott and Bottle 2017). According to our results, the metal chelating activity was enhanced with 

increasing concentrations of both green and roasted bean extracts (Tables 6 and 7). The highest metal 

chelating average was obtained by Heirloom 4 and Heirloom 2 in green and roast beans, respectively. 

Also, all extracts had weaker metal chelating activity than ascorbic acid, representing a synthetic 

antioxidant. Moreover, the green beans had higher metal-chelating activity than the roasted beans. 

The low metal chelating activity after thermal processing indicates the low thermal stability of some 

antioxidants. Tannic acid, a polyphenolic in coffee beans, is regarded as a strong antioxidant because 

it can chelate metal ions such as Fe2+ and Cu2+ ions (Lopez et al. 1999).  

 

β-Carotene/linoleic acid assay 

The oxidation of linoleic acid in the β-carotene/linoleic acid assay was effectively inhibited by 

Heirloom 4 green and roast bean extracts (73.99% ± 4.04 and 94.22% ± 1.41, respectively), followed 

by Heirloom 3 (73.20% ± 3.36; 92.71 ± 2.43), Heirloom 2 (63.48% ± 2.66; 81.54 ± 5.04), and 

Heirloom 1 (61.94% ± 1.48; 77.46 ± 3.62) (Table 8). Our results showed that ethanolic extracts of 

the green and roasted beans of Heirloom 3 and Heirloom 4 were significantly different from Heirloom 

1 and Heirloom 2 in the inhibition of linoleic acid oxidation (Figure 3). The β-carotene/linoleic acid 

assay showed that all green bean extracts have lower activity than BHT as a synthetic antioxidant, 

whereas the Heirloom 4 and Heirloom 3 roasted bean extracts represented higher activity than BHT.  

 

Antibacterial activity assay  

In a preliminary antibacterial test conducted before this experiment, we found that the ethanolic 

extracts of green and roasted coffee samples did not have any antibacterial activity. However, their 

boiled-water extracts showed antibacterial activity. Additionally, the aqueous extracts of the roasted  



Comparative analysis of phenolic compounds and biological activities of four varieties …        99 

 

Table 5. Linear correlation between evaluated antioxidant characteristics of the roasted and green beans in four Coffea 

arabica varieties studied and ascorbic acid. 

 AA1 in roasted 

beans 

IC50 in roasted 

beans 

AA1 in green beans IC50 in green beans 

Total phenol content 0.971 0.112 0.921 0.108 

Total flavonoid content 0.963 0.121 0.911 0.142 

AA1 = Antioxidant activity (by scavenging DPPH free radical); IC50 = The amount of sample necessary to decrease DPPH. by 50%. 

      

    Table 6. The metal chelating activity of the green beans in four Coffea arabica varieties studied and ascorbic acid.  

 

Variety 

Fe-Chelate concentration (mg/mL) 

0.2 0.4 0.6 0.8 1 Average 

Heirloom 1 55.38 ± 3.10ij 62.71 ± 3.29gh 69.30 ± 1.53ef 73.73 ± 1.15cd 75.58 ± 2.96c              67.34 

Heirloom 2 57.45 ± 1.84i 62.08 ± 0.92h 66.43 ± 2.91fg 68.49 ± 2.34ef 75.23 ± 1.31c 65.94 

Heirloom 3 52.47 ± 3.82j 57.45 ± 1.87i 63.04 ± 2.20gh 69.34 ± 2.85ef 74.23 ± 2.03cd 63.31 

Heirloom 4 63.36 ± 2.61gh 70.69 ± 3.14de 77.54 ± 4.17c 84.50 ± 0.88b 87.43 ± 0.50b 76.70 

Ascorbic acid 95.44 ± 0.57a 96.61 ± 0.35a 97.19 ± 0.22a 97.83 ± 0.11a 98.27 ± 0.34a 97.07 

Data are expressed as mean ± standard deviation (n = 3); Means with different letters denote significant differences according to  

Duncan’s multiple range test (p ≤ 0.05). 

 

 

Table 7. The metal chelating activity of the roasted beans in four Coffea arabica varieties studied and ascorbic acid. 

 

Variety 

Fe-Chelate concentration (mg/mL) 

0.2 0.4 0.6 0.8 1 Average 

Heirloom 1 29.99 ± 4.87k 46.90 ± 1.32fgh 60.67 ± 5.93cde 64.01 ± 2. 60bcd 67.75 ± 0.49b 53.86 

Heirloom 2 43.18 ± 2.50hi 57.90 ± 3.22e 66.41 ± 2.77bc 69.64 ± 2.70b 70.02 ± 2.76b 61.43 

Heirloom 3 35.33 ± 1.93jk 44.79 ± 0.92ghi 49.75 ± 3.14fg 57.73 ± 1.99e 64.88 ± 1.52bc 50.50 

Heirloom 4 38.94 ± 8.94ij 44.29 ± 2.75ghi 51.58 ± 4.24f 58.86 ± 2.39de 65.88 ± 6.65bc 51.91 

Ascorbic acid 95.44 ± 0.57a 96.61 ± 0.35a 97.19 ± 0.22a 97.83  ± 0.11a 98.27 ± 0.34a 97.07 

Data are expressed as mean ± standard deviation (n = 3); Means with different letters denote significant differences according to 

Duncan’s multiple range test (p ≤ 0.05). 

 

Table 8. Inhibition percentage of the linoleic acid oxidation by the roasted and green beans in four Coffea arabica 

varieties studied and BHT. 

Variety Roasted beans (%) Green beans (%) 

Heirloom 1 77.46 ± 3.62c 61.94 ± 1.48c 

Heirloom 2 81.54 ± 5.04b 63.48 ± 2.66c 

Heirloom 3 92.71 ± 2.43a 73.20 ± 3.36b 

Heirloom 4                   94.22 ± 1.40a 73.99 ± 4.04b 

BHT 82.06 ± 3.82b 82.06 ± 3.82a 

Control  21.99 ± 2.19d 21.99 ± 2.19d 

Data are expressed as mean ± standard deviation (n = 3); Means with different letters in each column denote significant differences 

according to Duncan’s multiple comparison test (p ≤ 0.05). 
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beans exhibited better results than the extracts from the green beans (mean of roasted beans: 8.16 ± 

0.61; mean of green beans: 3.20 ± 0.57). The roasted samples showed higher activity against all tested 

bacteria as compared with the negative control (Table 9), whereas some green bean extracts 

demonstrated the same antibacterial activity as the negative control (Table 10). Among the roasted 

bean extracts, Heirloom 3 showed the highest activity against Pseudomonas aeruginosa (mean: 11.21 

± 0.57), Staphylococcus aureus (mean: 8.66 ± 0.57), and Bacillus cereus (mean: 7.22 ± 0.57). 

However, among the green bean extracts, Heirloom 3 and Heirloom 4 showed the highest activity 

against all bacterial strains tested (mean: 3.63 ± 0.21; 4.74 ± 0.28). Altogether in green and roasted 

beans extracts, the highest antibacterial activity was shown against S. aureus and B. cereus, and the 

lowest antibacterial activity was shown against E. coli (mean: 4.80 ± 0.28; 4.30 ± 0.23; 0.44 ± 0.04).  

These findings suggest that roasted bean extracts are a rich source of phenolic compounds and exhibit 

antibacterial activity against both gram-positive and gram-negative bacteria. The antibacterial 

activities of the flavonoid compounds could be attributed to their reaction with extracellular proteins 

resulting in the formation of complex compounds that damage the cell membrane and therefore, 

inhibit the use of oxygen by bacteria (Cushnie and Lamb 2005).  

 

             Table 9. Antibacterial activity of the roasted beans in four Coffea arabica varieties studied. 

 

 

 

 

 

 
     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Data are expressed as mean ± standard deviation (n = 3); Means with different letters within each variety denote  

significant differences according to Duncan’s multiple range test (p ≤ 0.05). 

 

 

  Inhibition zone (mm) 

Variety Concentration 

(g/mL) 

Staphylococcus 

aureus 

Pseudomonas 

aeruginosa 

Escherichia  

coli 

Bacillus  

cereus 

 

Heirloom 1 

0.1 6.33 ± 0.57e 7.33 ± 0.57de 9.00 ± 1.00abc 7.33 ± 0.57de 

0.2 10.00 ± 1.00ab 7.66 ± 1.15cde 0.00 ± 0.00g 10.00 ± 1.00ab 

0.4 10.00 ± 1.00ab 9.66 ± 0.57ab 5.33 ± 0.57f 10.33 ± 1.15a 

 

Heirloom 2 

0.1 6.33 ± 0.57g 7.66 ± 0.57ef 7.00 ± 1.00efg 6.66 ± 0.57fg 

0.2 10.00 ± 1.00b 10.33 ± 0.57b 8.00 ± 1.00de 7.33 ± 0.57efg 

0.4 10.00 ± 1.00b 13.66 ± 0.57a 10.66 ± 0.57b 9.00 ± 0.00cd 

 

Heirloom 3 

0.1 7.66 ± 0.57de 8.66 ± 0.57cd 0.00 ± 0.00f 7.66 ± 0.57de 

0.2 8.33 ± 0.57cd 11.33 ± 0.57b 0.00 ± 0.00f 10.00 ± 1.00bc 

0.4 10.00 ± 0.00bc 13.66 ± 0.57a 6.00 ± 0.00e 11.66 ± 0.57b 

 

Heirloom 4 

0.1 7.33 ± 0.57e 6.00 ± 0.00f 6.33 ± 0.57f 6.66 ± 0.57ef 

0.2 8.33 ± 0.57d 6.33 ± 0.57f 7.33 ± 0.57e 10.33 ± 0.57ab 

0.4 9.66 ± 0.57bc 9.66 ± 0.57bc 9.00 ± 0.00cd 10.66 ± 0.57a 

  0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Distilled water  0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

    0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

 



Comparative analysis of phenolic compounds and biological activities of four varieties …        101 

 

 

 
Figure 3. Inhibition of bleaching of ß-carotene/linoleic acid emulsion by the four Coffea arabica varieties studied in 

comparison with BHT as a synthetic antioxidant (82.06%); Means with different letters denote significant differences 

according to Duncan’s multiple comparison test (p ≤ 0.05). 

      

      Table 10. Antibacterial activity of the green beans in four Coffea arabica varieties studied. 

Data are expressed as mean ± standard deviation (n = 3).  Means with different letters within each variety denote significant 

differences according to Duncan’s multiple range test (p ≤ 0.05). 
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Variety 

 

Concentration 

(g/mL) 

Inhibition zone (mm) 

Staphylococcus 

aureus 

Pseudomonas 

aeruginosa 

Escherichia 

coli 

Bacillus cereus 

 

Heirloom 1 

0.1 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 5.00 ± 0.00b 

0.2 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 5.00 ± 0.00b 

0.4 6.33 ± 0.57a 0.00 ± 0.00c 0.00 ± 0.00c 5.33 ± 0.57b 

 

Heirloom 2 

0.1 6.00 ± 0.00b 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d 

0.2 6.33 ± 0.57b 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d 

0.4 6.33 ± 0.57b 5.33 ± 0.57c 0.00 ± 0.00d 8.33 ± 0.57a 

 

Heirloom 3 

0.1 0.00 ± 0.00d 8.00 ± 0.00b 0.00 ± 0.00d 0.00 ± 0.00d 

0.2 0.00 ± 0.00d 10.33 ± 0.57a 0.00 ± 0.00d 0.00 ± 0.00d 

0.4 6.66 ± 0.57c 10.33 ± 0.57a 0.00 ± 0.00d 8.33 ± 0.57b 

 

Heirloom 4 

0.1 7.66 ± 0.57bc 0.00 ± 0.00g 0.00 ± 0.00g 6.33 ± 0.57de 

0.2 8.00 ± 0.00b 0.00 ± 0.00g 0.00 ± 0.00g 7.00 ± 0.00cd 

0.4 10.33 ± 0.57a 6.00 ± 1.00ef 5.33 ± 0.57f 6.33 ± 0.57de 

 

Distilled water 

 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

  0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
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Conclusions 

In general, various factors including genetic factors affect the content of chemical compounds in 

coffee beans. In addition to these factors, environmental conditions like altitude (investigated in this 

study), extraction methods, and type of solvent used (ethanol/water), affect the final chemical 

composition and bioactivity of the extracts. All antioxidant activity assays showed a close relationship 

with the phenolic content in green and roasted samples. Our findings indicated that the extracts from 

coffee green or roasted beans have potent free radical scavenging activity in different antioxidant 

activity assays, such as DPPH-radical scavenging, metal chelating, and β-carotene/linoleic acid 

inhibition. Moreover, the differences in the antioxidant activity between green and roasted bean 

extracts in the same variety could be related to the roasting process. The antibacterial activity of 

aqueous extracts of the green and roasted beans may be partially attributed to the effect of phenolic 

compounds on the permeability of the cell wall and cytoplasmic membrane. Overall, it appears that 

the bioactivity of the coffee beans depends on the chemical composition of each variety, which 

requires further investigation. 
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