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ABSTRACT
The optimum treatments of Monostroma (M.) nitidum extract were studied using response surface methodology, and
pulsed microwave-assisted extraction (MAE) method was
applied in this study. The study was performed using a
three-level, three-factor design and aimed at determining the
optimum combinations of particle size of M. nitidum particle
(X1), concentration of M. nitidum (X2), and ethanol percentage
(X3). The response variables of the DPPH radical scavenging
effect and ferrous ion chelating capacity were significantly
affected by particle size (X1) and the ethanol percentage (X3) at
a significance level of 5%. The coefficients of determination
(R2) of the response surface models of the DPPH radical
scavenging effect and ferrous ion chelating capacity were
found to be above 0.89. In this study the optimum treatments
were established using the highest concentration of M. nitidum
powder particles 1.5% with an ethanol percentage range of
10-30% and 0.38-0.25 mm particle size.

I.

INTRODUCTION

The Traditionally, seaweeds have been used in the treatment
of various infectious diseases, and reports of many active
compounds have been isolated. Among the features of marine
algae and their substances, several extracts have been shown to
exhibit antioxidant capability [1]. Recently, there is a growing
interest in the discovery of natural antioxidants, mainly for 2
reasons, one is the epidemical and clinical evidence suggesting
that consumption of vegetables and fruits reduces the risk of
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developing chronic disease; the other is that phytochemicals are
generally safer than synthetic chemicals [20].
The green alga, M. nitidum, are distributed around the shores
of Hong Kong, Taiwan, the China Sea, and around the Ryukyu
Islands of Japan. Many researchers have reported the anti-coagulant of M. nitidum and their sulfated polysaccharides
play an important role on the anti-coagulant of M. nitidum [14,
15, 17, 30]. Further, reports on the antioxidative abilities of M.
nitidum are very limited. Hence, this study will be focused on
the antioxidative abilities of ethanol extract solutions of M.
nitidum by MAE. The antioxidant activity of M. nitidum is
concerned with polyphenols, Wu et al. [32] studied hot water
extracts of M. nitidum, and results showed antioxidative properties in five in vitro antioxidative tests by reducing power,
their chelating effect upon ferrous ions, scavenging of DPPH,
inhibition effect upon the hemoglobin-catalyzed peroxidation
of linoleic acid, and their scavenging capacity upon hydrogen
peroxide. Saitoh et al. [21] observed the presence of pheophorbide a in the extract of a green seaweed, and M. nitidum.
Pheophorbide a is a major colour constituent in green algal
pigments [11]. Cho et al. [6] illustrate the strong antioxidant
activity of the extract from E. prolifera is concerned with
chlorophyll compound, pheophorbide, rather than phenolic
compounds such as phlorotannins, which supported strong the
DPPH radical scavenging activity.
Microwave-assisted extraction (MAE) appears to be particularly attractive due to the fast heating of aqueous samples
[13]. The principal of the method lies in the fact that microwave
energy is absorbed by the extract, which in turn transfers the
energy to the sample in the form of heat. The partitioning of the
analyses from the sample matrix to the extract depends mainly
on the temperature and the nature of the extract [24]. Heating of
microwave radiation offers several advantages over more conventional methods of heating, MAE can reduce both extraction
time and solvent consumption as compared to conventional
methods. Many cases have already proved that MAE is a viable
alternative to conventional techniques for many kinds of samples [25].
The response surface methodology (RSM) is a statistical
procedure frequently used in optimization studies. It uses
quantitative data based on an appropriate experimental design

to determine the optimum conditions while simultaneously
solving multivariate problems. Several authors have used the
RSM in optimization studies for free radical scavenging activity of shrimp protein hydrolysate, ultrasound-assisted extraction of the antioxidants of phenolic compounds from grape
seeds and supercritical CO2 extraction of γ-linolenic acid [22, 5,
8].
The objective of this work was to study the effects of particle
size, concentration of the M. nitidum extract, and the ethanol
percentage on the responses of the DPPH radical scavenging
effect and the ferrous ion chelating capacity of M. nitidum
ethanol-water extract, a green seaweed found in the waters off
the coast of Taiwan. Based on the surface response methodology, second order polynomial models were obtained to predict the effects of MAE treatments over a wide. This study
provides a new approach for the manufacturing process of
seaweeds applications.

II. MATERIALS AND METHODS
1.

M. nitidum Powder Particles
The M. nitidum was purchased from a traditional market in
Penghu, Taiwan. The dried M. nitidum alga was crushed, and
then screened by using a standard screening sieve (Tokyo Garasu KiKai Co., Ltd., Tokyo, Japan). The M. nitidum powder
particles were screened for three sizes: (1) 40 mesh (0.42 mm),
(2) 60 mesh (0.25 mm), (3) 80 mesh (0.08 mm) [31].
2.

Pulsed Microwave-assisted Extraction (MAE)
Pulsed microwave-assisted solvent extraction was performed using a modified method according to Han et al. [9]. A
National 800 W microwave oven (NE-R30A, Taiwan, R.O.C.)
was equipped with solvent extraction. According to the
three-level-three-parameter experimental design (Table 1), the
suspensions used were 0.5%, 1.0%, or 1.5% of M. nitidum
powder particles of 0.42, 0.25, or 0.08 mm, respectively. These
particles were then mixed into 100 mL of water-ethanol solutions, including 90:10, 50:50, and 10:90, (v/v). The solutions
were radiated in a microwave oven at regular intervals (10 sec
radiation and 30 sec off) to prevent the temperature from rising
to above 80oC. The pulsed microwave-assisted extraction
method was conducted with a cycle time of 40 sec, and total 15
periods were applied to an extract treatment. The infusions
were allowed to cool down to room temperature, filtered and
then stored in a refrigerator at 4oC to determine their antioxiTable 1. Process variables and their levels in the three variables-three
levels response surface design
Symbols

Independent variables

1

dant activities.
3.

α-diphenyl-α-picrylhydrazyl (DPPH) Assay
The DPPH free radical scavenging capacities of the M. nitidum extraction solution extracted by MAE were measured
using a method reported previously [33]. Samples were mixed
with 0.1 mM DPPH (Sigma Chemical Co., MO, USA) ethanol
solution and 50 mM Tris-HCl buffer (pH 7.4) solution. Methanol (Panreac, Barcelona, Spain) was used as a control. After
30 min, the reduction of the DPPH free radicals was measured
at 517 nm absorbance. The concentration of L-ascorbic acid
(Sigma) at 1 mg/mL was used as a positive control. The inhibition ratio was calculated from Equation 1 as follows.
% inhibition = [(absorbance of control - absorbance of test
sample)/absorbance of control] x 100.
(1)
4.

Chelating Effect on Ferrous Ions
The chelating effect on ferrous ions was determined according to a previous method [33]. The M. nitidum extraction
solution extracted by MAE was mixed with methanol and 400
µM FeCl2 (Merck, Hessen, Germany), followed by the addition
of 2 mM ferrozine (Sigma). After 10 min, the absorbance of the
mixture was determined to be 562 nm. Trolox was used as a
positive control. The chelating effect (%) was calculated by
Equation 1.
5.

Experimental Design
The response variables of the DPPH radical scavenging effect and ferrous ion chelating capacity were investigated. A
three-level-three-parameter experimental design as reported by
King and Lin [12] was used to evaluate the optimum treatment
conditions. The experimental error was estimated by performing the experimental procedure measuring the center point
three times.
Three mathematical functions of fk are assumed to exist for ηk
as follows:
ηk＝fk(ε1, ε2, ε3)
(2)
Where ε1 is the mesh pore size, ε2 is the concentration of M.
nitidum extract, and ε3 is the ethanol percentage (%). A second
order polynomial is used to express the function fk as follows:
3

3
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η k = β k 0 + ∑β ki X i + ∑ β kii X i 2 + ∑ ∑ β kij X i X j

(3)
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Where βk0, βki, βkii, βkij are the regression coefficients and Xi
represents the coded independent variables of ε1, ε2 and ε3. The
values of independent variables are coded within a range of -1
and +1, and the original independent variables, Xi, are normalized by the following equation:

Levels

coded

uncoded

-1

0

Xi =

Particle size (mm)

X1

ε1

0.42

0.25

0.08

M. nitidum extract
concentration (%)

X2

ε2

0.5

1.0

1.5

Ethanol percentage (%)

X3

ε3

10

50

90

2
(ε i − ε i )
Ii

(4)

Where εi is the current value of the variable, ε i is the mean
arithmetic value of the largest and the smallest value of the set,

and Ii is the greatest difference between those extremes.
Statistical Analysis
The Contour and surface plots were determined using Sigmaplot software (Scientific Graph System, version 7.00, SPSS
Inc., 2001. U.S.A.). Analysis of the ANOVA table and estimation of the responses in those models was conducted using the
PROC RSREG procedure of the SAS program and the validity
of the models was evaluated (SAS, version 8.1, SAS Inc., 1999.
U.S.A.).

Table 3. Analysis of variance for response variables

6.

Source
Model

1.

Effect of Parameters
The Experiments were performed according to a design with
three variables and three levels of each variable [4]. The independent variables were mesh pore size (X1), concentration of
the M. nitidum extract (X2) and the ethanol percentage (X3). The
experimental design of the coded and actual levels is shown in
Table 1. The experimental design and the response surface
analysis data in this study are shown in Table 2. The experiments were performed in random order to study the relationships of the dependent variables, including the responses, such
as the DPPH radical scavenging effect and the ferrous ion
chelating capacity, to the independent variables X1, X2 and X3,
which include particle size, M. nitidum concentration, and
ethanol percentage. An analysis of variance was performed to
determine the lack-of-fit and the significance of the linear,
quadratic and cross-product effects of the independent variables on the quality attributes (Table 3). The lack-of-fit test is a
measure of the failure of a model to represent data in the experimental domain at points not included in the regression [18].
The analysis of the lack-of-fit was performed on all of the
dependent variables, and the results obtained were insignificant.
In the case of the models, high coefficients of the determination
Table 2. The experimental design and response surface analysis data
Treatment
numbera
1

a

0

Ferrous ion chelating capacity (%)
20.6

Free radical scavenging effect (%)
6.4

-1

0

23.6

13.2

-1

1

0

29.1

4

-1

-1

0

20.7

5

1

0

1

6

1

0

-1

7

-1

0

8

-1

9

X1

X2

X3

1

1

2

1

3

Ferrous ion chelating Free radical scavenging
capacity (%)
effect (%)

9

545.32*

511.67*

Linear

3

50.37

319.98**

Quadratic

3

207.69*

98.78

Cross product

3

287.26*

92.92

5

64.92

31.76

Lack-of-fit

3

56.67

29.54

Pure error

2

8.25

2.22

4

404.90*

139.49*

4

143.19

124.46

4

289.71*

336.06**

0.8936

0.9416

Residual

III. RESULTS AND DISCUSSION

DFa

Independent variables
Particle size (X1)
M. nitilium concentration (X2)
Ethanol percentage
(%) (X3)
R2
a

: DF: Degree of freedom.
*: Significant at the 5% level; **: Significant at the 1% level.

values (R2＞0.89) were obtained for the significant response
surface models, i.e. ferrous ion chelating capacity and free
radical scavenging effect. This indicated that a high proportion
of variability was explained by the data. Thus the models developed were proven to be adequate.
An analysis of variance was conducted to assess the significant effects of each independent variable on the responses
and to analyze which responses were significantly affected by
the various treatment combinations. As shown in Table 3, particle size (X1) and ethanol percentage (X3) significantly affected
the ferrous ion chelating capacity and the free radical scavenging effect at the 5% level.
Table 4 shows the regression coefficients for the second-order polynomial models of the ferrous ion chelating capacity and the free radical scavenging effect used to predict the
Table 4. The experimental design and response surface analysis data
Coefficienta βk

Ferrous ion chelating
capacity (%)

Free radical scavenging
effect (%)

18.7

βk0

32.97***

11.80***

8.9

βk1

-2.13

-2.34*

19.1

4.6

βk2

0.70

-1.09

31.0

15.5

-5.78**

34.1

8.4

βk3

-2.08

1

0

-1

20.2

22.4

βk11

-7.23**

-2.58

0

1

1

21.8

7.3

βk21

-2.85

-4.15*

10

0

1

-1

40.5

22.6

βk22

-2.23

2.58

βk31

-6.45*

0.78

βk32

-4.70*

-2.33

βk33

0.37

3.50*

11

0

-1

1

31.1

17.8

12

0

-1

-1

31.0

23.8

13

0

0

0

32.0

11.9

14

0

0

0

35.3

10.7

15

0

0

0

31.6

12.8

: The experimental runs were performed in random order.

a

: These are coefficients of Equation (3), and the numbers 1 to 3 in the subscripts refer to Particle size, M.
nitidum concentration, and ethanol percentage (%), respectively.
*: Significant at the 5% level; **: Significant at the 1% level; ***: Significant at the 0.1% level.

values at optimal conditions. Contour plots were generated
using significant parameters for each response. The responses
of the DPPH radical scavenging effect and ferrous ion chelating
capacity were affected significantly by independent variables
(particle size and ethanol percentage). These responses were
also used to determine the optimal treatment conditions. The
graphical superimposition method was used for optimization.

Ethanol percentage (%)

2. α-diphenyl-α-picrylhydrazyl (DPPH) Free Radical
Scavenging Activity
Equalization DPPH has been used extensively as a free radical to evaluate reducing substances [7], Proton radical-scavenging has been reported to be an important mechanism for antioxidation. The decrease in absorbance of DPPH
radicals is caused by antioxidants through the reaction between
antioxidant molecules and radicals, resulting in the scavenging
of the radicals by hydrogen donation. This is visually noticeable as a discoloration from purple to yellow. Hence, DPPH is
usually used as a substrate to evaluate the activity of antioxidants [2]. The reduction in the concentration of DPPH allows
researchers to monitor the decrease in absorbance at a characteristic wavelength when proton-radical scavengers are encountered [34]. The DPPH radical scavenging effects of M.
nitidum using various particle sizes and M. nitidum concentrations with different percentage ethanol-water solutions that
were extracted by pulsed MAE are shown in Fig. 1, the highest
DPPH radical scavenging effect of M. nitidum was observed
using the lowest mesh pore size and lowest ethanol percentage.
The hot water extract of M. nitidum from our previous paper
[31] processed 6.4% of the scavenging effect on the DPPH
radicals, and the M. nitidum extract using MAE treatment
processed over 18% in this study. These results indicate that the
MAE treatment improves the extraction ability of the DPPH
radical scavenging effect. Pan et al. [19] compared longan
(Dimocarpus longan Lour.) peel extracted with 95% ethanol
employing either the microwave-assisted extraction or the
Soxhlet extraction method. Both the microwave-assisted extract of longan peel (MAEL) and the Soxhlet extract of longan
peel (SEL) showed excellent antioxidative activity in the DPPH
radical scavenging assay compared to the synthetic antioxidant
2,6-di-ter-butyl-4-methylphenol (BHT), and the antioxidative
activities of MAEL were all superior to those of SEL. Pan et al.

Particle size (mm)

[19] also found that the antioxidative activity of MAEL was
superior to that of SEL, suggesting that the microwave-assisted
method is superior compared to the Soxhlet extraction method.
Shao et al. [23] studied the Perilla frutescens leaves extract and
found that the extract by the MAE method had a higher scavenging effect on DPPH radicals than the extract by the Soxhlet
method. The lower activity of the Soxhlet extract could be the
result the extended extraction time, which results in exposure to
the unfavorable conditions of light and oxygen. When the
concentration increased from 0.10 to 0.80 mg/mL, the scavenging effects of the flavonoids extract by the MAE method
increased significantly. When the scavenging rate achieved
62.3%, it remained in a steady state, even when the concentration increased. Hayat et al. [10] studied the effects of the MAE
method on the extraction of citrus mandarin pomace. The results showed that the free fraction of phenolic acids increased,
whereas the bound fractions was reduced and the DPPH radical
scavenging activity was increased. Wang et al. [29] applied the
MAE technique for the extraction of polysaccharides of Potentilla anserine, and the results showed stronger antioxidant
activities compared to using hot water extraction by DPPH
radical scavenging assay, and the molecular weights played a
more important role in antioxidant activities.
3.

Ferrous Ion Chelating Capacity
Iron, the most abundant transition-metal ion in the human
body, may work as a catalyst for the generation of reactive
oxygen species under pathological conditions [26]. In the
presence of low concentrations of transition-metal ions, hydroxyl radicals are formed from hydrogen peroxide via the
Fenton reaction [3]. As shown in Fig 2, a saddle point was
observed at the lowest mesh pore size and highest ethanol
percentage, and the ferrous ion chelating capacity exceeded
30% with decreasing ethanol percentage below 50%. In our
previously paper [31], ferrous ion chelating capacity of the hot
water extract form M. nitidum was 7.4%, and was lower than
the M. nitidum extract in this study. Wang et al. [28] studied the
extraction of polysaccharides of Artemisia sphaerocephala by
MAE technique. Their results showed that stronger antioxidant
activities were obtained by MAE treatment than by hot water
extraction, and that the molecular weights played a more important role in the antioxidative activities. Michel et al. [16]
extracted by the MAE method and compared them those from
other common extraction techniques such as pressing, maceration and pressurized liquid extraction. The MAE method resulted in the extract with the most active and richest phenolic
content and included molecules such as quercetin and isorhamnetin that were not extracted with other techniques. Zhu et
al. [35] found that microwave-assisted extraction with 70%
ethanol had the highest extraction efficiency for flavonoids
from Portulaca oleracea L. compared to ultrasonic extraction,
Soxhlet extraction, condensing reflux extraction, and marinated
extraction. Compared with the Soxhlet extraction, the extraction time of MAE was shortened by 97%, and compared with
the reflux extraction, the extraction time was shorten by 94%.
Wang et al. [27] showed that for the extraction of aloe-emodin

Ethanol percentage (%)

Fig. 2. Contour plots of fe
nitidium extract at a M.

Particle size (mm)

in aloe samples using the MAE technique, the extraction time
and solvent consumption are much less than when using either
the Soxhlet or the ultrasonic extraction. When it came to extraction time, MAE was the fastest extraction method, requiring
only 3 min, whereas the Soxhlet extraction method required
360 min and the ultrasonic extraction method required 30 min.
Thus, the MAE method demonstrated to be an efficient method
allowing higher yields of aloe-emodin from aloe in a shorter
time.
Optimization Studies and Verification of the Models
Response surface methodology is an approach widely used
in optimization studies. Optimum conditions can be determined
by superimposing contour plots of relevant and statistically
significant responses. An optimum area is generated, forming
the basis for optimum treatments. Fig. 3 shows the regions of
the optimum treatment conditions in this study for ferrous ion
chelating capacity and the free radical scavenging effect.
The optimum operating conditions were determined using
DPPH radical scavenging effects higher than 18%, and an
ferrous ion chelating capacity of at least 32%, respectively. The
optimum treatment was established with a concentration of M.
nitidum powder particles of 1.5% with the operation controlling
the ethanol percentage within the range of 10~30% and particle
sizes between 0.25~0.38 mm, which were derived from the
superimposed contour plots of the free radical scavenging
effect and the ferrous ion chelating capacity. Verification tests

Ethanol percentage (%)

4.

Particle size (mm)

were performed at the optimum conditions (point 1, 2, and 3) to
determine the adequacy of the second order polynomial model.
The results are shown in Table 5. The experimental values were
the averages of three replications. The differences among the
predicted values were found to be insignificant by a t-test at a
95% level of confidence, indicating that the second order polynomial models generated were adequate. Optimum treatment
conditions were recommended and validation results were
adequate and acceptable, demonstrating that the second order
polynomial models generated for the significant responses
were valid.
IV. CONCLUSIONS
To The aim of this study was to improve the effect of the
ethanol extraction treatment of M. nitidum with microwave-assisted extraction and to find the optimum processing
conditions. Satisfactory prediction equations were derived
using the response surface methodology for the optimization of
the free radical scavenging effect and the ferrous ion chelating
capacity. The optimum conditions were established with the
concentration of M. nitidum powder particles set at 1.5%. Optimum processing was found with an ethanol percentage range
of 10~30% and a particle size of 0.25~0.38 mm.
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