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ABSTRACT

This study compared the regular and decaffeinateffees in relation to antioxidant capacity, levels some
antioxidant molecules and stability of these parearseover a six-month period under different staragnditions.
The regular coffee samples analyzed right after itiiustrial production showed higher antioxidantpeaity
(ORAC and DPPH), the same levels of phenolic comg®and higher levels of phenolic acids than dedadted
coffee. After six months, the closed packs of twhgrades kept under vacuum at 20°C did not shigmifieant
changes from the initial results; the open packsest at 4°C showed small but statistically sigrmifit reductions
and the open packs stored at 20°C showed higherséatdstically significant losses (p < 0.05). Oxpgeas the
most important factor for these losses but tempeeaalso played an important role. Tests showed i storage
conditions were very important to preserve the tyalf coffees regarding the analyzed parameters.
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INTRODUCTION Coffee contains several antioxidant substances

such as phenolic compounds, melanoidins,
Oxidative stress is a dangerous and undesirabt@ffeine and Maillard reaction products (Andrade
condition caused by increased levels of reactivand Morales 2005; Sanchez-Gonzales et al. 2005;
species and free radicals in the organisms. It hddorais et al. 2009; Pérez-Martinez et al. 2010). It
been associated to degenerative diseases and aggised worldwide to prepare a beverage that is
(Lee et al. 2004; Santos et al. 2007; Valko et aRppreciated not only for its pleasant taste and
2007). Anti-oxidative functional foods contain aroma but also because of its stimulating qualities
natural substances capable of providing beneficigRoss et al. 2006; Pérez-Martinez et al. 2010). Its
health effects reducing the formation of reactiveise helps to prevent cardiovascular damages,
species, inhibiting their action, or quenching thenteduces fatigue and improves perception and
before they can exert their deleterious effecte (Lelearning capacity (Sanchez-Gonzales et al. 2005;
et al. 2004). Fruits, vegetables, coffee, tea, mnioFarah and Donangelo 2006; Parras et al. 2007). In
and garlic, red wine and cocoa contain importanaddition, phenolic acids present in coffee have
quantities of natural antioxidants and most of therheen correlated to chemoprevention, i.e., the tise o
are used in a balanced diet (Singh et al. 2004yinctional foods to interfere in  cancer
Mattila et al. 2006).
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development before invasion and metastasis occbtended with 15 to 30% dfoffea canephoraar.
(Yeh and Yen 2006; Parras et al. 2007). Robusta packed under vacuum in 500-g
Besides caffeine (0.58 - 1.70 % @offea arabica aluminized bags with an external cardboard box
1.16 - 3.27 % irC. robusta, very small quantities were acquired from the local stores. For each type
of other xanthines such as theobromine (up to 26f coffee, six packs from three different batches
mg/kg) and theophylline (up to 5 mg/kg) are alsawere bought, all produced in the same month.
present in coffee (Spiller 1998). As cited byPacks 1, 2 and 3 of each batch were kept closed
Lépez-Galilea et al. (2008) and Vignoli et al.and under vacuum at 20°C to be analyzed after
(2011), caffeine presents antioxidant propertieswo, four and six months. Packs 4, 5 and 6 of each
according to different assays but its activity isbatch were open, mixed, analyzed and divided in
unclear in the coffee matrix. Among othertwo equal samples that were stored at 4°C
biological effects, the ingestion of caffeine(refrigerator) and 20°C in the dark, to be
stimulates the central nervous system, increasesanalyzed after two, four and six months. All the
the metabolic rate, enlarges the loss of calciumgsts were done with fresh coffee infusions
and affects the cardiovascular system (Spilleprepared using 80 g of coffee powder (dry matter)
1998). per liter of mineral water at 90°C (ABIC 2008).
Several studies have mentioned that the quality @offee infusions were manually filtered through
coffee decreases over the course of its storageffee paper filters.
through the loss of volatile compounds and
oxidative reactions (Mayer and Grosch 2001; RosShemicals
et al. 2006). McGee (2004) reported that the rooraffeic, ferulic, p-coumaric and gallic acids,
temperature shelf-life of ground coffee was onlyFolin-Ciocalteu reagent, DPPH (1,1’-diphenyl-2-
several days while whole coffee beans could bpicrylhydrazyl),  Trolox  (6-hydroxy-2,5,7,8-
stored for several weeks at room temperature, detramethylchroman-2-carboxylic acid) and AAPH
several months under refrigeration. Ross et a(2,2’-azobis(2-amidinopropane) dihydrochloride)
(2006) reported that ground coffee stored fowere purchased from Sigma-Aldrich Co. (USA).
longer than a week presented differences icaffeine was bought from Fluka Chemie GmbH
relation to freshly ground coffee regarding sensoryGermany). Methanol HPLC grade and acetic acid
qualities such as aroma, flavor and bitternessvere supplied by Merck KgaA (Germany).
However, these studies investigated subjective
changes and they were not proved througmstrumentation
chemical analysis. A HPLC system (TSP-USA) with a quaternary
Given that coffee is not consumed immediatelypump, an automatic injector and a dual-channel
after the industrial production and the packs ardetector equipped with a C18 Micros®riviV
kept closed at the point of purchase, or open ablumn (250 x 4.6 mm, 5um of particle size)
home for different periods and under differentmanufactured by Varian Inc. (USA) was used for
storage conditions, this work aimed to study theéhe chromatographic tests. A spectrophotometer
changes in it (1) evaluating its antioxidantmodel 1650 (Shimadzu-Japan) and a fluorimeter
capacity, (2) quantifying some antioxidantmodel FL-55 (Perkin Elmer-UK), both with a 10
molecules, and (3) measuring the stability of theseam temperature-controlled cell were used for the
parameters over a six-month period. Consideringpectroscopic tests.
that the consumption of decaffeinated coffee
surpassed 10 % of global coffee production (FaraRhenolic compounds
et al. 2006; ABIC 2008), regular and decaffeinated his analysis was done by visible spectroscopy in
coffees were analyzed to compare their results. accordance to Genovese et al. (2003). Basically,
0.25 mL of coffee infusion, diluted 1:200 (v/v)
with demineralized water was mixed with 2.0 mL

MATERIALS AND METHODS of demineralized water and 0.25 mL of Folin-
Ciocalteu reagent (1:10 v/v). After three minutes
Samples description and preparation at ambient temperature, 0.25 mL of ;N&;

Medium roast (grade 3) regular and decaffeinategolution (75 g/L) was added and the sample was

Brazilian coffees Coffea arabicavar. Bourbon incubated at 37°C during 30 min. After that, the
absorbance was recorded at 750 nm and the results
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were calculated in mg of gallic acid equivalent/mLappropriated equation. A blank was prepared
(mg GAE/mL) using a calibration curve of thisreplacing the sample by 300 pL of phosphate

standard ranging from 0.01 to 0.05 mg/mL. buffer and Trolox standards were prepared
replacing the sample by 300 pL of its 5 to 40 uM
Phenolic acids solutions. The results were expressed as Mmolar

To quantify the phenolic acids present in coffeef Trolox equivalent/liter (mM TE/L).

infusions, they were hydrolyzed prior to the

analysis according to Nardini et al. (2002a). Freoisture

phenolic acids obtained after the hydrolysis werdhe moisture of ground coffees was determined as
diluted 1:40 (v/v) with demineralized water andrecommended by AOAC (1995). About 10 g of a
quantified by HPLC in accordance to Kowalskirepresentative sample was weighed with a
and Wolski (2003) with small modifications. precision of + 0.1 mg, dried at 105°C for 5 h,
Basically, 20 pL of hydrolyzed and diluted coffeecooled and weighed. The results were expressed as
samples were injected into the HPLC using% of humidity (w/w).

water/methanol/acetic acid (75/24/1 viv) as mobile. = _

phase at 0.8 mL/min. The dual-channel detectoptatistical calculations ,

was set at 309 nm for p-coumaric acid and at 32I§0Imogqrov-8m|rnpv, Student's t test and
nm for caffeic and ferulic acids. A previous Pearson’s correlation test were perform_ed using
standardization of the method was done (Vicent¢ Software SPSS16.0 for Window$ with a

et al. 2011), the quantification was performeos'gn'f'f:an(_’e_'evel of p < 0.05. All the tests were
using external standard curves and the results wefi@ne in triplicate and the results were presented a

expressed ipg/mL of coffee infusion. means + standard deviations.

DPPHtest . RESULTS AND DISCUSSION
This analysis was developed by Vvisible

spectroscopy in accordance to Brand-Williams efoisture

al. (1995). Basically, 750 uL of the coffee infusio Considering that coffee infusions should be
d|luted 1200 (V/V) with demineralized water WaSprepared using 80 g of coffee powder (dry basis)
mixed with 1,500 pL of DPPH (20 mg/L) in per liter of water, it was necessary to measure the
methanol. The absorbance was recorded at 517 Rater content of both the coffees along the study
from 0 to 20 min to construct the graph oftp compensate eventual changes. The difference
absorption (AU) versus time (min). The absorptiometween the initial means of regular and
of a standard containing 750 pL of methanol angecaffeinated coffees was small but statistically
1,500 pL of DPPH was also measured and thggniﬁcant (p < 0.001) (Table 1).

antioxidant capacities of the samples wererhe moisture of vacuum-sealed samples did not
calculated using the appropriate equation. Thghange along the six-month period for the reason
results were expressed as percent of antioxidaf{at aluminized bags acted as an efficient batvier
capacity (% AC). water. The same result was observed for the open

. _ samples kept at 4°C, and this could be explained
Oxygen radical absorbance capacity (ORAC) by the low humidity in the refrigerator

The antioxidant capacity of the coffee infusion condensation of water and the rapid handling of
was also measured by ORAC using fluorescen%’ ! water) b ng

o o ese packs during the sampling. On the other
spectroscopy (excitation 494 nm, emission 51 and, the open samples kept at 20 °C showed
nm) in accordance to Ou et al. (2001). The te

uti 4 mixi 00 UL coff %creasing and statistically significant differeace
solutions were prgpare mixing 3 HL COMC&5m their respective initial values. The small
infusion diluted 1:4,000 (v/iv) with phosphate; o ca  of moisture along the experiment

buffer (pH = 7.4), 2,700 uL of phosphate buffer,jicateq that coffee powder had a low

15 pL of fluorescein (440 mg/L in phosphateh - : :
. ygroscopicity but the rapid handling of packs
buffer) and 300 pL of AAPH (60 g/L in phosphate iy the sampling certainly factor for these

buffer). The fluorescence was measured at 37°C iRq its. These small variations of moisture were

@nterva_lls of 5 min. The grgph of fluorescence ompensated during the preparation of coffee
intensity (FI) versus time (min) was prepared angh¢sions for the development of the remaining

the area under the curve was calculated using ﬂ?@sts
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Table 1 - Evolution of moisture (% w/w) of regular and ddeafated coffees over a six-month period under

different storage conditions (n = 3).

Coffee type Storage* Initial 2 months 4 months 6 muths
C at 20°C 2.49+0.08 2.45 +0.08 2.50 +0.02
Regular O at 4°C 2.48 +0.04 2.47 +0.03 2.45 +0.07 2.48 +0.01
O at 20°C 2.86+0.74 3.04+0.18 3.06 +0.08
C at 20°C 2.31+0.08 2.32+0.08 2.30+0.04
Decaffeinated O at 4°C 2.33+0.08 2.37+0.02 2.33+0.06 2.28 +0.07
0 at 20°C 2.77 +0.f1 2.92+0.11 2.95 +0.09

*C = closed under vacuum at 20°C; O = open at diffetemperatures. Different superscript lettershia $ame line indicate
statistically significant differences (p < 0.05).

Phenolic compounds After six-months, the open packs of regular coffee
The comparison of initial means of regular (3.52 ishowed statistically significant reductions equals
0.21 mg GAE/mL) and decaffeinated (3.55 £ 0.280 9.7 % at 4°C and 19.6% at 20°C, while the
mg GAE/mL) coffees did not show a statisticallyvacuum-sealed samples stored at 20°C did not
significant difference (p = 0.836). For regularshow statistically significant differences in rédat
brewed coffee, Sanchez-Gonzélez et al. (2003p their initial values. Likewise, after the same
found from 2.5 to 2.9 mg GAE/mL and Pérez-period, the open packs of decaffeinated coffee
Martinez et al. (2010) reported from 2.9 to 4.4 mghowed statistically significant reductions equals
GAE/mL (results adjusted to 80 g of coffeeto 9.5% at 4°C and 14.9% at 20°C, while the
powder/liter of water). These results were similavacuum-sealed packs showed similar results in
to the present study despite the differences in thelation to their initial values. The evolution of
origin of coffee and brewing methods. phenolic compounds is shown in Figure 1.

mg g

Phenolic compounds (regular) Phenolic compounds (decaffeinated)

GAE/mL GAE/mL
1.0 4.0
35 !"?1':%_"‘_&_'*'%
~. — &— Clozed E_ S — &— - Closed
~ ~ \{

4 ~

3.0 ] \‘%_‘ —_—— g 3.0 "--—{ —0—goC
‘E -—® - 10°C - - - 20°C

2.5 2.5
2.0 ' ' ' ' ' ' ' months 20 1 . . . . . 1 months

0 2 4 6 0 2 4 6

Figure 1 - Evolution of phenolic compounds (mg GAE/mL) in uésy and decaffeinated coffees over
a six-month period under different storage condgi¢n = 3).

Most phenolic compounds show antioxidantobserved reductions of phenolic compounds along
activity based on hydrogen donation abilities (Led¢he experiment.

et al. 2004). After donating a hydrogen atom (H*),Considering that the vacuum-sealed samples did
these substances are converted into oxidizeabt show significant reductions, it was concluded
resonance-stabilized radicals, which do not readhat these losses were primarily associated to
with the Folin-Ciocalteu reagent to produce theoxidation reactions caused by oxygen present in
molybdenum blue complex. This explained thehe air. In addition, temperature also played an
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important role within the tested range, given thaimeans obtained for caffeic and ferulic acids were
the losses at 20°C observed for the open packsgher in regular coffee than in decaffeinated
were about the double than the losses observedaiffee while p-coumaric acid showed equivalent
4°C. The levels of phenolic compounds found irresults in both of them (Table 2).

both the coffees indicated that coffee could be aAfter six months, the vacuum-sealed packs and the
important source of these substances. Considerimgpen packs stored at 4°C of both coffees did not
that a balanced diet should contain about 1.0 g/dashow statistically significant reductions in retati

of phenolic compounds (Manach et al. 2004), & their respective initial values. On the other
single serving of 50 mL of coffee could supplyhand, the open packs stored at 20°C showed
about 17% of these substances per day. Thesttistically significant reductions for caffeic dan
results showed that coffee could be considered darulic acids while p-coumaric acid remained the
antioxidative functional beverage due to thesame (Table 2). These results indicated that caffei
presence of the antioxidant molecules but thand ferulic acids were more sensitive to the
storage conditions were important to preserve thigresence of oxygen at ambient temperature while

attribute. p-coumaric acid was more stable under these
conditions.
Phenolic acids The initial levels of phenolic acids found in

The extraction of caffeine to less than 0.1 % (w/w}yegular coffee were lower than the results
during the industrial production of decaffeinatedpublished in other studies (Mattila and
coffee (Toci et al. 2006) always results inKumpulainen 2002; Nardini et al. 2002b; Mattila
concomitant losses of other substances such &g al. 2006) even using a higher ratio coffee

chlorogenic acids, phenolic acids and relategpowder/water to prepare the infusions (Table 3).
compounds (Farah et al. 2006). Hence, the initial

Table 2 - Initial and after six months contents of caffgiecoumaric, ferulic and total phenolic acigsgg{mL of
infusion) of regular and decaffeinated coffeeseddarnder different conditions (n = 3).

Coffee type  Storage condition*  Caffeic acid p-Coumdc acid Ferulic acid Total**
initial 685.1 + 30.8 10.3+1.2 97.9+8.0 793.3

Regular 6 m - C at 20°C 699.0 + 39.2 10.1+0.9 96.7+11.8 805.8

6 m -0 at 4°C 642.0 + 382 9.5+0.9 83.3+8.7 734.8

6 m - O at 20°C 553.4 + 48.9 8.9+0.9 79.9+5.% 642.2

initial 594.3 + 28.8 8.8+1.7 709+8.1 674.0

Decaffeinateq © ™ - C @t 20°C 574.0 + 35.3 8.9+0.7 72.2+52 655.1
6 m -0 at4°C 557.2 + 348 8.4+0.6 659+ 7.4 631.5

6 m - O at 20°C 523.3 + 160 8.0+0.8 54.6 + 6.6 585.9

*C = closed under vacuum at 20 °C; O = open akdifit temperatures. **Total column exhibits the sofntaffeic, p-coumaric and ferulic
acids. Different superscript letters in the samleroa indicate statistically significant differencisrelation to the respective initial value (p <
0.05).

Table 3 -Comparison of the levels of phenolic acids/fpg of infusion) found in regular coffee in differestudies
and the respective quantities of coffee powder)(géed to prepare the infusions.

Phenolic acids (pugmL) Infusion
References Caffeic p-Coumaric Ferulic (g/L)
Mattila and Kumpulainen (2002) 870.0 + 22.0 120.% 91.0+3.6 50
Nardini et al. (2002b) 830.0 £ 69.9 140+11 B4R12.3 60
Mattila et al. (2006) 960.0 £ 31.3 13.7+£0.6 98.8.0 54
Present study 685.1 + 30.8 10.3+1.2 97.9+8.0 80

A plausible explanation could be the species ofetabolites generally involved in plant adaption to
coffee cultivated in Brazil combined with the mild environmentally stressful conditions (Farah and
Brazilian climate since phenolic acids such a®onangelo 2006). Another reason could be the
caffeic, p-coumaric and ferulic acids are secondargifferences between the brewing methods.
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Automatic brewing machines work at a pressure afeducing donator (Santos et al. 2007; Morais et al.
15 bar while manual filtrations work at 2009).

atmospheric pressure. As stated by Lopez-GalileBhe initial means obtained for the regular and
et al. (2007), pressure-brewing machines such aecaffeinated coffees showed that both the
espresso and mocha allow a better extraction sfamples had strong antioxidant characteristics and
coffee components than plunger and filtethad a statistically significant difference (p <
procedures. 0.001). The mean obtained for the regular coffee
The high levels of phenolic acids confirmed thasurpassed 3.9% of the mean obtained for the
coffee infusion was a powerful antioxidative decaffeinated coffee. This could be due to higher
beverage. These three phenolic acids have betvels of phenolic acids and caffeine (strong
associated to chemoprevention as they increase taetioxidant molecules) in regular coffee. A
transcription of phase Il and antioxidant enzymessolution containing 1.5% (w/v) of caffeine
improving the protection against oxidative stresslissolved in distilled water was prepared and
(Yeh and Yen 2006; Vicente et al. 2011).evaluated through the DPPH test and the result
However, the losses found in open packs at 20°@as able to justify 53.7% of the initial difference
indicated that coffee was sensitive to oxygen abetween the two coffees. Due to the very low
ambient temperature and for this reason, coffelevels of theobromine and theophylline in coffees,
must be consumed as soon as possible after ttieeir contribution in this test was not significant
opening of the packs, or stored in a refrigerabor tAfter the six-month period, the open packs of

preserve this quality. regular coffee showed statistically significant
reductions equals to 2.1% at 4°C and 2.8% at
DPPH 20°C. Since the vacuum-sealed samples did not

The antioxidant capacity of foods is frequentlyshow significant reductions, it was possible to
evaluated by the DPPH test that estimates the fre@nclude that oxygen was the main factor related
radical scavenging capacity of the samples bto these changes, while temperature practically did
measuring the reduction of the stable free radicalot affect the results within the tested range (Fig
DPPH* through the abstraction of an H* from a2).

0% AC DPPH (regular) 05 AC DPPH (decaffeinated)
100 100
!:}5 L-)i + "
— &— Closed p — & Closed
—0—4°C ——4°C
T - 200C - e -20°C

o0

85 T T T T T T | 85 T T T T T T

0 2 El 6 months 0 2 4 6  months

Figure 2 - Evolution of DPPH results (% AC) of regular andaffeinated coffees over a six-month
period under different storage conditions (n = 3).

The open packs of regular coffee stored at 20°Correlations equals to 0.999 (p < 0.001) and 0.975
were analyzed according to the Pearson’s test fgp = 0.025), respectively. These results indicated
the variables DPPH versus phenolic compoundan excellent association between the antioxidant
and DPPH versus phenolic acids resulting ircapacity measure through the DPPH test and the
linear, positive and statistically significant levels of these antioxidant molecules, justifying
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the reduction of the DDPH results along the sixprobe (fluorescein) from the attack of the free
month period as a consequence of the loss of tmadical AAPH* in the reaction media. This method
mentioned substances. provides a unique and complete assessment, in
After the six-month period, the open packs ofwhich both the inhibition time and inhibition
decaffeinated coffee also exhibited statisticalljdegree are measured as the reaction goes to
significant reductions equals to 2.7% at 4°C andompletion (Ou et al. 2001).
3.2% at 20°C. Once more, the vacuum-seale@ihe initial mean for regular coffee was 17.2%
samples did not show significant reductionshigher than the one obtained for decaffeinated
confirming that oxygen was the main factor relateatoffee, resulting in a statistically significant
to the reductions, and temperature practically didifference (p < 0.001). Since most important
not affect the results of the tests (Fig 2). compositional difference between the regular and
The open packs of decaffeinated coffee stored decaffeinated coffees was the presence of caffeine
20°C were also analyzed through the Pearsonia the first one (Farah et al. 2006), a solution
test for the variables DPPH versus phenolicontaining 1.5% (w/v) of this xanthine was
compounds and DPPH versus phenolic acidsrepared and tested, showing an ORAC value that
exhibiting linear, positive and statistically explained 67.1% of the difference between these
significant correlations equals to 0.996 (p = 0)004samples. Again, the very low levels of
and 0.956 (p = 0.044), respectively. These resultheobromine and theophylline in coffees reduced
corroborated the findings obtained for the regulatheir contribution in this test.
coffee, demonstrating excellent correlationsAfter six months, the means obtained for the open
between the DPPH assay and the levels of thepacks of regular coffee showed statistically
antioxidant molecules in decaffeinated coffee.  significant reductions equals to 21.6% at 4°C and
49.9% at 20°C. The same tendency was observed
ORAC for the decaffeinated coffee that showed
This is another test frequently used to estimage thstatistically significant reductions equals to 24.3

o _ at 4°C and 43.4% at 20°C (Fig 3).
antioxidant capacity of foods. It evaluates the

capacity of the sample to protect a fluorescent

mM of ORAC (decaffeinated)
mNM of ORAC (regular) TE/L
TE/L 100
100 ]
c0 50 1
] P ) = —A—._ T I — &— - Clozed
o Closed 60 ! = * o
e 1 N— —0—4°C
40 40 1 o { 2
- - 20°C T
20 20
0 . : . T . T " months 0 ‘ ' ' ' ' ' months
0 2 4 5 0 2 4 )

Figure 3 - Evolution of ORAC values (mM of Trolox equivalen}/in regular and decaffeinated
coffees over a six-month period under differentesge conditions (n = 3).

As the vacuum-sealed samples of both the coffe@s the air. Temperature also played an important
did not present significant reductions over the sixrole within the tested range as the losses at 20°C
month period, it was concluded that the lossewere about the double when compared to the
observed in the open samples were related tosses at 4°C, very similar to the findings obsdrve
oxidation reactions caused by the oxygen presefar phenolic compounds. The high levels of
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antioxidant molecules in both the coffees were a refrigerator showed much smaller losses when
solid argument to justify the reductions of ORACcompared to those stored at ambient temperature
observed in the open samples. Antioxidanfor six months;

molecules have low electrochemical potentials thd) The antioxidant capacity measured by the
result in a high tendency to be oxidized. Onc€®ORAC and DPPH showed good relationship to the
oxidized, these molecules lose the ability tdevels of antioxidant molecules phenolic
protect the fluorescein from the attack of the fre@eompounds and phenolic acids.

radical AAPH*, reducing their ORAC values.

The variables ORAC versus phenolic compounds
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