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Abstract: This study seeks to analyze and optimize the
antioxidant activity thru beta carotene bleaching assay influenced
by different extraction condition on extracts obtained from
Malaysia Cocoa Shell. The condition was optimized by response
surface methodology with five levels of the model. There are three
variables involved in this study, namely: ethanol concentration
(70-90 v/v %), temperature (45-65 ºC), and ultrasound irradiation
time (30-60 min). The optimum condition obtains for temperature,
duration of extraction and solvent concentration were 55 ºC, 45
minutes and 63.18% respectively at a constant frequency of 40
kHz. In this condition, the antioxidant activity experimental was
98.91±0.5% and predicted 98.44%. The ANOVA shows the
coefficient of determination (R2) and the lack of fit test was 0.9846
and 0.6105 respectively. The desirability function from T-test data,
modeled equation fits the data, reveals that the design can be used
to predicting future observation within the design range.
Index Terms: antioxidant, cocoa shells and response surface
methodology.

I. INTRODUCTION
In recent years, an antioxidant present in the fruits and
vegetables play an important role in neutralized or eliminate
free radical by donating one of its electrons. The benefit of
antioxidant usually received from good dietary. The previous
study shows that the antioxidant can give a benefit to human
health such as antioxidant compound was used as an
anti-inflammatory,
reduce
cardiovascular
disease,
anti-cancer, anti-wrinkles and anti-aging [1]. There many
ways to measure the capacity of antioxidant from plant
extract such as thru antioxidant assay (scavenging activity
assay, reduction antioxidant power assay, bleaching assay,
total antioxidant assay, and radical trapping assay)[2].
Beta-carotene bleaching assay (BCB) was one of the
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methods used to measure the capacity of antioxidant potential
of non-polar antioxidants thru lipid oxidation. The lipid
oxidation occurs when the oxygen species react with the lipid
and perform a complex reaction chain. The previous study
shows that lipid oxidation products are involved in the
formation of mutagenic DNA [3], [4]. Some study reveals
dietary antioxidants can protect low-density lipoprotein from
oxidation and reduce the risk of atherosclerosis and cancer
[5].
Cocoa shell is one of the underutilized waste beside
cocoa pod husk from the cocoa industry. The previous study
shows that this waste contains bioactive compound know as
polyphenols [6]. Polyphenols are widely distributed in plants
and are a bioactive compound that has more than one
hydroxyl. There are many types of polyphenols such as
flavonoids, tannins, phenolic acid, etc. This antioxidant
compound plays an important role in eliminating the unstable
compound such as free radicals[7]. These free radicals are
dangerous to the body in either the long or the short term and
can lead to certain types of diseases as mention before.
In this study, the extract from Malaysian cocoa shell
(MCSE) was evaluated by BCB assay and optimized its
condition of the extract by using central composite design.
II. METHODOLOGY
A. Material and chemicals
Cocoa shell was collected from Pusat Penyelidikan dan
Pembangunan Koko (PPPK), Jengka, Pahang, Malaysia. The
cocoa shell was washed clean and ground using a mechanical
grinder (IKA, Staufen Germany) with 1 mm blade size to fine
particles. Other chemicals used in the study were butylated
hydroxytoluene acid (BHT), β-Carotene, linoleic acid, tween
20 and chloroform. All chemicals were of analytical grades.
B. Ultrasound-assisted extraction
One gram of cocoa shell powder was weighed and mixed
with 50mL ethanol (in various concentrations) in a conical
flask and extracted using a sonication bath (Wiseclean, 289
W, Wongju-si, Korea) at 40 kHz frequency, various
temperatures, and durations. All experiments conditions are
shown in Table I. Malaysian Cocoa shell extract (MSCE) was
filtered, removed solvent and water content by using rotary
evaporator (IKA, Staufen, Germany) and freeze-drying
(Labconco, Kansas City, MO, USA) to get the crude extract.
The dried extract was stored at -40°C in sample bottles for
further analysis.
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C. Response surface methodology design (RSM)
The central composite design (CCD) was used for
investigating the influence of three independent variables on
antioxidant activity by using β-Carotene. Three variables
(ethanol concentrations (%), X1; temperatures (°C), X2, and
ultrasound irradiation time (Min), X3, were selected as
parameters that should be optimized for the extraction. The
three factors with five levels of the condition are shown in
Table I. The alpha value was set at 1.6217 and actual level
for alpha was calculated by the software. All experiment data
obtained were compared with the data calculated from 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
(Equation 1), the coefficient of determination (R2), lack of fit,
and the significance of model on antioxidants of extract. All
data were analyzed using Expert Design Software (version 10,
Stat-Ease Inc., Minneapolis, MN, USA).

diluted in the 1 mL of chloroform. The dilution was then
mixed with 0.02ml linoleic acid and 0.2 mL Tween 20. The
chloroform was removed by using rotary evaporator (IKA,
Staufen, Germany). Next 50 mL of distilled water was added
to the mixture and vortex by using () to form an emulsion. 0.2
mL of MSCE or standard were pipetted into a test tube
containing
2 mL of emulsion. The test tube was then placed in a water
bath at 50 ºC. The absorbance was read at 470nm using
UV-Visible Spectrophotometer (Cary 60, Agilent
Technologies, Santa Clara, CA, USA) after 2 hours.
Degradation rate (DR) was calculated according to the first
order kinetics, using equation 2.

Where ln is a natural log, is the initial absorbance (470
nm) at time 0, is the same absorbance at 2 hours and is the
initial absorbance at time 0.
Antioxidant activity (AA) was expressed as a percent of
inhibition relative to the control, using equation 3:

D. Determination of beta-carotene bleaching (BCB) of
cocoa shell extract.
The antioxidant activity of MSCE was evaluate using
Azizah Othman et al. (2007) [8]. 0.2 mg β-Carotene were
Table I: Central composite design of three variables with their observed responses
Coded Level
BCB
BCB
Ultrasound
Ultrasound
Ethanol
Ethanol
Run
Experiment
Predict
Temperature
Irradiation
Temperature
Irradiation
Concentration
Concentration
(%)
(%)
X2(°C)
Time
X2(°C)
Time
X1(%)
X1(%)
X3(minutes)
X3(minutes)
70.00
45.00
60.00
80.63±3.5
80.71
1
-1.00
-1.00
1.00
2
-1.00
1.00
1.00
70.00
65.00
60.00
93.73±11.1
94.82
3
0.00
-1.62
0.00
80.00
38.18
45.00
63.08±0.7
65.55
4
1.62
0.00
0.00
96.82
55.00
45.00
42.04±4.1
44.09
5
-1.00
1.00
-1.00
70.00
65.00
30.00
93.62±1.1
93.89
90.00
65.00
30.00
66.89±1.1
65.69
6
1.00
1.00
-1.00
7
0.00
0.00
0.00
80.00
55.00
45.00
66.06±2.7
69.72
8
0.00
0.00
0.00
80.00
55.00
45.00
70.08±1.6
69.72
9
0.00
0.00
1.62
80.00
55.00
70.23
66.07±0.6
65.40
10
0.00
1.62
0.00
80.00
71.82
45.00
86.08±4.8
85.19
90.00
45.00
60.00
45.67±1.7
44.29
11
1.00
-1.00
1.00
12
1.00
-1.00
-1.00
90.00
45.00
30.00
58.63±2.4
56.43
13
0.00
0.00
-1.62
80.00
55.00
19.77
72.58±2.0
74.83
14
0.00
0.00
0.00
80.00
55.00
45.00
71.41±4.9
69.72
15
1.00
1.00
1.00
90.00
65.00
60.00
58.15±11.3
58.58
80.00
55.00
45.00
70.18±0.9
69.72
16
0.00
0.00
0.00
17
-1.00
-1.00
-1.00
70.00
45.00
30.00
86.37±4.1
84.25
18
0.00
0.00
0.00
80.00
55.00
45.00
67.29±0.2
69.72
19
0.00
0.00
0.00
80.00
55.00
45.00
73.61±9.5
69.72
20
-1.62
0.00
0.00
63.18
55.00
45.00
98.91±0.5
98.44
of response to its ideal value. The values obtained from the
E. Ramp function and T-test
study were then analyzed by using T-test to find its p-value
Equation 1 obtained for the antioxidant activity on MSCE
by software Minitab (Version14, Minitab, Pennsylvania,
was tested by using a ramp function as shown in Table II to
USA).
simultaneously optimize the condition and test its
effectiveness with desirability function. The desirability
number lies between 1 and 0. It represents the nearest value
Actual Level
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obtained the ramp function were analyzed by using T-test on
Minitab Software. All data collected were expressed as a
mean ± standard error.

F. Statistical analysis
Statistical analysis was evaluated by analysis of variance
from (ANOVA) on Expert Design software and the data

Table II: Analysis of variance for the fitted quadratic model of BCB from Malaysia cocoa shell extract.
Degree of
Source
Sum of Squares
Mean square
F-value
P-value
freedom
Model
4242.40
9
471.38
70.85
<0.0001
X1
3565.00
1
3565.0
535.84
<0.0001
X2
465.84
1
465.84
70.02
<0.0001
X3
107.33
1
107.33
16.13
0.0025
X12
4.29
1
4.29
0.64
0.4407
X22
57.40
1
57.40
8.63
0.0149
X32
0.28
1
0.28
0.042
0.8415
X1X2
0.018
1
0.018
2.719E-003
0.9594
X1X3
32.30
1
32.30
4.85
0.0522
X2X3
12.68
1
12.68
1.91
0.1975
Residual
66.53
10
6.65
Lack of fit
28.90
5
5.78
0.77
0.6105
Pure error
37.64
5
7.53
R2=0.9846
R2pred:0.9364
CV % = 3.60

III. RESULT AND DISCUSSION.
A. Fitting the model
The fitting of the model was determined from insignificant
lack of fit test and p-value of the model. All data collected
from the treatments were evaluated using ANOVA as shown
in Table III. The model was significant (ρ < 0.001) and lack
of fit test showed non-significant at ρ > 0.6105. The
coefficient of determination (R2) of the data was 0.9846. This

show that the data most likely can be repeated with a
closeness of the response with the ideal value as describe by
Hakan and Sermet (2013) [9]. The complex interaction was
to evaluate the constant value as in equation 4.

(4)

Table III: T-test on response surface methodology model and condition for ramp function on beta-carotene bleaching activity.
Ramp
function

Ethanol
concentration
(%)

Temperature
(ºC)

Ultrasound
irradiation
time

Experiment

Prediction

S

T-value

P-value

1

81.42

48.99

19.77

71.58±0.076

71.51

0.0439

1.60

0.252

2

86.29

61.8

19.77

69.61±0.878

70.47

0.5071

-1.79

0.231

3

89.09

61.7

69.43

54.55±0.488

54.53

0.2829

0.11

0.925

B. Response surface analysis of BCB
All of the data were presented in Figures 1- 3. The graph
shows that the interaction between the two variables was
almost similar. The ρ-value of the linear interaction show
significant with ρ<0.005. This data represents the parameter
set to give a significant effect on the antioxidant activity. In
the other hand, on the two way and quadratic interaction
between variables, only ethanol concentration interact with
ultrasound irradiation time and quadratic temperature gave a
significant effect with ρ<0.05 respectively.
From the present study, the ethanol concentration increase
along with the antioxidant activity either it interact with the
temperature or ultrasound irradiation time. The increase in
antioxidant activity due to the solvent used in the extraction.
The previous study shows that there were a significant in

antioxidant activity by using extraction from water and
organic solvent [10]. A study was done by Javier et al (2016)
on effect different solvent on anthocyanin and phenolic
compounds of Renealmia Alpinia (Rottb.) mass peel show
that solvent mixture compost with high methanol gave higher
phenolic extract compare to anthocyanin [11]. While
methanol content without other organic solvent gave higher
anthocyanin and antioxidant compound [11]. This show that
polarity of the extraction medium plays an important role in
extraction yield for the targeted bioactive compound.
Another study was done by Maja Dent et al (2013) on effect
extraction solvent on the composition and mass fraction of
polyphenols in Dalmatia wild sage (Salvia officinalis L.)
extract show a similar result
even though the composition
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solvent use in both studies are different [12]
Moreover, the optimizer of the solvent in extraction was
affecting by the condition set for temperature and irradiation
time. From Fig. 1 and Fig. 2 show that interaction between
solvent and temperature yielded higher antioxidant activity
compare to solvent and ultrasound irradiation time. In a
biochemical reaction, the high temperature can decrease the
solubility of the compound. According to Hassan et al. (2019)
mention that, solubility values can be decreased with the
decreasing of solvent polarity and increase of van der waals
interaction [13]. The different polarity of the solvent interacts
with the different thermal condition will give a different
mixture of bioactive compound extract. In agreement with
Thanh et al. (2017) found that the extraction solvent plays an
important role in the extraction of targeted compound groups
[14].

Fig. 3. Response surface plot showing the effect of extraction
condition of temperature, and ultrasound irradiation time on
BCB of MSCE

Fig. 1. Response surface plot showing the effect of extraction
condition of ethanol concentration, and temperature on BCB
of MSCE

Fig. 2. Response surface plot showing the effect of extraction
condition of ethanol concentration, and ultrasound irradiation
time on BCB of MSCE

Besides that, the high temperature can reduce the thermal
resistant of a targeted cell in natural material. In a study by
Azahar. (2017) show that the range of targeted compound
groups such as flavonoid and phenolic were between 60 ºC to
80 ºC [15]. This in agreement with Guangyan et al. (2012)
found the same range to extract the bioactive compound from
natural material [16].
Although the data showed the duration and temperature
gave insignificant effect to the extraction yield, the level
condition set for both variables should change to see either
the different condition can be optimized. The previous study
showed that ultrasound irradiation time can be optimized at
duration less than 35 minutes and the compound can be
degraded at longer treatment as describe by Lui et al (2013)
[17]. A study by Leonardo et al (2018) analyzes that the
different yield in an antioxidant compound can be influenced
by many factors such as the method of treatment, type of
solvent use, temperature, pressure, natural material and
method of analyzing [18].
C. Verification of the model
This study aimed to verify the model obtained from the
experiment can be used with the different condition set
through ram function, desirability function and analyzed the
data obtained through T-test. The desirability 1 was used in
this experiment as it shows the function value near 1 is most
likely gave a response to its ideal value [19]. From table III,
three best conditions were chosen out of a hundred conditions
suggested by the software. Three conditions with high
ethanol concentration (above 80%), two levels of
temperature and duration with the low and high value
obtained from the model. The condition can be changed
through the software for further study of the model. From the
data obtained show that the experimental and predicted value
is comparable and not significant in a ρ-value with p>0.05.
Therefore the polynomial equation build can be used to
predict future observation within the design range.
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IV. CONCLUSION
Three variables, ethanol concentration, temperature, and
ultrasound irradiation time was chosen to evaluate their
complex interaction by using RSM for the antioxidant
activity from MSCE. The effect of cocoa shell extract on
antioxidant power was successfully optimized at condition,
the ethanol concentration of 63.18%, temperature 55 °C,
ultrasound irradiation time 45 minutes. From the experiment,
the results show that the model and lack of fit test was
significant with p<0.0001 and non-significance (p>0.05)
respectively. The equation built from the model can be
repeated within the design range as it successfully
determined from the T-test. Under these optimized
conditions, the experimental antioxidant activity is 98.91±0.5
%, and the predicted value is 98.44 %. The study suggests the
extraction of the cocoa shell was successfully optimized and
can be predicted for future observation within the design
range
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