Mediterranean Journal of Nutrition and Metabolism 11 (2018) 51-63 51
DOI:10.3233/MNM-17181
10S Press

Hydroxycinnamic acids profiling, in vitro
evaluation of total phenolic compounds,
caffeine and antioxidant properties of coffee
imported, roasted and consumed 1n Algeria

Wassila Beder-Belkhiri®°, Sabrina Zeghichi-Hamri?, Nabil Kadri®“*, Lila Boulekbache-Makhlouf?,
Susana CardosoY, Sonia Oukhmanou-Bensidhoum? and Khodir Madani®

aLaboratoire de Biomathématiques, Biophysique, Biochimie, et Scientométrie (L3BS) Faculté des Sciences de la
Nature et de la Vie, Université de Bejaia, 06000 Bejaia, Algérie

bCentre de Recherche en Analyse Physico-Chimique (CRAPC), Division Agroalimentaire, 42000 Tipaza, Algérie
CFaculté des Sciences de la Nature et de la Vie et des Sciences de la Terre, Université de Bouira, 10000 Bouira,
Algérie

dDepartment of Chemistry, QOPNA, University of Aveiro, 3810-193 Aveiro, Portugal

Received 25 September 2017
Accepted 4 January 2018

Abstract.

BACKGROUD: Coffee is the most popular beverages consumed worldwide. It is an important source of antioxidants that
can inhibit harmful effects of free radicals.

OBJECTIVE: Comparative analysis of imported, roasted and consumed coffee in Algeria.

METHODS: Investigation of the hydroxycinnamic acids profile of dark roasted coffee beans UHPLC-DAD-ESI-MS" analysis
and in vitro evaluation of total phenolic compounds (TPC), caffeine and antioxidant activity using DPPH, ABTS, reducing
power and phosphomolybdum methods in green and roasted Arabica and Robusta coffees beans and in coffee brews (Moka,
Turk and Filter) prepared from a blend of Arabica and Robusta 20:80.

RESULTS: Arabica and Robusta dark roasted beans had similar chromatographic profiles, being rich in caffeoylquinic acid
and feruloylquinic acid isomers. Compared to green beans, roasted coffee beans had higher amounts of TPC while caffeine
drastically decreased. The antioxidant activity increased after roasting, while the reducing activity was decreased. Filter coffee
showed the highest levels of TPC and caffeine (0.69 £ 0.05 g GAE/100 g, 0.96 4= 0.08 mg/g respectively), which exhibits
the higher reducing activity for the iron (III) and molybdate with 0.45 £0.01 g GAE/100 g, 134.30 £2.38 mg GAE/100 g,
respectively. However, the Turk coffee exhibited the highest antiradical activity with 73.34% and 83.63% towards DPPH
and ABTS, respectively. Significant correlations were recorded between TPC, caffeine and reducing power (r=0.89) and
(r=0.97) respectively.

CONCLUSION: Despite the high roasting degree applied to green coffee beans, the consumed coffee constitute an important
source of chlorogenic acids and its derivatives with high antioxidant potential that are beneficial for human health.
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1. Introduction

In the last few decades, people are very interested in their diet and its impact on their health. Consumption
of fruits and vegetables has been associated with protection against various diseases, including cardiovascular,
cerebrovascular disease and cancer [1, 2]. It is not known for certain what active dietary constituents contribute
to the beneficial effects, but it is often assumed that antioxidant nutrients contribute to this defense. Results
from intervention trials on the protective effect of the supplementation with antioxidants such as (3-carotene and
vitamin E are not conclusive [3]. Therefore, the beneficial effect of a high intake of fruits and vegetables on the
risk of cardiovascular disease and cancer may rely not on the effect of the well-characterized antioxidants, such
as vitamin E and C and 3-carotene but rather on some other antioxidants or non-antioxidant phytochemicals or by
an additive action of different compounds present in foods such as B-linolenic acid, various phenolic compounds
and fiber [1, 2, 4]. Coffee is one of the most popular beverages consumed worldwide with over 400 billion cups
consumed each year. It is also the most important traded product in the world after fuel. Global output reached
8.2 million tons in 2011. World consumption of coffee increases annually to reach 7.9 million tons in 2011 [5].

Major concern about coffee effects on health has been mainly devoted to its possible harmful effects. Recently,
interest is being oriented to many beneficial properties of coffee consumption. Many epidemiological and exper-
imental studies have shown positive effects of regular coffee drinking on various health issues. According to
recent investigations, the consumption of moderate amounts of coffee (two to four cups per day) has valuable
effects; it reduces the risk of liver cancer and colon cancer, gallstones, cirrhosis of the liver, diabetes, coronary
heart disease, depression, Alzheimer’s and Parkinson’s diseases [6—10].

One of the most important properties of coffee is its antioxidant activity [11, 12]. In fact, roasted coffee and
brews are rich sources of antioxidant compounds, namely polyphenols [13—16], melanoidins [15, 17], caffeine
[15, 18] and chlorogenic acid [19, 20].

Coffea arabica (known as Arabica coffee) and Coffea canephora var. Robusta (known as Robusta coffee)
represent the two main species of coffee with greatest commercial significance [21]. These two species show
great differences in the agronomical characteristics, chemical composition and organoleptic properties [22-25].

Blend of these two species and its brewing process are important factors which may influence coffee’s antiox-
idant capacities. Moka, Turk and Filter coffees are the most popular brews consumed in Algeria, prepared with
a coffee blend 20:80 of Arabica and Robusta respectively. This mix was selected by coffee manufacturers and
consumers to minimize the cost of coffee due to the high price of Arabica compared to Robusta [12, 26, 27].

In order to evaluate total antioxidant capacity of coffee, several methods based on the measurement of the
redox potential of extracts were previously used including DPPH and ABTS [11, 28, 29]. Therefore, the purpose
of this study was to identify the hydroxycinnamic acids in Arabica and Robusta coffee beans after dark roasting
(Algerian favorite roasting degree, 240°C/25 min) and to quantify total phenolic compounds and caffeine in
green and dark roasted coffee beans and in coffee brews (Moka, Turk and Filter) prepared from a blend of
Arabica:Robusta 20:80. Moreover, their total antioxidant activity was also evaluated by using different tests.

2. Material and methods
2.1. Chemicals and reagents
All chemicals used throughout the study were purchased from Sigma Algerian Chemical Society, Setif, Algeria.
2.2. Preparation of coffee
2.2.1. Coffee powders preparation

Arabica (Coffea arabica) and Robusta (Coffea canephora) [21] green coffee beans, imported from Brazil and
Ivory Cost respectively, as well as dark roasted coffee beans (240°C/25 min) were provided from the local market
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(Bejaia, Algeria). Fifty grams of green and roasted coffee beans were ground with an electronic grinder (IKA
Al1 basic, Germany) and sieved by an electronic sieve (Retsch AS 200, Haan. Germany) in order to obtain an
homogenous powder (pore sieve: 500 pm in diameter).

2.2.2. Coffee phenolic extracts preparation

Total phenolic compounds were extracted from green and dark coffee powders. One gram of ground coffee
powder sample was extracted with 40 mL methanol/water (50:50). The pH was adjusted to pH=2.0. Samples
were thoroughly shaken at room temperature for 1 h then centrifuged at 2500 g for 10 min. The supernatant was
recovered and 40 mL of acetone/water (70:30) were added to the residue. After shake and centrifugation, both
extracts (15:15 mL) were mixed [27].

2.2.3. Coffee brew preparations

Three kinds of preparations commonly consumed by the Algerian people were assessed: Moka, Turk and
Filter Coffees. The coffee powder milled at 20:80 (m:m) of Arabica: Robusta, according to the roasted coffee
habitually commercialized in Algeria. The brews were prepared in triplicate.

2.2.3.1. Moka coffee (press).

In this preparation a coffee pot known as “Moka” or “press” was used. The coffee pot consists of three different
parts. The first part is a classic boiler with a capacity of approximately 50 mL. The second part is a metallic filter
which is located at the top of the boiler and approximately contains 10 g of the coffee powder, not pressed. The
third part is a classic cylindrical cooler where the coffee drink is quickly cooled and then collected before use.
The hot water distills from the boiler and, due to a slight overpressure existing in the device, extracts the coffee
powder cooling itself in the upper part of the coffee pot [27, 30].

2.2.3.2. Turk coffee (traditional).

Turk coffee preparation required a traditional metallic vessel known as “ibrik”. In a kettle contained 100 mL
of water heated to 100 °C very slowly, 10 g of coffee powder were added. After boiling, 5 mL of cold water were
added and the mixture was re-heated again to 100 °C. This process was repeated twice more times to facilitate
the precipitation of coffee insoluble compounds. After this procedure, the upper part of the obtained suspension
was collected [30].

2.2.3.3. Filter coffee.
Filter coffee brew was prepared using an electric drip filter coffee maker equipped with a filter KRUPS
(KRUPS®, BRAZIL). The beverage is collected in the below jug. Extraction takes 7-8 min, at 90°C [27].

2.3. pH measurement and browned compounds in coffee brew preparations

The pH measurements of coffee brews were performed in triplicate for each preparation, with an HANNA
211 pH-meter (HANNA Instrument®, FRANCE).

For assessment of browned compounds, 50 microliters of coffee brews were diluted up to 2 mL. After 2 min,
browned compounds were quantified by measuring the absorbance of the sample at 420 nm [31].

2.4. Identification and quantification of antioxidants

2.4.1. Identification of hydroxycinnamic acids in roasted beans

Arabica and Robusta dark roasted coffee beans infusions prepared, were analyzed by UPLC-DAD -ESI/ MS"
for identification of hydroxycinnamic acids [30]. As known, this class of compounds comprise the main phenolics
in coffee matrix. UPLC-DAD/MS" analysis was performed on an Ultimate 3000 (Dionex Co., USA) apparatus
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equipped with an ultimate 3000 Diode Array Detector (Dionex Co., USA) and coupled to a mass spectrometer.
The chromatographic system consisted of a quaternary pump, an autosampler, a photodiode-array detector and an
automatic thermostatic column compartment. Analysis was run on a Hypersil Gold (Thermo Scientific, USA) C18
column (100 mm length; 2.1 mm i.d.; 1.9 wm particle diameter, end-capped) and its temperature was maintained
at 30°C. The mobile phase was composed of (A) 0.1% of formic acid (v/v) and acetonitrile (B). The solvent
gradient started with 5% of solvent (B), reaching 40% at 14 min and 100% at 16 min, followed by the return to
the initial conditions. The flow rate was 0.1 mL.min~! and UV-Vis spectral data for all peaks were accumulated
in the range 200-500 nm while the chromatographic profiles were recorded at 280 and 320 nm.

The mass spectrometer used was a Thermo LTQ XL (Thermo Scientific, USA) ion trap MS equipped with an
ESI source. Control and data acquisition were carried out with the Thermo X caliber Qual Browser data system
(Thermo Scientific, USA). Nitrogen above 99% purity was used and the gas pressure was 520 kPa (75 psi).
The instrument was operated in negative-ion mode with ESI needle voltage set at 5.00kV and an ESI capillary
temperature of 275°C. The full scan covered the mass range from m/z 100 to 2000. CID and MS" experiments
were simultaneously acquired for precursor ions using helium as the collision gas with collision energy of 25-35
arbitrary units.

2.4.2. Quantification of total phenolic compounds

Total phenolic compounds of green and roasted coffee beans extracts and coffee brews were determined
photometrically (UV-VIS spectrophotometer, Shimadzu) according to the Folin—Ciocalteu procedure using gallic
acid as standard and expressing the results as gram equivalent gallic acid (GAE) per 100 grams of dry coffee
[15].

2.4.3. Quantification of Caffeine

The micro-method for determination of caffeine content in coffee beans extracts or coffee brews was used.
Briefly, the pH of the coffee samples was adjusted to 8-9. Ten milliliters of benzene, 100 wL of sample and
0.5 g of NaCl were mixed, shaken (1 min), and centrifuged (10 min, 3500 rpm). Five mL of benzene layer was
combined with 5 mL of 5N H,SO4, mixed and centrifuged (5 min, 3500 rpm). The bottom (H,SO4) layer was
pipetted into a quartz cuve and the absorbance was read at A =273 nm against a blank (H>,SO4) [32]. Results
obtained from triplicates analyses, were calculated using a standard curve and expressed as mg caffeine per
grams of dry coffee.

2.5. Antioxidant activity

2.5.1. Reducing power method

An aliquot of 0.1 mL of the samples (coffee extracts and brews) was added to 2.5 mL of phosphate buffer
(0.2 mol/L, pH 6.6) and 2.5 mL of aqueous potassium ferricyanide solution (10%, w:v). After stirring, the mixture
was incubated at 50°C for 20 min. Then, 2.5 mL of aqueous trichloroacetic acid solution (10%, w:v) were added.
An aliquot of 1.25 mL of distilled water and 0.25 mL of aqueous ferric chloride solution (0.1 g/100 mL) were
added to 1.25 mL of the mixture. The absorbance was determined at . =700 nm. The results were expressed as
g gallic acid equivalent per 100 grams of dry coffee [33-35].

2.5.2. Phosphomolybdenum method

An aliquot of 0.1 mL of sample solution was combined with 1 mL of reagent solution (0.6 M sulfuric acid,
28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were capped and incubated in a boiling
water-bath at 95°C for 90 min. After cooling at room temperature, the absorbance was measured at A =695 nm
against a blank. The results were expressed as equivalents of mg quercetin per 100 grams of dry coffee [34].
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Table 1

pH and melanoidins (420 nm) in coffee brews

pH Melanoidins (420 nm)
Coffee drink
Moka (A/R : 20/80) 6.43% +0.02 0.750* +0.017
Turk (A/R : 20/80) 6.22° 4+ 0.03 0.530° £0.013
Filter (A/R : 20/80) 6.35* +0.02 0.282¢ 4 0.009

Values are mean SD = standard deviation (n =3). Means followed by the same letter
are not different according to ANOVA (Analysis of Variance).

2.5.3. DPPH test

Methanolic DPPH solution 6.1 x 10° M of DPPH was prepared and adjusted with methanol to an absorbance
of 0.7 (£0.02) at 515 nm. DPPH solution was added to 100 wL of coffee bean extracts or 100 wL of coffee
brews. After mixing, the absorbance was read at A =517 nm. The percentage of reduction of radical DPPH was
calculated as follows: Radical-scavenging activity % =[(Ac - Ae)/Ac] *100, where Ac is the absorbance of the
control (DPPH radical + methanol) and Ae is the absorbance of the extracts (DPPH radical + extract of coffee
beans and brews) [29, 36].

2.5.4. ABTS test

The ABTS radical cation (ABTS™) was produced by reacting 7mM ABTS stock solution with 2.45 mM
potassium persulphate and the mixture was incubated in the dark at room temperature for 12—16 h before use. The
ABTS™ solution (stable for 2 days) was diluted with 5 mM phosphate buffered saline (pH 7.4) to an absorbance
of 0.70 £ 0.02 at A =730 nm. After addition of diluted ABTS™ to solution sample (100 p.L), absorbance readings
were measured after 6 min. The percentage of reduction of radical ABTS was calculated as follows: Radical-
scavenging activity % =[(Ac - Ae)/Ac] *100, where Ac is the absorbance of the control (ABTS radical +
methanol) and Ae is the absorbance of the extracts (ABTS radical + extract of coffee beans and brews) [27].

2.6. Statistical analysis

All experiments were carried out in triplicate. Results were expressed as means =+ standard deviation. One-way
analysis of variance (ANOVA) was applied to compare data using software STATISTICA 5.5. Fisher LSD (Least
Significant Difference) was used to compare means of the estimated antioxidants contents and antioxidants
activities. For all tests p <0.05 was considered significant.

The correlations between the measured parameters were calculated with basic statistic using the correlation
matrix.

3. Results and discussion
3.1. pH and browned compounds in coffee brew preparations typically consumed by the Algerian people

The pH values and absorbance of browned compounds of coffee brews prepared by different techniques (i.e.
Moka, Turk and filter) from blend of Arabica and Robusta 20:80 are shown in Table 1. For the three preparations,
the recorded pH values were relatively high, ranging from 6.22 to 6.43 induced by the high degree of roasting
as previously described [26]. Indeed, it has been shown that this process changes the profile of various coffee
beans constituents. The changes of macroconstituents, i.e. saccharides and proteins are particularly significant
since their thermally driven reactions lead to Maillard reactions and the formation of melanoidins [37, 38].
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Fig. 1. Representative UPLC chromatographic profile at 320 nm of Arabica and Robusta coffee extracts.

The analysis of melanoidins in prepared coffee could provide valuable information about the roast degree.
The 420 nm wavelength has been widely used for assessing the color intensity of browning reaction mixtures
as it relates to the palatability of heat-processed foods and beverages [19]. In this work, the Moka coffee brews
showed the higher browning index at 0.750 4= 0.017 followed by the Turk and Filter coffees with 0.530 - 0.013
and 0.280 =+ 0.009 respectively. Browning compounds, mainly melanoidins, contribute to the antioxidant and
other functional properties of coffee because of the presence of phenols in their skeleton [39].

3.2. Identification and quantification of antioxidants in coffee beans extracts and coffee brews

3.2.1. Identification of hydroxycinnamic acids in roasted coffee beans

The identification of hydroxycinnamic acids in Arabica and Robusta roasted coffee beans was achieved by
UPLC-DAD-ESI-MS", based on their retention time, UV-Vis spectra, full MS, MS2 and MS3data, together with
previously reported literature data. The representative chromatographic profile of the two samples is shown in
Fig. 1 and the LC-MS" data of the major detected compounds is summarized in Table 2.

Overall, the roasted Coffea arabica and Coffea robusta samples showed similar phenolic profiles that were
rich in coffeoyl quinic acids and feruloylquinic acid, along with their derivatives. Indeed, major LC-eluting peaks
in the two samples (at 5.7, 7.8 and 9.2 min) showed the same deprotonated molecule [M-H]- at m/z 353 and a
typical UV-visible spectrum (shoulder at 290-295 and max at 324-325 nm) and MS? and MS? fragmentation
profiles corresponding to those of caffeolyquinic acid (CQA) isomers [40, 41].

As reported, the MS? fragment ion at m/z 191 in caffeoylquinic acids corresponds to [quinic acid — H]™,
as a result of the ester bond cleavage. In turn, the C-O bond adjacent to the ester yields the [caffeic acid-H]™
ion m/z 179 and the [quinic acid — HyO ~ H]™ ion at m/z 173. The 4-caffeoylquinic acid isomer is typically
characterized by this last fragment ion in MS? spectrum (peaks 5), while the 3-caffeoylquinic acid (peaks 1)
and 5-caffeoylquinic acid (peak 2, 4) showing the same MS? base peak at m/z 191 ([quinic acid-H] ™) can be
distinguished by comparing the relative intensity of secondary ion form caffeoyl moiety ([caffeic acid-H] ™) at
m/z 179 or by fragmentation pattern in MS>, as previously described [42—44].

Along with the caffeoylquinic acid isomers, 4-O-feruloylquinic and trans 5-O-feruloylquinic acids were also
major phenolic constituents of Arabica and Robusta coffee beans. These isomers were co-eluted in Peak 7 (UV
max at 295sh, 325 nm, [M-H]~ at m/z 367) and were assigned according to their respective MS? fragmentation
patterns ([M-H] ™ at m/z 367— 173, 193 and [M-H] ™ at m/z 367— 191, 173 for 4-O-feruloylquinic acid and
trans 5-O-feruloylquinic acid, respectively) [44].
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Table 2
LC-DAD-ESI/MS" data of dark roasted coffee beans (Arabica and Robusta)

Peak  tRmin) A max (nm) [M-H]™  Fragment ions, m/z (%) MS? Fragment ions, m/z (%) MS3 Probable compound

1 5.7 290sh, 324 353 191 (100), 179 (40), 135 (7) [191] 193 (100) 3-O-caffeoylquinic acid
7.8 290sh, 324 353 191 (100) [191] 85 (100), 127 (70) cis 5-O-caffeoylquinic acid
8.1 294sh, 324 353 179 (100), 191 (90), 173 (10), [179] 127 (100); 173 (80), 85  caffeoylquinic acid isomer
135 (10) (30)
4 8.7 290sh, 325 353 191 (100), 179 (7) [191]: 173 (100), 127 (90), 85  trans 5-O-caffeoylquinic acid
(65), 93 (42), 111 (30)
5 9.2 295sh, 325 353 173 (100), 179 (50), 191 (20)  [173]: 111 (100), 93 (90) 4-O-caffeoylquinic acid
10.7  293sh, 324 367 191 (100), 173 (8) [191]: 127 (100), 173 (90), 85  cis 5-O-feruloylquinic acid
(30), 109 (30), 145 (20)
7 11.1  295sh, 324 367 173 (100), 193 (10) [173]: 93 (100), 111 (60) 4-0O-feruloylquinic acid
367 191 (100), 173 (20) [191]: 127 (100), 173 (90), 85  trans 5-O-feruloylquinic acid
(90), 109 (25), 145 (15)
8 11.5  290sh, 325 335 161(100), 135 (80), 179 (20) [161]: 133 (100) 3-O-caffeoyl-1,5-lactone
11.9  293sh, 325 335 161 (100), 179 (20), 135 (20)  [161]: 133 (100) 4-O-caffeoyl-1,5-lactone
10 13.5  296sh, 323 515 353 (100), 335 (20), 173 (10)  [353]: 173 (100), 179 (60), 3,4-di-O-caffeoylquinic acid
191 (55)
11 13.7  292sh, 325 515 353 (100) [353]: 191 (100), 179 (50), 3,5-di-O-caffeoylquinic acid
173 (10), 135 (10)
12 14.3  295sh, 325 515 353 (100) [353]: 173 (100), 179 (60), 1,4-di-O-caffeoylquinic acid
191 (30), 135 (10)
13 16.5 290, 320sh 365 229 (100), 135 (5) [229]: 185 (100), 100 (12) Caffeoyltryptophan
14 17.8 290, 310sh 349 229 (100) [229]: 185 (100), 100 (17) p-Coumaroyltryptophan

Besides the previous compounds, the UHPLC-DAD-ESI-MS" analysis of Arabica and Robusta coffee beans
allowed to identify several minor phenolic compounds, including cis 5-O-feruloylquinic acid (peak 6), 3-O-
caffeoyl-1,5-lactone and 4-O-caffeoyl-1,5-lactone (peaks 8 and 9, [M-H]™ at m/z 335— 191, 173 and m/z
335— 191, 173, 193, respectively) [45] and the three di-caffeoylquinic acids isomers3,4-di-O-caffeoylquinic
acid, 3,5-di-O-caffeoylquinic acid and 1,4-di-O-caffeoylquinic acid (peaks 10-12, [M-H]™ at m/z 515) [43].
Moreover, Peaks 13 and 14 showing respectively the deprotonated molecular ions at m/z 365 and 349 and the
base peak ion at m/z 229 in MS? spectrum were tentatively identified as caffeoyl tryptophan and p-coumaroyl
tryptophan [41].

In contrast, the deprotonated molecule corresponding to caffeic acid (m/z 179) which has been previously
described in roasted coffee [41] was not here identified in the MS spectrum of both roasted coffees.

3.2.2. Quantification of antioxidants in coffee beans extracts and coffee brews

Besides the identification of the main hydroxycinnamic acids in roasted Arabica and Robusta dark roasted
beans, the present study intended to determine the content of total phenolic compounds (TPC) and caffeine of
green and roasted coffee beans and of three coffee brews commonly consumed by Algerian people (Moka, Turk
and filter) prepared by a blend of Arabica and Robusta 20:80.

The statistical analysis revealed significant differences p <0.05 in antioxidant contents between green and
roasted coffee (Table 3). Overall, the roasted coffee beans showed high content in TPC than green coffee beans
as already found [37, 46], while the level of caffeine decreased significantly after roasting.
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Table 3
Total phenolic compounds (TPC) and caffeine content in green and roasted coffee bean

extracts and coffee brews

TPC (g GAE/100 g DM) Caffeine (mg /g DM)

Green coffee

Arabica (GA) 4.5940.032 10.5340.012

Robusta (GR) 3.88+0.15° 15.46 4 0.05°
Roasted coffee

Arabica (RA) 5.68 +0.04 1.01£0.1°

Robusta (RR) 5.43 £0.09 1.53+0.12
Coffee brews

Moka 0.70 4 0.04? 0.50 4 0.06°

Turk 0.4740.01° 0.3340.08°

Filter 0.69 £ 0.05 0.96 +£0.082

Values are mean SD = standard deviation (n=3). Means followed by the same letter are
not different according to ANOVA (Analysis of Variance). GA: green Arabica, GR: green
Robusta, RA: roasted Arabica, RR: roasted Robusta, DM; dry matter.

The Arabica green coffee beans showed the high level in TPC (4.59 +0.03 g GAE/100 g) than Robusta
(3.88+=0.15g GAE/100 g). After roasting, the level of TPC increase for the both coffees but no significant
different has recorded between the two varieties of coffees Arabica and Robusta (5.68 +0.04 g GAE/100 g,
5.43+0.09 g GAE/100 g, respectively).

The concentration of caffeine present in Robusta was higher after (15.46+ 0.01 mg/g) and before
(1.53 £0.01 mg/g) roasting than Arabica. These results are in accordance with those of He¢imovi¢ et al. [18].

Many studies reported that caffeine contents are highly dependent on species (Robusta coffee has higher levels
than Arabica) and just slight losses are observed during the roasting process due to its thermal stability [47].
Conversely, our results showed a significant decrease in caffeine in both coffee beans probably caused by the
high degree of roasting [18].

As can be observed in Table 3, Filter and Moka coffees presented higher phenolic content than Turk
coffee (0.69g GAE/100g, 0.70g GAE/100g, 0.47g GAE/100g respectively). These results are inferior
to those of coffee beans. Several studies reported that polyphenolic compounds are highly thermolabile
compounds that are easily decomposed under the effect of high temperature during coffee preparation
[18, 47].

The caffeine concentration reached 0.33 mg/g in Turk coffee, followed by 0.50 mg/g in Moka coffee, whereas
the most important level was assigned for Filter coffee with 0.96 mg/g.

The results recorded in this study are different from some previous reports regarding green and roasted coffee
beans [15, 27, 48] and brews [15, 28]. These differences could be attributed to the tested species, the storage
conditions of coffee beans, the roasting process, the methods of analysis and standards. Moreover, the blend
ratio used for the preparation of the coffee brews as well as the ratio water: ground coffee may be critical
parameters.

The amount of caffeine in the tested brews is mainly dependent on the volume and temperature of water and
on the time of brewing [49]. The minor contribution of caffeine to beverage bitterness led authors to conclude
that this alkaloid is not responsible for any change in beverage sensory quality [34].

Typical brew characteristics of the blend 20:80 of Arabica: Robusta combine the bitterness and the fullness of
taste for Robusta and the acidity of Arabica while the sensory properties of coffee beans were attributed to the
volatile substances developed during roasting and brewing [22, 25].
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Table 4
Antioxidant activities of green, roasted coffee bean extracts and coffee brews prepared with
roasted Arabica:Robusta (20:80)

Phosphomolybdenum Reducing power
method (g EAG/100 g DM)
(mg EQ/100 g DM)
Green coffee
Arabica (GA) 430.69 +19.94° 8.46+0.23°
Robusta (GR) 502.21 +£17.53* 11.54+0.16*
Roasted coffee
Arabica (RA) 321.35428.26" 1.38£0.17°
Robusta (RR) 428.98 +24.80* 2.10+0.16*
Coffee brews
Moka 27.2242.29% 0.38£0.01°
Turk 16.73 £2.55¢ 0.23+0.01¢
Filter 134.30 +2.38* 0.45+0.01%

Values are mean £ SD standard deviation (n=3). Means followed by the same letter are not different
according to ANOVA (Analysis of Variance). GA: green Arabica, GR: green Robusta, RA: roasted Arabica,
RR: roasted Robusta, DM; dry matter.

4. Antioxidant activities

The antioxidant activity of green and roasted beans and coffee brews was tested using different model system.
In particular, two different stable radicals (ABTS't and DPPH") were chosen to assess the radical scavenging
activity. Moreover, coffee extracts from green and roasted beans along with coffee brews were further analyzed
for their reducing power, first by the reduction of the ferricyanide (Fe3t) complex to the ferrous (Fe?t), and
second by the evaluation of the antioxidant capacity by phosphomolybdenum method, which is based on the
reduction of molybdate to Mo (V) by the sample analyte and the subsequent formation of green phosphate of
Mo (V) compounds.

The antioxidant activity evaluated by these different methods were significantly different p <0.05 between
green and roasted coffee extracts (Table 4 and Fig. 2). The green Robusta coffee beans extract was found to
exhibit higher antioxidant activity using the phosphomolybdate (502 & 17.53 mg QE/100 g) followed by the
green Arabica one which presented an activity lower (430.69 £ 19.94 mg QE/100 g). Roasted Robusta extract
showed a high reducing power and a weak reduction of iron (IIT) was noted for Arabica. This result can be
explained by the important concentration of caffeine in Robusta extract.

The ABTS" and DPPH'" methods results, showed no significant difference between roasted coffee extracts
(Arabica and Robusta) (Fig. 2a); this result is in accordance with the TPC results. It is well known, that DPPH
and ABTS radicals react energetically with hydrogen-donors, such as phenolic compounds and the ABTS radical
also reacts with any hydroxylated aromatic compound, based on electron transfer redox reaction, and for this
reason one cannot distinguish an antioxidant activity due to phenolic and non-phenolic compounds [31, 50].

The variety of coffee influences the antioxidant capacity of coffee due to the level of phenolic compounds.
The presence of certain levels of phenolic acid in roasted coffee is also important because of their antioxidant
properties [46]. However the antioxidant capacity of roasted coffee is mainly due to the MRPs formed during
roasting process [51, 52]. Several studies concluded that antioxidant activities measured by ABTS"* and DPPH™
methods; increase after roasting because of melanoidins [11].

Concerning coffee brews prepared (Arabica:Robusta 80:20), the antioxidant activity evaluated by the different
methods was significantly different p < 0.05 between Moka, Turk and Filter coffee (Table 4) and (Fig. 2).
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Fig. 2. Inhibition percentage of DPPH and ABTS radicals of: a) green and roasted coffee extracts. b) Coffee brews.GA: green Arabica, GR:

green Robusta, A: roasted Arabica, R: roasted Robusta.

The Filter coffee exhibited the higher reducing activity for the iron (III) and molybdtade 0.45+0.01¢g
GAE/100 g and 134.30 £2.38 mg QE/100 g respectively than Turk and Moka coffees; which is in accordance
with the TPC and caffeine contents. Whereas the Turk coffee gave the higher antioxidant activity with 84.86%
for ABTS method and 77.79% for DPPH method. The Filter coffee presented a lower activity for the ABTS and
DPPH"* method with 68.75% and 72.29% respectively.

Generally, results of antioxidant activity reflected those obtained for TPC. But melanoidins, produced among
Mallaird Reaction Products (MRPs), are one of the major components of coffee beverages, which greatly con-
tribute to the whole coffee antiradical activity through different mechanisms; e.g., chain breaking; oxygen
scavenging or metal chelating [12].

Coffee brews possess strong antioxidant activity at all degree of roasting. Reported data demonstrated the
importance of coffee MRPs as antioxidant compounds in dark coffee extracts by several in vitro methods including
those with human lipoproteins [53]. The mechanisms of the antioxidant action associated with coffee MRPs
involve the hydrogen atom transfer (HAT) mechanism and single electron transfer (SET) mechanism. Using
different antioxidant assay procedures, Liu and Kitts [17] showed that MRPs derived from different molecular
weights fractions exhibit different antioxidant mechanisms. High molecular weight of polymerized melanoidins
in coffee brews contributes on the antioxidants activity proportionally less than the presence of low molecular
weight MRPs.

The correlation study (Table 5) suggests that the components mainly involved in the antioxidant activity are
TPC and caffeine which are expressed by the reducing power method. The strongest correlation was found
between the caffeine and reducing power capacity (r=0.97). A significant correlation was also obtained between
TPC and reducing power method (r=0.89).

The antioxidant activity of phenolic constituents may be related to their redox properties, which allow them
to act as reducing agents or hydrogen-atom donors, their ability to chelate metals and scavenge free radicals.

Coffee varieties, degree of roasting and coffee blends could be the main factors which influence antioxidant
content of coffee and its antioxidant activity [18, 54]. Moreover; the method and conditions of coffee brew
preparation (time and temperature) may have an important effect on the ultimate antioxidant content [31].
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Table 5

Correlation TPC and caffeine with antioxidants activties

TPC Caffeine DPPH ABTS Molybdate test RP
TPC 1.00
Caffeine 0.94 1.00
DPPH 0.53 0.43 1.00
ABTS 0.65 0.63 0.77 1.00
Molybdate test 0.77 0.59 0.45 0.50 1.00
RP 0.89 0.97 0.36 0.57 0.50 1.00

5. Conclusion

Despite the high degree of roasting applied in Algerian coffee beans, the dark roasted coffee evaluated in
this study represented an important source of chlorogenic acid and derivatives. The UPLC-DAD-ESI-MS anal-
ysis has allowed the identification of 14 compounds including CQA derivatives and feruloylquinic acids and
dicaffeoylquinic acids.

This study has also demonstrated that after roasting process of Arabica and Robusta green coffee beans,
the levels of TPC decreased significantly which is reflected by the slight decreasing in the antioxidant activity
measured by the ABTS and DPPH radicals, while the decrease of caffeine content is reflected by the decrease
in the reducing power.

The concentrations of TPC and caffeine in coffee brews differed according to the method of their preparation.
The data reported in this study, demonstrate the importance of coffee preparation with the blend of Arabica:
Robusta at 20:80% by the different procedures, which possessed strong antioxidant activities despite the low
content recorded in TPC and caffeine in the different coffee brews.

Overall, we can conclude that the different coffee brews prepared by the blend Arabica: Robusta at 20:80 %
have no bearing on the antioxidants capacity, which are a point worth considering toward the Algerian consumer.
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