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Optimization of Central Composite Design of
Ferric Reducing Antioxidant Power from
Cocoa (Theobroma cacao) Shell using
Ultrasound-assisted Technique

Md Yusof A. H, Abd Gani S. S, Zaidan U. H, Halmi M. I. E, Abdul Wahab N

Abstract: Cocoa (Theobroma cacao) shell is waste product
discarded from the cocoa industry. About 75% of cocoa fruit is
waste. Inthe present study, antioxidant assay (ferric reducing
antioxidant power) for cocoa shell was optimized by response
surface methodology with three factors and five levels of the
model. The factorswere set at solvent percentages (70-90%),
temperatures (45-65°C), and ultrasound irradiation times (30-60
minutes at a constant frequency of 40 kHz. Optimum conditions
were established at 70%, 65°C,and 30 minutes respectively, at a
concentration of 1.41+0.01 umoles/L. The analysis of variance
(ANOVA)revealed that the coefficient of determination (R?) was
0.9650 at an optimum concentration 0f1.41+0.01 pmoles/L.
Under these conditions, the predicted value was established
at1.37, slightly lower than the experimental value. However, the
data fit the model with significance at p<0.0001 and lack of fit
test at p = 0.5091. The study confirmed that the model equation
could be used to predict future observation within the model
design range.

Index Terms: antioxidant, cocoa shells, ferric reducing
antioxidant power, response surface methodology, ultrasound -
assisted technique.

I. INTRODUCTION

Free radicals (FR) such as reactive oxygen and nitrogen
species are naturalby-products which are often over-
produced in a wide range of biological and chemical
systems[1]. They can be classified as unstable chemicals
which have one or more free electrons. FR can be produced
by different environmental stress factors such as pollution
and poor dietary[2].
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When free radicals are overproduced, they lead to
oxidative stresses, generally defined as imbalance conditions
between production of free radicals and their elimination[3].

Some studies suggested that overproduction of FR can
lead to inflammatory and other diseases such as cancer[4].
Several types of FR such as hydrogen peroxide, singlet
oxygen, hydroxyl radicals, etc.have been documented[5].

In evaluating oxidative stresses, the antioxidant assay is
one of the easier methods to measure the ability of an
organism to protect itself from free radical. It is known that
antioxidant capacity is influenced by several factors such as
extraction process, targeted compound, types of natural
material and others. The interaction of all these variables is
complex.

In analyzing the complex interactions, the response
surface methodology (RSM) was utilized in the present
study to establish a procedure for future observation. Several
types of designs with different levels of observation points
can be used to fit the model with the desired independent
variables[6]. Besides the Placket Burman factorial design
(which is used to evaluate the types of variables chosen)[7],
the RSM is a second stage of the technique that is usually
used to create a model before another complex model such
as artificial neural network be utilized at a later stage[8].
The objective of the model is usually similar, so it can be
used to predict the values of independent variables for future
observation within the design range[9].

Cocoa shell is one of the waste products being discarded
from the cocoa industry. Approximately 75% of cocoa fruits
are wastes or underutilizedby-products. Previous studies
have shown that wastes from the cocoa industry have
potentials as activated carbon [10] and cosmetics[11,12].
Other studies have also shown that cocoa shell is rich in
antioxidant compounds and can be used to fight FR
[13]while giving other benefits to human health [14].

In the present study, cocoa shell extract from industrial
cocoa was used to determine its antioxidant power by using
ferric reducing antioxidant power assay and optimizing the
extraction conditions by using three factors and five-levels
design. The three variables chosen. were ethanol
concentrations (70-90 v/v %), temperatures (45-65 °c), and
ultrasound irradiation times (30—60 min).
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Il. MATERIAL AND METHODS

Cocoa shell was collected from Pusat Penyelidikan dan
Pembangunan Koko (PPPK), Jengka, Pahang, Malaysia.

The cocoa shell waswashed clean and ground using a
mechanical grinder (IKA, Staufen Germany) with 1 mm
blade size to fine particles. Other chemicalsused in the study
were 2,4,6-tripyridyl-s-triazine (TPTZ), acetate buffer, ferric
chloride (FeCl;.6H,0), ferrous sulfate (FeSO,.7H,0) and
ethanol. All chemicals were of analytical grades.

A. Ultrasound-assisted Extraction

One gram of cocoa shell powder was weighed and mixed
with 50mL ethanol (in various concentrations) in 50mL
conical flasks and extracted using a sonication bath
(Wiseclean, 289 W, Wongju-si, Korea) at 40 kHz frequency,
various temperatures, and durations. All experiments are
shown in Table 1. Cocoa shell extract was filtered using
Watman filter paper (WatmanNo. 4) and the solvent was
removed using rotary evaporator (IKA, Staufen, Germany).
Water content in the extract was removed by freeze drying
(Labconco, Kansas City, MO, USA) at -80 °C for 24 hours
to get the crude extract. The dried extract was stored at -
40°C in sample bottles for further analysis.

B. Response Surface Methodology Design (RSM)
The central composite design (CCD) with three variables

and five levels of point observation was chosen for the
study. Three variables (ethanol concentrations (%), Xi;
temperatures (°C), X, and ultrasound irradiation time
(Min), Xswere chosen as parameters. The maximum (1) and
minimum (-1) levels were coded and are shown in Table 1.
The alpha value was set at 1.6817 and actual level for alpha
was calculated by a software. The ferric reducing
antioxidant power (FRAP) was taken as independent
variables (Y). The experiment was conducted in triplicates,
and all data obtained were determined using the second
polynomial equation as in Equation 1. The complex
interactions between variables were evaluated using analysis
of variance (ANOVA) to determine the value of constant 8
(Equation 1), the coefficient of determination (R?), lack of
fit, and the significance ofmodel on antioxidants of extract.
All data were analyzed using Expert Design Software
(version 10, Stat-Ease Inc., Minneapolis, MN, USA).

Y =5, +23:ﬂixi +Z3:ﬂiixi? + Zglﬂijxixj 1)

i=j=1
where,

Y is the response variables, f is a constant, f;, fii and S;;
are the linear, quadratic and interactive coefficients
respectively. X; and X jare the levels of independent
variables.

Table. 1 Central composite design of three variables with their observed responses

Actual Level Coded Level
Ethanol Ultrasound Ethanol Ultrasound ~ FRAP FRAP
Run Concentration T€mperature  Irradiation Concentration TEmperature  Irradiation Experiment  Predict
X.(%) X,(°C) Time (%) X,(°C) Time (umoles/L)  (umoles/L)
! Xs(minutes) ! Xg(minutes)
1 70.00 45.00 60.00 -1.00 -1.00 1.00 0.99+0.03  0.96
2 70.00 65.00 60.00 -1.00 1.00 1.00 1.26+0.01  1.17
3 80.00 38.18 45.00 0.00 -1.62 0.00 0.28+0.02 0.36
4 96.82 55.00 45.00 1.62 0.00 0.00 -0.66+£0.01  -0.77
5 70.00 65.00 30.00 -1.00 1.00 -1.00 1.41+0.01 137
6 90.00 65.00 30.00 1.00 1.00 -1.00 -0.08+0.02 -0.09
7 80.00 55.00 45.00 0.00 0.00 0.00 0.18+0.01 0.33
8 80.00 55.00 45.00 0.00 0.00 0.00 0.58+0.03  0.33
9 80.00 55.00 70.23 0.00 0.00 1.62 0.23+0.01  0.22
10 80.00 71.82 45.00 0.00 1.62 0.00 0.76+0.01 0.75
11 90.00 45.00 60.00 1.00 -1.00 1.00 -0.23+0.03  -0.24
12 90.00 45.00 30.00 1.00 -1.00 -1.00 -0.39+0.02 -0.34
13 80.00 55.00 19.77 0.00 0.00 -1.62 0.23+0.01  0.31
14 80.00 55.00 45.00 0.00 0.00 0.00 0.26+0.01  0.33
15 90.00 65.00 60.00 1.00 1.00 1.00 -0.53+0.02 -0.41
16 80.00 55.00 45.00 0.00 0.00 0.00 0.46+0.01 0.33
17 70.00 45.00 30.00 -1.00 -1.00 -1.00 0.93+0.02  0.83
18 80.00 55.00 45.00 0.00 0.00 0.00 0.23+0.01 0.33
19 80.00 55.00 45.00 0.00 0.00 0.00 0.29+0.01 0.33
20 63.18 55.00 45.00 -1.62 0.00 0.00 1.30+0.04  1.48
Table. 2 Conditions for ramp function graph
Ramp Ethanol _ Temperature UItra_soynd _ o FRAP_ FRA_P
Function Concentration X,(°C) Irradiation Time Desirability Experiment Predict
X4(%) 2 Xs(minutes) (%) (*0)
1 73.83 69.74 19.77 1.00 1.30+0.05 1.38
2 85.78 58.01 19.77 1.00 0.05+0.01 0.04
3 66.11 40.04 40.52 1.00 1.10£0.09 ="=1a4
o
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C. Determination of ferric reducing antioxidant power
(FRAP) of cocoa shell extract.

The concentrations of FRAP in cocoa shell extract were
determined using procedures of Azizah Othman et al. (2007)
and Benzie and Strain(1996) [15,16]. The ratio for FRAP
reagent used was 10:1:1.Acetate buffer of 300 mM (pH 3.6)
was mixed with, 10 mM TPTZ and 20 mM FeCI®. 6H,0 at
37-C and kept as a stock solution. Approximately 3 mL of
FRAP reagent from the stock solution was mixed with 100
pL of sample or calibration standard. About 300 pL water
was then added. The mixture was then incubated at 37 °C
for 10 minutes. Absorbance was measured at 593 nm by
using UV-Visible Spectrophotometer (Cary 60, Agilent
Technologies, Santa Clara, CA, USA). The FRAP value was
calculated using a calibration curve constructed from
FeSO,.7H,0 (7.8 -1000 pg/ mL), with R?=0.9928.

D. Ramp function and T-test

The value of constant § obtained for the FRAP on cocoa
shell extract was tested by using a ramp function as shown
in Table 2 to test its effectiveness with desirability 1. The
desirability number chosen near 1 or 1 shows that the
independent variable (Y) will be comparable to the
experimental value as reported by Josh L. Pilkington (2014)
[17]. The values obtained from the study were then analyzed
by using T-test to find its p-value by software Minitab
(Versionl14, Minitab, Pennsylvania, USA).

E. Statistical analysis

All data collected were expressed as a mean + standard
error. Statistical analysis was evaluated by analysis of
variance (ANOVA) on Expert Design software and the data
obtained from the ramp function were analysed by using T-
test on Minitab Software.

11l. RESULTS AND DISCUSSION

A. Fitting the Model

The fitting of the model to the polynomial equation can be
determined from the lack of fit test with insignificant value
and significant p-value in the interaction between variables
in the model. All data collected from the treatments were
evaluated using ANOVA as shown in Table 3. The model
and lack of fit test showed significant and non-significant at
p <0.001 and p > 0.5091 with F-values of 30.67 and 0.98
respectively. The single interaction in the model for solvent
concentration, X;and temperature, X, showed significance
at p<0.0001 and p<0.05, respectively. The complex
interaction between the variables was evaluated to determine
the constant value of B as in Equation 2:

Yerap = 1.52153 — 0.022915X; + 0.027993 X,
+ 0.060017X; — 0.000910558 X, X,
—0.00018199X,X; — 0.00069425 X, X,
+ 0.0000905191X2 + 0.000795830 X2
—0.000100987 X2 (2)
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Table. 3 Analysis of variance for a fitted quadratic
model of FRAP from cocoashell extract.

Sum of Mean F- P-
Source
square DF square value  value
<
Model 6.53 9 073 30.67 0.0001
<
Xy 6.08 1 6.08 256.85 0.0001
X3 0.18 1 018 7.57 0.0205
X3 0.010 1 0.010 0.43 0.5277
X 0.001181 1  0.001181 0.050 0.8277
X5 0.091 1 0.091 3.86 0.0779
X3 0.007440 1  0.007440 0.31 0.5873
XX, 0.066 1 0.066 2.80 0.1250
X1Xs3 0.005962 1  0.005962 0.25 0.6265
XoX3 0.087 1 0.087 3.67 0.0845
Residual 0.24 10 0.024 - -
Lack of fit  0.12 5 0.023 0.98 0.5091
Pure g2 5 0024 - -
error

R%=0.9650; R’ = 0.8387; Coefficient of variance (%) =
40.91;
Adequate precision = 20.629; DF= Degree of freedom.

B. Response surface analysis of FRAP

The surface of the RSM graph interaction between two
variables was almost similar (Figures 1 until 3). The p-value
for interaction between variables was insignificant, except
linear interaction which showed significant difference at p >
0.05. The antioxidant assay showed that only concentration
of ethanol and temperature gave significant impact on the
model. However, when these two variables interacted with
each other in terms of linear and square, only linear the
interactions gave an impact to the independent variables.

From the present experiment, the FRAP concentration
increased along with ethanol concentration until the positive
alpha value (96.82%). Other previous studies showed that
using solvent in the extraction process can increase the
amount of antioxidant compounds extracted compare to
water extraction [18].Using solvent mixture } increased
extraction yield of an antioxidant compound as the mixture
solvent extracted from both ends of the polarity of the
compound [19]. Previous studiesshowed that polar solvent
exhibited highamount of bioactive compounds and the
mixture of the solvent with water can increase the extraction
of the bioactivecompounds and optimized at 80.87% of
concentration methanol [20].
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Table. 4 T-test table of verification of the model

Ramp Number of Standard Standard 95% Coefficient
. Mean - - T-value  P-value
function Samples deviation error of the interval
1 3 1.3042 0.0443 0.0256 1.23,1.45 -1.46 0.282
2 3 0.0461 0.0049 0.0028 0.03, 0.05 3.896 0.060
3 3 1.0964 0.0805 0.0465 0.89,1.29 1.2 0.354
Another study was done by Mariel Gullian et al. (2017) most value base on the model Three condition with

on radical scavenging activity from Brosimum alicastrum
showed the same resultswhen the solvent concentration was
at 80% by using Ben-Behnken design [21].

In chemical and biochemical reactions, the presence of
temperature increases the process of extraction as
temperature decreases polarity of the targeted natural
compounds and reduces thermal resistant of the targeted cell
in natural material [22,23]. The previous studies also
showedthat the range of targeted antioxidant compound such
as polyphenols and phenolic compound were between 45 °C
and 65 °C since the compounds can be degraded due to high
thermal processes[24,25]. In a study by Nur Fauwizah et al.
(2017) on flavonoid compounds from Curcuma zedoaria
leaves, with conditions optimized by using RSM at 75 °C
[26],the finding showed that antioxidant can be optimized
above 65 °C due to the different types of the conditions of
extraction set and types of natural materials.

Although the analysis showed insignificant differences in
temperature and duration in the process of extraction, one of
the variables should change its level value. The previous
study showed that ultrasound can be optimized at a duration
of less than 35 minutes since the extraction process was
enhanced by ultrasound [27] and the compound decreased at
longer treatment as described by Jose R. et al. (2012) [28].
The different data gathered by the previous study showed
that there were other factors that exerted influence during
extraction process. The non-similar results on antioxidant
occurred due to many factors such as type of antioxidant
assay, type of natural material, process of extraction, type of
solvents used, the range of the model, etc.[29].

Another antioxidant assay by using CCD (Unpublished
data) showed that the range set for the design, gave
significant effects on the types of targeted antioxidant
compound chosen. The scavenging effect of the compound
to the free radical and bleaching effect of the antioxidant
compound were comparable to the BHT compound. Another
study on tyrosinase enzyme showed that the antioxidant
compound in the MSCE was comparable to acid ascorbic.

C. Verification of model

The model obtained from the experiment was verified by
comparing the values obtained from the different conditions
set through ram function and evaluated the data obtained
through T-test. The desirability from the model were given
from 0 to 1 in a range. The highest desirability value show
the more likely the data get from the experiment were
comparable to the predicted value hence it can reduced the
standard error between the data. From the table 2 the ethanol
concentration were set to three level of ramp function which
was low concentration (66.11%), medium concentration
(73.83%) and high concentration (85.78%) followed by the
same level set to the temperature condition. The ultrasound
irradiation time were set in a range from least value to the

Retrieval Number: B101507825219/19©BEIESP
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desirability value 1 were selected from 100 condition
created by the software as a simulator to test the model
equation. From the T-test, the value of p showed
significance when the data were compared as event the
desired value were set to the highest (desirability 1was
chosen).The p-value of ramp function 1 until 3 showed non-
significance (p>0.05) as shown in Table 4, between the
predictive value and the experimental value. Therefore the
polynomial equation build can be used to predict future
observation and comparability as long the desirability were
setto 1.
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Fig. 2 Response surface plot of ethanol concentration
(Xy) and Ultrasound irradiation time (X5)
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Fig. 3 Response surface plot of temperature (X,) and
Ultrasound irradiation time (X3)

IV. CONCLUSION

The RSM was used to evaluate the complex interaction
between variables in the extraction process to establish the
capability of the antioxidant power from coco shell extract.
The effect of coco shell extract on antioxidant power was
optimized by using RSM. From the experiment, the results
show that the model was significant p<0.0001. The lack of
fit test shows non-significance (p>0.05) between interaction
of the variables to the design range set for the model. The
equation built from the model can be repeated within the
design range. From the model, the optimization conditions
are ethanol concentration of 70%, temperature 65 °C,
ultrasound irradiation time 30 minutes. Under these
conditions, the experimental FRAP is 1.41+0.01 pmoles/L,
and the predicted value is 1.37 umoles/LThe study suggests
the extraction of cocoa shell was successfully optimized and
can be predicted for future observation within the design
range.
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