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Featured Application: To develop industry-friendly extraction methodologies to obtain bioactive
extracts of Grateloupia turuturu for the cosmeceutical industry.

Abstract: Grateloupia turuturu is an invasive macroalga on the Iberian coast, known to produce
bioactive compounds with different cosmeceutical bioactivities, namely UV shielding and antioxidants.
The goal of this study was to optimize the extraction procedure of main bioactivities of this species
with cosmetic potential, using Response Surface Methodology. Two Box–Behnken designs were used
to evaluate the effect of ethanol concentration (0–50%), liquid-solid ratio, time, pH, and temperature
on yield, UV absorbance, and antioxidant activity. Both optimizations showed a similar trend:
aqueous extracts have higher yields and extracts performed with ethanol as part of the solvent
have higher activities concerning UV absorbance and antioxidant activity. For all the extracts an
absorption peak between 320 and 340 nm was observed. This data now allows further studies by
narrowing the extracts worthful of characterization. The development of industry-friendly extraction
methods allows the valorization of this invasive species, contributing for the potential creation of
natural and eco-friendly products by the cosmetic industry while contributing to the restoration of
affected environments.

Keywords: Box–Behnken design; extraction conditions; bioactive compounds; invasive seaweed;
cosmetics

1. Introduction

The use of marine organisms for the exploitation of bioactive compounds has recently increased
due to their biotechnological potential in different areas as pharmaceutical, cosmetic/cosmeceutical,
food/feed, and many others [1,2]. Within this group, macroalgae are known to be great producers
of bioactive compounds [2], with growth rates that ensure biomass availability from harvesting
and aquaculture.

Grateloupia turuturu is an edible red macroalga native from Korea and Japan that has been classified
as invasive species in the Atlantic Ocean, and was first reported in Portugal in 1997 [3]. This seaweed
is characterized as rich in carbohydrates and proteins, as well as having a low lipid content [4]. It is
present in “mid-intertidal” areas and is easily found in intertidal pools [5], where the exposure to
solar radiation and oxidative stress levels are high [5]. The ability to protect themselves against
harmful radiation make these organisms potential sources for the discovery of compounds with
antioxidants and UV shielding activities [4,6]. Moreover, it has product development potential in the
cosmetics industry.
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For a successful screening of such compounds and to ensure the industrial feasibility of their
application, an adequate method of extraction should be developed [7]. Although more recent
and effective methods have been developed (the novel extraction methodologies, characterized by
more technological approaches resulting in better performance and lower environmental impact),
the utilization of solid-liquid extraction (SLE) is still one of the best solutions for the production of
extracts with the intent of industrialization, given the low technical and facility requirements for
its up-scale implementation. However, SLE can be fine-tuned to perform better (be more efficient,
selective, eco-friendly, and profitable) by optimizing several operational parameters: physicochemical
properties of the raw material, the selected solvents/respective concentrations, pH, temperature,
extraction time, and others [8]. A balance between the time of extraction and the temperature is
extremely important to avoid thermal degradation. Room temperature can be an advantage, as it
preserves compounds and reduces the associated economic costs of the procedure [7]. Regarding the
type of solvent, water-based extractions are privileged and ethanol and acetone are the most accepted
organic solvents considering their security and cost [9]. Solvent selection depends not only on their
inherent safety and cost but also on the cost associated to their evaporation, and ability to extract target
compounds. For all these reasons, binary mixtures of water and ethanol are popular in the natural
extract production for industry. Specifically, in the case of G. turuturu, hydroethanolic extraction
is the most biotechnologically relevant since this is the best solvent to recover this species’ main
bioactivities: sulphated galactans (known antioxidant, anticoagulant, and antimicrobial activities [10]),
phycobiliproteins (PBPs), and mycosporine-like amino acids (MAAs) (with antioxidant activity and
very high UV-shielding activity [4,10]).

The optimization of the extraction parameters for the obtention of compounds groups described
above using a one-dimensional method, where only one factor is modified at a time, is not only
time-consuming but more expensive [11]. Using the response surface methodology (RSM), it is possible
to avoid these difficulties, since this statistical method allows for the simultaneous evaluation of
different variables (enabling the detection of potential interactions between the tested conditions),
reducing the high number of experiments, and, consequently, the quantity of reagents used and the
time associated to the process [12].

Thus, the main goal of this study was to optimize the extraction process of bioactivities as
measured by antioxidants and UV-shielding from the red macroalga Grateloupia turuturu, with the
potential for use in the cosmetic industry. Reponses surface methodology was used to characterize
the effects of ethanol percentage in the extraction solvent, time of extraction, liquid-to-solid ratio,
temperature, and pH in these bioactivities. This promoted the added value to the species through the
potential creation of natural and eco-friendly products in the cosmetics field, while contributing for the
restoration of the natural environments, following a circular economy approach.

2. Materials and Methods

2.1. Seaweed Collection

Grateloupia turuturu was collected at Aguda beach in Arcozelo, Portugal (41.054826, −8.656865).
The collected biomass was cleaned and sorted for epibionts, dried in a wind tunnel at 25 ◦C, milled to
flour-like powder (particle size 150 ± 50 µm), and vacuum stored at room temperature, in the dark,
until further use.

2.2. Response Surface Methodology: Box–Behnken Design

An RSM with a Box–Behnken design was performed to determine the influence of three independent
parameters in the hydro-ethanolic extracts: liquid-solid ratio (mL·g−1) (LSR), time of extraction (min),
and ethanol percentage, as established below (Table 1).
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Table 1. Independent variables tested during the first optimization of the extraction process using a
Box–Behnken design: ethanol percentage (X1), liquid-solid ratio (LSR) (X2), and extraction time (X3).

Run
Coded Variables Actual Variable Values

(X1) (X2) (X3) % EtOH (v/v) (X1) LSR (mL·g−1) (X2) Time (Minutes) (X3)

1 −1 0 −1 0 25 20
2 1 0 −1 50 25 20
3 −1 0 1 0 25 100
4 1 0 1 50 25 100
5 −1 −1 0 0 10 60
6 −1 1 0 0 40 60
7 1 −1 0 50 10 60
8 1 1 0 50 40 60
9 0 −1 −1 25 10 20

10 0 −1 1 25 10 100
11 0 1 −1 25 40 20
12 0 1 1 25 40 100
13 0 0 0 25 25 60
14 0 0 0 25 25 60
15 0 0 0 25 25 60

A second assay was designed to assess the influence of the extraction temperature (◦C), pH, and
ethanol percentage (v/v) (Table 2). In this case, the LSR and extraction time were defined according to
results obtained from the first optimization assay (time of extraction of 60 min and LSR of 40 mL·g−1).

Table 2. Independent variables tested during the second optimization of the extraction process using a
Box–Behnken design: ethanol percentage (X1), extraction temperature (X2), and pH (X3).

Run
Coded Variables Actual Variable Values

(X1) (X2) (X3) % EtOH (v/v) (X1) Temperature (◦C) (X2) pH (X3)

1 0 −1 −1 25 25 4
2 0 −1 1 25 25 10
3 0 1 −1 25 95 4
4 0 1 1 25 95 10
5 −1 0 −1 0 60 4
6 1 0 −1 50 60 4
7 −1 0 1 0 60 10
8 1 0 1 50 60 10
9 −1 −1 0 0 25 7

10 −1 1 0 0 95 7
11 1 −1 0 50 25 7
12 1 1 0 50 95 7
13 0 0 0 25 60 7
14 0 0 0 25 60 7
15 0 0 0 25 60 7

Extracts of Grateloupia turuturu were obtained by mixing 5.0 g of the seaweed biomass with the
assigned volume of the assigned solvent, for the assigned time under constant magnetic stirring and
thermostatized. After the extraction procedure, each extract was centrifuged (10,000× g for 5 min) and
the supernatant filtered at low pressure (Whatmann n◦1) and stored at 4 ◦C until further processing
(maximum 24 h). The extracts were then evaporated under reduced pressure at 40 ◦C and desiccated
under a vacuum concentrator at room temperature (Vacufuge, Eppendorf, Germany). Dry extracts
were weighed and yield was calculated (g extract·g−1 biomass).

Each extract was then resuspended for further assaying their UV-absorbance and antioxidant
activities. Water extracts were resuspended in water at 25 mg·mL−1; 25% (v/v) ethanol extracts were
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resuspended in 25% (v/v) DMSO in water at 50 mg·mL−1; 50% (v/v) ethanol extracts were resuspended
in 50% (v/v) DMSO in water at 100 mg·mL−1.

2.3. UV Absorbance Spectra

For the UV absorption spectrum, 200 µL of each extract at 0.1 mg·mL−1 was added to a 96-well
microplate suitable for UV readings (n = 4; Greiner UV-Star®, Greiner Bio-one, Kremsmünster, Austria)
as well as the respective blanks, following the methodology of Maciel et al. [13]. The absorbance
was read between the wavelengths of 280 nm and 400 nm (Biotek® Synergy H1, Winooski, VT, USA).
The integral of the absorbance (Abs) between these wavelengths was computed and used to calculate a
massic extinction coefficient (ε, in mL·cm−1

·g−1 extract), using the liquid height in each well (l, in cm)
and mass concentration of the extracts (C, in mg·mL−1) for each extract according to the formula:

ε =

∫ 400
280 Abs

l ∗C

2.4. Antioxidant Activity

The antioxidant activity was measured with the oxygen radical absorbance capacity (ORAC)
assay, according to Dávalos and colleagues [14]. For the preparation of the standard curve, a Trolox
stock solution, diluted in 75 mM phosphate buffer (VWR®, Radnor, PA, USA), pH 7.4, was used to
prepare the dilutions from 8 µM to 0.5 µM. The obtained extracts were tested at 1 mg·mL−1 (diluted in
75 mM phosphate buffer). A fluorescein solution at 70 nM was used and the AAPH reagent (Sigma®,
Darmstadt, Germany) was prepared fresh at a final concentration of 12 mM. A total of 20 µL of each
sample were placed in a 96-well black microplate (Greiner®, Kremsmünster, Austria) and 120 µL of
a fluorescein solution (70nM) (Sigma®, Darmstadt, Germany) was added to all samples, including
the standard curve. For blanks, 120 µL of 75 mM phosphate buffer was added instead of fluorescein.
The plate was then incubated inside the microplate reader (Biotek® Synergy H1, Winooski, VT, USA)
at 37 ◦C and the fluorescence was read for 15 min with 1 min interval at an excitation wavelength of
485 nm, and an emission wavelength of 525 nm. After the incubation period, 60 µL of pre-warmed
(37 ◦C) AAPH (2,2′-Azobis(2-methylpropionamidine) dihydrochloride) reagent (Sigma®, Darmstadt,
Germany) was added. The fluorescence was read for 80 min with 1 min intervals. Data was treated
and results were expressed as µmol of Trolox equivalents per gram of extract (µmol TE·g-1 ext).

2.5. Data Treatment

The values of antioxidant activity and of UV-absorbance were studied both as specific activity
(activity per mass unit of extract) and total activity (activity per unit of seaweed extracted), the latter
calculated by multiplying the values of the respective activities by the yield of extract. The results
from the two Box–Behnken were organized in a table containing 30 experimental runs (the 30 extracts),
for which the value of each of the five variables under study (percentage of ethanol, LSR, time,
temperature, and pH), and the value for each of the five parameters determined (yield, specific and
total antioxidant activity, and specific and total UV-absorbance) was available.

For each Box–Behnken experiment, five response surface models were computed by multiple
linear regression. For that, R statistical language was used, along with RStudio, and packages ‘rsm’ and
‘viridis’ [15–18]. The basis for model development was a quadratic multiple linear regression containing
all three variables, but no interactions, followed by a manual stepwise, backwards-forward-backwards
regression fitting. Then, the model was manually refined by considering the p-value of the estimates
β, the p-value of the model and both the R-squared and the adjusted R-squared of the model.
Individual factors with a p-value greater than 0.1 were always excluded and individual factors with a
p-value between 0.05 and 0.1 were excluded whenever their removal from the model resulted in an
approximation of the adjusted R-squared to the R-squared. Then, linear binary interactions of the
variables were added iteratively to sporadically improve the model’s fit, because ethanol percentages
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introduced a chemical variability that could cause drastic shifts in the parameters, quadratic binary
interactions, and cubic variables. We attempted to maintain the degrees of freedom above 8 and
keep residue distribution random via visual inspection of the fit-real plot. The equations and
goodness-of-fit statistical parameters (residual standard error, multiple R-squared, adjusted R-squared,
p-value, and degrees of freedom) are reported in the manuscript alongside the contour plots for
each of the five models at three slices of ethanol percentage. The fit-real plots (Figure S1), as well
as the individual p-values of the estimates (Figure S2), and the complete dataset are included in the
Supplementary Material.

3. Results

Response surface methodology was used to characterize the effects of LSR, time of extraction,
and ethanol percentage in the solvent on the bioactivities recovered from G. turuturu biomass using
a Box–Behnken design of experiment. Moreover, a second experiment using LSR and time values
allowed the characterization of temperature and pH effects on different hydroethanolic extractions.
Both optimizations showed a similar trend: aqueous extracts have higher yields and extracts performed
with ethanol as part of the solvent have higher activities concerning the UV absorbance and antioxidant
activity. For all the extracts, an absorption peak between 320 and 340 nm was observed.

3.1. First Optimization

The models of the effects of ethanol concentration (X1), LSR (X2), and time of extraction (X3) are
presented in Figures 1–5. Concerning the yield of these extracts (Figure 1), the aqueous extractions
varied between 0.25 and 0.5 g extract·g−1 biomass with an almost linear increase with an increasing
LSR for all times. For extracts with 50% ethanol (v/v), yield varied from 0.2 and 0.25 g extract·g−1

biomass with maximums at either central time and maximum LSR, or minimum LSR at either of
the time extremes. For intermediate ethanol percentages, the yield varied between 0.2 and 0.38 g
extract·g−1 biomass, increasing when LSR increased.
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Figure 1. Contour plots of the modelled function regarding the yield obtained during the first
optimization of Grateloupia turuturu hydroethanolic solid-liquid extraction (SLE) using a Box–Behnken
design, in the presence of different concentrations of solvent (ethanol). For each plot, XX axis indicates
the liquid-solid ratio (LSR) and YY axis indicates extraction time. Color gradients represents the increase
(yellow color) and decrease (blue color) in yield according to the tested variables. Below, the equation
and goodness-of-fit statistical parameters for the variable Yield (g extract·g−1 biomass) in the first
optimization process, according to the ethanol concentration (X1), LSR (X2), and extraction time (X3)
are presented.
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Figure 2. Contour plots of the modelled function regarding the UV absorbance (per gram of extract)
obtained during the first optimization of Grateloupia turuturu hydroethanolic SLE using a Box–Behnken
design, in the presence of different concentrations of solvent (ethanol). For each plot, XX axis indicates
the LSR and YY axis indicates extraction time. Color gradients represents the increase (yellow color)
and decrease (blue color) in UV absorbance according to the tested variables. Below, the equation
and goodness-of-fit statistical parameters for the variable UV absorbance (mL·cm−1

·g−1 extract) in the
first optimization process, according to the ethanol concentration (X1), (X2), and extraction time (X3)
are presented.
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Figure 3. Contour plots of the modelled function regarding the total UV absorbance (per gram of
biomass) obtained during the first optimization of Grateloupia turuturu hydroethanolic SLE using a
Box–Behnken design, in the presence of different concentrations of solvent (ethanol). For each plot,
XX axis indicates the LSR and YY axis indicates extraction time. Color gradients represents the increase
(yellow color) and decrease (blue color) in total UV absorbance according to the tested variables.
Below, the equation and goodness-of-fit statistical parameters for the variable total UV absorbance
(mL·cm−1

·g−1 biomass) in the first optimization process, according to the ethanol concentration (X1),
LSR (X2), and extraction time (X3) are presented.
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Figure 4. Contour plots of the modelled function regarding the oxygen radical absorbance capacity
(ORAC) activity (per gram of extract) obtained during the first optimization of Grateloupia turuturu
hydroethanolic SLE using a Box–Behnken design, in the presence of different concentrations of solvent
(ethanol). For each plot, XX axis indicates the LSR and YY axis indicates extraction time. Color gradients
represents the increase (yellow color) and decrease (blue color) in ORAC activity according to the tested
variables. Below, the equation and goodness-of-fit statistical parameters for the variable antioxidant
activity by ORAC method (µmol TE·g−1 extract) in the first optimization process, according to the
ethanol concentration (X1), LSR (X2), and extraction time (X3) are presented.
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Figure 5. Contour plots of the modelled function regarding the total ORAC activity (per gram of
biomass) obtained during the first optimization of Grateloupia turuturu hydroethanolic SLE using a
Box–Behnken design, in the presence of different concentrations of solvent (ethanol). For each plot,
XX axis indicates the LSR and YY axis indicates extraction time. Color gradients represents the increase
(yellow color) and decrease (blue color) in total ORAC activity according to the tested variables. Below,
the equation and goodness-of-fit statistical parameters for the variable total ORAC activity (µmol
TE·g−1 biomass) in the first optimization process, according to the ethanol concentration (X1), LSR (X2),
and extraction time (X3) are presented.
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Regarding UV absorbance per gram of extract (Figure 2), for the aqueous extractions, it varied
between 50,000 and 70,000 mL·cm−1

·g−1 extract, reaching its maximum with lower LSR and central
time of extraction, decreasing with increasing LSR and extreme times of extraction. In the presence
of 50% ethanol (v/v), higher UV absorbance values were obtained, increasing with higher times of
extraction and LSR, while the intermediate percentage of ethanol showed higher values when high LSR
and low time of extraction are combined. Globally, the results showed that increasing concentrations
of ethanol favor the UV absorbance of extracts.

The total UV absorbance per gram of biomass (Figure 3), showed higher values in aqueous
extractions and hydroethanolic extractions with 50% ethanol (v/v), reaching the maximum value
of 2,800,000 mL·cm−1

·g−1 biomass. For aqueous extractions, the minimum was reached with low
LSR and low time of extraction and maximum with higher LSR and a central time of extraction.
The hydroethanolic extractions followed a similar tendency.

Considering the antioxidant activity per gram of extract (Figure 4), an increase was verified when
ethanol percentages increased, varying from 20 to 70 µmol TE·g−1 extract in aqueous extractions, and
between 120 and 170 µmol TE·g−1 extract in hydroethanolic extractions with 50% ethanol (v/v). LSR did
not influence antioxidant activity in aqueous extractions when combined with higher time of extraction,
where the maximum activity is recovered. On the contrary, in the presence of 50% ethanol (v/v), higher
time of extraction and lower LSR generated the highest values. For intermediate percentages of ethanol,
maximum values were found in the presence of higher time of extraction and minimum LSR, and with
higher LSR and lower extraction time.

The total ORAC activity per gram of biomass (Figure 5) maximized hydroethanolic extractions
with 50% of ethanol (v/v), followed by aqueous extractions. For water-based extractions, the maximum
experimental value (3000 µmol TE·g−1 biomass) was reached in the presence of high LSR, independent
of extraction time, showing a lower LSR and a lower time the minimum value found, while for 50%
ethanol (v/v), the antioxidant activity is maximized in the presence of higher extraction times and
lower LSR.

The overall analysis of the models led to the decision to fix the LSR at 40 mL·g−1 and time of
extraction at 60 min in the second Box–Behnken design.

3.2. Second Optimization

From the second round of extractions that included the variables ethanol concentration (%) (X1),
temperature (◦C) (X2), and pH (X3), the same models described above were attained (Figures 6–10).
Globally, yield of cold extraction followed the same trend as before (lower values with more ethanol)
and that of hot extraction was almost constant across ethanol concentrations. Yield (Figure 6) had
maximum values in hydroethanolic extractions using 50% ethanol (v/v) for central temperatures, close
to 60 ◦C and acidic pH. For aqueous extractions and extractions with 25% ethanol, the minimum
obtained was 0.4 g extract·g−1 biomass and the maximum 0.6 g extract·g−1 biomass. However, a basic
pH and high temperature were necessary to reach the maximum value in aqueous extractions, while for
hydroethanolic extractions with 25% ethanol (v/v) the maximum was reached with lower temperatures
and acidic pH.

Concerning the UV absorbance per gram of extract (Figure 7), an increase of the values with
increasing percentages of ethanol was achieved, being the maximum value of aqueous extractions
38,000 mL·cm−1

·g−1 extract, for 25% ethanol (v/v) 40,000 mL·cm−1
·g−1 extract and 50% ethanol (v/v)

80,000 mL·cm−1
·g−1 extract. Using the temperature of 25 ◦C for water-based extractions, the maximum

was reached regardless of pH. For the highest percentage of ethanol, the maximum values were attained
with basic pH and lower temperatures.



Appl. Sci. 2020, 10, 5304 9 of 19
Appl. Sci. 2020, 10, x FOR PEER REVIEW 10 of 20 

 
Figure 6. Contour plots of the modelled function regarding the yield obtained during the second 
optimization of Grateloupia turuturu hydroethanolic SLE using a Box–Behnken design, in the presence 
of different concentrations of solvent (ethanol). For each plot, XX axis indicates the pH and YY axis 
indicates temperature. Color gradients represents the increase (yellow color) and decrease (blue color) 
in yield according to the tested variables. Below, the equation and goodness-of-fit statistical 
parameters for the variable yield (g extract·g−1 biomass) in the second optimization process, according 
to the ethanol concentration (X1), temperature (X2), and pH (X3) are presented. 

Concerning the UV absorbance per gram of extract (Figure 7), an increase of the values with 
increasing percentages of ethanol was achieved, being the maximum value of aqueous extractions 
38,000 mL·cm−1·g−1 extract, for 25% ethanol (v/v) 40,000 mL·cm−1·g−1 extract and 50% ethanol (v/v) 
80,000 mL·cm−1·g−1 extract. Using the temperature of 25 °C for water-based extractions, the maximum 
was reached regardless of pH. For the highest percentage of ethanol, the maximum values were 
attained with basic pH and lower temperatures. 

 

Figure 6. Contour plots of the modelled function regarding the yield obtained during the second
optimization of Grateloupia turuturu hydroethanolic SLE using a Box–Behnken design, in the presence
of different concentrations of solvent (ethanol). For each plot, XX axis indicates the pH and YY axis
indicates temperature. Color gradients represents the increase (yellow color) and decrease (blue color)
in yield according to the tested variables. Below, the equation and goodness-of-fit statistical parameters
for the variable yield (g extract·g−1 biomass) in the second optimization process, according to the
ethanol concentration (X1), temperature (X2), and pH (X3) are presented.

Appl. Sci. 2020, 10, x FOR PEER REVIEW 10 of 20 

 
Figure 6. Contour plots of the modelled function regarding the yield obtained during the second 
optimization of Grateloupia turuturu hydroethanolic SLE using a Box–Behnken design, in the presence 
of different concentrations of solvent (ethanol). For each plot, XX axis indicates the pH and YY axis 
indicates temperature. Color gradients represents the increase (yellow color) and decrease (blue color) 
in yield according to the tested variables. Below, the equation and goodness-of-fit statistical 
parameters for the variable yield (g extract·g−1 biomass) in the second optimization process, according 
to the ethanol concentration (X1), temperature (X2), and pH (X3) are presented. 

Concerning the UV absorbance per gram of extract (Figure 7), an increase of the values with 
increasing percentages of ethanol was achieved, being the maximum value of aqueous extractions 
38,000 mL·cm−1·g−1 extract, for 25% ethanol (v/v) 40,000 mL·cm−1·g−1 extract and 50% ethanol (v/v) 
80,000 mL·cm−1·g−1 extract. Using the temperature of 25 °C for water-based extractions, the maximum 
was reached regardless of pH. For the highest percentage of ethanol, the maximum values were 
attained with basic pH and lower temperatures. 

 
Figure 7. Contour plots of the modelled function regarding the UV absorbance (per gram of
extract) obtained during the second optimization of Grateloupia turuturu hydroethanolic SLE using a
Box–Behnken design, in the presence of different concentrations of solvent (ethanol). For each plot,
XX axis indicates the pH and YY axis indicates temperature. Color gradients represents the increase
(yellow color) and decrease (blue color) in UV absorbance according to the tested variables. Below,
the equation and goodness-of-fit statistical parameters for the variable UV absorbance (mL·cm−1

·g−1

extract) in the second optimization process, according to the ethanol concentration (X1), temperature
(X2), and pH (X3) are presented.



Appl. Sci. 2020, 10, 5304 10 of 19

Appl. Sci. 2020, 10, x FOR PEER REVIEW 11 of 20 

Figure 7. Contour plots of the modelled function regarding the UV absorbance (per gram of extract) 
obtained during the second optimization of Grateloupia turuturu hydroethanolic SLE using a Box–
Behnken design, in the presence of different concentrations of solvent (ethanol). For each plot, XX axis 
indicates the pH and YY axis indicates temperature. Color gradients represents the increase (yellow 
color) and decrease (blue color) in UV absorbance according to the tested variables. Below, the 
equation and goodness-of-fit statistical parameters for the variable UV absorbance (mL·cm−1·g−1 
extract) in the second optimization process, according to the ethanol concentration (X1), temperature 
(X2), and pH (X3) are presented. 

The total UV absorbance per gram of biomass (Figure 8) also increased with increasing 
percentages of ethanol, reaching the maximum value of 3,000,000 mL·cm−1·g−1 biomass for the 
extractions with 50% ethanol (v/v). The aqueous extractions and the hydroethanolic extractions 
showed a similar profile, reaching the maximum values with acidic pH and lower temperatures. 

 

Figure 8. Contour plots of the modelled function regarding the total UV absorbance (per gram of 
biomass) obtained during the second optimization of Grateloupia turuturu hydroethanolic SLE using 
a Box–Behnken design, in the presence of different concentrations of solvent (ethanol). For each plot, 
XX axis indicates the pH and YY axis indicates temperature. Color gradients represents the increase 
(yellow color) and decrease (blue color) in total UV absorbance according to the tested variables. 
Below, the equation and goodness-of-fit statistical parameters for the variable total UV absorbance 
(mL·cm−1·g−1 biomass) in the second optimization process, according to the ethanol concentration (X1), 
temperature (X2), and pH (X3) are presented. 

Regarding the antioxidant activity per gram of extract (Figure 9), a slight increase of function 
values were found for the extractions, with 50% ethanol (v/v) (maximum of 95 µmol TE·g−1 extract 
and minimum of 60 µmol TE·g−1 extract) when compared with water-based extractions (maximum of 
70 µmol TE·g−1 extract and minimum of 20 µmol TE·g−1 extract). For aqueous extractions, the 
conditions to obtain the maximum values are basic pH and higher temperatures (between 60 °C and 
95°C) and for 50% ethanol (v/v) basic pH and temperatures at either of the extremes. For the 
hydroethanolic extractions with 25% ethanol (v/v), the higher the temperature and the pH, the higher 
antioxidant activity could be recovered. 

Figure 8. Contour plots of the modelled function regarding the total UV absorbance (per gram of
biomass) obtained during the second optimization of Grateloupia turuturu hydroethanolic SLE using a
Box–Behnken design, in the presence of different concentrations of solvent (ethanol). For each plot, XX
axis indicates the pH and YY axis indicates temperature. Color gradients represents the increase (yellow
color) and decrease (blue color) in total UV absorbance according to the tested variables. Below, the
equation and goodness-of-fit statistical parameters for the variable total UV absorbance (mL·cm−1

·g−1

biomass) in the second optimization process, according to the ethanol concentration (X1), temperature
(X2), and pH (X3) are presented.

Appl. Sci. 2020, 10, x FOR PEER REVIEW 12 of 20 

 

Figure 9. Contour plots of the modelled function regarding the ORAC activity (per gram of extract) 
obtained during the second optimization of Grateloupia turuturu hydroethanolic SLE using a Box–
Behnken design, in the presence of different concentrations of solvent (ethanol). For each plot, XX axis 
indicates the pH and YY axis indicates temperature. Color gradients represents the increase (yellow 
color) and decrease (blue color) in ORAC activity according to the tested variables. Below, the 
equation and goodness-of-fit statistical parameters for the variable antioxidant activity by ORAC 
method (µmol TE·g−1 extract) in the second optimization process, according to the ethanol 
concentration (X1), temperature (X2), and pH (X3) are presented. 

The total ORAC activity per gram of biomass (Figure 10) showed to benefit from aqueous 
extractions, reaching the highest values between the tested conditions, using basic pH and high 
temperatures during the extraction procedure. For the hydroethanolic extractions, the highest values 
were obtained with the same conditions as for the aqueous extraction, but a skewed profile developed 
with a second relative maximum with acidic extractions at 25 °C. 

 

Figure 9. Contour plots of the modelled function regarding the ORAC activity (per gram of
extract) obtained during the second optimization of Grateloupia turuturu hydroethanolic SLE using
a Box–Behnken design, in the presence of different concentrations of solvent (ethanol). For each
plot, XX axis indicates the pH and YY axis indicates temperature. Color gradients represents the
increase (yellow color) and decrease (blue color) in ORAC activity according to the tested variables.
Below, the equation and goodness-of-fit statistical parameters for the variable antioxidant activity by
ORAC method (µmol TE·g−1 extract) in the second optimization process, according to the ethanol
concentration (X1), temperature (X2), and pH (X3) are presented.
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The total UV absorbance per gram of biomass (Figure 8) also increased with increasing percentages
of ethanol, reaching the maximum value of 3,000,000 mL·cm−1

·g−1 biomass for the extractions with
50% ethanol (v/v). The aqueous extractions and the hydroethanolic extractions showed a similar profile,
reaching the maximum values with acidic pH and lower temperatures.

Regarding the antioxidant activity per gram of extract (Figure 9), a slight increase of function
values were found for the extractions, with 50% ethanol (v/v) (maximum of 95 µmol TE·g−1 extract
and minimum of 60 µmol TE·g−1 extract) when compared with water-based extractions (maximum
of 70 µmol TE·g−1 extract and minimum of 20 µmol TE·g−1 extract). For aqueous extractions, the
conditions to obtain the maximum values are basic pH and higher temperatures (between 60 ◦C
and 95◦C) and for 50% ethanol (v/v) basic pH and temperatures at either of the extremes. For the
hydroethanolic extractions with 25% ethanol (v/v), the higher the temperature and the pH, the higher
antioxidant activity could be recovered.

The total ORAC activity per gram of biomass (Figure 10) showed to benefit from aqueous
extractions, reaching the highest values between the tested conditions, using basic pH and high
temperatures during the extraction procedure. For the hydroethanolic extractions, the highest values
were obtained with the same conditions as for the aqueous extraction, but a skewed profile developed
with a second relative maximum with acidic extractions at 25 ◦C.

4. Discussion

Global seaweed utilization is growing worldwide in response to the increasing demand for natural
and functional ingredients [19]. Optimizations of seaweed extractions and high-throughput screening
assays may contribute to find alternatives to the chemical industry, facing several challenges and
limitations. In this study, crude extracts from G. turuturu produced by hydroethanolic SLE were
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optimized regarding extraction time, LSR, concentration of ethanol in water, solvent pH, and extraction
temperature, using two RSM analysis with Box–Behnken designs [20].

Regarding the variable temperature, the requirements and cost for energy and equipment are
lower at room temperature when compared with extraction at high temperatures. Working with
neutral or natural solvent pH also excludes the need for additional resources to modify this variable,
or for the maintenance of pH-related equipment deterioration. Likewise, lower LSR and extraction
time are privileged conditions concerning cost effectiveness and environmental impact. Regarding
ethanol percentage, due to the ease to evaporate and reuse it when compared to water, a balance
between the increased cost of the solvent and the decreased cost of operation needs to be addressed.
However, the availability and low toxicity of this solvent makes it readily accepted by the industry.
Ethanol is also suitable for the use in cosmetics; it is sometimes even used as an ingredient. A balance
between yield and specific activity of the extract (activity per mass unit) must be accounted when
optimizing an extraction, since high yields and high specific activity are often inversely related and a
maximum recovery of functional bioactivities can be found at intermediate values. Hence, biological
activities coupled with good yields can supply good amounts of a final product. Nonetheless, lower
yields with much higher activity, despite seemingly detrimental for the reduced quantity of extracts,
may provide mixtures of compounds with less chemical complexity, turning the purification processes
used for fine chemistry industries (such as cosmeceutical and pharmaceutical) cheaper or allow their
incorporation in formulas at low rates, achieving the intended activity without compromising product
safety. For these reasons, a comprehensive modelling of both yield and activities with extraction
parameters is a dataset of paramount importance for the technology transfer of bioactive extracts from
academy to industry.

The obtained extracts were used to evaluate antioxidant and UV-absorbing capacities, which are
important features in the cosmeceutical industry. Grateloupia-specific SLE assumptions were made based
on the literature: (1) dry biomass is mostly composed, in terms of massic contribution, of polysaccharides
and proteins, which are almost exclusively soluble in water [21–24]; (2) polysaccharides are
mostly agaran-carragenan hybrids (sulphated galactans) and thus have solubility/extractability
highly conditioned by extraction variables such as time, LSR, temperature, and pH [22,23,25–30];
(3) mycosporine-like amino acids can be extracted with all the solvents used (water, ethanol 25%, and
50% (v/v)), possibly varying the relative content in each MAA with the solvent [27,31,32]; (4) proteins and
MAAs are the main compounds responsible for UV-absorbance [4,27]; (5) ethanol inclusion in the solvent
allows the recovery of compounds from highly polar (e.g., phenolic compounds) to medium polarity
(carotenoids, sterols, fatty alcohols, etc.), all of which might contribute to antioxidant activity [33,34];
and (6) polysaccharides exhibit antioxidant activity, despite being below ethanol-extracted polar
metabolites [22,35].

Three “slices” of cubic data at ethanol percentages 0, 25, and 50 were chosen to be represented as
2D contour plots (Figures 1–10). Ethanol was chosen to be the variable seen in slices because the effects
found were not expected to lead to smooth, gradual changes in the parameters, as ethanol inclusion in
the solvent leads to compositional changes that are more drastic than the variation of physicochemical
parameters. Thus, despite being successfully modelled, ethanol effect will be discussed mostly as the
difference between 0, 25, and 50% (v/v), discretely.

The first optimization addressed the effect of LSR, time, and ethanol percentage on the extraction of
antioxidant and UV-absorbing molecules (Figures 1–5). Typically, LSR affects an extraction quadratically,
having an optimal value, which decreases bilaterally [8,36]. Concerning time, it is usual to observe a
steep increase in yield and other parameters of the extraction initially, approaching a plateau as time
increases further, or a peak followed by decrease, in the case of sensitive bioactivities or low-solubility
compounds abundance [36]. Ethanol inclusion, in the case of seaweeds, in which biomass extractives
are mostly composed of polysaccharides and proteins, is expected to decrease yield and impact
bioactivities differentially. In the case of G. turuturu, in this work, most of these trends were confirmed,
with some exceptions.
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Yield of G. turuturu hydroethanolic extractions (Figure 1) reached its maximum at 0% ethanol
(water extraction), which was expected since water is capable of extracting the sulphated galactans of
G. turuturu, and ethanol decreases solubility [25,26]. Moreover, water extracted the protein fraction from
the biomass, which also had a significant massic contribution in its composition, where compounds
(i.e., phycoerythrin) were present [4]. The effect pattern for LSR and time was maintained through
different ethanol values; for the most part (the central range of values of time and LSR), yield increased
linearly with LSR and time had almost no effect on extraction. Naturally, higher LSRs tended to
favor the extraction of soluble compounds due to increased solvent availability. However, there were
different LSR effects and time outside the mid-ranges. In extreme LSRs, time had a quadratic effect on
extraction, with inverse trends depending on LSR. In low-range LSR (“shortage” of solvent), yield of
short extraction times tended to decrease with an increase in time up to the 60 min of extraction and
then increased again. It seems to be a counterintuitive phenomena, but it was repeatedly observed
in previous works [37–39]. It may be that the initial contact of solvent with biomass promotd a
rapid solubilization of certain extracellular biomass compounds and that the gradual extraction of
intracellular compounds with time somehow promoted the precipitation of the formerly soluble, initally
extracted ones. Then, with even greater extraction times, either by the continuation of intracellular
compound extraction, or by the re-solubilization of the precipitates, yield increased again. In high-range
LSR (“abundance” of solvent), the phenomenon inverted the monotony, maintaining the quadratic
shape. Interestingly, for G. turuturu, this phenomena was of such proeminence that for 50% ethanol
extractions, for extreme times of extraction, the trend of linear increase of yield with LSR inverts,
and lower solvent volumes become more efficient.

The effect of LSR and time on UV absorbance of hydroethanolic extracts of G. turuturu is plotted in
Figure 2. UV-absorbing compounds in this macroalgae species likely range from hydrophilic proteins
and mycosporine-like aminoacids to polar organic compounds of phenolic or lipidic nature [34,35].
Concerning ethanol content in the solvent, the highest concentration (50% v/v) resulted in the most
absorbing extracts, likely because this solvent composition can retrieve both types of highly-absorbing
compounds (the polyphenols and the MAAs) with almost no extraction of carbohydrates (non-active,
“activity-diluting” extractives). By reducing the amount of ethanol, UV absorbance decreased to less
than half the massic extinction coefficient at 25% (v/v) ethanol compared to 50% (v/v) ethanol, at optimal
times and LSR conditions. It might be because, at this value of ethanol, solubility of polyphenols
and/or of specific MAAs decreased, and/or carbohydrate solubility increased. When approaching
0% (v/v) ethanol, an increase of UV absorbance was again observed, possibly because of increased
protein content in the extracts. At a given ethanol percentage, LSR and time impacted the extraction
of UV absorbing compounds differently. For instance, in water extracts, UV absorbance decreased
with higher LSRs almost linearly, regardless of extraction time, and followed a quatradic curve (with a
peak at intermediate extraction time) regardless of LSR. The decrease of activity with LSR might be
correlated with the increase in yield; the extraction of more compounds in the yield increment cold be
responsible for “diluting” the UV absorbing compounds with non-absorbing ones (likely carbohydrates).
This suggests that the compounds responsible for UV absorption in the water extract are actually
readily and highly water soluble, more than their co-extractives, which adds to the possibility of
being proteins and/or MAAs. The occurrence of an optimal time of extraction, followed by a decrease
of absorbance, suggests the degradation of these compounds with prolonged extractions. With the
addition of ethanol, some skewing of the contours occurs at 25% (v/v) ethanol, where MAAs were
likely the only absorbing compounds quantitatively extracted. Lower solvent volumes and higher
extraction times led to minimum recovery, while higher solvent volumes with short extraction times
maximized it. At 50% ehtanol extraction, more than 40 mL·g−1 of solvent and/or more than 100 min of
extraction were required to achieve optimal recovery of UV absorbing compounds from G. turuturu
biomass. By multiplying the specific UV absorbance of the extracts by their yield, one can further
characterize the extraction in terms of total UV-absorbing capacity (Figure 3), and therefore final
profitability should perform compound purification, as well high rates of inclusion of crude extracts.
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In the case of hydroethanolic extraction, the total UV-absorbing capacity recovered became almost
unimpacted by the ethanol percentage and the pattern of LSR effects and time became similar for
different ethanol percentages. Nonetheless, either 0 or 50% (v/v) ethanol percentages were shown to
best extrat solvents. Maximum recovery in thoses cases was attained using either low solvent volume
for a long amount of time or high solvent volume for a mid-to-low amount of time. The similar patterns
of the contour plots reinforced the idea that observations on the specific activity plots (Figure 7) were
caused indirectly, in which the activity was “diluted” by non-active co-extractives, rather than directly,
through differences in the amount of extracted UV-absorbing molecules. Thus, ethanol, LSR, and time
might be good parameters to adjust in order to target higher-purity/potency extractions, especially for
applications where purification is not meant to be performed.

The specific ORAC extract activity (Figure 4) was significantly impacted by all three variables
under study. As expected, the more ethanol in the solvent, the higher the antioxidant activity.
Alcohols were the preferred solvent for recovering antioxidant activity, as polar metabolites soluble in
alcohols are often responsible for crude extract antioxidant activity [40]. In G. turuturu, antioxidant
polyphenols, chlorophylls, and other hydroxyl-containing molecules occurred, such as polar carotenoids
and tocopherols, all of which became more readily solubilized by the presence of ethanol in the
solvent [19,33,41]. However, ORAC activity in water extracts from G. turuturu is worth studying,
as sulphated carrageenans can present this activity [22,23] and their presence in a higher quantity
might result in worthy application studies of these molecules. In the case of water extracts, both
high volumes of solvent and long extraction times benefitted antioxidant recovery from G. turuturu.
Actually, the 40 mL·g−1 and 100 min used in this study as upper limits of these variables did not
decrease and rather increased. However, 10 mL·g−1 of solvent extracted for 100 min led to maximum
ORAC activity, even higher than using 40 mL·g−1 for 100 min. If enough extraction time was employed,
then increasing volume worsened the extract’s specific antioxidant activity, likely because it allowed
the extraction of non-active components that “diluted” the active ones. For 50% (v/v) ethanol, the same
conditions (low volume and high time) resulted in maximum ORAC activity as well. However, for this
solvent, higher volumes invariably resulted in same-or-poorer results, even at low times of extraction,
which indicates that the recovery of the ethanol-soluble antioxidants was limited by the rate of mass
transfer, and not by solubility.

Total ORAC activity (Figure 5) recovered per gram of biomass followed similar trends, in the case
of 25% and 50% (v/v) ethanol. For water extracts, however, extraction under sub-optimal conditions
regarding specific-activity, namely higher solvent volumes, regardless of time, because of an increase
in yield, maximized antioxidant recovery to the point of obtaining maximum ORAC activity using
40 mL·g−1 for 20 min. If the extraction was made under optimal specific-ORAC activity, i.e., 10 mL·g−1

for 100 min, only 66% of total capacity available was recovered, despite being purer (higher per gram
of extract). In any case, specific- and total-ORAC activities of G. turuturu hydroethanolic extracts
had maximums in the limits of time and LSR tested, meaning that higher values of ORAC might be
available in G. turuturu biomass if further optimization of these variables is performed.

The overall analysis of LSR, time, and ethanol percentage effects on the three parameters (yield,
ORAC, and UV-absorption) of G. turuturu extracts suggested that ethanol percentage resulted in
extracts fundamentally different at the chemical composition level, to a point where it should still be
a variable under optimization in the study of temperature and pH effects. Thus, this variable was
maintained in the second Box–Behnken design. For this second set of extractions, a LSR and time
value was chosen by considering the overall effects observed in the first Box–Behnken, attempting
to maximize yield, ORAC, and UV-absorption: 60 min of extraction and 40 mL·g−1. Under these
conditions, temperature and pH effects on different hydroethanolic extractions were characterized
(Figures 6–10). Typically, for SLEs, temperature increases were expected to result when yield increased
and more so when using water as a solvent. Solubility of organic substances tends to increase with
temperature, and mass transfer phenomena become facilitated by kinetic energy possessed at higher
temperatures [42,43]. The adjustment of pH is not something for which a trend is typically assigned,
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as it highly depends on the solvent and matrix being extracted; if pH changes results in higher or lower
solubilities depends entirely on each molecule’s characteristics [7]. For seaweed, however, because
the matrix has a high content of polysaccharides and proteins, both macromolecules for which pH
drastically alters their solubilities, pH adjustment is expected to result in very different extracts.

The yield of the extracts produced for the second optimization (Figure 6) revealed some unexpected
effects. In the water extract, heating led to a decrease in yield that only reverted to an increase in the
middle of the range (approximatley 60 ◦C), reaching a maximum yield at 95 ◦C, but had comparable
values at room temperature. In the 25% (v/v) ethanol, the yield was not affected by temperature at a
neutral pH. In the 50% (v/v) ethanol, the yield did increase with temperature, but in the middle of the
range, it decreased to values comparable to room temperature. None of these three phenomena are in
accordance with the SLE theory, but have been observed for seaweed extracts before; conditions of
higher solvent availability/solubility sometimes result in lower yields [7]. In this case, it might be that,
for water extracts, the compounds extracted at room temperature, plus the extra compounds extracted
at 60 ◦C, end up interacting (for example, protein-polysaccharides adsorption), precipitating, and being
removed along with the extracted biomass particles. The same phenomena might occur in the 50% (v/v)
ethanol for the high-end temperatures tested. By modifying the pH, it is less odd that events like these
occur or cease to occur. Side chains of proteins and polysaccharides become either totally protonated
(in acid pH) or totally deprotonated (in alkaline pH) to a point where adsorption phenomena and
solvation phenomena change significantly [42,43]. In G. turuturu, pH adjustment did not significantly
impact the water-based extraction at room temperature, because whatever was being extracted had
low molecular weight carbohydrates for which protonation was less relevant in terms of solubility than
higher-molecular weight ones. At a near-boiling temperature, however, a linear increase of yield with
pH suggested that alkalinity promoted extraction, which was expected since alkaline hydrolysis was
one of the methods to dissolve cellulosic biomass and solvate their carbohydrates [44]. With ethanol in
the solvent, this trend was reversed and we observed an almost-linear increase of yield and decreased
pH. These events may be related to an increased ease of mass transfer due to a certain degree of acid
and alkaline-hydrolysis of the cellulose cell walls. If that is the case, then in ethanol-containing solvents
it has been demonstrated that acidic pH increased the solubility of G. turuturu metabolites, perhaps by
disrupting the hydrogen bonds between proteins and such other solubles.

UV-absorbance of the extracts in the second Box–Behnken (Figure 7) followed a similar trend
across the different ethanol percentages, which makes sense considering that in the initial optimization
it was in the vicinity of 40 mg·mL−1 with 60 min of extraction, and the ethanol percentage had a
low effect (pattern was similar). This reinforced that ethanol percentage, using this LSR and time,
did not change extract composition in terms of UV-absorbing molecules (the proteins, the MAAs,
and some polyphenols). However, like the first RSM, higher ethanol did promote higher absolute
UV-absorbance values, possibly by decreasing the co-extraction of non-absorbing molecules. Both
temperature and pH had significant effects on UV absorbance. Temperature followed a quadratic
curve with a minimum absorbance at the middle of the range and, at the end, experience maximum
near-RT and near-boiling. The compounds that were hypothesized to precipitate with the increased
extraction of other molecules (observed in the yield) are possibly responsible for the UV absorbance
(likely, the proteins). In the 50% (v/v) ethanol, even though the yield increased at mid temperature
and decreased at higher ones, UV-absorbance was minimal at mid temperature increased with higher
temperature. Chemical characterization of the extracts using chromatographic and spectroscopic
techniques could assist in describing these mass tranfer nuances. The effect of pH was seemingly
impacted by temperature, with neutral pH being better for UV absorbance recovery with hot extraction,
following a quadratic curve, while room temperature extracts had no- to linear-effect with increased
ethanol. The solubility of UV-absorbing proteins and MAAs might be impacted by pH since these
molecules contain a certain balance of carboxylic and amine groups, which varies their state of
protonation with pH [45]. Considering that yield is lower under alkaline conditions, it is likely
that an increase in UV-absorbance of alkaline extracts at room temperature is, however, caused by
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a lower co-extraction of non-absorbing molecules, rather than a direct effect on the extraction of
UV-absorving molecules.

Considering extraction yield and UV-absorbance together (total UV-absorbance, see Figure 8),
it is clear that room temperature and acidic solvents, especially those containing ethanol, are the
best extraction method (concerning pH and temperature) for UV-absorbing molecules recovery from
G. turuturu. It is important to observe how significant the impact of pH adjustment is. In this
study, when working at room temperature, the addition of HCl to the solvent allowed increments
in UV-absorbing molecules a total recovery of 33% to 62% for 50% ethanol and 0% (v/v) ethanol,
respectively. This represents a significant increase in profitability and therefore in the sustainability of
industrially exploring this species of seaweed with a simple modification of the extraction protocol.

Finally, the antioxidant activity of the second Box–Behnken was addressed (Figure 9).
Ethanol inclusion in the solvent of extraction, as expected, let to an increase in ORAC at room
temperature. However, upon manipulation of temperature, pH, or both, ethanol led to a decrease in
ORAC at low inclusion levels that only resumed the increasing trend with inclusions near 50% (v/v).
It might be that pH and temperature manipulation leads to higher recovery of polysaccharides of
different chemical natures, and that this recovery is different with high-, low-, and absent-ethanol.
Regardless, at any given ethanol inclusion level, the effects of temperature and pH followed similar
trends: an increase in pH led to a linear increase of ORAC; temperature, yield, and UV-absorbance
had a minimum at the middle of the range, meaning either cold or hot extractions were privileged to
medium-heat ones, possibly due to the phenomena of precipitation. The total ORAC analysis (Figure 10)
revealed skewed patterns of effects and interactions between temperature and pH. However, for all
ethanol percentages, ORAC-reactive antioxidants were extracted most at near-boiling temperatures,
with little to no effect of pH, suggesting that higher temperature (under pressure) hydroethanolic
extraction of G. turuturu may lead to even higher recoveries than those obtained in this study.
Probably of a different chemical nature, with 50% (v/v) ethanol, cooler acidic extractions also resulted
in the accumulation of substantial amounts of ORAC-active compounds. If these extracts are
intended to be subjected to purification, despite the relatively low specific ORAC values at these
conditions (pH between 4 and 7, temperature between 25 and 60 ◦C), then this less-energy consuming
extraction mode might be of interest. On the other hand, for purification purposes, the highly active
extracts of alkaline ethanol 50% (v/v) at room temperature fall short of high quantitative recovery.
These extracts may be more suitable for direct applications of the crude extract given their inherent
higher potency/concentration of active components.

5. Conclusions

The hydroethanolic extraction of Grateloupia turuturu, an invasive red macroalgae in the Iberian
Peninsula, recognized for its potential for the cosmeceutical industry, has been thoroughly characterized
regarding the effects of ethanol percentage, liquid-solid-ratio, time of extraction, temperature, and pH
of the solvent in the yield of extract, UV-shielding potential, and antioxidant activity. Several critical
observations regarding the equilibrium between high-value extracts and costs of operation were
possible to perform. For instance, it was possible to demonstrate that for certain conditions, shorter
extraction times, the extraction at room temperature, and the use of lower volumes of solvent are likely
to be industrially more profitable than their counterparts, despite being a priori considered conditions
of lower recovery of compounds to the extracts. More importantly, the data relating these five variables
to these three effects is now available to the scientific community, which allows for further academic-
and industry-oriented studies concerning biomass valorization.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3417/10/15/5304/s1,
Figure S1: Fit-real plots for the 10 models of response surface associated to the hydroethanolic SLE of G. turuturu,
Figure S2: Statistical parameters associated to each factor/coefficient in the 10 models of response surface
associated to the hydroethanolic SLE of G. turuturu, Table S1: Raw experimental data on yield, antioxidant activity
and UV-shielding activity of the extracts produced in the two Box–Behnken designs performed of G. turuturu
hydroethanolic SLE.
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