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Abstract

The effect of homogenization, ultrasound and microwave extraction methods and conditions on fucoxanthin content,
total phenolic content and antioxidant activity of extracts obtained from Phaeodactylum tricornutum were investigated
in this study. The solvent/biomass ratio was the most effective parameter on fucoxanthin content, total phenolic content
and antioxidant activity. The maximum fucoxanthin content (5.60 + 0.06 mg/g) and antioxidant activity (763.00 + 15.88
ECs, pg/mL extract) were obtained with the homogenization extraction method whose optimum conditions were 1.93%
biomass/solvent ratio, ~5200 rpm homogenization rate and 14.2 min extraction time. Although the ultrasonic extraction
method has reached the approximately same level of fucoxanthin content (5.24 + 0.07 mg/g)), TPC (67.68 + 1.58 mg
gallic acid/L) and antioxidant activity (619.90 £ 17.16 ECs, pg/mL extract) at an amplitude of 55.72%, a higher biomass/
solvent ratio (2.72%) and a longer extraction time (17.37 min) have been required. The lowest fucoxanthin content, total
phenolic content and antioxidant activity were determined for the microwave extraction method.

Keywords: Fucoxanthin; microwave extraction; optimization; Phaeodactylum tricornutums; total phenolic compounds;

ultrasonic extraction

1. Introduction

Fucoxanthin (orange-yellow pigment), a major ma-
rine xanthophyll present in the chloroplasts of micro and
macroalgae, contains more than 10% of approximate sum
of carotenoid production in fresh and marine water.? Fu-
coxanthin has uncommonly structure with an allenic
bond, epoxy, hydroxyl, carbonyl and carboxyl parts and is
metabolized into fucoxanthinol, amarouciaxanthin A, and
halocynthiaxanthin after absorption detected in rats and
mice plasma and the liver.>* Recently, several studies were
indicated that fucoxanthin and its bioactive compounds
have useful pharmaceutical properties including antican-
cer, antihypertensive, anti-inflammatory, antidiabetic and
anti-obesity activities.>~” Additively, it has indicated that

the protective properties on liver, blood vessels of the
brain, bones, skin, and eyes.®

Extraction of fucoxanthin is mostly obtained from
the waste of brown seaweeds, abundantly harvested in
Asia. 1% However, microalgae are also considered as po-
tential source of fucoxanthin for industrial production.
The concentration of fucoxanthin in diatom contains of
2.24-18.23 mg/g dry weight while in macroalgae includes
about 0.1-1 mg/g amount of dry cell weight.!'"13 For this
reason, large scale production from a diatom that produc-
es fucoxanthin in high amounts has attracted more atten-
tion nowadays.

Phaeodactylum tricornutum, a single-cell microalgae
belonging to the Bacillariophyta, is a diatom species living
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in the marine environment.! It biosynthesizes proteins,
fats, carbohydrates, minerals, pigments, hydrocarbons,
polysaccharides, phenolic compounds, antibiotics and
many other metabolites that is commonly utilized in feed
source in aquaculture. It can be used as a source of. P. tricor-
nutum is typically rich in eicosapentaenoic acid (EPA),
long chain unsaturated fatty acids (PUFAs) and has a high
content of the carotenoid fucoxanthin.!>!¢ Fucoxanthin,
antioxidant compounds, which is part of the photosynthet-
ic apparatus of microalgae for participates in photo protec-
tion from excess light.!” Moreover, McClure et al.'® ex-
plained that the productivity of fucoxanthin from P
tricornutum determines enhancing using various culture
conditions such as the light intensity, medium composition
and CO, addition on production. The difficulty and low ef-
ficiency in chemical synthesis limits the industrial produc-
tion of fucoxanthin. The diatoms have not only xanthophyll
but also phenolic compounds and both of them are empha-
sized strongly possessing antioxidant activity.!

In general, various extraction methods of bioactive
compounds has its own advantages and disadvantages
therefore it is necessary to determine the most appropriate
extraction method of the biomass being studied by consid-
ering factors such as the extraction time, cost, yield and
purity. Many of the studies focused on extraction of fucox-
anthin from P. tricornutum, little attention has been paid
for its efficient extraction by altering some variables sys-
tematically using response surface methodology.

In this study, it was used to optimize following Cen-
tral Composite Rotatable Design (CCRD) the extraction
conditions of fucoxanthin and phenolic compounds from
P, tricornutum. The aim of this study was to compare dif-
ferent extraction methods (homogenization solvent, ultra-
sound and microwave assisted extraction methods) for the
recovery of fucoxanthin from frozen biomass of P. tricor-
nutum and their conditions targeting maximum fucoxan-
thin content, acceptable amount of total phenolic com-
pounds with antioxidant activity using response surface
methodology.

2. Experimental

2. 1. Microorganism

Phaeodactylum tricornutum Bohlin EGEMACC 71
was supplied from the Ege University Microalgae Culture
Collection (http://www.egemacc.com/) in Izmir, Turkey.
In the microalgal biotechnology laboratory of Ege Uni-
versity, P. tricornutum was cultured using F/2 medium,*
in laboratory photobioreactors at 55 pmol photons/m?s
light intensity, aerated with air bubbles at 2 L/min and
incubated at 20 + 2 °C. After exponential phase, P. tricor-
nutum cells were harvested by centrifuge (PrO-Research,
Centrium Scientific Limited, UK) on the fourteenth day
and the biomass stored at -20°C under dark conditions
for using.?!

2. 2. Chemicals

Folin-Ciocalteu reagent (Merck, Darmstadt, Germa-
ny), sodium carbonate (Fisher Science, UK) and gallic acid
(Merck, Darmstadt, Germany) were measured by total phe-
nolic content. Trolox (Hoffman-La Roche) (6-hy-
droxy-2,5,7,8-tetramethychroman-2-carboxylic acid; Al-
drich Chemical Co., Gillingham, Dorset, UK) was as
applied as a standard antioxidant. Ethanol (Merck, Darm-
stadt, Germany), Ethanol (32205-2.5 L) was supplied from
Sigma-Aldrich Chemical Co. (Steinheim, Germany) and
used in the extraction protocol. HPLC-DAD standards, all-
trans fucoxanthin (16337-1 mg) and all-trans-neoxanthin
(54764-1 mg) were purchased from also Sigma-Aldrich
Chemical Co. (Steinheim, Germany). Methanol and aceto-
nitrile (LC-grade) were purchased from Merck (Darmstadt,
Germany) for the HPLC-DAD analysis of extracts.

2. 3. Extraction Methods of P. tricornutum

Fucoxanthin and total phenolics were extracted from
P, tricornutum frozen biomass in 80% ethanol/water (v/v).
The freezing of biomass was collected in a freezer (Arcelik,
Model 5223, Turkey) at 20 + 2 °C for using when the dry-
ing process was performed in a drying oven (Vacucell 22,
USA) at 50 + 2 °C until it reached to approximately 6%
moisture content. To detect the effect of freezing biomass
form on fucoxanthin concentration the amount of dry
matter content of the biomass in the extraction medium
was kept constant.

Homogenization extraction (CE), Microwave ex-
traction (ME) and Ultrasound extraction (UE) techniques
were applied to use a mechanical homogenizer, a micro-
wave extraction device (Milestone, Start E, Italy), and an
ultrasound bath (Daihan Wisd WUC-D06H, Korea) re-
spectively.2? In CE and UE process, the temperature of the
extraction medium was kept constant at 25 + 2 °C with the
circulator water bath whereas in the ME process, the tem-
perature in the extraction chamber didn’t exceed 40 + 2 °C.

2. 4. Optimization of the Extraction Protocol

The effect of extraction process variables (time, bio-
mass/solvent ratio, homogenization rate, amplitude, mi-
crowave power) on fucoxanthin content, total phenolic
content and DPPH antioxidant activity of extracts was in-
vestigated following Central Composite Rotatable Design
(CCRD) as given in Table 1

The optimum homogenization rate (rpm) for CE,
amplitude for UE, microwave power for ME, time (min)
and biomass/solvent ratio (%) was determined targeting
the maximum concentration of fucoxanthin and accept-
able amount of total phenolic content (TPC) and DPPH
antioxidant activity considering desirability function ap-
proach. 80% ethanol (v/v) was used as an extraction medi-
um for all the extraction methods.
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Table 1. Extraction process variables and levels for the specific CCRD experimental design

Extraction Method Independent Variables Coded Values
-1.682 -1 0 1 1.682

Homogenization

Extraction (CE) Biomass/Solvent Ratio (%) (A) 0.32 1 2 3 3.68
Hom. Rate (rpm) (B) 3636 5000 7000 9000 10363
Time (min) Q) 1.59 5 10 15 18.41

Ultrasonic

Extraction (UE) Biomass/Solvent Ratio (%) (A) 0.32 1 2 3 3.68
Amplitude (%) (D) 19.77 30 45 60 70.23
Time (min) Q) 4.89 10 17.5 25 30.11

Microwave

Extraction (ME) Biomass/Solvent Ratio (%) (A) 0.32 1 2 3 3.68
Power (W) (E) 65.91 100 150 200 234.09
Time (s) Q) 19.09 60 120 180 220.91

The process parameters specific to each extraction
method, biomass/solvent ratio (%) and extraction time
were optimized to provide Multiple regression analysis
was carried out for fitting the Eq. (1, 2, and 3) to the exper-
imental data and significant terms of the model were mea-
sured by ANOVA. The CCRD and the corresponding data
analysis were implemented by using the Design-Expert
7.0.0 (Stat-Ease Inc., MN, USA).

anthin (0.5-5 mg/L) using internal standard as neoxanthin
according to the procedure applied in previous studies.??

2.5.2. DPPH Antioxidant Activity

The antioxidant activity of the extracted samples was
investigated by the DPPH (2,2-diphenyl-1-picrylhydrazyl
radical scavenging capacity) method. The DPPH solution

FX = B, +Zﬁlxl +ZB”x +Z Z By (k =1,2,3) 1)

i=1 j=i+1

TPC = B, + Zﬁlxl + Z Bux? + Z Z Biyxji (k=1,2,3) )

i=1 j=i+1

DPPH = B, + ZﬂLxL + Zﬂuxl + Z Z Byxji (k=1,2,3) 3)

i=1 j=i+1

2. 5. Analysis
2. 5. 1 Fucoxanthin Analysis

The extracts were centrifuged using a refrigerated
centrifuge (Nuve NF400, Turkey) at 4000 rpm, 10 minutes
at 20 °C and supernatant was passed through a filtration
apparatus (PTFE filter with a diameter of 0.20 um) to re-
move the cell residue. The amount of fucoxanthin in the
extracts was determined by HPLC-DAD (Agilent 1260,
USA) using YMC carotenoid Csy column (25 cm, 4.6 ID, 5
pm). For the separation of fucoxanthin, 70:30 methanol:
acetonitrile (v/v) was used as the mobile phase at a flow rate
of 1 mL/min. Under these conditions, standards fucoxan-
thin and neoxanthin gave an absorbance at 450 nm and 442
nm, respectively. Therefore, peak areas are considered at
these wavelengths.

Retention times for fucoxanthin (FX) and neoxanthin
(NX) were 7 and 9 minutes, respectively, as determined by
HPLC-DAD. Calibration curve was constructed for fucox-

of measuring the ability to inhibit free radicals was used
and the reaction time in methanol was determined accord-
ing to the results measured at 515 nm by spectrophotome-
ter (Varian Cary 50 Bio, UV / VIS Spectrophotometer).
This method is based on the scavenging of DPPH radicals
by antioxidants due to a redox reaction.!

2. 5. 3. Determination of Total Phenolic Content
(TPC)

The total phenolic content of the fucoxanthin ex-
tracts was defined spectrophotometrically using the Fo-
lin-Ciocalteu method according to.??

3. Results and Discussion

In this study, three different extraction methods,
namely ultrasound (UE) and microwave (ME) and ho-
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mogenization extraction (CE) were used to determine the
effect of process conditions on fucoxanthin content (FX),
total phenolic content (TPC) and DPPH antioxidant activ-
ity. The extraction process conditions arranged to CCRD
(Table 2) were evaluated for responses; FX, TPC and
DPPH antioxidant activity of the extracts. The experimen-
tal data are described to be compatible with the quadratic
models (Egs. 1,2 and 3) (p < 0.05). The significance level of
the effect of model terms on the responses and the suitabil-
ity of the obtained models are given in Table 3. In addition,
the effects of the three extraction methods process condi-
tions on the responses were explained in detail.

3. 1. Fucoxanthin Content (FX)

The extraction method and conditions were found to
be significant for the effective extraction of fucoxanthin. As
given in Table 3, the extraction process conditions were the
important factors for the extraction of fucoxanthin. In-
creasing the ratio of biomass/solvent increases dissolution
of the solvent into cells and provides more extracts. Xu et
al.?® explained that the excess solvent absorbed the cavita-
tion energy in the extraction system and resulted in a lower
extraction efficiency. The amount of fucoxanthin increased
with increasing amount of biomass in all extraction meth-
ods (Fig. 1-3). Although the amount of fucoxanthin in-
creased with the increase of biomass/solvent ratio in the
homogenization extraction method (Fig. 1), the homogeni-
zation rate did not significantly affect the amount of fucox-
anthin (Table 3). However, when the biomass/solvent ratio
was maximum, the amount of fucoxanthin increased with
the increase in the rate of homogenization in the short ex-
traction process times. P. tricornutum, which has a silica
structure needs to mechanical spalling. During CE period,
this process breaks the outer silicon wall and accelerates the
solvent uptake. That's why, the higher solvent uptake
brought about the higher diffusivity through the cell walls.
The high extraction efficiencies obtained by the CE method
can be attributed to the fact that by breaking down the cell
walls as a result of mechanical destroying, it can facilitate
the washing of the cell contents.? In the case of prolonga-
tion of the extraction time, the increase in homogenization
rate showed a negative effect on the amount of fucoxanthin.
The fucoxanthin appeared to degrade gradually during the
long extraction period.!! This circumstance was also ap-
proved by the ANOVA results (Table 3). While the effect of
homogenization rate on linear dimension was insignificant,
the effect of homogenization rate and time interaction on
fucoxanthin amount was statistically significant.

In the ultrasonic assisted extraction (UE) process,
the amount of fucoxanthin increased with the increase of
the biomass solvent ratio. Although the effect of the ho-
mogenization rate on the amount of fucoxanthin in the
homogenization extraction process remained limited, the
increase in the amplitude clearly resulted in an increase in
the amount of fucoxanthin as seen in Fig. 2. The increase

of amplitude increased the amount of fucoxanthin because
the biomass and the solvent had a larger surface area in the
UE due to effective cavitation and/or solvent penetration
into the cell. The higher contact surface area between the
solvent and the biomass also favored the extraction of phy-
cocyanin.?* The effect of extraction time in ultrasonic as-
sisted extraction was not statistically found significant on
fucoxanthin amount (p > 0.05) (Table 3). However, Fig. 2
showed that short and long ultrasound application de-
creased the amount of fucoxanthin. Kim et al.!! reported
that ethanol allowed to extract the highest fucoxanthin in
the ultrasonic extraction process.

As in the other two extraction methods, the most ef-
fective independent variable on the amount of fucoxan-
thin in the microwave extraction method was the biomass
solvent ratio. With the increase in the biomass solvent ra-
tio, the amount of fucoxanthin obtained from P. tricornu-
tum was increased by microwave extraction method. The
effect of the extraction time and the microwave power on
fucoxanthin extraction remained very limited in addition
to the biomass/ solvent ratio. This was also confirmed by
the change of fucoxanthin in Fig. 3 with respect to inde-
pendent variables. However, the effect of the extraction
time and microwave power on fucoxanthin should not be
completely ignored. The shortening of the extraction time
and the increase of microwave power resulted in an in-
crease in the amount of fucoxanthin. Zhang et al.! report-
ed that the longer extraction time in microwave extraction
method resulted in the lower yield of fucoxanthin. They
explained this reduction as follows; the constant high tem-
perature caused fucoxanthin deterioration.

The maximum fucoxanthin (5.99 + 2.79 mg/g) was
extracted with UE method at 45% of amplitude for 17.5
min extraction time when the biomass/solvent ratio was
2%. However, the maximum fucoxanthin (4.55 + 0.31
mg/g) was obtained when 3% biomass/solvent ratio, 100
W microwave power and 180 s of extraction time condi-
tions were used in ME method (Table 2). Gilbert-Lopez
et al.'” carried out fucoxanthin extraction (4.59 mg/g)
from P. tricornutum by microwave assisted extraction in
ethanol at 30 °C for 2 min. The CE method was more suit-
able for the extraction of fucoxanthin at maximum con-
centration (6.78 + 0.25 mg/g) (Exp. No: 11) for the bio-
mass/solvent ratio of 2%, homogenization rate of 3636
rpm and extraction time of 17.5 min as compared to the
other methods. Although UE and ME increased ex-
traction yields in many marine materials, the maximum
fucoxanthin extraction was achieved in CE method.
Kawee et al.?’ explained the lower yield of fucoxanthin
extraction by ultrasonic extraction by the rigid cell wall
of P. tricornutum. Besides, Kim et al.!! also reported that
ultrasonic assisted extraction method does not change
the fucoxantin yield when compared with other ex-
traction methods. Compared to the other two extraction
methods, the lower amount of fucoxanthin was reached
in the microwave extraction. However, the microwave ex-
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traction was superior to the other two methods in terms
of extraction times. Pasquet et al.2% tried to extract fucox-
anthin from Cylindrotheca closterium compared different
extraction methods. Microwave extraction of C. closteri-
um allowed total extraction of fucoxanthin in 3-5 min
that equivalent to the yield obtained after 60 min soaking
at 20 °C or 56 °C.

3. 2. Total Phenolic Content (TPC)

Phenolic compounds act as important antioxidants
due to their skill to give a hydrogen atom or an electron to
form stable radical intermediates. Extraction of P, tricor-
nutum has significant pharmaceutical activities. Moreover,
it uses as a safe food and sustainable feed source used in
aquaculture.?® The total phenolic contents of extracts ob-
tained with different extraction methods and conditions
were determined and stated as gallic acid equivalent. The
3-D response surface graphs for TPC are shown in Fig.
1-3. TPC was considerably affected from the biomass/sol-
vent ratio for all extraction methods. For each extraction
procedure, TPC content increased as the biomass/solvent
ratio increased.

As expected, the excessive amount of biomass result-
ed in higher TPC content in the extraction medium due to
diffusion of phenolic compounds through the extraction
medium. The results showed that the biomass/solvent ra-
tio caused significant differences in TPC in all extraction
methods. (Table 3). Furthermore, UE method provided
higher TPC content (76.87 + 4.82 mg gallic acid /L) (Table
2), due to tissue destruction as a function of time and in-
tensity of ultrasound waves. Both et al.?® and Deng et al.*
explained the higher phenolic compounds releasing to ex-
traction medium with the working principals of ultra-
sound extraction which caused acoustic cavitation, in-
creasing temperature of extraction medium, lowering the
particle size of biomass, cell wall fragmentation, rising the
degree of solvent penetration into the cells. Several studies
have reported that the TPC increased quickly with the in-
crease of biomass ratio at room temperature, as well as by
use of high temperature or in the existence of ultrasound.?*
According to Pearson correlation test, fucoxanthin content
was highly correlated with TPC and correlation coeffi-
cients (r) were 0.645, 0.707 and 0.733 for CE, UE and ME,
respectively. Foo et al.’! also observed a stronger correla-
tion between major component of carotenoid (fucoxan-
thin) and phenolics (gallic acids). The maximum TPC
(76.87 + 4.82 mg gallic acid/L) was found for the biomass/
solvent ratio of 2%, amplitude of 70.22% and extraction
time of 17.5 min with UE method whereas the minimum
TPC (8.87 + 1.69 mg gallic acid/L) was for biomass/solvent
ratio of 0.32%, microwave power of 150 W and extraction
time of 120 s with ME method. In addition, CE method
gave the maximum TPC (74.77 + 0.59 mg gallic acid/L) for
biomass/solvent ratio of 3%, homogenization rate of 5000
rpm and extraction time of 25 min.

3.3 DPPH Antioxidant Activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl or 1,1-di-
phenyl-2-picrylhydrazyl) scavenging test utilizes a stable
nitrogen centered free radical. DPPH are effectively scav-
enged by antioxidants through the donation of hydrogen
to form the reduced DPPH-H.3? This method has been
commonly used to determine the antioxidant activity of
brown seaweeds. Airanthi et al.?* reported that the antiox-
idant effect of seaweed was mainly due to the antioxidant
activity of phenolic compounds. Holdt et al.** also stated
that many compounds possessing antioxidant activity that
were isolated from brown algae were phenolic antioxi-
dants. Moreover, brown algae have higher antioxidant ac-
tivity than red or green algae.® Fucoxanthin, the most
abundant marine-based carotenoid, has been considered
as a potential antioxidant activity, in terms of its free scav-
enging activity.>

The 3-D response surface graph of the predicted
model for DPPH is shown in Fig. 1-3. The effect of bio-
mass/solvent ratio and extraction time was statistically
found significant on antioxidant activity of extracts (Ta-
ble 3). The maximum DPPH antioxidant activity (1228.3
+ 25.07 ECsy pg/mL extract) (Exp. No: 4) was for bio-
mass/solvent ratio of 3%, homogenization rate of 9000
rpm and extraction time of 10 min with CE method (Ta-
ble 2). Whereas the minimum DPPH antioxidant activity
(370.9 £ 1.73 pg/mL extract) (Exp. No: 4) was obtained
for the biomass/solvent ratio of 3%, microwave power of
200W and extraction time of 60 s with ME method (Table
2). ME method was not successful to extract fucoxanthin
from biomass P. tricornutum with high antioxidant ca-
pacity. There are several studies about the investigation of
antioxidant activity of fucoxanthin from different types
of microalgae and macroalgae.!®?7*%3537 Ajranthi et al.?
have been reported to have observed the highest DPPH
radical scavenging activity in methanol extract with 58.63
+ 524 pg a-tocopherol equivalent per milligram and
33.46 + 4.69 pg a-tocopherol equivalent per milligram for
Eisenia bicyclis (Arame) and Kjellmaniella crassifolia
(Gagome) macroalgae respectively. Foo et al.!? observed
that Chaetoceros calcitrans extract with ethanol by ho-
mogenization extraction method (9500 rpm for 15 min)
exhibited the DPPH scavenging activity of 0.844 mg/g
(dried weight).

3. 4. Optimization

The process conditions of homogenization (CE), ul-
trasonic (UE) and microwave (ME) extraction methods in
terms of ultrasound (amplitude) (%), microwave power
(W), homogenization rate (rpm) biomass/solvent ratio
(%) and extraction time were optimized targeting maxi-
mum fucoxanthin content and acceptable amounts of total
phenolic content and DPPH antioxidant activity. Graphi-
cal illustrations of the optimization were seen in Figure
1-3.
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Figure 1. Calculated effects of homogenization extraction process variables on fucoxanthin content (mg/g), total phenolic content (mg gallic acid

/L) and antioxidant activity (ECs, ug/mL extract).

The experimental data were well fitted to the second
order polynomial models, as given in Table 3. The models
of fucoxanthin content, TPC and DPPH antioxidant activ-
ity of extracts obtained from different extraction methods
were statistically significant at level p < 0.05. In order to
define optimum extraction process conditions, desirability
function approach was applied. The desirability function
approach is commonly used to optimize multiple response
processes.

When the desirability function approach was used,
the optimum CE process conditions were 1.93% for the
biomass/solvent ratio, 5203.25 rpm for the homogeniza-
tion rate and 14.20 min for the extraction time. The opti-
mum process conditions for the extraction process carried
out by the UE method were 2.72% for the biomass/solvent
ratio, 55.72% for the amplitude, and 17.37 min for the ex-
traction time. ME method for fucoxanthin extraction gave

the optimum process conditions as follows: 3.0% biomass/
solvent ratio, 100 W and 179.97 s extraction time. In order
to validate these extraction conditions, five validation ex-
periments were performed at these optimum extraction
process conditions. The average value of FX was found to
be significantly (p < 0.05) different from the predicted val-
ues, while TPC and DPPH antioxidant activity were not
significantly (p > 0.05) different from the predicted values
determined by Design Expert-version 7.0 software as giv-
en in Table 4.

A comparison was made to evaluate the results of
each extraction method, given that the equipment and
methods had their own characteristics and the experi-
ments could not be performed under the same conditions.
As given in Table 2, the highest amount of FX was obtained
using homogenization and ultrasound extraction meth-
ods, while TPC was higher in homogenization method
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Figure 2. Calculated effects of ultrasound extraction process variables on fucoxanthin content (mg/g), total phenolic content (mg gallic acid /L) and

antioxidant activity (ECs, ug/mL extract).

Table 4. Results of statistical analysis for verification of optimization

Extraction Responses Predicted Experimental SEY Difference % p-
method Value Value® Error* Value
FX (mg/g) 6.83 5.60 = 0.06 0.0299 1.237 22.05 0.000
CE TPC (mg gallic acid /L) 61.84 63.66 = 1.34 0.669 1.824 2.86 0.053
DPPH (ECs, pg/mL extract) 767.91 763.00 £ 15.88 7.939 491 0.64 0.570
FX (mg/g) 6.03 5.24 £0.07 0.035 0.79 15.07 0.000
UE TPC (mg gallic acid /L) 62.27 67.68 + 1.58 0.787 5.413 7.997 0.002
DPPH (ECs, pg/mL extract) 615.82 619.90 £ 17.16 8.578 4.08 0.658 0.659
FX (mg/g) 4.49 4.11 £ 0.04 0.019 0.38 9.24 0.000
ME TPC (mg gallic acid /L) 40.68 40.87 + 2.69 1.342 0.193 0.473 0.892
DPPH (ECs, pg/mL extract) 497.44 484.53 £9.98 4.992 1291 2.66 0.061

x Experimental values were expressed as mean =+ standard deviation

y Mean standard error
z The % error=(|yexp—ypre|/yexp) x 100
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Figure 3. Calculated effects of microwave extraction process variables on fucoxanthin content (mg/g), total phenolic content (mg gallic acid /L) and

antioxidant activity (ECs, ug/mL extract).

than those obtained from other methods. The amounts of
FX obtained by homogenization (5.60 + 0.06 mg/g) and
ultrasound (5.24 £ 0.07 mg/g) extraction methods were
close to each other. However, when the biomass/solvent
ratio (homogenization extraction: 1.93%, ultrasonic ex-
traction: 2.72%) was compared, homogenization ex-
traction method was found to be more effective than ultra-
sonic extraction method considering using less biomass.

4. Conclusion

In this study, the effects of extraction method and
conditions on fucoxanthin and total phenolic compounds
extracted from Phaeodactylum tricornutum were evaluat-
ed. The optimum points to provide the maximum FX and

the acceptable TPC and DPPH antioxidant activity for the
process conditions (biomass/solvent ratio, extraction time,
amplitude specific to ultrasonic extraction, microwave
power specific to microwave extraction and homogeniza-
tion rate specific to homogenization extraction) of the ex-
traction methods were determined for ultrasonic, micro-
wave and homogenization extraction methods. It was
found that the most effective independent variable in ob-
taining fucoxanthin from P. tricornutum was the biomass/
solvent ratio for three different extraction methods and the
FX, TPC and DPPH antioxidant activity of the extracts in-
creased with the increase in biomass ratio. However, the
effect of the extraction time and the process parameters
specific to the extraction method should not be ignored.
The optimum conditions for all three extraction methods
showed that the maximum fucoxanthin of the extracts was
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obtained with homogenization and ultrasound extraction
methods. However, when the biomass/solvent ratio was
compared, homogenization extraction method was found
to be more effective than ultrasonic extraction due to us-
ing less biomass. This study showed that the extraction
process parameters should be evaluated as a whole. In
choosing the appropriate extraction method, extraction
costs, applicability and sustainability concepts should be
considered.
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Povzetek

Preucili smo vpliv ekstrakcije s homogenizacijo, ultrazvokom in mikrovalovi, ter pogoje ekstrakcije, na vsebnost fukok-
santina in celotnih fenolov ter antioksidativno aktivnost ekstraktov pridobljenih iz Phaeodactylum tricornutum. Za vse
troje se je kot najpomembnejsi dejavnik izkazalo razmerje med koli¢ino topila in biomase. Najvisjo vsebnost fukoksan-
tina (5.60 + 0.06 mg/g) in antioksidativne aktivnosti (763.00 + 15.88 EC50 pug/mL ekstrakta) smo dosegli z ekstrakcijo
s homogenizacijo pri razmerju biomasa/topilo 1.93 %, homogenizacijo pri ~5200 rpm in ¢asom ekstrakcije 14.2 min.
Ceprav smo pri ekstrakeiji z mikrovalovi dosegli priblizno enako stopnjo vsebnosti fukoksantina (5.24 + 0.07 mg/g),
TPC (67.68 + 1.58 mg galne kisline/L) in antioksidativne aktivnosti (619.90 + 17.16 EC50 ug/mL ekstrakta) pri ampli-
tudi 55.72 %, smo za to potrebovali vi§je razmerje biomasa/topilo (2.72 %) in daljsi ¢as ekstrakcije (17.37 min). NajniZzja
vsebnost fukoksantina in TPC ter antioksidativna aktivnost pa so bili dolo¢eni pri ekstrakciji z mikrovalovi.
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BY Creative Commons Attribution 4.0 International License
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