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Abstract.Anthocyanins are present in high concentration in cocoa peels. A microwave-assisted
extraction was used to extract the anthocyanins from cocoa peel by using aqueous ethanol
solvent. Extraction process conditions such as particle size, material/solvent ratio (w/v),
optimum extraction time, and microwave power in the extraction process will affect the
obtained concentration of anthocyanin. The purpose of this study is to identify the relationship
between each input variables and to develop predictive models used in optimizing the
conditions of the anthocyanin extraction process. The Design Expert vs11 program with
Response Surface Methodology (RSM) Box-Behnken Design was used for research and select
process conditions from a combination of factors producing the optimal responses. Based on
the Box-Behnken RSM Design, particle size, material/solvent ratio, extraction time, and
microwave power in the extraction process are factors which mainly affect the response of
produced anthocyanin concentration. Relationship between variables and the response of
anthocyanin concentration was modeled by Y = 0.000178-4.17412E-07A + 0.012205B +
0.000022C + 7.75551R-08D + 0.000060AB – 2.96236E-08AC + 1.20818E-09AD –
0.001314BC – 0.000029BD + 1.84413E-07CD (A is particle size; B is the ratio of cocoa
peel/ethanol; C is extraction time; and D is the power of microwave). The optimal response
value of anthocyanin concentration is 1,435 mM, with the condition of the particle size at the
extraction process of 60 mesh; the ratio of cocoa peel/ethanol of 0.0625 w/v; extraction time of
10 minutes; and the microwave of 450 watts.

Keywords: anthocyanin, microwave assisted extraction, response surface methodology

1. Introduction
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Cocoa (Theobroma cacao L.), Theobroma is a genus of fruit trees planted in various tropical regions,
including the family of Malvacae. Cocoa (Theobroma cacao L.) is a broadleaf plant with reddish-
yellow fruit. Cocoa contains active compounds that can be used as an antiseptic, antioxidant, anti-
inflammatory, and diuretic. Cocoa is also used as a traditional medicine that works to treat burns,
snake bites, fever, dry lips, coughing, rheumatism, and fatigue[1-2].

The structure of the cocoa fruit is divided into four main parts namely the seeds, placenta, pulp, and
skin. The cocoa husk is the biggest waste component of a cocoa bean processor. Cocoa skin mass
reaches 75% of the total mass of fruit. Cocoa pod husk has not been used optimally because it is only
used as animal feed, burned, or even thrown into agricultural waste. Cocoa skin contains many active
substances namely phenolic compounds such as pyrogallol, tannin, quercetin, resorcinol, and lignin.
Polyphenols contained in the skin of cocoa have the main components of catechins, proanthocyanidins,
and anthocyanins. The content of anthocyanin in 600 grams of cocoa peel reaches 39.82% [3-4].

The extraction method that is developing both in the world of research and industry is Microwave-
Assisted Extraction (MAE), which is extraction with the help of microwave energy. The MAE method
can help increase the amount of crude extract yield in the extraction time and the number of solvents
which is lower than the conventional extraction method [5-6,9].

Yusepa stated that the use of conventional methods is the simplest extraction method, but the
weakness of the method is that it requires a longer extraction time[7]. The development of extraction
methods to speed up extraction time is needed to reduce production costs. The extraction method that
is developing both in the world of research and industry is Microwave-Assisted Extraction (MAE),
which is extraction with the help of microwave energy. The MAE method can help increase the
amount of crude extract yield in the extraction time and the number of solvents which is lower than the
conventional extraction method [8-10].

In this study, design 11 vs Expert Design Program with Response Surface Methodology (RSM)
Box-Behnken Design is used to research and select the process conditions from a combination of
factors that produce an optimal response. Based on the Box-Behnken RSM Design it is known that the
main effects of particle size, material/solvent ratio, optimal extraction time, and microwave power in
the extraction process are factors that greatly influence the response of the resulting anthocyanin
concentration.

The advantages of this program can be used for analysis and modeling of a problem with one or
more treatments in research [11-13]. According to Radojkovic, RSM is a collection of statistical and
mathematical techniques that are useful for developing, improving, and optimizing processes, where
the response is influenced by several factors (independent variables) [14]. The Surface Response
Methodology (RSM) not only defines the influence of independent variables but also produces
mathematical models, which explain chemical or biochemical processes. The main idea of this method
is to know the effect of independent variables on responses, get a model of the relationship between
independent variables and responses and get the conditions of the process that produces the best
response [15-16]. In addition, the advantages of the RSM method include not requiring large amounts
of trial data and does not require a long time [17-18].

The purpose of this study is to identify the relationship between input variables and to develop
predictive models used in optimization of the conditions of the anthocyanin extraction process.

2. Materials and Methods
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2.1. Material

Materials used in this study include cocoa peels from the Indonesian Coffee and Cocoa Research
Center, ethanol (pa) from Merck, and aquades. microwaves (MAE) is done using a microwave
accelerated reaction system (SAMSUNG MS23H3125FK-SE) with a power of 1150 W, equipped with
a digital timer and UV-VIS Spectrophotometer for analysis.

2.2. Methods

This research method consists of 3 stages, 1) creation of the formulation and response design, 2)
response analysis, 3) optimization. Then proceed to the verification stage, as proof of the prediction of
the optimum formula solution response value.

2.2.1 Optimization Conditions of anthocyanin extraction on the cocoa peel.
There are three stages in applying RSM [11]. The research formulation design and response analysis
were carried out using the Design-Expert v11 program. In this study, the dependent variable was the
concentration of anthocyanin extracted while the independent variable was A. particle size (60, 80,
100, 120, dan 140 mesh), B. ratio of cocoa: solvent (1: 2; 1: 4; 1: 6; 1: 8 w / v), C. maceration time (2,
4, 6, 8, and 10 minutes for MAE extraction method; 1,2,3 days for maceration method), D. microwave
power (100; 300; 450; 600 watt). The results of the research formulation design from the expert design
program were applied in several types of solvents (water; distilled water: 10% citric acid (1: 6 v / v);
ethanol) are listed in Table 1. for the MAE method.

Table 1. The design of anthocyanin extraction research formulation using MAE method

Formulation Particle size (Mesh) Ratio (b/v) Time (minutes) Power (W)

1 100 0.01875 6 100

2 100 0.01875 6 275

3 140 0.00625 10 100

4 100 0.01875 6 275

5 100 0.01875 2 275

6 100 0.01875 6 275

7 100 0.01875 6 275

8 140 0.00625 10 450

9 100 0.01875 6 275

10 100 0.04375 6 275
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Minimum and maximum limit values are entered to the Box-Behnken Design Design-Expert v11
Response Surface Methodology (RSM) program for randomization. After randomization of the
combination, 30 treatments were analyzed [16].

2.2.2 Anthocyanin Extraction

The initial stages of cocoa peel dye extraction is Cocoa peel was finely macerated in ethanol solution
[3]. The sample was placed in the microwave according to the study design in Table 1. The resulting
product was filtered and then centrifuged. The obtained supernatant was concentrated with a rotary
evaporator at 40 oC. The supernatant was characterized by UV-Vis spectrophotometer (the supernatant
is stored in a closed and translucent container in the freezer).

2.2.3 Response Analysis

11 60 0.03125 2 100

12 60 0.00625 10 100

13 140 0.03125 2 100

14 60 0.03125 10 100

15 140 0.00625 2 100

16 60 0.01875 6 275

17 60 0.03125 10 450

18 60 0.00625 10 450

19 140 0.00625 2 450

20 140 0.03125 2 450

21 60 0.03125 2 450

22 100 0.00625 6 275

23 140 0.03125 10 100

24 180 0.01875 6 275

25 100 0.01875 6 625

26 100 0.01875 6 275

27 100 0.01875 14 275

28 140 0.03125 10 450

29 60 0.00625 2 100

30 60 0.00625 2 450
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The response value of the dependent variable was analyzed by ANOVA. The ANOVA model used can
be chosen as suggested by the program, the model that has the highest level and produces a significant
ANOVA value. ANOVA models contained in this design are Linear, Quadratic, Special Cubic, and
Cubic. Models that give significance to ANOVA and non-significance to the Lack of fit are chosen to
analyze the variables. In addition, the DX v11 program also provides a normal plot of residual facility
that indicates whether the residual (the difference between the actual response and the predicted
response value) follows the normality line (straight line). Data points that are getting closer to the
normal line show a normal spread of data, which means that the actual results will be close to the
results predicted by the program [20].

2.2.4 Optimization stage
At this stage, the response (antioxidant concentration) is determined by the optimization goal in the
DX v11 program. This program will optimize according to variable data and response measurement
data entered. The output of the optimization stage is the recomme ndation of several new optimal
formulas according to the program. The most optimal formula is a formula with a maximum
desirability value. Desirability value is the value of the optimization objective function that shows the
ability of the program to fulfill desires based on the criteria set on the final product. The range of
values is from 0 to 1.0. The desirability value which is getting closer to the value of 1.0 indicates the
ability of the program to produce the desired product more perfect. The purpose of optimization is not
to obtain a desirability value of 1.0, but to find the best conditions that bring together all the objective
functions [13].

3. Result and Discussion

3.1 Determination of Optimum Wavelengths

Anthocyanins are polyphenol compounds that give plants a red-blue color. The color is formed due to
the absorption of light at certain wavelengths. Light absorption with certain wavelengths of organic
compounds occurs because of the transition п→п * and n→п*. The structure of organic compounds
that can produce colors must have unsaturated groups that can undergo transitions п→п * and n→п*
or called chromophores. The type of anthocyanin contained in Cacao peel is Pelargonidin (Pg) with a
brownish yellow color. The chemical structure of Pelargonidin (Pg) is shown in Figure 1.

Figure 1. Chemical structure of Pelargonidin (Pg)
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Wavelengths used in the range of 400-800 nm. The maximum wavelength of anthocyanin extracted
from the skin of cacao is 494 nm. This result is in accordance with the color of the cocoa peel extract
which is brownish yellow (complementary color) with the absorbed color analysis being blue-green.
The results of the optimum wavelength spectrum analysis of the anthocyanins of cocoa peel extract are
shown in Figure 2.

Figure 2. Determination of the optimum wavelength of anthocyanin extract of cocoa peel

Determination of pigment concentrations equivalent to anthocyanins from cocoa peel is carried out
using the Lambert-Beer equation, namely:

A= ɛ b c (i)
A: Absorbance
ɛ: molar absorptivity coefficient (26900 Lmol-1cm-1)
b: cuvette thickness (cm)
c: concentration (M)

3.2 Process Condition Optimization with RSM
The analysis result of the concentration of cocoa bean extraction to the response can be seen in Table 2.
The results of measurements of the effect of the extraction conditions on the response of anthocyanin
concentration are listed. Based on Table 2, it can be seen that the response value of anthocyanin
concentration for the MAE method, the anthocyanin concentration is 0.000412-0.001407 M for
ethanol solvents.

Table 2. Results of MAE Extraction Response
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Form Particle size
(Mesh)

Ratio
(b/v)

Time
(minutes)

Power
(W)

Concentration
(M)

ME 1 100 0.01875 6 100 0.000538

ME 2 100 0.01875 6 275 0.000567

ME 3 140 0.00625 10 100 0.000464

ME 4 100 0.01875 6 275 0.000630

ME 5 100 0.01875 2 275 0.000556

ME 6 100 0.01875 6 275 0.000727

ME 7 100 0.01875 6 275 0.000553

ME 8 140 0.00625 10 450 0.001374

ME 9 100 0.01875 6 275 0.000635

ME 10 100 0.04375 6 275 0.000801

ME 11 60 0.03125 2 100 0.000449

ME 12 60 0.00625 10 100 0.000412

ME 13 140 0.03125 2 100 0.000532

ME 14 60 0.03125 10 100 0.000617

ME 15 140 0.00625 2 100 0.000443

ME 16 60 0.01875 6 275 0.000617

ME 17 60 0.03125 10 450 0.000846

ME 18 60 0.00625 10 450 0.001407

ME 19 140 0.00625 2 450 0.000457

ME 20 140 0.03125 2 450 0.000778

ME 21 60 0.03125 2 450 0.000564

ME 22 100 0.00625 6 275 0.000468

ME 23 140 0.03125 10 100 0.000696

ME 24 180 0.01875 6 275 0.000678

ME 25 100 0.01875 6 625 0.000550

ME 26 100 0.01875 6 275 0.000604
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ME 27 100 0.01875 14 275 0.001109

ME 28 140 0.03125 10 450 0.001029

ME 29 60 0.00625 2 100 0.000406

ME 30 60 0.00625 2 450 0.000434

The results of the analysis of variance (ANOVA) are listed in Table 3. Mathematical equation
models to predict significant anthocyanin concentrations with p values less than 0.05. ANOVA results
also showed that each component, namely the particle size, the ratio of cocoa: solvent, maceration
time, and microwave power had a significant effect on the response of anthocyanin concentration.
Lack of Fit F-value yield response with a p-value greater than 0.05 indicates that Lack of fit is not
significant. The insignificant Lack of fit value is a prerequisite for a good model because it shows the
suitability of anthocyanin concentration-response data with the model [21].

Table 3. Analysis of the model for anthocyanin concentration responses

3.3 Analysis of Anthocyanin Concentration Response

The RSM equation for optimizing the conditions of the anthocyanin extraction process with the MAE
method using ethanol solvent to the anthocyanin concentration response is as follows:

Y=0.000178 - 4.17412E-07A + 0.012205B + 0.000022C + 7.75551E-08D + 0.000060AB –
2.96236E-08AC + 1.20818E-09AD – 0.001314BC – 0.000029BD + 1.84413E-07CD

The equation shows that the response of anthocyanin concentration will increase directly
proportional to the increase in the ratio of cocoa: a solvent; maceration time; power; particle size and
ratio; particle size and power; and maceration time and power. The normal plot of the residual graph
that indicates the relationship between the actual value and the value predicted in Figure 3, approaches

Response Mathematical Equations Significant
(p<0,05)

Lack
of fit

(p<0,05)

R2

Concentration
of
anthocyanin
extraction

Y=0.000178-4.17412E-
07A+0,012205B+0.000022C+7.75551E-
08D+0.000060AB-2.96236E-
08AC+1.20818E-09AD-0.001314BC-
0.000029BD+1.84413E-07CD

0.0033 0.0074 0.7703
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the normal line that shows data for the normal spread yield response. This means that the actual results
will be close to the results predicted by the DX vs11 Program.

Figure 3. Normal plot of the residual anthocyanin concentration response

The surface shape of the interaction between the various components can be seen more clearly on
the three-dimensional graph shown in Figure 4.

Figure 4. Three-dimensional graph of anthocyanin concentration response test results

Figures 4 and 5, explain the results of optimization in three dimensions (3D) and contour (2D). A
contour plot is a two-dimensional picture of the response presented using a prediction model for the
concentration value. The lines consisting of points on the contour plot graph show the combination of
three components with different amounts that produce the same concentration value. The prediction
point in the figure shows a combination of 450 W power level and 10 minutes time which results in a
concentration value of 0.001407M. Three-dimensional graph (3-D) shows projections from contour
plot graphs. A low area on a three-dimensional graph shows a low concentration value, while a high
area shows a high concentration value.
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Concentration

Time (minute)

Figure 5. Contour plot graph for optimum formula desirable value

The results showed that the influence of the ratio could increase the extraction result allegedly due
to the greater amount of cocoa husk in the extraction media indicating the source of active substances
that could be extracted was also higher, so the anthocyanin yield obtained was also greater with
increasing the b/v ratio of the cocoa peel /solvent. However, when the amount of cocoa peel is
significantly increased the saturation condition will be formed so that the reverse extraction process
occurs which causes the concentration of anthocyanin in the product to decrease.

Extraction time also shows the effect on anthocyanin concentration where the longer the extraction
time, the higher the product concentration. This is analyzed because the length of the process of
contact between anthocyanin and the solvent causes the number of active substances produced to
increase.

Another factor analyzed in the anthocyanin extraction process is the particle size of the cocoa shell.
The smaller particle size of the cocoa shell (the larger the mesh size) indicates an increase in
anthocyanin concentration. The decrease in particle size will cause the surface area of cocoa shells to
be higher so that the probability of contact between anthocyanins contained in the cocoa shell and the
solvent increases, this leads to an increase in the extraction rate so that the quantity of anthocyanin
produced becomes greater. but an increase in reaction rate causes side reactions that produce impurity
products.

The last factor that influences the extraction of anthocyanin in cocoa skin is the power supply to the
MAE method. Giving power to the MAE method shows an increase in energy possessed by the
solvent molecule. The increase in energy in the solvent molecule will accelerate the initiation of the
contact process between the active substance and the solvent. This condition increases the amount of
anthocyanin extract obtained during extraction using MAE. The provision of high power does not only
affect the amount of anthocyanin that increases but also the presence of side reactions that actually
interfere with the extraction process. This is because the high power causes the energy possessed by
the molecules also increases until the chemical bond is broken. So that at high power conditions, the
resulting anthocyanin concentration has decreased.
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4. Conclusions

Based on the Box-Behnken RSM Design it is known that the particle size, material/solvent ratio,
extraction time, and microwave power in the extraction process are factors that greatly affect the
response of anthocyanin concentration produced. Relationship between variables to the response of
anthocyanin concentration was modeled by Y = 0.000178-4.17412E-07A + 0.012205B + 0.000022C +
7.75551R-08D + 0.000060AB – 2.96236E-08AC + 1.20818E-09AD – 0.001314BC – 0.000029BD +
1.84413E-07CD
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