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Figure 1. Relationship between free phenolic and reducing power of beverages. The
correlation was significantly different at the level of p < 0.01

Figure 2. Relationship between free phenolic and scavenging activity. The correlation
was significantly different at the level of p < 0.01



Calixto & Goñi, 2006; Pellegrini et al., 2003;
Pulido, Hernandez-Gracia & Saura-
Calixto, 2003). Among beverages, coffee
was reported to have the highest antioxi-
dant capacity compared to other bever-
ages such as tea, beer, and red wine
(Pulido, Hernandez-Gracia & Saura-
Calixto, 2003). However, Auger et al.
(2004) reported that tea has the highest
antioxidant compound (catechin and pro-
cyanidins) compared to coffee and cocoa
beverages. Adom, Liu & Sorrels (2003)
reported that bound phenolic content sig-
nificantly contributed towards total phe-
nolic and flavonoids contents compared to
free phenolic compounds. Furthermore,
Nardini & Ghiselli (2004) showed that free
forms of phenolic compounds are rarely
present in plants. To date, most of the
present methods do not consider the con-
tribution of bound phenolic towards total
phenolic content. Crozier et al. (2000)
reported that most of the phenolic com-
pounds are always found in glycosylated
form, i.e., conjugated to a sugar. With that,
most of phenolic compounds are present
in bound form, link to cell-wall structural
components, such as cellulose, lignin, and
proteins through ester bonds. No study
has been reported on the correlation
between phenolic especially free and
bound forms and antioxidant capacity.

The present study has shown that
coffee exhibited the highest but insignifi-
cant amount of free phenolic content
among the beverages. It is also rich in total

phenolic, but relatively low in bound phe-
nolic compounds. Phenolic content in the
studied beverages could be influenced by
several factors such as amount of coffee
powder added and complex synergism
between these compounds, as determined
by Folin-Ciocalteu assay. George et al.
(2005) reported that other reducing com-
pounds such as vitamin C and sugar in
beverages could significantly contribute to
the estimation of total phenolic content.

Coffee showed the highest anti-
oxidant capacity as measured by its reduc-
ing power (FRAP) and scavenging activity
(TEAC) compared to cocoa and tea bever-
ages (Table 2). There was a significant
correlation (p < 0.01) between free pheno-
lic and antioxidant capacity. However,
there was no significant contribution of
bound phenolic towards antioxidant
capacity. The high correlation was likely
due to the contribution of free form
phenolics such as chlorogenic acids, which
was in the range of 1.01 to 1.05 mg per
serving size. However, other phenolics
such as caffeic acid, p-coumaric acid, and
ferrulic acid present in coffee could also
contribute to the phenolic content
(Nardini et al., 2002).

Chlorogenic acid is a combination of
caffeic and quinic acid through an ester
linkage. Although coffee is rich in chloro-
genic acid, caffeic acid can also be esteri-
fied to sugar, organic acid, and lipids
(Clifford, 1999). Thus, overestimation of
free phenolic content in coffee could be
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Table 2. Scavenging activity and reducing power in each serving of beverage

Type of Beverage TEAC FRAP
(µmol Trolox equivalent) (µmol Fe2+ equivalent)

Cocoa 0.18 ± 0.02 a 0.47 ± 0.05 a

Tea 0.19 ± 0.04 b 0.58 ± 0.07 b

Coffee 0.28 ± 0.03 c 0.98 ± 0.10 a,b

Values are expressed as mean ± S.E.M. Values sharing same superscripts are significant-
ly different (p < 0.05) within the same column. One serving is equivalent to 200 ml.

Antioxidant capacity and phenolic content of selected commercial beverages



due to other phenolic acids. Moreover,
manufacturer practices such as roasting of
coffee beans could lead to changes in
chemical composition and biological
activities of coffee bean, thus resulting in
the formation of new compounds through
Maillard reaction, carbohydrate caramel-
ization, and pyrolysis of organic com-
pounds (Daglia et al., 2000). These condi-
tions, at least in part, could influence
phenolic content as well as antioxidant
capacity in beverages.

The present work has shown that
cocoa had a comparable amount of free
phenolic compounds compared to coffee
and tea. Furthermore, it exhibited signifi-
cantly (p < 0.05) highest amount of bound
and total phenolic compounds compared
to the other two beverages (Table 1). It is
important to note that antioxidant proper-
ties could be influenced by factors such as
antioxidant concentration, extraction
medium, temperature, and pH of medium
(Gazzani et al., 1998). Moreover, Amin,
Zamaliah & Chin (2004) and Amin & Lee
(2005) revealed that a thermal treatment
could significantly decrease the antioxi-
dant properties and phenolic content.
These factors, at least in part, could affect
the phenolic content and antioxidant
capacity of beverages.

This study indicated that cocoa pos-
sessed the lowest antioxidant capacity
among the studied beverages. This could
be due to the types of phenolic compounds
present in cocoa. Although cocoa is rich in
bound and total phenolic contents, they
were not found to have significant contri-
bution towards antioxidant capacity.
Furthermore, no correlation was observed
between bound and total phenolic con-
tents. Sanbogi, Suzuki & Sakane (1997)
reported that free phenolic compounds
present in cocoa could be (–)-epicatechin,
(+)-catechin, and quercetin. Therefore,
catechin in the free form could strongly
contribute towards antioxidant capacity as
reported by Azizah et al. (2007). This
postulation was supported with a high

correlation (p < 0.05) between free pheno-
lic content and antioxidant capacity.

Numerous studies have reported
that tea has significant amounts of pheno-
lic compounds namely catechins (epicate-
chin, epigallocatechin, epicatechin gallate,
and epigallo catechin gallate), flavonols
(myricetin, kaempferol, and quercetin)
and proanthocyanidins (Amra et al., 2006;
Ali et al., 2005). In this study, tea exhibited
the lowest free and total phenolic content
compared to the other 2 beverages studied
(Table 1). In addition, tea had bound phe-
nolic content similar to cocoa beverage.
This finding was similar to that obtained
by Saura-Calixto and Goni (2006), who
showed that total phenolic content of tea
to be lower compared to other beverages
(coffee, red wine, beer, and orange juice).
This could be due to the differences in
extraction temperatures and times.
Recently, Amra et al. (2006) reported that
longer extraction at high temperature
could reduce the catechin content.
Moreover, Jose, Joaquim & Rita (1999)
reported the highest amount of catechins
extracted at 70°C, and declined above this
temperature in various types of tea.

Antioxidant capacity of tea was com-
parable to that of cocoa, and this could be
related to the properties of phenolic com-
pounds. Richelle, Tavazzi & Offord (2001)
showed that antioxidant activity of bever-
ages was related to the concentrations of
antioxidant compounds present.

CONCLUSIONS

The study indicated that coffee exhibited
the highest antioxidant capacity and free
phenolic content compared to tea and
cocoa. Cocoa had high content of bound
and total phenolic content among these
beverages, while tea had lower phenolic
content but a similar antioxidant capacity
compared to that of cocoa, probably due to
their catechin content. The results also
indicated that free phenolic content
strongly contributed to total phenolic

156 Abbe Maleyki MJ, Azrina A & Amin I



content and antioxidant capacity in the
beverages. No significant contribution was
found between bound phenolic towards
antioxidant capacity and total phenolic
content. Thus, the contribution of phenolic
contents to antioxidant capacity per serv-
ing size was in the order of free > total >
bound phenolic compunds.
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