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Abstract: Coffee is one of the major consumed beverages with highly antioxidant activity. There are two spices
of coffee, Coffea arabica and Coffea canephora (robusta). In this study, different assays were used to
determine the antioxidant activity of different coffee types and blends [Arabica 100 (A100), Arabica 15: Robusta
85 (A15:R85) and Arabica 75: Robusta 25 (A75:R25)]. The antioxidant activity was measured by four different
assays, including DPPH radical scavenging, H O scavenging, ferrous ion chelation and ferric reducing power.2 2

The results represented a lower scavenging activity of (A100) in both DPPH and H O  radical scavenging2 2

activity. However, all samples showed no significant differences in ferrous (Fe ) chelating and ferric reducing2+

power abilities. The outcomes of this study displayed that blended coffee species have powerful antioxidant
scavenging activity compared with pure Coffea arabica (A100). Thus, coffee blending types and roasting might
be the reason for such effects.

Key words: Antioxidant activity Coffea arabica Coffea robusta  Metal chelation  Radical scavenging

INTRODUCTION activity  [5].  The  amounts  of  these  polyphenols in

Normal metabolic processes and some external [4, 6, 7]. Coffea arabica and Coffea canephora (robusta)
factors can produce highly reactive compounds such as are the two major species of coffee and they differ in price,
superoxide anion, hydroxyl radical and hydroperoxyl quality and consumer acceptance [8]. For instance,
radical. Their reactivity creates oxidative stress, which studies showed that coffee brews originating from 100%
leads to several diseases because of macromolecules arabica beans have superior sensory quality and are
damage. This oxidative stress can be reduced by most consumed by people compared to coffee brews
endogenous antioxidants, enzymatic system and some originating from robusta beans. However, the coffee
body fluids, or exogenous antioxidants [1]. Polyphenols, brews from robusta have greater antioxidant capacity than
exogenous antioxidants, are considered as highly arabica coffee [5].
protective compounds against some chronic problems, Coffee aroma, flavor and color are generated by
produced by that highly reactive species [2]. roasting process, which is a sensitive step in the

Coffee  has  a  major  social and economic role. It is production of coffee. In fact, roasting time and
one  of  the  most  widely  consumed beverages temperature control the roasting  degree  (light,  medium
throughout the world due to its pleasant taste and aroma or dark) and protect the coffee beans from burning or
as well as its stimulant effect [3]. Many researches losing some of their components and flavor [7]. During
recorded that coffee has high polyphenols, which play the  roasting   process,  some  of  the  antioxidants  such
significant role in its antioxidant properties [4]. Several as chlorogenic acid are lost and some are generated
polyphenols  such  as chlorogenic acids, 3-caffeoylquinic (Maillard reaction products) [9]. Therefore, the aim of the
acids,  4-caffeoylquinic  acids,   5-caffeoylquinic  acids current work was to illustrate the effect of blending and
and 5-feruloylquinic acid as well as their degradation roasting on the antioxidant activities of two major coffee
products  including  caffeic,  ferulic  and  p-coumaric species in comparison to the antioxidant activity of pure
acids, have been studied widely to clarify their antioxidant Coffea arabica.

coffee are affected by roasting degree, species and origin
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MATERIALS AND METHODS DPPH Radical Scavenging Activity: DPPH assay was

Chemicals: 2, 2-Diphenyl-1-picrylhydrazyl (DPPH), three samples. This assay is based on the ability of radical
trichloroacetic acid (TCA), ferrous chloride (FeCl DPPH (violet color) to be reduced by donating hydrogen2),

ethanol, sodium nitrite, gallic acid, (+)-catechin and 3-(2- atom or electron to a non-radical DPPH-H (yellow color).
pyridyl)-5, 6-diphenyl-1, 2, 4-triazine-p, p'-disulfonic acid The change in the color can be detected at 517 nm [12].
monosodium salt hydrate (Ferrozine) were purchased from The effectiveness of DPPH radical scavenging of the
Sigma-Aldrich (Poole, UK). Ethylenediaminetetraacetic samples was measured according to Ohnishi et al. [13]
acid (EDTA) was ordered from Fluka Chemika (Buchs, with some modifications. Briefly, 250 µl of each sample
Switzerland). Di-sodium hydrogen orthophosphate was mixed with 250 µl of 99.5% ethanol. Then, 62.5 µl of
dihydrate purified, sodium carbonate and sodium (0.02% w/v of DPPH: ethanol) was added to the previous
dihydrogen orthophosphate dihydrate purified were mixture. After 1h incubation in dark, the disappearance of
obtained from CDH (New Delhi, India). Sodium hydroxide the  purple  color  of  DPPH  was determined at 517 nm.
pellet was purchased from PanReac AppliChem The percentage of inhibition was calculated by the
(Barcelona, Spain). Folin-Ciocalteu's reagent and Ferric following equation:
Chloride (FeCl ) were obtained from BDH (Poole, UK).3

Hydrogen peroxide was purchased from Holy Land % inhibition= [(A -A )/A ]× 100 
(Jeddah, KSA). Phosphate buffer saline (PBS) was
obtained from Oxoid (Hampshire, UK). where: A  - the absorbance of control, A - the absorbance

Coffee Samples Preparation: Three types of coffee
samples were involved in this study (Arabica 100% Hydrogen Peroxide Scavenging Activity: This assay
(A100), Arabica/Robusta 15:85 (A15:R85), determines the ability of antioxidants in coffee to convert
Arabica/Robusta 75:25 (A75:R25)). Coffee samples were H O  into H O by donating electrons [14]. The scavenging
obtained  from  a  local market in Jeddah, Saudi Arabia. activity of H O  by the coffee was determined following
The selection was based on a survey performed on 900 the protocol of Gülçin et al. [15] with slight modifications.
participants to investigate the most consumed coffee First, 1 ml of warm sample was added to 0.6 ml of (40 mM)
types in Jeddah, Western region of Saudi Arabia. of (H O dissolved in PBS). The scavenging ability of the
Following Karakaya et al. [1] protocol, the samples were samples was measured at 230 nm after 15 min incubation
prepared according to the serving size, that was confirmed at room temperature. The inhibition percentage was
by the Food and Drug Administration (FDA). calculated by the following equation:

Total Polyphenol Content: Polyphenol content of the % inhibition= [(A -A )/A ]× 100
samples, in terms of gallic acid equivalents, was
determined by Folin-Ciocalteu's method according to where: A  - the absorbance of control, A - the absorbance
Przygodzka et al. [10] with some modifications. In test of sample/standard.
tubes, 5 ml of distilled water and 0.5 ml of coffee samples
were mixed with 0.5 ml of Folin's reagent and were left at Ferrous Chelating Activity: The hydroxyl radical (OH•),
room temperature for 5 min. Then, 1 ml of 2% NaCO was produced by the reaction between Fe  and H O , can3

added and the samples were incubated for 1h in the dark, result in oxidative stress that directly damage cellular
before the final reaction product was measured at 750 nm. macromolecules. Iron chelation by several antioxidants

Total Flavonoid Content: Total flavonoid content of oxidative  stress  produced by  these  free radicals [12].
coffee samples, in terms of (+)-catechins equivalents, was The ability of samples to chelate ferrous ions was
determined as described by Dewanto et al. [11], by adding determined as described by Kon i et al. [16] with some
1.25 ml of deionized water and 75 µl of 5% NaNO  to 250 modifications.  To  test this ability, 50 µl of (2 mM) FeCl ,2

5 µl of sample and 1.5 ml of distilled water were added and
room temperature, 150 µl of 10% AlCl  and 0.5 ml of (1 M) mixed for 30 seconds. The reaction was initiated by3

NaOH were added to the previous mixture. The final adding 100 µl of (5 mM) ferrozine. After 10 min incubation
reaction product was measured at 510 nm. at  room  temperature,  the  color  was measured at 562 nm,

used to determine the radical scavenging activity for the
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of sample/standard.
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can decrease the generation of OH•, thus decrease

2

µl of each sample in a test tube. After 5 min incubation at
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0.1% EDTA was used as a standard. The percentage of
ferrous (Fe ) chelating activity was calculated by the2+

following equation:

% Chelation= [(A -A )/A ] ×1000 1 0

where: A  - the absorbance of control, A - the absorbance0 1

of sample/standard.

Ferric Reducing Power Activity: Ferric reducing power
assay is one of the most commonly used assays to assess
the total antioxidant activity of an antioxidant substance,
to reduce ferric to ferrous at low pH [17]. For each 1 ml of Fig. 1: Radical DPPH scavenging activity of (A100),
sample, 2.5 ml of phosphate buffer (pH = 6.6) was added (A15:R85) and (A75:R25) coffee types. The value
to measure the ferric reducing power activity according expressed as mean ± SD of (n>3) of triplicate
the protocol of Karawita et al. [18] with slight measurements. Comparisons of means were made
modifications. Then, 2.5 ml of 1% potassium ferrocyanide using one-way ANOVA followed by Bonferroni's
was added to the previous mixture and was mixed well test (** p  0.01)
before incubated at 50°C for 30 min. Then, 2.5 ml of 10%
TCA was added to each sample and was centrifuged at
6000 rpm for 10 min. The supernatant was collected in a
test tube before 2.5 ml of distilled water and 0.5 ml of 1%
FeCl  were added. The final product absorbance was3

detected at 700 nm.

Statistical Analysis: Statistical analysis was performed
using GraphPad Prism 6. For each assay, three
independent experiments were carried out and the values
were performed as mean ± SD. Results with p<0.05 were
considered statistically significant using one-way
ANOVA followed by Bonferroni's correction test. Fig. 2: Radical H O  scavenging activity of (A100),

RESULTS is expressed as mean ± SD (n>3) of triplicate

Estimation of Total Polyphenol and Flavonoid Contents: using one-way ANOVA followed by Bonferroni's
Using gallic acid equivalent, the results showed that the test (*** p  0.001)
total polyphenol contents in the samples were 793, 750
and 636 µg of gallic acid/serving size for (A100), Determination of Radical Scavenging Activity by
(A15:R85) and (A75:R25), respectively. On the other hand, Hydrogen Peroxide Scavenging Activity Assay: The
by using (+)-catechins equivalent, results revealed that results in Fig. 2 showed that (A100) had a weaker ability
the total flavonoid contents in the samples were 648, 507 to scavenge H O  compared to (A15:R85) and (A75:R25)
and 544 µg of Catechin/serving size of coffee for (A100), (the H O  scavenging activity was 28.35% ± 2.24, 76.82%
(A15:R85) and (A75:R25), respectively. ± 3.46 and 75.75% ± 3.3, for (A100), (A15:R85) and

Determination of Radical Scavenging Activity by DPPH
Assay: The results in this study showed that the Estimation of Ferrous Chelating Activity: Fig. 3 showed
scavenging activities were 29.5% ± 2.12, 46% ± 1.41 and that (A100) sample has a higher capacity in comparison to
51.5% ± 2.12 for (A100), (A15:R85) and (A75:R25), the  other  two  coffee  samples  to chelate the Fe  ion.
respectively as shown in Fig. 1, which indicates that The percentages of chelating were 51% ± 4.24, 34.5% ± 3.5
(A100) sample had a significant reduction in radical and 27.94% ± 3.97 for (A100), (A15:R85) and (A75:R25),
scavenging activity compared to other tested blends. respectively.

2 2

(A15:R85) and (A75:R25) coffee types. The value

measurements. Comparisons of means were made

2 2

2 2

(A75:R25), respectively.

2+
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Fig. 3: Ferrous chelating activity of (A100), (A15:R85) and reported that the correlation is a nonlinear and this could
(A75:R25) coffee types. The value is expressed as be matched with our results. Moreover, there are specific
mean ± SD (n>3) of triplicate measurements. phenolic molecules known as chlorogenic acids (CGAs).
Comparisons of means were made using one-way These CGAs are present in Coffea robusta in higher
ANOVA followed with Bonferroni's test (*p<0.05). concentrations than Coffea arabica [5, 21]. Moreover,

Fig. 4: Ferric reducing power activity of (A100), (A15:R85) on  p-hydroxybenzoic  acid  showed that this molecule
and (A75:R25) coffee samples. The value is has a weak DPPH scavenging due to the presence of
expressed as mean ± SD (n > 3) of triplicate mono hydroxyl group in its structure [24]. Our results
measurements. Comparisons of means were made showed  that  the percentage of DPPH scavenging
using one-way ANOVA followed by Bonferroni's activity was 29.5 ± 2.12%. Similarly, Erdem et al. [27] and
test (** p  0.01). Ramadan et al. [28] reported that DPPH scavenging was

Ferric Reducing Power Activity: Results in Fig. 4 showed content of tannic acid [22], which plays a good role in
that (A15:R85) coffee blend has a significant power to DPPH scavenging [26]. In addition, Al-Ghafari et al. [30]
reduce ferric to ferrous compared to the two other coffee reported that extracts of instant coffee had higher DPPH
types, the absorbance at 700 nm were 0.41 ± 0.09, 0.69 ± scavenging activity than ground coffee.
0.05 and 0.47 ± 0.08 nm for (A100), (A15:R85) and Regarding the H O  scavenging ability, Parras et al.
(A75:R25), respectively. [29] reported that filtered coffee showed a higher H O

DISCUSSION medium roasting of Coffea arabica has a high content of

This study was conducted to determine the total activity according to Sroka and Cisowski [24] and that
content of polyphenol and flavonoids in three commonly may explain the low scavenging activity of (A100) in our
used coffee types and blends in Saudi Arabia [(A100), results.
(A15:R85) and (A75:R25)]. The antioxidant activity of Moreover, our results revealed that the iron chelating
these samples was measured by four different assays, activity of (A75:R25) was significantly decreased when
including DPPH radical scavenging, H O scavenging, compared  with  (A100).  There  is  no  main explanation of2 2

ferrous ion chelating and ferric reducing power. Our
results showed clearly that pure Coffea arabica (A100)
has a significant decreased activity to scavenge H O  and2 2

DPPH compared to different blends of Coffea robusta and
Coffea arabica.

According to Niseteo et al. [19], there is a strong
linear correlation between total phenolic content and
FRAP. This linear correlation did not appear in our results,
which performed a slightly higher phenolic content in
(A100). The increased levels in total phenolic content
might be due to the sample preparation method, more
grams in lower volume. However, Moreira et al. [20]

Caffeine concentration is also higher in Coffea robusta
than Coffea arabica [5, 20-22]. Caffeine has a strong
correlation with FRAP, ABTS scavenging and DPPH
scavenging  [5].  However,  a  previous  study  showed
that  there  was  no  role  of caffeine in scavenging of
FRAP [20]. In addition, Brezová et al. [23] reported that
the  caffeine did not show any activity as DPPH
scavenger unlike caffeic acid (3, 4-dihydroxycinnamic
acid) which is a good DPPH scavenger [24-26]. The caffeic
acid presents in medium roasted Coffea arabica at low
concentrations  whereas,  p-hydroxybenzoic  acid
presents at higher concentrations [7]. A study performed

33.2 ± 0.02. Moreover, Coffea robusta had a higher

2 2

2 2

scavenging than Italian and espresso coffee. In general,

p-hydroxybenzoic acid, which also have a low scavenging



World Appl. Sci. J., 35 (4): 523-528, 2017

527

this result but the roasting degree of (A100) may play a 5. Vignoli, J.A., M.C. Viegas, D.G. Bassoli and M.T. De
role in this result due to the presence of Millard reaction Benassi, 2014. Roasting process affects differently
products formed during the roasting [9]. These products the bioactive compounds and the antioxidant activity
play a major role in chelation activity of coffee [5]. In of arabica and robusta coffees. Food Research
addition, many references showed a higher concentration International, 61: 279-285.
of chlorogenic acid, especially, 5- caffeoylquinic acid, in 6. Nicoli, M.C., M. Anese, L. Manzocco and C.R. Lerici,
medium roasted Coffea arabica [5, 20]. This molecule is 1997. Antioxidant properties of coffee brews in
known to perform a strong chelating activity due to the relation to the roasting degree. Food Science and
presence of more than two hydroxyl groups in its Technology, Lebensmittel, Wissenschaft &
structure [25]. Technologie, 30: 292-297.

CONCLUSIONS S. Siriamornpun, 2011. Effects of roasting degree on

The study demonstrated that the Coffea arabica compounds of Arabica coffee beans (Coffeaarabica
(A100)  had  a  lower   scavenging    activity   for  both L. cv. Catimor). International Journal of Food Science
H O  and DPPH radicals compared with different and Technology, 46: 2287-2296.2 2

blending’s of Coffea arabica and Coffea robusta 8. Sanz, C., L. Maeztu, Z.M. Jose, J. Bello and C. Cid,
(A15:R85)  and  (A75:R25).  Thus    the   blending,  with 2002. Profiles of volatile compounds and sensory
any  proportion,  of  those  species  had   more  benefit analysis of three blends of coffee: Influence of
than   the      pure     arabica.   Further     in    vitro    and different proportions of Arabica and Robusta and
in vivo studies are needed to determine cause of such influence of roasting coffee with sugar. Journal of the
results. Science of Food and Agriculture, 82: 840-847.
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