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Abstract We compared the effects of medium light roast
(MLR) and medium roast (MR) paper-filtered coffee on anti-
oxidant capacity and lipid peroxidation in healthy volunteers. In
a randomized crossover study, 20 volunteers consumed 482±
61 ml/day of MLR or MR for four weeks. Plasma total

antioxidant status (TAS), oxygen radical absorbance capacity
(ORAC), oxidized LDL and 8-epi-prostaglandin F2α, erythro-
cyte superoxide dismutase (SOD), glutathione peroxidase
(GPx), and catalase (CAT) activity were measured at baseline
and after the interventions. MLR had higher chlorogenic acids
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—(CGA; 334 mg/150 mL) and less caffeine (231 mg/150 ml)
thanMR had (210 and 244mg/150ml, respectively).MLR also
had fewer Maillard reaction products (MRP) than MR had.
Compared with baseline, subjects had an increase of 21 and
26% in TAS, 13 and 13% inCAT, 52 and 75% in SOD, and 62
and 49 % in GPx after MLR and MR consumption (P<0.001),
respectively. ORAC increased after MLR (P00.004). No sig-
nificant alteration in lipid peroxidation biomarkers was ob-
served. Both coffees had antioxidant effects. Although MLR
contained more CGA, there were similar antioxidant effects
between the treatments. MRP may have contributed as an
antioxidant. These effects may be important in protecting bio-
logical systems and reducing the risk of diseases related to
oxidative stress.
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Abbreviations
BHT Butylated hydroxytoluene
CAT Catalase
CGA Chlorogenic acids
CQA Caffeoylquinic acids
CQL Caffeoylquinic lactone
DPPH 1,1-diphenyl-2-picrylhydrazyl-hydrate
FQA Feruloylquinic acids
GPx Glutathione peroxidase
LDL Low density lipoprotein
MLR Medium light roast
MR Medium roast
MRPs Maillard reaction products
8-epi-PGF2α 8-epi-prostaglandin F2α
ORAC Oxygen radical absorbance capacity
oxLDL Oxidized low density lipoprotein
ROS Reactive oxygen species
SOD Superoxide dismutase
TAS Total antioxidant status

Introduction

Coffee is widely consumed worldwide and contributes to
the total antioxidant ingestion in several countries [1]. The
roasting process leads to intense changes in coffee’s chem-
ical composition, which includes thermal degradation of
natural chlorogenic acids (CGA) and formation of the Maillard
reaction products (MRP) with antioxidant activity [2]. A pre-
vious study reported that the antioxidant activity of coffee is
more dependent on the roasting techniques than on the brewing

methods and the source of the coffee beans [3]. Some recent
studies [4–6] have reported the effect of different coffee roasts
on in vitro antioxidative. However, so far it has not been
determined which roasting degree creates the greatest antiox-
idant capacity.

Human epidemiological studies have indicated that mod-
erate consumption of coffee is associated with a lower
incidence of heart disease, type 2 diabetes, hypertension,
and other chronic diseases related to reactive oxygen species
(ROS) [7]. In addition, in vitro cell studies and animal
experiments have consistently shown that antioxidants in
coffee may reduce low-density lipoprotein cholesterol
(LDL-c) susceptibility to oxidation and ROS scavenging
[6, 8–10]. Gordon & Wishart [9] found that CGA increased
LDL-c resistance to oxidation in a concentration-dependent
manner. The authors indicate that a small concentration of
CGA could bind to LDL-c and contribute to the inhibition of
oxidation. Furthermore, an in vitro study [10] showed that
MRPs were incorporated into LDL and protected them
against oxidation.

We raised the hypothesis that the effects of antioxidants
in coffee differ among the different degrees of roasting. We
tested whether paper-filtered coffees with different degrees
of roasting (medium light and medium) have different
antioxidant properties by comparing their effects on antiox-
idant activity and lipid peroxidation biomarkers in healthy
volunteers.

Materials and Methods

Subjects

Healthy volunteers were recruited and provided informed
consent. The study was approved by the Institutional Review
Board of the School of Public Health, University of São Paulo
(São Paulo, Brazil) and registered on Australian New Zealand
Clinical Trials Registry (ACTRN12609001064291).

Potential participants were screened for good health by
medical history questionnaire, physical examination, and
standardized blood tests, including a complete blood cell
test with leukocyte differential count, clinical chemistry
panel, and lipid profile. Eligibility criteria were: age 20–
65 years, healthy, plasma cholesterol <240 mg/dl, blood
glucose <100 mg/dl, non-smoker or former smoker (more
than two years), alcohol consumption <1 time/week, ab-
sence of chronic illnesses, no use of any medication or
supplements with antioxidative or lipid-lowering properties.

Two subjects dropped out during the washout period. One
could not attend the meetings, and one consumed coffee.
Twenty healthy subjects (14 women) were evaluated.
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Study Design

This randomized, crossover, clinical trial lasted eight weeks.
After a 1-week run-in, subjects consumed medium light
roast (MLR) or medium roast (MR) paper-filtered coffee
for four weeks and then switched to the other roast for an
additional four weeks (Figure 1. Online Resource 1). A
computer-generated list of random numbers was used for
allocation of the participants.

Subjects were asked to make no other changes to their
diets or lifestyle during the study. We asked about their
physical activity in the baseline interview and after each
four weeks intervention period. A 3-day food diary
(two days during the week and one on the weekend) was
collected before baseline and during each intervention peri-
od to control for possible confounding factors and to verify
compliance with the dietary instructions. Nutrient intake
was calculated using the computer-based nutrient calcula-
tion program Avanutri 4.0.

Weight, height, abdominal circumference, and body fat
were measured after the run-in period and after each inter-
vention. Body mass index was calculated as weight (kg)
divided by height (m2). Body fat percentage was measured
by bipolar impedance on a portable electronic scale (Plenna,
São Paulo, Brazil).

At the end of each intervention period, venous blood
samples were taken after a 12 h overnight fast and centri-
fuged for plasma separation. For lipid peroxidation assays,
10 μl of BHT (butylated hydroxytoluene) in 5 mg/ml etha-
nol was added per 1 ml of plasma. Erythrocyte sediment was
washed four times with 9 g/l NaCl with centrifugation
between washes. Plasma and erythrocyte samples were
stored at −80 °C until analyses.

Coffee Samples and Brew Preparations

Two commercially available blends (80 % Coffea arabica
L. cv. Bourbon and 20 %C. canephora cv. Robusta) of
caffeinated, roasted and ground coffee were used in the
study. Both coffees were cultivated in the same geographic
region. They were vacuum packed in 500 g aluminized
bags, and were provided by the same manufacturer. Pack-
ages were kept at 4 °C (refrigerator) in the dark to preserve
coffee antioxidants during the analyses. A study conducted
in our laboratory showed that there was not significant loss
of phenolic compounds in commercial coffee samples stored
at 4 °C for up to two months (unpublished data). Roasting
degree classification was done according to “Roast Color
Classification System” (Agtron/SCAA, Reno, NV, 1995).

Coffee was distributed to participants in 500 g packages at
the beginning of the each intervention. Subjects were

instructed to prepare the brew in the household coffee maker
filtering the coffee (15 g per one 150 ml cup) through the
paper filters, and consume the total daily amount in three or
four separate cups without a fixed schedule.

Determination of Antioxidants in MLR and MR Coffee
Brews

All analyses were performed immediately after coffee prepa-
ration. We prepared the coffee beverages as instructed to the
subjects. Phenolic compounds and caffeine were determined
by high performance liquid chromatography (HPLC; Agilent
Technologies, USA) with diode-array detector (DAD) and
mass spectrometer [11]. Total phenolic content was also esti-
mated using the Folin-Ciocalteau method [12]. A 5-
caffeoylquinic acid (5-CQA) calibration curve was used.
The MRP content was estimated by the browning indices at
420 nm [13]. Total antioxidant capacity (TAC) was measured
by DPPH (1,1-diphenyl-2-picryl-hydrazyl-hydrate) scaveng-
ing capacity [14] and oxygen radical absorbance capacity
(ORAC) [15] assays.

Antioxidant Characterization in Subjects

Plasma TAC was determined using a commercial kit (total
antioxidant status—TAS, Randox Labs, Crumlin, UK) and
by ORAC [15].

To express the enzyme activities as units per gram hemo-
globin (U/g Hb), Hb concentration was measured by the
Drabkin method [16]. Superoxide dismutase (SOD) activity
was determined with the Ransod SD 125 kit (Randox Labs,
Crumlin, UK), glutathione peroxidase (GPx) activity with
the Ransel RS 504 kit (Randox Labs, Crumlin, UK) and
catalase (CAT) activity according to Aebi [17].

Plasma Lipid Peroxidation Biomarkers

Oxidized LDL (oxLDL) analysis was performed according
to the manufacturer’s protocol using Oxidized LDL ELISA
kit (Mercodia AB, Uppsala, Sweden). Total (free and esteri-
fied) F2-isoprostanes were isolated using an F2-isoprostane
affinity column (Cayman Chemical, Ann Arbor, MI, USA).
The 8-epi-prostaglandin F2α (8-epi-PGF2α) concentration
was measured according to the manufacturer’s protocol by a
specific enzyme immunoassay (EIA) kit (Cayman Chemical,
Ann Arbor, MI, USA).

Statistical Analysis

Data are reported as mean±standard deviation. Antioxidant
content and TAC of the two types of roasted coffees were
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compared by t-test for independent samples. Differences in
human variables were analyzed by repeated-measures anal-
ysis of variance for comparisons of MLR coffee intake with
MR and of each roast with the baseline. Evaluation of the
two groups’ mean profiles was carried out to measure the
effects of the MLR and MR order of consumption and the
potential carryover effect. Statistical analyses were per-
formed using SPSS 18.0 (SPSS Inc., Chicago, IL, USA).
A two-tailed P<0.05 was considered significant.

Results and Discussion

Subjects

Twenty habitual coffee drinkers (49±9 years, range 37–63)
were evaluated. Most subjects were female (70 %),

overweight (76 %), and sedentary (physical activity less
than 3 h/week) (75 %). Their baseline characteristics are
summarized in Table 1 (Online Resource 2).

After the run-in period, participants were randomly
assigned to one of the two interventions (MLR or MR).
During the first 4-week intervention period, 45 % of the
participants (55.6 % women) ingested MLR coffee and
55 % (81.8 % women) MR coffee. In the next 4-week
period, they switched to the opposite roasted coffee. Coffee
consumption was 482±61 ml throughout the study.

Self-reported diets showed that none of the subjects con-
sumed a significant quantity of polyphenol-rich foods other
than coffee during the study, and the nutritional intake was
similar before and after each intervention period in all sub-
jects (P>0.05). In addition, we did not find any significant
differences in physical activity and body composition
throughout the study (data not shown).

Antioxidant Characterization of Coffee Brews

Five CGA (four caffeoylquinic acids—CQA isomers and
one feruloylquinic acid—FQA isomer) and two caffeoyl-
quinic lactones (CQL) were identified in the MLR and MR
coffees. Caffeic, ferulic, and p-coumaric acids were not
identified in free form. Total phenolic content, CGA, caf-
feine, and MRP in MLR and MR coffees are presented in
Table 1. A 150 ml cup of coffee prepared with either MLR
or MR contained 334 and 210 mg of total CGA, respective-
ly. According to the t-test for independent samples, CGA
were statistically lower and MRP was higher (P<0.001) with
the increased degree of roasting, confirming the influence of
the roasting process on the chemical composition of coffee
beans. Similar results were obtained in another study [18].

Caffeine consumption was 231 mg/cup of MLR and
244 mg/cup of MR (P00.003). Although caffeine’s antioxi-
dant properties have been described, it is unlikely that this

Table 1 Total phenolics, 5-CQA, CGA, and caffeine content in coffee
according to the coffee beans’ degree of roasting

Medium light
roast

Medium
roast

Total phenolic content
(mg 5-CQAE/ml)

11.09±0.29a 10.53±0.56a

5-CQA (mg/ml) 0.85±0.01b 0.48±0.00a

Total CQA (mg 5-CQAE/ml) 1.81±0.01b 1.08±0.01a

Total FQA (mg 5-CQAE/ml) 0.17±0.00b 0.16±0.00a

Total CGA (mg 5-CQAE/ml) 1.98±0.02b 1.24±0.01a

Total CQL (mg 5-CQAE/ml) 0.25±0.00b 0.16±0.00a

Caffeine (mg/ml) 1.54±0.01a 1.63±0.02b

MRPs (absorbance 420 ml) 0.38±0.00a 0.50±0.00b

Data are reported as mean±standard deviation (n03). Different letters
on the same line indicate significant difference (P<0.05), by t-test for
independent samples. 5-CQAE 5-caffeoylquinic acid equivalents; CQA
caffeoylquinic acid; FQA feruloylquinic acid; CGA chlorogenic acid;
CQL caffeoylquinic lactone

Table 2 Plasma total antioxidant capacity, erythrocyte antioxidant enzyme activities, and plasma lipid peroxidation biomarkers at baseline and after
ingestion of medium light and medium roast brews

Baseline Light medium Medium P

TAS (mmol/l) 0.97±0.30a 1.17±0.28b 1.22±0.29b 0.001

ORAC (μmol TE/ml) 7.68±1.40a 8.57±1.50b 8.59±2.26ab 0.004

SOD (U/g Hb) 1,569±526a 2,386±703b 2,743±500b <0.001

GPx (U/g Hb) 18.18±6.16a 29.43±7.71b 27.16±7.80b <0.001

CAT (U/g Hb) 1,387±136a 1,565±146b 1,561±138b <0.001

8-epi-PGF2α (pg/ml) 212.01±92.67a 200.24±84.20a 206.40±96.92a >0.05

oxLDL (U/l) 56.83±28.44a 53.87±36.09a 48.10±32.92a >0.05

Data expressed as mean±standard deviation (n020). Different letters in the same line indicate significant difference (ANOVA for repeated
measures); P: significance levels

TAS total antioxidant status; ORAC oxygen radical absorbance capacity; SOD superoxide dismutase; GPx glutathione peroxidase; CAT catalase;
8-epi-PGF2α 8-epi-prostaglandin F2α; oxLDL oxidized LDL
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compound was primarily responsible for the antioxidant ac-
tivity, because MR had no significant difference in ORAC
compared with baseline. Another study showed that caffeine
had no antioxidant activity at concentrations up to 570 times
than those found in our study [19]. A recent study compared
the ORAC values of decaffeinated and regular coffees and
concluded that caffeine had little or no direct antioxidant
activity [8].

Comparing the antioxidant activity of the two brewed
coffees, we observed that there were no significant differ-
ences in DPPH scavenging activity and ORAC between the
MLR and MR coffees (data not shown). Possibly, MRP
balanced the thermal loss of naturally occurring phenolic
compounds. Consistent with our results, Bakuradze et al.
[18] did not observe a significant difference in ORAC
between the MLR and MR extracts.

Antioxidant Activity and Lipid Peroxidation in the Subjects

Table 2 shows the results of antioxidant activity and lipid
peroxidation. Compared with baseline, there was a 21 %
increase in TAS and 12 % in ORAC after MLR coffee intake.
After consumption of MR, we observed a 26 % increase in
TAS and a 12 % increase in ORAC.

Erythrocyte antioxidant enzyme activity increased signif-
icantly after consumption of both types of coffee. In MLR
and MR, SOD activity increased 52 and 75 %, and GPx
activity 62 and 49 %, respectively. CAT activity increased
13 % after both intervention periods. We did not observe a
significant difference in antioxidant effects between the two
intervention periods. Although about 30 % of melanoidins
(the most abundant compounds of Maillard reaction) are
absorbed in the human body [10, 20], these compounds
may have contributed as antioxidants, which explains the
similar antioxidant effects between the two intervention
periods.

We observed a significant increase in plasma TAS and
in erythrocyte antioxidant enzyme activities after both
MLR and MR intake. We also observed a significant
increase in ORAC after MLR intake. Plasma TAC is
the sum of endogenous and exogenous antioxidants, as
well as the synergistic effects that occur among them
[21]. Because there were no changes in dietary compo-
sition during the study, we suggest that coffee antioxi-
dants may have contributed to these effects. Other
studies [19, 22–24] support our findings that coffee anti-
oxidants contribute to the antioxidant effect in animals and
humans. Our data suggest that the antioxidant effect of coffee
may be important in protecting biological systems against
oxidants and, consequently, reducing the risk of chronic dis-
eases related to ROS.

Antioxidant enzymes are the first line of defense against
oxidative stress. The intracellular antioxidant enzyme activity

protects cells against superoxide radical anions and peroxides
[24].

There are some hypotheses for the increase in anti-
oxidant enzyme activity. An increase in SOD activity
may be caused by an increased formation of superoxide
radical anions, whereas an increase in GPx and CAT
activity may be due to high concentrations of peroxides.
The increased intracellular ROS production activates
the Nrf2/antioxidant response elements (ARE) pathway,
which regulates the expression of genes encoding for
antioxidant enzymes. This hypothesis needs further in-
vestigation since TAC concentration increased and lipid
peroxidation biomarkers did not change. The ingested
CGA may regenerate the endogenous α-tocopherol, and con-
sequently decrease the ROS concentration and restore the
antioxidant enzyme concentration; coffee GCA and N-
methyl pyridinium, a compound formed from trigonelline
during the roasting process, may induce antioxidant enzymes
in erythrocytes, because they are a strong inducer of ARE-
dependent phase II gene expression in vitro [4, 22, 25]; coffee
cafestol and kahweol, as well as ROS, are related to the
activation of Nrf2 [25].

Although both MLR and MR coffee had increased TAC
and antioxidant enzyme activities, there were no significant
changes in plasmatic concentration of 8-epi-PGF2α and
oxLDL. Possibly, the intervention time and/or the amount of
coffee consumed were not sufficient to promote changes in
these parameters. A study that compared the consumption of
0, 450, and 900 ml of filtered coffee for three weeks in healthy
subjects also did not showed significant changes in plasma 8-
epi-PGF2α concentration [23]. Kempf et al. [26] verified a
decrease in these concentrations after a daily intake of
1,200 ml of filtered coffee for one month, twice the amount
consumed in our study. A decrease in the 8-epi-PGF2α con-
centration was also observed by Hoelzl et al. [27], albeit when
healthy subjects ingested 800 ml/day of instant coffee, con-
taining around 300 mg CGA, for five days. However 8-epi-
PGF2α concentration was measured from urine, where it is
greater than in plasma. Relative to oxLDL, recent studies
evaluated the consumption of 800 ml/day of instant [27] and
filtered coffee [25] and also did not observe a significant
change in this biomarker.

Lipid peroxidation is the primary oxidation process that
contributes to cardiovascular disease. Therefore, we focused
on lipid peroxidation biomarkers.

Only one study has compared the effects of two roasts of
coffee on antioxidant activity and lipid peroxidation in
healthy subjects [22]. However, the degree of roasting was
not the same, and the lipid peroxidation biomarker (malo-
naldehyde) evaluated was less specific than the one used in
our study [28, 29].

Our study has two limitations. First, it comprised a small
sample size, which may be explained by its considerable
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participation period (9 weeks) and the large coffee intake.
Finally, the absence of a washout period between the inter-
ventions was a potential limitation. However, the statistical
analysis showed that there was no carryover effect.

Both coffee roasts showed antioxidant effects in the sub-
jects and did not change lipid peroxidation biomarkers.
Although MLR contained more CGAs, there were similar
antioxidant effects between the 2 treatments. Because coffee
is a much-consumed beverage, the study of its antioxidant
effects is of great relevance. More clinical trials comparing
different coffee roasts are needed to assess which are the
compounds that contribute to its antioxidant effects.
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