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Abstract

Cocoa is one of the foods that contains polyphenol-rich compounds that
act as antioxidants. The processing of cocoa into chocolate products generally causes
a decrease in the number of polyphenols. In the development of chocolate beverage
products, it is necessary to evaluate sensory evaluation. The purpose of this study
was to determine consumer acceptance, total phenolic content (TPC) and antioxidant
activity (AA) of chocolate drinks made from commercial cocoa powder added
with unfermented cocoa beans. Seventy-five panelists (17-23 years) contributed to the
consumer acceptance of one benchmark and four samples of chocolate drinks
with a ratio of commercial cocoa powder: unfermented cocoa beans = 100%: 0,
90%: 10%, 80%: 20%, 70%: 30%, respectively. Then the sample was analysed
for its total phenolic content using the Folin-Ciocalteau method and antioxidant
activity using the ascorbic acid equivalent antioxidant capacity (AEAC). The results
showed that the sample with a composition of 100% commercial fermented cocoa
had the highest value on each sensory attribute. It had the highest TPC, antioxidant
activity, and inhibition percentage value of 321.235 mg GAE, 982.19 ppm and
46%, respectively. The addition of the unfermented cocoa beans composition
showed a decrease in the level of consumer preference. However, the addition did
not significantly affect the total phenolic content, but slightly increased the anti-
oxidant activity. The use of unfermented cocoa beans for adding the main ingredient
that are not processed with appropriate cocoa processing standards has not been
well received by consumers, so proper processing of unfermented cocoa beans
is required if the polyphenol compound is desired.
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INTRODUCTION
Cocoa beans are the main ingredient in

making chocolate products and contain
polyphenols which act as antioxidants that
have benefits for human health (Andujar et al.,
2012; Urbanska et al., 2019). Polyphenolic
compounds in nature are classified into
flavonoids and nonflavonoids. Polyphenols
are synthesized by plants and widely distributed
in the tissues, where they mainly exist in form
of glycosides. In detail, polyphenols are  well-

known group of phenolic systems charac-
terized by at least two phenyl rings and one
or more hydroxyl substituent (Singla et al.,
2019).

In cocoa, polyphenol compounds were
mostly dominated by flavonoid groups consisting
of about 58% proanthocyanidin groups, 37%
flavan-3-ol/flavanols, 4% anthocyanidins and
1% flavonol glycosides (Hii et al., 2009; Jalil
& Ismail, 2008). Polyphenol compounds in
cocoa and its derivative products have various
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health benefits, namely as antioxidants, boost
the immune system, prevent endocrine and
cardiovascular diseases, anti-inflammatory,
anti-cancer, and prevent dental caries (Recio
et al., 2012). The polyphenol content and
composition of cocoa depends on the geno-
type, origin, growing conditions, degree of
pod maturity, and the processing of cocoa
from the beans to the semi-finished product
and the final cocoa product (Urbanska et al.,
2019).

Besides as antioxidants, polyphenols
influence sensory attributes such as colour
and taste (Shahidi & Ambigaipalan, 2015).
The cocoa bean processing, such as fermen-
tation is often considered to be the factor
that causes the reduction of several polyphe-
nol content (Sudibyo, 2017; Delgado-Ospina
et al., 2020). During the fermentation process,
there are microbes contained in cocoa beans
that contribute the biochemical changes process.
The presence of metabolic activity and an
increase in temperature can evaporate polyphe-
nol compounds, so that there is a decrease in
polyphenol content  (Sabahannur et al., 2018;
Suazo et al., 2013).

Cocoa processing can improve the
colour and taste of products that are pre-
ferred by consumers. However, along with
processing accompanied by heating, it will
certainly reduce the functional content of
cocoa. The use of cocoa without fermen-
tation can retain the polyphenol content but
produces a flavour that consumers do not
like. However, not only fermentation can
reduce the functional content of cocoa
beans, but also various processes such as
drying, roasting and other processes that use
heat energy (Racine et al., 2019; Urbanska
& Kowalska, 2019).

Products from processed cocoa consist of
semi-finished ingredients as well as products
that are ready for consumption. Semi-finished
cocoa products include cocoa butter, cocoa

powder and cocoa liquor (Afoakwa, 2014).
Cocoa bean is processed into ready-to-eat
products, for example, cakes, cookies, bakery,
and confectionary products (Ramlah, 2016).

Processed cocoa products such as
chocolate drinks are very popular products
for all ages (Hii et al., 2009). Beverage manu-
facturers always add chocolate in menu as
a preferred choice. However, cocoa products
often use other additional raw materials that
are considered less healthy for consumers,
such as sugar and creamers made from animal
ingredients (Aprotosoaie et al., 2016). Therefore
the appropriate formulation is needed in order
the chocolate drinks can still be accepted by
consumers but still safe for health.

This study examined the chocolate drink
with unfermented cocoa powder raw materials
and the composition of ingredients that are
considered healthier. The purpose of this
study was to determine the level of consumer
acceptance, total phenolic content and anti-
oxidant activity of chocolate drinks made
from a mixture of commercial cocoa powder
and unfermented cocoa powder, and their
relationship.

MATERIALS AND METHODS

This research was conducted from June
to August 2019 at the Sensory Laboratory,
Bakrie University. The analysis of total phenolic
content was carried out at the Laboratory of
the Post-Harvest Center, Bogor, and analysis
of the antioxidant activity were carried out
at the Laboratory of Biopharmaca, Bogor
Agricultural University. There were four formu-
lations and one benchmark product (BM) as
control used in this study. Each formulation
has a different ratio of commercial fermented
cocoa powder and unfermented cocoa powder.
Table 1 shows the formulation of chocolate
drinks. Control is cocoa commercial product,
while F1, F2, F3, and F4 are 100%, 90%,
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80% and 70% fermented cocoa powder,
respectively. Unfermented cocoa powder is
processed manually as the following steps:
cocoa beans are roasted at 150oC for 35
minutes. The beans are peeled from the shell,
then milled. Pressed, and the cake was growed
and sieved using a 60 mesh sieve. The results
obtained are fine unfermented cocoa powder.
Furthermore, the cocoa powder can be mixed
with other ingredients in the formulation.

The ingredients used in the manufacture
of cocoa drinks are non-fermented cocoa
powder obtained from Sumedang Small and
Medium Entreprises (SMEs), fermented
cocoa powder, vegetable creamer, stevia
sweetener and vanilla flavour. In this study,
a commercial product (control) product is
used as a comparison product that has been
sold in the market, namely cocoa powder.
The composition of benchmark product is
not presented here to deal with company’s
privacy.

Experiment Analysis

Seventy-five naive panellists (university
students between 19 and 23 years of age)
evaluated the sensory attributes by using
hedonic test. The attributes cover the colour,
aroma, taste, aftertaste, and overall accep-
tance. The test was accomplished based on
the 9-point hedonic scale by panellist and
scaled as 1 = dislike extremely,  2 = dislike very
much,  3 = dislike moderately, 4 = dislike
slightly, 5 = neither like nor dislike, 6 = like
slightly, 7 = like moderately, 8 = like very much,

and 9 = like extremely. All samples with
three-digit code were analyzed by panelists.
Each sample change, panelists were asked
to rinse their mouth with mineral water,
before testing other samples.

Analysis of total phenolic levels was
carried out according to Mustafa et al. (2010).
The ethanol extract of the 0.10 mL drink
sample and 0.50 mL of Folin-Ciocalteau
solution were added to 0.90 mL distilled water.
The mixture was then vortexed and incu-
bated for 5 minutes. The mixture was then
given 2.50 mL of 7% Na2CO3 and vortexed
followed by incubation for 26 minutes at
room temperature. After incubation, the absor-
bance of the solution was measured at a
wavelength of 755 nm. The procedure was
replicated two times for another batch. The
standards used in this test were gallic acid
standards with concentrations of 50, 100,
150, 200, 250, 300, 350, and 400 µg.mL-1.

Analysis of antioxidant activity was
carried out according to Moharram &
Youssef (2014). Measurement of antioxidant
activity was carried out using the 2,2-Diphenyl-
1-picrylhydrazyl (DPPH) method. The
DPPH method is an accurate simple, fast and
easy for screening the radical scavenging
activity of several compounds. As much as
0.750 mL of sample extracts at different
concentration was added to 1.50 mL DPPH
methanolic solution, and measured by a spec-
trophotometer UV-VIS at 517 nm, inhibitory
concentration 50% (IC50) values expressed
as 1g.mL-1 were determined by linear regres-
sion analysis of the results obtained at different

Table 1. Chocolate drink formulation
Formulation Control F1 F2 F3 F4
Fermented cocoa powder (g) Instant chocolate 4.2 (100%) 3.78 (90%) 3.36 (80%) 2.94 (70%)
Non fermented cocoa powder (g) drink (sugar, cocoa 0 (0%) 0.42 (10%) 0.84 (20%) 1.26 (30%)
Stevia sweetener (g)  powder, non dairy 2.2 2.2 2.2 2.2
Vegetable creamer (g) creamer, thickener, 8.5 8.5 8.5 8.5
Flavour (g)  nature identical vanilin 0.1 0.1 0.1 0.1
Water flavour, salt) 85 85 85 85
Total 100 100 100 100
Notes: C = control, F1 = 100%:0%, F2 = 90%:10%, F3 = 80%:20%, F4 = 70%:30%.
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concentrations of the sample. The proce-
dure was replicated for another batch.

Sensory evaluation results were tested
statistically through Analysis of Variance
(ANOVA) using SPSS v16.1 software and
Multidimensional Scaling (MDS) analysis
using XLSTAT software version 2019. The
ANOVA test was performed to determine
whether there were significant differences
between each sample. If there is a significant
difference between each sample, then it is
continued with Duncan’s test to find out
which treatment has a significant effect on
the parameters of analysis. The significant
differences were considered if p<0.05, and
the results were expressed as mean values
± standard deviations

In this study, MDS is used to determine
the similarity and dissimilarity of a variable
depicted in geometric space. The output
is a map or configuration at the map point
(Kruskal, 1977; Borg & Groenen, 2005).
MDS was carried out to see the similarity
of the attributes of each sample with the
commercial products. MDS analysis is clas-
sified into two classes: metric and non-
metric. MDS metrics are used for interval
data or ratio scales with the aim of calculating
distances in determining the position of a
sample. Meanwhile, non-metric MDS is used
for nominal or ordinal data for the purpose
of ranking and showing a significant order
of proximity (Domanoglu, et.al, 2018). In
this study, the data was obtained in the
ordinal form regarding the level of accep-
tance of the panelists. So, the MDS is per-
formed to obtain positioning among the
sample and benchmark.

In this study, the data was obtained
in the ordinal form regarding the level of
acceptance of the panelists. So, the MDS
is performed to obtain positioning among
the sample and benchmark.

The stress value is used to determine
the adequacy of the number of dimensions
obtained from the results of the MDS analysis.
The stress value is a measure of the difference
between the real multi-dimensional (p-dimen-
sional) model and the reduced (k-dimen-
sional) estimated space, which is desirable
if it is below 0.025. The stress value (Kruskal,
1977) used to determine the number of dimen-
sions can be calculated using the following
equation (Equation 1).

Stress-1 =  …..... Equation 1

dij; differences between i. and j. points.

If the stress level of a data is 0.00, the
validity level is perfect, 0.025 is very good,
0.05 is good, 0.1 is sufficient, and 0.2 is bad
(Kruskall, 1977). The antioxidant activity
with represent inhibition presentation and total
phenolic content were analysed using linear
regression using XLstat version 2019.

One sample student’s t-test was used to
test the hypothesis. A t-test is any statistical
hypothesis test which follows a student’s
t distribution, if the null hypothesis is sup-
ported. It is most commonly applied when
the test statistic would follow a normal dis-
tribution if the value of a scaling term in
the test statistic is known. The one sample
t-test requires that the dependent variable
follow a normal distribution. 5% of the t-tests
one-tailed probability level was selected to
signify the differences between the preferences.
When the scaling term is unknown and is
replaced by an estimate based on the data,
the test statistic (under certain conditions)
follows a student’s t distribution (Chao,
2017). The t-test is used to find out whether
the unknown means of two populations differ
from each other based on the independent
samples from each population. Samples were
obtained from two or more different treatments.
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This test is only valid for comparing the mean
of quantitative variables (Skaik, 2015).

RESULTS AND DISCUSSION

Overall Consumer Acceptance

Based on an assessment of all chocolate
drink products with the addition of commer-
cial fermented cocoa powder and unfer-
mented cocoa powder, it describes the closest
position distance from commercial products
(benchmark) that are considered have simi-
larity to one another. In Figure 1, it can be
seen that the MDS results for the overall
preference of the product have stress level
of 0.1925 so that it can be said that the results
obtained are still acceptable. Fermented cocoa
powder 80% has a similarity with sample of
70% where the two are in the same quadrant

and located close to the proximity matrix
value of 0.400. This is reinforced by the
results of the hedonic test (Table 2) which
shows that fermented cocoa powder 80%
and 70% samples do not have significant
differences in all the attributes tested. Samples
in one quadrant have similar characteristics,
while products contained in different quadrants
have different characteristics (Andriani et al.,
2018). It is described that there are no samples
that are located in one quadrant with commercial
products (control). Thus, It can be concluded
that no samples as a whole have similarities
with control.

Commercial cocoa powder is made by
separating the fat in the form of cocoa butter
through a pressing process. The result is a
pressed cake which is processed through
the stages of grinding, cooling and mixing
so that it becomes cocoa powder. This cocoa

Figure. 1. Two dimensional results of similarity with Multidimensional Scaling (MDS), C = control,
F1 = 100%:0%, F2 = 90%:10%, F3 = 80%:20%, F4 = 70%:30% (fermented cocoa powder:
unfermented cocoa powder)
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powder is difficult to wet and dissolves in water,
so we need a wetting agent that can homo-
genise and improve the texture. for example,
in cocoa powder lecithin which contains 5%
soy lecithin. Lecithin can enhance these
properties by its action as a wetting agent.
5% of soya lecithin is intensively mixed with
cocoa powder and the resulting lecithinated
powder is agglomerated with sugar. This
gives so-called instant cocoa, which can be
put directly into cold milk (Biehl & Ziegleder,
2003). This commercial cocoa powder has
a complete processing to produce consumer-
oriented chocolate products, which results
in sensory attributes that are in accordance
with consumer acceptance.

Sensory Attributes

Based on Table 2, the highest score on
the colour attribute is observed in 100%
fermented cocoa powder. This score is signifi-
cantly different from the control product
(control). In other formulations, the level of
preference was not significantly different
from control, with that of 70 and 80% fer-
mented cocoa powder. This shows that the
use of unfermented cocoa powder does not
significantly change the level of preference
for the colour attribute. However, the higher
the percentage of unfermented cocoa powder,
the lower the colour preference. Based on
Figure 2 and Figure. 3, consumers prefer light
colours over dark colours.

In the aroma attribute, control has the
highest score. In general, the addition of

unfermented cocoa powder decreased the
preference for aroma with a significant dif-
ference (p <0.05), but not with samples 70
and 80% fermented cocoa powder. In this
attribute, samples with the 100% commercial
cocoa powder formulation had the highest
scores among the other samples.

The level of acceptance of after-taste
in commercial products has the highest value
of the four samples with an average value
of 5.98 (rather like). Among the samples, which
showed a higher aftertaste acceptance rate
was in the 100% sample addition of commer-
cial cocoa powder. From these results, it
can be assumed that control products have
better after-taste than the four treatments.

Based on the ANOVA results there was
no significant difference between the four
treatments (p> 0.05). Fermented cocoa powder
90% had the highest value compared to the
other two samples, 80% and 70% fermented
cocoa powder with a value of 5.44. The overall
acceptance rate for commercial products has
the highest value of the four samples with
an average value of 5.98 (rather like). From
these results, it can be assumed that control
products have overall the most favoured by
the panellists than the four samples.

The conclusion from the hedonic test
(Table 2) showed that the formulation of
cocoa drinks with sugar and creamer substi-
tutions, namely stevia and vegetable creamer,
has sensory attributes whose scores are not
much different from the comparing product,
although statistically, it has a significant

Table 2. Sensory evaluation results on chocolate drink formulations
Sample Colour Flavor Taste Aftertaste Overall
Control 6.22 ± 1.5 a 6.92 ± 1.47 c 6.36 ± 1.94 b 5.98 ± 1.82 b <5.98 ±18 b
F1 6.97 ± 1.23 b 6.61 ± 1.33 bc 5.89 ± 1.92 ab 5.62 ± 2.01 ab 5.62 ±2.01 ab

F2 6.61 ± 1.13 ab 6.32 ± 1.38 ab 5.73 ± 1.6 a 5.44 ± 1.65 ab 5.44 ±1.65 ab

F3 6.28 ± 131 a 6.04 ± 1.64 a 5.42 ± 1.72 a 5.32 ± 1.61 a 5.32 ±1.61 a

F4 6.17 ± 1.34 a 6.08 ± 1.55 a 5.48 ± 179 a 5.34 ± 1.62 a 5.34 ±1.76 a

Notes: Numbers followed by different letters on each row indicate significantly different (p <0.05); C = control, F1 = 100%:0%.
F2 = 90%:10%, F3 = 80%:20%, F4 = 70%:30% (Fermented cocoa powder: Unfermented cocoa beans).
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difference. If there is an addition of cocoa
powder without fermentation, then the score
for each attribute will decrease significantly
with the addition of the amount of cocoa
powder. However, with better processing,
it is possible to produce cocoa drinks that
are more acceptable to consumers (Purba
et al., 2018).

Total Phenolic Content

From the results of the total phenolic
content (TPC) test, the highest value was
obtained in 100% with a value of 321.24±18.41
mg GAE (Table 3). Based on Brcanovic et al.
(2013), the range of TPC values for commer-
cial cocoa powder is between 3.82-36.87

(mg.g-1 GAE. From the TPC regression equation
with a low R2 shows insignificant values
between formulations (Figure 4). The addition
of cocoa powder without fermentation is
considered to increase the TPC value of the
sample. However, in this study, this has limited
evidence due too the an edequate sampling
representation. This can occur due to imperfect
processing without a separation process
between cocoa butter and cocoa powder,
causing the composition of chocolate drinks
to be less suitable (Langkong et al., 2020).

The results of the study showed that
chocolate drink with the addition of unfer-
mented cocoa powder did not contain a
higher polyphenol content than fermented
cocoa powder. The decrease in the content

Figure 2. Colour differences of cocoa beans: a. unfermented beans and b. fermented beans

a b

Figure 3. Colour differences in chocolate drink formulations: a. C = control, b. F1 = 100%:0%, c. F2
= 90%:10%, d. F3 = 80%:20%, and e. F4 = 70%:30% (Fermented cocoa powder: Unfermented
cocoa beans).

a b c d e
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of polyphenol compounds during fermen-
tation is due to the oxidation of polyphe-
nols by the polyphenol oxidase enzyme, the
diffusion of polyphenols from the cotyle-
dons to the skin layer and the polymeriza-
tion of polyphenol compounds, especially
epicatechins and proanthocyanidins, to
formed tannins and the formation of com-
plexes with proteins and polysaccharides
(Afoakwa et al., 2012).

Antioxidant Activity

Antioxidant activity is expressed as a
percentage of inhibition, which is how many
radical compounds (DPPH) can be inhibited
by the antioxidant compounds found in
chocolate drinks. The inhibition value of
radical compound activity, the absorbance
value of chocolate drinks was also compared
with the standard in the form of ascorbic
acid (vitamin C) to see its equivalence. This
comparison value is expressed in the ascorbic
acid equivalent antioxidant capacity (AEAC)
in ppm units. The AEAC value for chocolate
drinks can be seen in Table 3.

From the results of the AEAC value,
it was found that 100% fermented cocoa
powder had the highest value (982 ppm)
compared to other samples. However, in samples
with the addition of cocoa powder without
fermentation, the higher the addition, the
higher the AEAC value. This indicates that
the addition of cocoa without fermentation
increases the level of antioxidant activity.
However, based on the results of the regression
analysis, the AEAC value between treatments
was not different. The non-signiciant evidence
seem to be because of limited sampling repli-
cations. In 100% fermented cocoa powder
formulation, it can be seen that there are
similarities in the values of TPC and AA with
70% formulation. It is possible that the fermented
cocoa powder used has a high polyphenol
content because the samples used come from

two different sources, for fermented cocoa
powder obtained from commercial cocoa
powder samples, while unfermented cocoa
powder are processed manually.

The results of testing for antioxidant
activity in sample 100% fermented cocoa
powder can inhibit free radicals by 46%,
and the least 90% fermented cocoa powder
by 18%. The results of the t test showed
a value of 0.683, which indicates that there
is no correlation between the TPC and the
AEAC, value (Figure 4). The non-signifi-
cant results need further finding in context
of sampling replication. There should be
a correlation between the two, as the research
of Kumar et al. (2014) stated that there is
a positive correlation between the antioxi-
dant capacity of cocoa powder and their
derivative products and the total number of
polyphenols content. Therefore the lower
the polyphenol content, the lower the value
of its antioxidant activity. Processing of cocoa
such as fermentation, drying, roasting and
other processes will reduce the polyphenol
content, so it tends to decrease its antioxi-
dant activity. In this study, the commercial
fermented cocoa powder is processed
through a series of processes from cocoa
beans into cocoa powder using steps that
comply with cocoa processing standards.
In addition, in the processing of unfermented
cocoa powder, it was roasted at a temperature
of 150oC for 35 minutes. The results of the study
by Afoakwa et al. (2012) show that roasting
greatly affects the polyphenol content of un-
fermented cocoa liquor. The higher the roasting
temperature, the lower the polyphenol content
of the cocoa paste produced. The results of
Ramlah (2016) show that the roasting tempera-
ture of fermented cocoa beans affects the
polyphenols and the resulting chocolate
flavour. Therefore further research is needed
to prepare unfermented cocoa powder that is
processed according to cocoa bean processing
standards.
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CONCLUSIONS

The hedonic test results show that samples
with 100% commercial cocoa powder have
a preferred color compared to other samples.
For flavour, taste, aftertaste and overall
attributes, each sample was not significantly
different. With the addition of cocoa powder
without fermentation, it causes a darker colour,

which is less preferred by consumers. Based
on the MDS, the sample with the addition
of 20 and 30% cocoa powder unfermented
has similarities with that of two samples
which in the same quadrant and located close
to the proximity matrix value of 0.400. Based
on TPC and antioxidant activity value, it
showed that samples with 100% fermented
cocoa powder had the highest values with

Table 4. Antioxidant activity value of each chocolate drink formulation
Fermented cocoa powder (%) AEAC (ppm)
100 982 ± 16.5 b

90 587 ± 88.2 a

80 631 ± 181.8 ab

70 889 ± 140.4 ab

Notes: AEAC (ascorbic acid equivalent antioxidant capacity); Numbers followed by different letters on each row indicate
significantly different (p <0.05).

Table 3. Total phenolic content of each chocolate drink formulation
Fermented cocoa powder (%) Total phenolic content (mg GAE)
100 321 ± 18 a

90 258 ± 35 a

80 305 ± 24 a

70 280 ± 30 a

Notes: GAE (gallic acid equivalents); numbers followed by different letters on each row indicate significantly different
(p <0.05).

Figure 4. Regression analysis of total phenolic content and inhibition percentage and fermented cocoa powder
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a value of 321.23 mg GAE and 982.19 ppm,
respectively. In this study, there is limited
evidence to declare that cocoa drinks with
the addition of unfermented cocoa powder
will decrease the content of total phenolic
and antioxidant compounds
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