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The iron-reducing activity of coffee beverages was determined by the ferric reducing antioxidant power
(FRAP) assay. The influence on FRAP due to the degree of roasting (light, medium, and dark), species
(Coffea arabica and Coffea robusta), and caffeine content (regular and decaffeinated) was investigated
using ground and soluble coffee samples. The concentration of specific chlorogenic acids and caffeine
in the beverages was determined by high-performance liquid chromatography and related to FRAP
using Pearson correlation coefficients. All measurements were expressed per unit of soluble solids.
Beverages prepared with ground coffee had, on average, 27% higher FRAP values than those
prepared with soluble coffee (p < 0.05). In the former beverages, FRAP of C. robusta samples was
significantly higher (on average, 50.3%) when compared to that of C. arabica samples, and FRAP
values decreased with increasing degree of roasting (p < 0.05). A strong correlation (r > 0.91) was
found between FRAP and the total content of chlorogenic acids, particularly that of the caffeoylquinic
acid isomers. The iron-reducing activity of coffee beverages was not influenced by caffeine.
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INTRODUCTION activity was positively and nonlinearly related to the amount

Several studies showed that chronic diseases such as canceP! CGA remaining after roasting. _
cardiovascular, inflammatory, and neurodegenerative patholo- Several different methodologies have been applied to the
gies, and aging are associated with oxidative stress, a metabolidhéasurement of the antioxidant capacity in foods. The ferric
condition that causes cell degeneratidh 2). Antioxidant reducing antioxidant power (FRAP) assay, which measures iron-
compounds present in fruits and vegetables appear to play a'®ducing activity (IRA), is a very simple and straightforward
major role in the protection against oxidative strsBesides ~ Method, and it has been widely used for the screening of food

fruits and vegetables, plant beverages such as coffee contribut§2MPles (415), including coffee (B However, the contribution
to the dietary intake of antioxidants (3—10). of CGA and other compounds present in coffee such as caffeine

The antioxidant capacity of coffee beverages has been {0 its antioxidant activity measured by the FRAP assay has not

assessed by several studies, using different mett&&s§, 8, been yet identified. _ _
11—13). It was shown that coffee has a high antioxidant activity 1€ @im of this study was to elucidate the role of chlorogenic
compared to other beverages, 3 times higher than that of red@cids and caffeine to the IRA of coffee beverages measured by
wine and 5 times higher than that of green t&. (The the FRAP assay. Because coffee composition is highly influ-
antioxidant properties of coffee in relation to species was enced by several factors such as species, degree of roasting,
investigated, and it was verified th@bffea robustaossesses and industrial processing, these factors were taken into account

significantly higher antioxidant capacity tha@offea arabica  OF the proper identification of active compounds.
(13). A progressive decrease in antioxidant activity of coffee
was observed with increasing degree of roasting associatedATERIALS AND METHODS
mainly with the high content of chlorogenic acids (CGA) in Chemicals. 2,4,6-Tripyridyl-S-triazine (TPTZ) (Sigma-Aldrich),
the raw beans, partially degraded with heatiig)( Coffee 5-caffeoylquinic acid (5-CQA) (Sigma-Aldrich), 3- and 4-CQA,
model systems prepared from combinations of chlorogenic acids,prepared from isomerization of 5-CQA&), a mixture of dicaffeoyl-
arginine, sucrose, and cellulose were also used to study the effecfiuinic acids (3,4-, 3,5-, and 4,5-diCQA) (Roth), feruloylquinic acids
of roasting on the antioxidant activityl4). The antioxidant  (4-and 5-FQA) 16), and caffeine (Sigma-Aldrich) were obtained from
the suppliers indicated.
* Corresponding author (telephores5-21-2562-8213; fax 55-21-2562- Coffee SamplesThe samples for' preparation of coffee' bevergges
7266; e-mail donangel@iq.ufrj.br). were selected to represent the different products available in the
T Deceased November 20, 2004. Brazilian market Table 1). Samples were divided into two major
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Table 1. Sample Characteristics and Ferric Reducing Antioxidant Power (FRAP) of the Coffee Beverages

FRAP (mmol of FRAP (mmol of
sample sample characteristics brand Fe?*/L of beverage) FeZ*/g of SS9)
1 ground C. arabica regular light roasted A 76.0 31
2 ground C. arabica regular light roasted B 94.8 4.4
3 ground C. arabica regular medium roasted A 60.3 2.6
4 ground C. arabica regular dark roasted A 39.6 18
5 ground C. arabica regular dark roasted B 51.2 2.2
6 ground C. arabica decaffeinated light roasted B 83.6 4.7
7 ground C. arabica decaffeinated dark roasted B 448 24
8 ground C. robusta regular light roasted A 120.3 5.2
9 ground C. robusta regular medium roasted A 75.1 34
10 ground C. robusta regular dark roasted A 62.5 2.9
11 soluble blend®? regular undetermined® C 1335 2.8
12 soluble blend regular undetermined D 114.2 24
13 soluble blend regular undetermined E 162.2 33
14 soluble blend regular undetermined F 122.4 2.6
15 soluble blend decaffeinated undetermined C 114.0 24
16 soluble blend decaffeinated undetermined D 105.8 22

2 Soluble solids. ® Mixture of unknown proportions of C. arabica and C. robusta. ¢ Degree of roasting was not provided by the manufacturer.

groups: ground coffeen(= 10) and soluble coffeen(= 6). The ground Statistical Analysis.Data were analyzed with the statistical software
coffee samples were divided into two subgroups according to species: Statistica (version 6.0, StatSoft Inc.). Studerttest assuming equal

C. arabica(n = 7) andC. robusta(n = 3). TheC. arabicasamples variance at a confidence level of 95% was used to test for significant
were either regularn(= 5) or decaffeinatedn(= 2). The regular difference between two groups of means. The Pearson correlation
samples included lightn(= 2), medium (@ = 1), and dark1f = 2) coefficient was calculated at a confidence level of 95%.

roasted coffee, whereas decaffeinated samples included lightin

and dark (n= 1) roasted coffee. Th€. robustasamples included RESULTS AND DISCUSSION

regular light 6 = 1), medium @ = 1), and darki} = 1) roasted coffee.

The soluble coffee samples were divided into regufar<(4) and All coffee beverages showed remarkable IRA using the FRAP

decaffeinated (= 2) coffee. These samples were blends of unknown gssay, both when expressed per liter of beverage and when

proportions ofC. robustaandC. arabicaand of undetermined degree  expressed per gram of soluble solidEable 1). Beverages

of roasting. prepared from ground and soluble coffee had significantly
Preparation of Coffee BeveragesBeverages from ground coffee different soluble solids, on average, 22.1 and 47.5 giL

were prepared by stirring 2 g smple in 20 mL of boiling distilled tivelv. Theref 4 | diff t
water followed by paper filtration. Beverages from soluble coffee were respectively. Ineretore, 10 properly compare aiiierent groups

prepared by simply mixi 1 g ofsample with 20 mL of boiling distiled ~ ©Of Samples, FRAP values expressed per gram of soluble solids
water. All beverages were centrifuged at 1§@6r 5 min (5°C). The were used.
content of soluble solids present in the supernatant of the beverages Beverages prepared with ground coffee generally had higher
was determined gravimetrically by oven-drying at 205until constant FRAP values than those prepared with soluble coffee, on
weight. ' _ average, 27% (< 0.05). This may be due to the difference in
FRAP Assay. The FRAP values were determined according 10 the gyerage degree of roasting between the two groups of coffee
publlsrled procedure8(17). The method is based on the _reductlor_1 of samples. Soluble coffee is usually prepared from beans with a
the Fé"—TPTZ complex to the ferrous form at low pH. This reduction high degree of roasting, whereas ground coffee may be prepared

is monitored by measuring the absorption change at 593 nm. Briefly, . . -
900uL of working FRAP reagent prepared daily was mixed with 100 from light, medium, or dark roasted beans, as observed in our

uL of diluted beverage (1:320 in high-purity water); the absorbance at 9r0UP of samples (Table 1). A slightly higher FRAP value of

593 nm was recorded after a 30-min incubation atG7FRAP values soluble coffee in comparison with ground coffee was found in
were obtained by comparing the absorption change in the test mixture & previous studyd), but in that study FRAP was expressed per
with those obtained from increasing standard concentrations %f Fe liter of beverage. When the higher soluble solids content in
and expressed as millimoles of Fesquivalents per liter of beverage  soluble coffee in comparison with ground coffee is taken into

and per gram of soluble solids in the sample. The final FRAP value of gccount, the FRAP results of this and the previous sty (
each sample was the mean value of five replications. are in agreement.

High-Performance Liquid Chromatography (HPLC). The con- Beverages prepared with regular and decaffeinated coffee had,
centration of chlorogenic acids in the coffee beverages was measured

by HPLC according to a published proceduté,(8). In a final volume on average, similar FRAP values, 3.0 and 2.9 mmol ¢f'Fe

of 50 mL, 2.0 mL of coffee beverage was mixed with 1 mL of Carrez P€r gram of soluble solids, respectiveReple 1). In the soluble
| solution, 1 mL of Carrez Il solution, and 3 mL of glacial acetic acid coffee samples, regular coffee had higher FRAP values than

and paper filtered after 5 min. The HPLC apparatus was a Shimadzu decaffeinated coffee, the decrease ranging from 5.9 to 19.3%
LC-10AD liquid chromatograph with a variable-wavelength UV according to the brand analyzed. In contrast, among ground
detector. The stationary phase was Rexchrom ODS S5100 (Regissamples, decaffeination led to a small increase in FRAP, ranging
Technologies). For caffeine analysis, the mobile phase was water/from 4.9 to 5.8% depending on the degree of roasting and
methanol (60:40) at a flow rate of 1.0 mL/min, and the detection sample brand. The opposite change in FRAP with decaffeination

Wavelde.”gtth ‘?’ai 212 '?;"' Flort.the (ig'g‘ a”,a'ySisathe ?;Ob"? pthasfel’ Was ot soluble and ground samples suggests that caffeine itself is
a gradient of citric acid solution (10.0 mM) and methanol at a flow not related to the IRA of coffee beverages.

rate of 1.0 mL/min, and the detection wavelength was 325 nm. The
content of each CGA was determined using the area of the 5-cQA  We found that the FRAP values @f. robustasamples were

standard combined with the respective molar extinction coeffickgyt (  Significantly higher than those of. arabica samples, the
The concentration of all components was expressed in milligrams per difference ranging from 30.4 to 70.2% depending on the degree
gram of soluble solids in the sample beverage. of roasting (Table 1). This result is in agreement with previous
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Table 2. Chlorogenic Acids and Caffeine Composition of the Coffee Beverages?

samplec caffeine 3-CQA 4-CQA 5-CQA 3,4-diCQA 3,5-diCQA 4,5-diCQA 4-FQA 5-FQA total CGA

1 52.1 24.8 27.9 52.7 53 35 39 8.4 45 130.9
2 65.7 44.7 59.1 101.4 9.0 8.4 10.3 11.9 51 249.9
3 49.3 9.8 8.6 19.5 1.6 12 0.7 6.0 2.1 49.6
4 52.5 4.6 4.7 114 14 12 ND? 41 15 28.7
5 65.7 42 51 8.6 04 0.3 04 ND ND 18.9
6 16 48.0 474 106.6 8.4 7.5 9.6 1.7 34 238.5
7 0.9 3.2 4.5 53 ND 0.2 0.4 ND ND 13.6
8 85.9 49.8 77.9 83.7 6.7 55 51 131 11.0 252.9
9 98.3 14.6 16.5 343 2.7 2.0 14 13.6 7.5 92.7
10 101.8 3.2 2.9 5.8 17 ND ND 4.4 19 19.9
11 29.1 13.6 13.6 15.8 18 17 16 5.6 2.3 56.1
12 28.2 6.5 5.7 6.9 0.9 1.0 0.9 3.8 15 271.1
13 28.8 9.4 8.9 10.0 12 1.0 0.8 6.2 2.5 40.1
14 32.9 41 35 4.0 0.6 0.3 ND 2.4 1.0 15.8
15 15 15.7 15.6 19.1 2.3 16 2.3 6.1 25 65.2
16 15 9.6 9.2 11.0 11 11 11 45 18 39.5

aSee text for abbreviations. © All concentrations are given in milligrams per gram of soluble solids. ¢ See Table 1 for description. ¢ Not detectable.

studies §, 13) and is pr'obably due to the different C,GA contents Table 3. Correlation between FRAP and Specific Components in the
of the two coffee species. Moreover, for each species, a different cyfee Beverages*
percentage decrease in the CGA content after roasting has been

observed (1819). variable related to FRAP Pearson correlation coefficient
The medium and dark roastéfl arabicasamples had on caffeine 0.280

average lower FRAP, respectively, 14.8 and 40.3%, when 3-COA 0.912

compared with the corresponding light roasted sampéble 4-CQA 0.911

1). Similarly, samples o€. robustahad 34.7 and 44.0% lower 5-CQA 0.881

FRAP values, for medium and dark degrees of roasting, total CQA 0.912

respectively, compared to light roasting. The decrease in IRA 3,4-diCQA 0.861

with the degree of coffee roasting is probably due to the thermal igg:ggﬁ gggi

degradation of CGA during this proceds 11, 13, 14) such as

observed in our studyT@ble 2). Differently from our study, total diCQA 0841
an increase in the antioxidant capacity during the early phases g:igﬁ 8;22
of coffee roasting has been reportebl), attributed to the total FOA 0784
formation of melanoidins and other Maillard reaction products.

However, a decrease in the antioxidant activity was reported total CGA 0.924

during the advance phases of coffee roastirg 20). It should
be noted that these studies used methods to assess antioxidant 2Values expressed per gram of soluble solids. ? See text for abbreviations.
activity with different specificities and sensitivities for poten- ¢ Correlation coefficients are all significant at p < 0.05 except for caffeine.

tially active compounds in coffee beverages. An active anti-

oxidant in an in vitro test may be inactive in an ex vivo test ~ The antioxidant activity of caffeine is still controversial.
and vice versa. For instance, CGA were found to be very active Caffeine has been reported to scavenge hydroxyl radicals in an
in a chemical test based on coupled oxidation3efarotene electron spin resonance studf). In addition, caffeine inhibited
and linoleic acid and far less active in a biological lipid lipid peroxidation of rat liver microsomes when present at
peroxidation assay in which compounds produced during Millimolar concentrationsd). In contrast, caffeine did not show
roasting were found to be highly protectivi]. Therefore, on ~ antioxidant activity under physiological condition82) and

the basis of our results it appears that compounds producedusing a radical trapping assay (8). Our study suggests that
during early roasting, such as melanoidins and Maillard caffeine does not influence the IRA of coffee beverages,
products, do not have iron-reducing activity and thus do not Probably because there are no iron-reducing chemical groups
contribute to FRAP in coffee beverages. in its molecular structure.

To investigate which components present in the coffee Inastudy with tea4), a strong correlation was found between
beverages had influence in the IRA measured by the FRAP FRAP and the total phenolic content of the beverage. However,
assay, we calculated the Pearson correlation coefficients betweerpecause the phenolic compounds were evaluated as a whole
FRAP and the concentration of each of the different componentsgroup in that study, it was not possible to determine the
in the beveragesT@ble 3). We also calculated the Pearson contribution of individual components to the IRA of tea
coefficient using the concentration of groups of compounds measured by FRAP. In our study, we were able to identify that
(CGA, CQA, FQA, and di-CQA). FRAP was significantly — all CQA isomers are strong contributors to the IRA of coffee
correlated with the concentration of all different specific and beverages measured by FRAP. Although 5-CQA was suggested
grouped CGA determined in our study, but not with caffeine. to be the most active antiradical component present in coffee
A strong correlation (= 0.91) was found between FRAP and (5), it was not clearly distinguished from other CGA isomers
the total content of CGA, as well as between FRAP and total that might have also contributed to the antiradical activity in
CQA. Significant correlations with FRAP were also found for that study as seen in our study.
total di-CQA and total FQA r( > 0.78). Among specific In conclusion, we were able to identify the contribution of
components, 3-CQA, 4-CQA, and 5-CQA were those that CGA to the iron-reducing activity of coffee beverages measured
showed the highest correlations with FRAP>(r0.88). by FRAP. Further research is needed to determine the contribu-
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tion of specific components of coffee to its antioxidant capacity
measured by different in vitro, ex vivo, and in vivo methods.

ABBREVIATIONS USED

IRA, iron-reducing activity; FRAP, ferric reducing antioxidant
power; CGA, chlorogenic acids; TPTZ, 2,4,6-tripyridyt-
triazine; HPLC, high-performance liquid chromatography; CQA,
caffeoylquinic acids; di-CQA, dicaffeoylquinic acids; FQA,
feruloylquinic acids.
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