Food & Health 2023, 6(3): 32-43

S ey
S ol Pt e Ty
ity

Food &
Heatrh

@Aﬂmwp
‘*@

Food & Health

Journal

Journal homepage: fh.srbiau.ac.ir

Optimization of ultrasound-assisted extraction conditions for pigment compounds of
the brown algae Sargassum angustifolium using response surface methodology

Niloofar Aghajanpoor Sourkohi !, Aria Babakhani !>

! Fisheries Department, Faculty of Natural Resources, University of Guilan, Sowmeh Sara, Iran
2 Department of Marine Science, Caspian Sea Basin Research Center, University of Guilan, Rasht, Iran

ARTICLE INFO

ABSTRACT

Original Article

Article history:

Received 12 May 2023

Revised 29 July 2023

Accepted 04 August 2023

Available online 20 September 2023

Keywords:

Sargassum angustifolium
Optimization

Pigment

Ultrasound-assisted extraction
Brown algae

This study aimed to optimize the ultrasound-assisted extraction (UAE) of pigment compounds from
the brown alga Sargassum angustifolium. UAE offers potential advantages over conventional
extraction methods, including reduced solvent consumption, shorter extraction times, and improved
yields. To systematically investigate and optimize the extraction process, response surface
methodology (RSM) was employed. A central composite design (CCD) was utilized to examine the
effects and interactions of four critical process variables: ethanol concentration (ranging from 50% to
100%), extraction time (10 to 30 minutes), solid-liquid ratio (1:5 to 1:15), and ultrasound power (80
to 400 watts). The impact of these variables on four key responses was evaluated: chlorophyll a
content, total chlorophyll content, total carotenoid content, and fucoxanthin content. Statistical
analysis of the experimental data revealed that optimal conditions for maximizing fucoxanthin and
total carotenoid yields were: 75% ethanol concentration, 20 minutes extraction time, 1:5 solid-liquid
ratio, and 240 watts ultrasound power. Under these optimized conditions, fucoxanthin yield reached
0.42 mg/g, while total carotenoid yield attained 1.11 mg/g of dry algal biomass. The developed
models demonstrated high predictive capability, with experimental results closely aligning with model
predictions. This agreement validated the appropriateness and reliability of the RSM approach for
optimizing the UAE process. Additionally, the study provided insights into the relative importance
and interactions of the investigated process variables. These findings offer a foundation for the
efficient and scalable extraction of high-value pigments from S. angustifolium using UAE.

© 2023, Science and Research Branch, Islamic Azad University. All rights reserved.

1. Introduction

have been studied for their different biological applications
such as antioxidants, anti-inflammation, anti-tumor, anti-

Seaweeds are abundant natural resources of valuable
nutritional and bioactive compounds, including pigments such
as chlorophylls and carotenoids (1). Generally, based on the
pigment composition, seaweeds are categorized into three
groups: Chlorophyta (green seaweed), Phacophyta (brown
seaweed), and Rhodophyta (red seaweed). The brown
seaweeds contain the highest phytochemicals (e.g.,
carotenoids) (2). Pigments are responsible for biological
activities, such as antiviral, antioxidative, anti-inflammatory,
and neuroprotective properties (1, 3). According to World
Food Organization statistics, global production of marine
algae in 2016 was over 30 million tons (4). Marine brown
algae, in particular, those belonging to the genus Sargassum,
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atherosclerosis, anti-obesity, liver protection against alcohol-
induced injury, anti-diabetic, insecticidal activity,
antimicrobial activity, and skin whitening activity. Various
active constituents, such as sulfated polysaccharides,
meroterpinoid, carotenoids, polyphenols, and phlorotannins,
are found to be involved in such biological activities (5-9).
Different methods of extraction of pigment compounds
include immersion methods (10, 11), ultrasound (12),
microwave (13), supercritical CO; extraction (14), and the use
of ionic surfactants (15). Brown algae are brown because of
their large amounts of xanthophyll and fucoxanthin pigments
(16). Fucoxanthin has been studied clinically for its efficacy
against many diseases. It has been shown in vivo to have
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activity against cancer (17, 18), type II diabetes (19), obesity
(20), cholesterol (21), inflammatory disorders (22), tumor
angiogenesis (23), malaria (24), hypertension (25), and as a -
secretase 1 inhibitor in Alzheimer's disease (26). Studies on the
properties of pigments within the food and drug industry show
that they combat many diseases, like cancer, and their
antioxidant properties prevent food oxidative corruption.
Sargassum algae, a rich source of carotenoids and fucoxanthin,
are abundant within the Persian Gulf. Therefore, this study was
conducted to research the effect of the three variables of
ethanol concentration percentage, solid-liquid ratio, and
ultrasonic power by minimizing extraction costs and achieving
a high-efficiency extraction method.

2.Materials and methods
2.1. Preparation of algae sample

Samples of brown algae S. angustifolium were freshly
collected from Bushehr Port, Jalali Esqal, Rishahr area (8 km
south of Bushehr) in the second half of May 2018. The algae
samples were transferred to the laboratory, and after several
steps of seawater washing to remove residual epiphytes, sand,
and salt, they were rewashed with fresh water. Samples were
dried in an oven (Behdad Medical Equipment Manufacturing
Company) at 40°C for 24 hours. The dried algae samples were
powdered using an electric grinder (Hardstone, Model
GCS2700W, UK) and sieved with a mesh size of 900 pum.
Particles larger than 900 pm were not used in the experiments.
The powdered specimen was stored in a zippered plastic bag
in the refrigerator for extraction.

2.2. Extraction by sonication

This method used RSM to design experiments based on the
previous method. Extraction using water and ethanol solvents
(with 3 concentrations of 50, 75, and 100% ethanol), in 3
extraction times (10, 20, and 30 min), 3 solid-liquid ratios (1:5,
1:10 and 1:15) was performed at three power levels (20, 60 and
100%). The sample and solvent mixture was exposed to
ultrasonic waves (ultrasonic homogenizer fapan 400ups) at
400 watts and constant frequencies of 24 kHz according to the
ratios and concentrations. (Watman 42). After 30 minutes, the
extract was centrifuged for 20 minutes at 9000 rpm. The
extracts were kept in dark bottles until evaluation to prevent
light degradation (10).

2.3. Pigment analysis (chlorophyll and carotenoids)

0.4 ml of extract was extracted with 5 ml of ethanol and
water separately and, after dilution, absorbed by a
spectrophotometer (UV/Vis 2100) at wavelengths in the range
of 350-800 nm (12).

2.4. Formulas

A1 Chlorophyll a (mg g') = [12.7 (As63)-2.69 (Asss) V] / (1000 x W)
(27)

Az. Total Chlorophyll (mg g') = [20.2 (Asss) + 8.02 (Ass3) V] / (1000
x W) (27)

As. Carotenoids (mg g') = [7.6 (Aaso) - 1.49 (As10) V] / (1000 x W)
(28, 29)

A4. Fucoxanthin (mg g') = A4ro —1.239 (Aes1 + Ass1—0.3 % Asse) -
0.0275 x Aess / 141 (30)

Where, A=Absorption rate at a particular wavelength,
V=The total volume of an extract obtained, W=Sample weight
used for extraction. The concentration of pigments was
expressed in terms of mg/g and dry matter g/mg pigment.

2.5. Design of experiments and statistical tests

Response surface methodology is a set of statistical and
mathematical methods for developing, improving, and
optimizing processes that evaluate the relative significance of
multiple effective variables even when complex relationships
exist (31). Design-Expert software version 11 and central
composite design (CCD) with 4 independent variables and 6
replications at the central point were used in an ultrasound
method to investigate the process's extraction and optimization
conditions. Independent variables, including ethanol
concentration (X1), time (Xz), solid-liquid ratio (X3), and
ultrasonic power (Xs) were coded at 3 levels, and the
dependent variable (response) was pigment concentration in
mg/g (Table 1).

Table 1. Displaying process independent variables and their values
in ultrasound

Independent variable Math symbol Related level
Cooncentratlon of ethanol to X1 50 75 100
(%) water

Time (hours) X2 2 4 6
Solid to Liquid Ratio (g/ml) X3 1:5 1:10  1:15
Wave Intensity (%) X4 20 60 100

The model used in RSM is generally second-order. The
RSM defines a model for each dependent variable that
expresses the main effects of the factors of each variable. For
the three factors, the polynomial equation is as follows:

Y=Bo+ Biey BiXit B, Pii XF+ T SR BijX; Xj+e

In this function, Y represents the predicted response value
of the tested variables, B is a constant number or width of the
source, Bi, Bii, and Bj are regression model coefficients, and X;
and X; are the independent variables. x2;, x2;, represent the
squared effects of variables, and X;X; and XXy represent the
effects of interaction between variables. ¢ is the probability
error, and K is the number of independent parameters. In the
response surface methodology, these parameters form second-
order equations, and the optimal values of each parameter and
the level obtained from the second-degree equation are
determined on the fitted data. Then, the 3D graphs of the
surface response are plotted. ANOVA analysis was used to
determine significant differences between the data and the fit
of polynomial models with R? coefficient, Adj.R? coefficient,
prediction coefficient (pre.R?), and standard deviation (Std).
The statistical significance of all model components was
investigated at probability levels (p) of 0.001, 0.01, and 0.05,
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and finally, optimum conditions were determined for each
extraction method.

3. Results

A total of 30 experiments were performed randomly to
optimize the investigated indices, and the response values in
different experimental combinations are shown in Table 2. The
amounts of chlorophyll a, total chlorophyll, total carotenoid,
and fucoxanthin were respectively between 0.02 to 1.69, 0.06
to 1.85, 0.08 to 1.11, and 0.06 to 0.42 mg/g of dried algae
powder obtained. The software provided the predicted models
as ANOVAs for each of the answers as follows:

Bi. Ln(Ycn o)=-4.39419 + 0.037548 X1 + 0.068565 X2- 0.178371 X;
- 0.002487 X4 - 0.000076 X1X> -0.001099 X1X3+ 0.000023 X1Xs-

0.000824 X>X5- 0.000046 X>Xs+ 9.53364E-06 X: X4+ 0.000142 X2-
0.000629 X2 + 0.005990 X% + 3.55035E-06 X2

B2. Ln(Yrotal cul)= -1.98163 + 0.010616 X; + 0.085972 X>- 0.206715
X3-0.003758 X4- 0.000084 X:X2-0.001053 X:.X3+ 0.000025 X1.X4-
0.000620 X>X3 - 0.000044 X>Xz+ 0.000017 X3Xs + 0.000186 X?2-
0.001116 X2 +0.006899 X2 + 5.53159E-06 X2

Bs. 1/\/¥roral cr= +5.09422 - 0.118566 X; - 0.046193 X>+ 0.182470
X3+ 0.001482 Xs+ 0.000153 X.X2+ 0.000014 X..X3 - 0.000013 X.Xs -
0.001375 X2X; + 0.000033 X2X4 - 0.000062 X3X; + 0.000746 X2 +
0.000557 X2 + 0.001367 X2 - 1.69310E-06 X2

Ba. In(Yr)=-6.61297 + 0.136537 X; + 0.040823 X2 - 0.097696 X3 -
0.000688 Xy - 0.000103 X:X>-0.000516 X:X3 + 0.000017 X:.Xs +
0.000463 X2X; - 0.000036 X2Xs + 0.000089 X3Xy - 0.000805 X7 -
0.000257 X2 +0.001621 X2 - 9.16004E-07 X2

Table 2. Experimental design of independent variables and responses of chlorophyll a, total chlorophyll, total carotenoid and in ultrasound.

Factorl Factor2

Factor3

Factor4 Total

Std. Run A: Compactness B: Time C: Solid/liquid D: Power C?;i a TOt?;)Chl' Cr. Fucoz{:)nthm
(%) (min) (g/ml) (U) watt (a)

14 1 100 10 15 400 0.22 0.25 0.12 0.14
5 2 50 10 15 80 0.02 0.06 0.08 0.06
13 3 50 10 15 400 0.02 0.06 0.08 0.07
7 4 50 30 15 80 0.03 0.08 0.11 0.09
26 5 75 20 10 240 0.11 0.19 0.36 0.28
24 6 75 20 10 400 0.13 0.23 0.43 0.30
22 7 75 20 15 240 0.06 0.11 0.18 0.19
12 8 100 30 5 400 1.69 1.85 0.91 0.41
30 9 75 20 10 240 0.14 0.25 0.40 0.27
19 10 75 10 10 240 0.09 0.15 0.28 0.21
25 11 75 20 10 240 0.10 0.16 0.32 0.24
18 12 100 20 10 240 0.51 0.54 0.27 0.22
20 13 75 30 10 240 0.15 0.24 0.46 0.32
2 14 100 10 5 80 1.01 1.10 0.57 0.25
27 15 75 20 10 240 0.11 0.18 0.34 0.24
28 16 75 20 10 240 0.12 0.19 0.34 0.26
4 17 100 30 5 80 1.50 1.66 0.82 0.36
10 18 100 10 5 400 1.49 1.62 0.82 0.34
11 19 50 30 5 400 0.09 0.24 0.45 0.13
16 20 100 30 15 400 0.28 0.30 0.14 0.17
23 21 75 20 10 80 0.14 0.26 0.36 0.23
6 22 100 10 15 80 0.16 0.18 0.09 0.10
9 23 50 10 5 400 0.06 0.18 0.37 0.13
1 24 50 10 5 80 0.06 0.18 0.38 0.13
21 25 75 20 5 240 0.31 0.58 1.11 0.42
15 26 50 30 15 400 0.02 0.07 0.13 0.13
8 27 100 30 15 80 0.26 0.30 0.14 0.17
3 28 50 30 5 80 0.13 0.40 0.75 0.26
17 29 50 20 10 240 0.03 0.10 0.19 0.12
29 30 75 20 10 240 0.12 0.21 0.40 0.30

All data are expressed in mg of pigment/g of dried algae powder.

In the analysis of variance, the quadratic model was used.
According to the Table 3 and 4, values of all coefficients of
explanation above 95% were obtained, which is significant for
these regressions. The adjusted and prediction coefficients of
fucoxanthin were above 95% and 90%, respectively. For
fucoxanthin, the coefficient of determination and prediction
coefficient were above 90% and 70%, respectively. There is a
reasonable agreement with the coefficient of explanation. The
factors such as percentage of ethanol concentration (X),
extraction time (X»), solid-liquid ratio (X3), interactions of

percent ethanol concentration and solid-liquid ratio (X;X3),
interaction between the percentage of ethanol concentration
and power of ultrasound (X;X4), interaction of extraction time
and power of ultrasound (X>X4) and second power of solid-
liquid ratio (X3%) had the most effect on chlorophyll response
and the differences were significant (p<0.05). In response to
total chlorophyll, extraction time factors (X3), solid-liquid
ratio (X3), ultrasound power (X4), interactions of percent
ethanol concentration and solid-liquid ratio (XiX3),
interactions of percent ethanol concentration and ultrasound
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Table 3. Results of analysis of variance for independent variables in ultrasound extraction method (Chl a, Total Chl).

Chl. a Total Chl.

Source

Sum of df Mean F-Value p-value Source Sum of df Mean F-Value p-value

Squares Square Squares Square
Model 42.60 14 3.04 252.87 <0.0001" Model 24.46 14 1.75 109.02 <0.0001"
A-Compactness 0.0604 1 0.0604 5.02 0.0406  A-Compactness 0.0048 1 0.0048 0.3012 0.5912
B-Time 0.0654 1 0.0654 5.44 0.0340 B-Time 0.1029 1 0.1029 6.42 0.0229
C-Solid/liquid 0.1107 1 0.1107 9.20 0.0084 C-Solid/liquid 0.1487 1 0.1487 9.28 0.0082
D-Power (U) 0.0345 1 0.0345 2.87 0.1111 D-Power (U) 0.0787 1 0.0787 491 0.0425
AB 0.0058 1 0.0058 0.4827 0.4978 AB 0.0070 1 0.0070 0.4378 0.5182
AC 0.3017 1 0.3017 25.07 0.0002 AC 0.2774 1 0.2774 17.31 0.0008
AD 0.1342 1 0.1342 11.15 0.0045 AD 0.1545 1 0.1545 9.64 0.0072
BC 0.0271 1 0.0271 2.26 0.1538 BC 0.0154 1 0.0154 0.9594 0.3429
BD 0.0871 1 0.0871 7.24 0.0168 BD 0.0794 1 0.0794 4.96 0.0417
CD 0.0009 1 0.0009 0.0774 0.7847 CD 0.0028 1 0.0028 0.1755 0.6812
A? 0.0203 1 0.0203 1.68 0.2139 A? 0.0350 1 0.0350 2.19 0.1600
B2 0.0102 1 0.0102 0.8508 0.3709 B2 0.0323 1 0.0323 2.01 0.1762
C? 0.0581 1 0.0581 4.83 0.0441 C? 0.0771 1 0.0771 4.81 0.0445
D? 0.0214 1 0.0214 1.78 0.2022 D? 0.0520 1 0.0520 3.24 0.0919
Residual 0.1805 15 0.0120 - - Residual 0.2404 15 0.0160 - -
Lack of Fit 0.1109 10 0.0111 0.7973 0.6455" Lack of Fit 0.1348 10 0.0135 0.6384 0.7450
Pure Error 0.0696 5 0.0139 - - Pure Error 0.1056 5 0.0211 - -
Cor Total 42.78 29 - - - Cor Total 24.70 29 1.75 109.02 <0.0001™
Std.Dev. 0.1097 Std.Dev. 0.1266
Mean -1.97 Mean -1.40
CV.% 5.57 CV.% 9.01
PRESS 0.8787 PRESS 1.04
R? 0.9958 R? 0.9903
Adj R-Squared 0.9918 Adj R-Squared 0.9812
Pred R-Squared 0.9795 Pred R-Squared 0.9578
Adeq Precision 58.5556 Adeq Precision 39.8402

*Significant at p< 0.01 ns Not significant at p> 0.05.

Table 4. Results of analysis of variance for independent variables in ultrasound extraction method (Total Cr, Fucoxanthin).

Total Cr Fucoxanthin

Source Sum of df Mean F-Value  p-value Source Sum of df Mean F-Value p-value

Squares Square Squares Square
Model 15.95 14 1.14 113.63 < 0.0001* Model 7.04 14 0.5030 29.26 <0.0001*
A-Compactness 0.6022 1 0.6022 60.05 <0.0001  A-Compactness  0.7985 1 0.7985 46.46 <0.0001
B-Time 0.0297 1 0.0297 2.96 0.1058 B-Time 0.0232 1 0.0232 1.35 0.2635
C-Solid/liquid 0.1159 1 0.1159 11.56 0.0040 C-Solid/liquid 0.0332 1 0.0332 1.93 0.1848
D-Power (U) 0.0123 1 0.0123 1.22 0.2864 D-Power (U) 0.0026 1 0.0026 0.1534 0.7009
AB 0.0233 1 0.0233 233 0.1481 AB 0.0107 1 0.0107 0.6214 0.4428
AC 0.0000 1 0.0000 0.0047 0.9464 AC 0.0665 1 0.0665 3.87 0.0679
AD 0.0436 1 0.0436 435 0.0546 AD 0.0722 1 0.0722 420 0.0583
BC 0.0756 1 0.0756 7.54 0.0150 BC 0.0086 1 0.0086 0.4993 0.4906
BD 0.0434 1 0.0434 433 0.0549 BD 0.0523 1 0.0523 3.04 0.1016
CD 0.0394 1 0.0394 3.93 0.0662 CD 0.0816 1 0.0816 4.75 0.0457
A? 0.5627 1 0.5627 56.12 <0.0001 A? 0.6562 1 0.6562 38.18 <0.0001
B2 0.0080 1 0.0080 0.8028 0.3844 B 0.0017 1 0.0017 0.0999 0.7563
Cc? 0.0030 1 0.0030 0.3019 0.5908 c? 0.0043 1 0.0043 0.2476 0.6260
D? 0.0049 1 0.0049 0.4854 0.4966 D? 0.0014 1 0.0014 0.0829 0.7774
Residual 0.1504 15 0.0100 - - Residual 0.2578 15 0.0172 - -
Lack of Fit 0.1155 10 0.0116 1.66 0.3007" Lack of Fit 0.2210 10 0.0221 3.00 0.1183"
Pure Error 0.0349 5 0.0070 - - Pure Error 0.0368 5 0.0074 - -
Cor Total 16.10 29 - - - Cor Total 7.30 29 - - -
Std.Dev. 0.1001 Std.Dev. 0.1311
Mean 1.96 Mean -1.63
CV.% 5.11 C.V.% 8.03
PRESS 0.8438 PRESS 1.84
R? 0.9907 R? 0.9647
Adj R-Squared 0.9819 Adj R-Squared  0.9317
Pred R-Squared 0.9476 Pred R-Squared ~ 0.7481
Adeq Precision 38.3077 Adeq Precision  20.3147

*Significant at p< 0.01 ns Not significant at p> 0.05.
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wave power (XiXs), the interaction of extraction time and
ultrasound power (X2X4) and second power of solid-liquid
ratio (X3?), total carotenoid response, ethanol concentration
percentage factors (Xi), solid-liquid ratio (X3), interaction
between extraction time and solid-liquid ratio (X»X3) and
second power percent ethanol concentration (X;%) and in
response to fucoxanthin, ethanol concentration percentage
factors (Xi), solid-liquid ratio interaction, and ultrasound
power (X3X4) and the second power of percent ethanol
concentration (X;?) had the highest impact on response rate
and significant differences are at (p<<0.05). The results of Table
3 show that the experiments and the selected models for data
analysis and prediction of optimum conditions have followed
the correct trend. On the other hand, low standard deviation
values are evidence of this and indicate the reproducibility of

the models. In addition, the non-fits of the models were not
significant (32). Thus, these results suggest that these models
have worked well in predicting the optimum conditions for
extracting pigment compounds from the brown alga S.
angustifolium. Ultrasound-based pigment extraction from S.
angustifolium brown algae was optimized by response surface
methodology. In this optimization, the percent of ethanol
concentration, extraction time, and solid-liquid ratio were
determined based on the study's objectives. The percentages of
ethanol concentration in the range of 50 to 100, 10 to 30
minutes, 1:5 to 1:15 solid-liquid ratio, and 80 to 400 watts were
measured (Table 5). The three-dimensional graphs of response
levels show more clearly the trend of the influence of
independent variables on different responses and extraction
results. These graphs in 3D show the simultaneous effect of

Table 5. Optimal conditions for extraction of pigment compounds by ultrasound

Independent variables

Responses Ethanol: water Time Solid-liquid ratio The power of ultrasound Predicted values
Total Chl 99.86 20.50 5.03 399.35 1.90
Total Cr 76.87 12.42 5.04 123.31 1.12
Fucoxanthin 70.99 29.74 5.04 96.86 0.46
Chla 99.73 27.36 5.10 395.75 1.70

two variables, for example, on the amount of fucoxanthin. The
highest point represents the optimal extraction level, and the
values for each variable can be deduced from the x and y axes
(33). To estimate the effect of each parameter and its
interaction with the response, 3D response surface plots were
plotted as a function of both variables. In contrast, the other
variable was fixed at the central point. The following diagrams
show the effect of the initial indices of ethanol concentration,
time, solid-liquid ratio, and ultrasound power on chlorophyll
a, total chlorophyll, total carotenoid, and fucoxanthin
responses. Fig. 1 on chlorophyll shows the simultaneous effect
of ethanol concentration percentage and solid-liquid ratio at 20
minutes and a constant power of 240 watts. As shown above,
the response rate increases with increasing ethanol
concentration and decreasing solid-liquid ratio. Fig. 2, related
to chlorophyll a, shows the concomitant effect of ethanol
concentration percentage and sonication power at a constant
time of 20 minutes and a solid-liquid ratio of 1:10. By

Chla
o
2
-

A: Compactness (percent)

increasing these two factors, more chlorophyll a is extracted.
Fig. 3, related to chlorophyll, shows the co-effect of ethanol
concentration percentage and extraction time at a 1:10 solid-
liquid ratio and 240 watts. The response rate increases as the
two factors increase. According to the results, the highest
chlorophyll content was in 100% ethanol, 30 min duration, 1:5
solid-liquid ratio, and 400 watts. Fig. 4 shows the total effect
of ethanol concentration and the solid-liquid ratio at a constant
duration of 20 minutes and constant power of ultrasonic waves
of 240 watts. The response rate increases with increasing
ethanol concentration and decreasing solid-liquid ratio. Fig. 5
on total chlorophyll shows the simultaneous effect of ethanol
concentration percentage and sonication power at a constant
time of 20 min and a solid-liquid ratio of 1:10. The response
rate increases with the increase of these two factors. Fig. 6 on
total chlorophyll shows the concomitant effect of ethanol
concentration percentage and extraction time at 1:10 solid-
liquid ratio and 240 watts. The response rate increases as the

Chla

C: Solid/liquid (g/ml)

50 60 70 80 90 100

A: Compactness (percent)

Fig. 1. Effect of concurrent ethanol concentration and solid-liquid ratio (chlorophyll a).
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two factors increase. Fig. 7 shows the total chlorophyll
content, the solid-liquid ratio's synchronous effect, and the
ultrasound's power at a constant time of 20 minutes and a
constant concentration of 75% ethanol. Decreasing the solid-
liquid ratio and increasing the power of ultrasound increase the
total chlorophyll content. According to the results, the highest

Chla
o

4

@

70
D: Power (U) (watt) 60

100

A: Compactness (percent)
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total chlorophyll content was in 100% ethanol, 30 minutes
duration, 1:5 solid-liquid ratio, and 400 watts. Fig. 8 shows the
total carotenoid content, the synchronous effect of the
extraction time, and the solid-liquid ratio at a constant
concentration of 75% ethanol and a constant power of
ultrasonic waves of 240 watts.

Chl a

400

D: Power (U) (watt)

50 60 70 80 90 100

A: Compactness (percent)

Fig. 2. Simultaneous effect of ethanol concentration percentage and ultrasound power (chlorophyll a).

Chla

10 50

Chl a

B: Time (minute)
3

A: Compactness (percent)

Fig. 3. Simultaneous effect of ethanol concentration percentage and extraction time (chlorophyll a).

Total Chl
o
n

C: Solid/liquid (g/ml) 60

5 50

100

A: Compactness (percent)

Total Chl

C: Solid/liquid (g/ml)

50 60 70 80 90 100

A: Compactness (percent)

Fig. 4. Simultaneous effect of ethanol concentration and solid-liquid ratio (Total chlorophyll).



Aghajanpoor Sourkohi & Babakhani / Food & Health 2023, 6(3): 32-43

Total carotenoid content increases with increasing
extraction time and decreasing solid-liquid ratio. Fig. 9 shows
the total carotenoid content, the simultaneous effect of the
percentage of ethanol concentration and the solid-liquid ratio
at a constant time of 20 minutes, and a constant power of
ultrasonic waves of 240 watts. Decreasing the solid-liquid ratio
and the percentage of ethanol concentration increased the

Total Chl
(=]
o

D: Power (U) (watt)
80 50

38

response rate. In the graph above, the highest response was 65
to 95% of ethanol concentration. Fig. 10 shows the total
carotenoid content, the synchronous effect of the solid-liquid
ratio, and the ultrasound's power at a constant time of 20
minutes and a constant concentration of 75% ethanol. The
response rate increases with increasing sonication power and
decreasing solid-liquid ratio.

Total Chl

400

D: Power (U) (watt)

50 60 70 80 90 100

A: Compactness (percent)

Fig. 5. Synchronous effect of ethanol concentration percentage and ultrasound power (Total chlorophyll).

Total Chl

B: Time (minute)

10 50

100

A: Compactness (percent)

5 Total Chl

25

20

B: Time (minute)

50 60 70 80 90 100

A: Compactness (percent)

Fig. 6. Effect of concurrent ethanol concentration percentage and extraction time (Total chlorophyll).

Total Chl

C: Solid/liquid (g/ml)
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Fig. 7. Simultaneous effect of solid-liquid ratio and ultrasound power (Total chlorophyll).
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Fig. 11 shows the total carotenoid content, the simultaneous
effect of ethanol concentration percentage, and extraction time
on the 1:10 solid-liquid ratio and 240 watts. The response rate
increases with the increase of these two factors. According to

Total Carotenoid

C: Solid/liquid (g/ml)

the graph, the highest response is in the 70 to 90% ethanol
concentration range. According to the obtained evidence, the
highest total carotenoid content was in 75% ethanol, 20
minutes duration, 1:5 solid-liquid ratio, and 240 watts.

Total Carotenoid

C: Solid/liquid (g/ml)

B: Time (minute)

Fig. 8. Simultaneous effect of extraction time and solid-liquid ratio (Total carotenoid)
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Fig. 9. Simultaneous effect of ethanol concentration percentage and solid-liquid ratio (Total carotenoid)
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Fig. 10. Effect of Simultaneous Solid-Liquid Ratio and Ultrasound Power (Total Carotenoid).
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Fig. 12 shows the amount of fucoxanthin, the synchronous of 75% ethanol. Decreasing the solid-liquid ratio and
effect of the solid-liquid ratio, and the power of the ultrasound increasing the power of the ultrasound increased the response
at a constant time of 20 minutes and a constant concentration rate.

Total Carotenoid

Fig.
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Fig. 12. Effect of simultaneous solid-liquid ratio and ultrasound power (Fucoxanthin).
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Fig. 13. Simultaneous Effect of Ethanol Concentration Percentage and Extraction Time (Fucoxanthin).
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Fig. 13 shows the simultaneous effect on fucoxanthin of the
percentage of ethanol concentration and extraction time at 1:10
solid-liquid ratio and 240 watts. The response rate increases
with the increase of these two factors. The highest amount of
fucoxanthin is in the range of 75 to 95% of ethanol
concentration. Fig. 14 shows the effect on fucoxanthin of the
simultaneous effect of ethanol concentration and solid-liquid
ratio at a constant time of 20 minutes and a constant power of
240 watts. The response rate increases with increasing ethanol

Fucoxanthin (mg/g)

C: Solid/liquid (g/ml)

100

concentration and decreasing solid-liquid ratio. The graph
shows that the maximum response is in the range of 75 to 95%
ethanol. Fig. 15 shows the amount of fucoxanthin, the
synchronous effect of the extraction time, and the solid-liquid
ratio at 75% constant ethanol concentration and 240 watts.
Increasing the extraction time and decreasing the solid-liquid
ratio increases the amount of fucoxanthin. The maximum
amount of fucoxanthin is at 75% ethanol, 20 minutes duration,
1:5 solid-liquid ratio, and 240 watts.
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Fig. 14. Effect of Simultaneous Percentage of Ethanol Concentration and Solid-Liquid Ratio (Fucoxanthin).
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Fig. 15. Simultaneous effect of extraction time and solid-liquid ratio (Fucoxanthin).

4. Discussion

Carotenoid extraction is affected by different species of
algae with different structures and compositions (34).
Compared to chlorophyll a and ¢, the fucoxanthin pigment-
protein complex is less strongly bound to the thylakoid
membrane, as it is an accessory pigment synthesized in
response to reduced light availability (35). In the present study,
a significant difference was observed regarding the percentage
of ethanol concentration in the results. Thus, the highest
amount of total chlorophyll and chlorophyll a in ethanol was

100%, and the highest amount of total carotenoids and
fucoxanthin was obtained in 75% ethanol. This is because
chlorophylls (36) and carotenoids are naturally occurring lipid-
soluble pigments produced by plants, algae, phytoplanktons,
and some fungi and bacteria (37). Carotenoids are generally
hydrophobic molecules and only soluble in organic solvents.
The presence of hydroxyl groups at the end of the chains
causes carotenoids to be polar molecules and tend to dissolve
in various organic solvents (38). It was observed that ethanol
was preferred as an excellent solvent for the extraction of
fucoxanthin (12). A study on the effect of solvent on the
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process of extraction of seaweed pigments showed that in
green and brown algae, acetone extracted more carotenoids,
and then ethanol had the highest extraction, which is due to the
polarity of the solute and the solvent being close. Acetone and
ethanol have relatively high polarity (39). In addition to the
extraction conditions, different conditions indicated that
methanol gave the best result of fucoxanthin extracted (40).
However, because ethanol is the best solvent for processing
food from a safety viewpoint, it is recommended as an
alternative to methanol, although it is slightly more expensive
(39). In the ultrasonic extraction method, the power of
ultrasound was affected by 3 other factors, so that the
maximum amount of chlorophyll and total chlorophyll in 30
minutes, solid-liquid ratio of 1:5, and the power of ultrasonic
waves of 400 watts were obtained, while the maximum amount
of total carotenoids and fucoxanthin obtained in 20 minutes,
the solid-liquid ratio was 1:5. The power of ultrasound was 240
watts. Contrary to the results obtained, in a study on the
optimization of fucoxanthin extraction conditions by
ultrasound from the alga Tetrastromatica Padina and the
solid-liquid ratio of 1:10, the power of ultrasound waves was
230 volts. With a frequency of 50 Hz, the concentration of
ethanol was considered an important factor, and the results of
this study showed that the highest amount of fucoxanthin in
ethanol was 80% in 30 minutes (12). This difference is in the
present study; increasing the power of ultrasound waves
reduced the extraction time of carotenoids. A study on the
multistage extraction of seaweed pigments using ultrasound
and ultrafiltration performance showed that in the study area,
the efficiency of chlorophyll extraction increased with
temperature (40 to 60), ultrasound power (100 to 300 Watts),
solution pH up to 11 and the solid-liquid ratio to 1:30.
However, carotenoid extraction efficiencies peaked at 50. This
study demonstrates that the UAE and UF can be employed to
enhance the recovery of pigments from seaweed (41). As in
this study, the temperature was kept constant at 50+5 °C in the
present study. A study on the optimization of fucoxanthin
extraction from Irish algae using the response surface method
by four factors: time (30 minutes-10 hours), temperature (20-
100), solvent pH (5.0-9.0), and percentage of acetone
concentration (0-100%) was performed. The results showed
that the time factor had no significant effect. In this study, the
percentage of acetone had the greatest effect on the
performance of fucoxanthin, followed by pH and temperature
(35). As in this study, in the present study, the percentage of
ethanol concentration had the greatest effect on the extraction
performance, but in contrast to these studies in the present
study, the time factor affected the extraction of different
pigments, and different results were obtained. Due to the
presence of ultrasound waves, the extraction time is reduced,
which saves time. In this method, the highest levels of
fucoxanthin, total carotenoids, total chlorophyll, and
chlorophyll a were 0.42, 1.11, 1.85, and 1.69 mg/g,
respectively. As can be seen in the results of the present
experiment, the maximum amount of pigments was in the
solid-liquid ratio of 1:5. This phenomenon is related to the
principles of mass transfer, which states that the velocity of
diffusion is directly proportional to the concentration gradient,

which increases at a lower solid-liquid ratio (42). In this study,
the values of all explanatory coefficients above 95% were
obtained, which shows the significance of regressions.

5. Conclusion

The results showed that more pigment is extracted with a
longer duration of time. In total chlorophyll, total carotenoid,
and fucoxanthin, decreasing the solid-liquid ratio increased the
response rate, and in chlorophyll a, increasing the solid-liquid
ratio increased the response rate. The high fit of the models
showed that the second-order polynomial model can be used
to optimize the extraction of pigment compounds from brown
algae. In addition, it was shown that RSM is an effective
method for optimizing extraction conditions. These findings
may be used to develop appropriate extraction methods for
value-added seaweed products. According to this research,
Sargassum brown algae is a suitable source for extracting
bioactive compounds, and it is necessary to use it as a value-
added product in the food and drug industry.

References

1. Poojary MM, Barba FJ, Aliakbarian B, Donsi F, Pataro G, Dias DA, et al.
Innovative alternative technologies to extract carotenoids from
microalgae and seaweeds. Marine Drugs. 2016;14(11):214.

2. Gupta S, Abu-Ghannam N. Recent developments in the application of
seaweeds or seaweed extracts as a means for enhancing the safety and
quality attributes of foods. Innovative Food Science & Emerging
Technologies. 2011;12(4):600-9.

3. Kadam SU, Alvarez C, Tiwari BK, 'O'Donnell CP. Extraction of
biomolecules from seaweeds. Seaweed sustainability: Elsevier; 2015. p.
243-69.

4. FAO. Food and Agriculture Organization of the United Nations 2018 The
state of world fisheries and aquaculture 2018—Meeting the sustainable
development goals. CC BY-NC-SA 3.0 IGO.

5. Kwon M, Lim S-J, Joung E-J, Lee B, Oh C-W, Kim H-R. Meroterpenoid-
rich fraction of an ethanolic extract from Sargassum serratifolium
alleviates obesity and non-alcoholic fatty liver disease in high fat-fed
C57BL/6J mice. Journal of Functional Foods. 2018;47:288-98.

6. Suganya S, Ishwarya R, Jayakumar R, Govindarajan M, Alharbi N,
Kadaikunnan S, et al. New insecticides and antimicrobials derived from
Sargassum wightii and Halimeda gracillis seaweeds: Toxicity against
mosquito vectors and antibiofilm activity against microbial pathogens.
South African Journal of Botany. 2019;125:466-80.

7. Sun P, Wong C-C, Li Y, He Y, Mao X, Wu T, et al. A novel strategy for
isolation and purification of fucoxanthinol and fucoxanthin from the
diatom Nitzschia laevis. Food Chemistry. 2019;277:566-72.

8. Yang C-f, Lai S-s, Chen Y-h, Liu D, Liu B, Ai C, et al. Anti-diabetic effect
of oligosaccharides from seaweed Sargassum confusum via JNK-
IRS1/PI3K signalling pathways and regulation of gut microbiota. Food
and Chemical Toxicology.2019;131:110562.

9. Hodhodi A, Babakhani A, Rostamzad H. Effect of different extraction
conditions on phlorotannin content and antioxidant activity of extract
from brown algae (Sargassum angustifolium). Journal of Food
Processing and Preservation. 2022;46(3):¢16307.

10. Sudhakar M, Ananthalakshmi J, Nair B. Extraction, purification and study
on antioxidant properties of fucoxanthin from brown seaweeds. Journal
of Chemical and Pharmaceutical Research. 2013;5(7):169-75.

11. Oliyaei N, Moosavi-Nasab M. Ultrasound-assisted extraction of
fucoxanthin from Sargassum angustifolium and Cystoseira indica brown
algae.  Journal of Food  Processing and  Preservation.
2021;45(11):e15929.

12. Raguraman V, MubarakAli D, Narendrakumar G, Thirugnanasambandam
R, Kirubagaran R, Thajuddin N. Unraveling rapid extraction of
fucoxanthin from Padina tetrastromatica: Purification, characterization
and biomedical application. Process Biochemistry. 2018;73:211-9.



43

20.

21.

22.

23.

24.

25.

26.

Aghajanpoor Sourkohi & Babakhani / Food & Health 2023, 6(3): 32-43

. Singh A, Ganesapillai M, Gnanasundaram N, editors. Optimizaton of

extraction of betalain pigments from beta vulgaris peels by microwave
pretreatment. IOP Conference Series: Materials Science and Engineering;
2017: 1OP Publishing.

. Heffernan N, Smyth T, FitzGerald RJ, Vila-Soler A, Mendiola J, Ibanez

E, et al. Comparison of extraction methods for selected carotenoids from
macroalgae and the assessment of their seasonal/spatial variation.
Innovative Food Science & Emerging Technologies. 2016;37:221-8.

. de Quirds AR-B, Frecha-Ferreiro S, Vidal-Pérez A, Lopez-Hernandez J.

Antioxidant compounds in edible brown seaweeds. European Food
Research and Technology. 2010;231(3):495-8.

. Dawczynski C, Schubert R, Jahreis G. Amino acids, fatty acids, and

dietary fibre in edible

2007;103(3):891-9.

seaweed products. Food Chemistry.

. Jaswir I, Noviendri D, Salleh HM, Taher M, Miyashita K, Ramli N.

Analysis of fucoxanthin content and purification of all-trans-fucoxanthin
from Turbinaria turbinata and Sargassum plagyophyllum by SiO2 open
column chromatography and reversed phase-HPLC. Journal of Liquid
Chromatography and Related Technologies. 2013;36(10):1340-54.

. Nakazawa Y, Sashima T, Hosokawa M, Miyashita K. Comparative

evaluation of growth inhibitory effect of stereoisomers of fucoxanthin in
human cancer cell lines. Journal of Functional Foods. 2009;1(1):88-97.

. Oh J-H, Kim J, Lee Y. Anti-inflammatory and anti-diabetic effects of

brown seaweeds in high-fat diet-induced obese mice. Nutrition Research
and Practice. 2016;10(1):42-8.

Maeda H, Hosokawa M, Sashima T, Miyashita K. Dietary combination of
fucoxanthin and fish oil attenuates the weight gain of white adipose tissue
and decreases blood glucose in obese/diabetic KK-Ay mice. J of
Agricultural and Food Chemistry. 2007;55(19):7701-6.

Beppu F, Hosokawa M, Niwano Y, Miyashita K. Effects of dietary
fucoxanthin on cholesterol metabolism in diabetic/obese KK-A y mice.
Lipids in Health and Disease. 2012;11(1):1-8.

Shiratori K, Ohgami K, Ilieva I, Jin X-H, Koyama Y, Miyashita K, et al.
Effects of fucoxanthin on lipopolysaccharide-induced inflammation in
vitro and in vivo. Experimental Eye Research. 2005;81(4):422-8.

Martin LJ. Fucoxanthin and its metabolite fucoxanthinol in cancer
prevention and treatment. Marine Drugs. 2015;13(8):4784-98.

Briglia M, Calabr¢ S, Signoretto E, Alzoubi K, Laufer S, Faggio C, et al.
Fucoxanthin induced suicidal death of human erythrocytes. Cellular
Physiology and Biochemistry. 2015;37(6):2464-75.

Sivagnanam SP, Yin S, Choi JH, Park YB, Woo HC, Chun BS. Biological
properties of fucoxanthin in oil recovered from two brown seaweeds using
supercritical CO, extraction. Marine Drugs. 2015;13(6):3422-42.

Jung HA, Ali MY, Choi RJ, Jeong HO, Chung HY, Choi JS. Kinetics and
molecular docking studies of fucosterol and fucoxanthin, BACEI
inhibitors from brown algae Undaria pinnatifida and Ecklonia

217.

28.

29.

30.

31.

32.

33.

34.

38.

39.

40.

41.

42.

stolonifera. Food and Chemical Toxicology.2016;89:104-11.

Arnon DI. Copper enzymes in isolated chloroplasts. Polyphenoloxidase in
Beta vulgaris. Plant physiology. 1949;24(1):1.

Duxbury AC, Yentsch CS. Plankton pigment nomographs. 1956.

Jensen SL. A Note on the Constitution of Rhodopin. Acta Chemica
Scandinavica. 1959;13(4).

Seely G, Duncan M, Vidaver W. Preparative and analytical extraction of
pigments from brown algae with dimethyl sulfoxide. Marine Biology.
1972;12(2):184-8.

Myers RH, Montgomery DC, Anderson-Cook CM. Response surface
methodology: process and product optimization using designed
experiments: John Wiley & Sons; 2016.

Wanasundara P, Shahidi F. Optimization of hexametaphosphate-assisted
extraction of flaxseed proteins using response surface methodology.
Journal of Food Science. 1996;61(3):604-7.

Li W, Wang Z, Sun Ys, Chen L, Han Lk, Zheng Yn. Application of
response surface methodology to optimise ultrasonic-assisted extraction
of four chromones in Radix Saposhnikoviae. Phytochemical Analysis.
2011;22(4):313-21.

Mori K, Ooi T, Hiraoka M, Oka N, Hamada H, Tamura M, et al.
Fucoxanthin and its metabolites in edible brown algae cultivated in deep
seawater. Marine Drugs. 2004;2(2):63-72.

. Shannon E, Abu-Ghannam N. Optimisation of fucoxanthin extraction

from Irish seaweeds by response surface methodology. Journal of Applied
Phycology. 2017;29(2):1027-36.

. Kraan S. Pigments and minor compounds in algae. Functional ingredients

from algae for foods and nutraceuticals: Elsevier; 2013. p. 205-51.

. 37. Jaswir I, Monsur HA, Salleh HM. Nano-structural analysis of fish

collagen extracts for new process development. African Journal of
Biotechnology. 2011;10(81):18847-54.

Sabeti SG, Ataye SE, Bolourian S. Optimization of carotenoid pigments
extraction from persimmon fruit (Diospyros kaki 1.). Journal of Food
Science and Technology. 2017.68(14): 251-259.

Warkoyo W, Saati E. The solvent effectiveness on extraction process of
seaweed pigment. Makara Journal of Technology. 2011;15(1):5-8.

Mise T, Ueda M, Yasumoto T. Production of fucoxanthin-rich powder
from Cladosiphon okamuranus. Advance Journal of Food Science and
Technology. 2011;3(1):73-6.

ZhuZ, Wu Q, Di X, Li S, Barba FJ, Koubaa M, et al. Multistage recovery
process of seaweed pigments: Investigation of ultrasound assisted
extraction and ultra-filtration performances. Food and Bioproducts
Processing. 2017;104:40-7.

Al-Dhabi NA, Ponmurugan K, Jeganathan PM. Development and
validation of ultrasound-assisted solid-liquid extraction of phenolic
compounds from waste spent coffee grounds. Ultrasonics Sonochemistry.
2017;34:206-13.



