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Abstract

Background: Fucoidan is sulfated polysaccharide that has gastroprotector activity, and it is distributed in brown
algae cell walls. Currently, there is no method for fucoidan analysis in compendia. Furthermore, analysis of
Fucoidan is proven to be challenging due to the lack of chromophores and its high polarity. Objective: To develop
the optimal condition of TLC-Densitometry method for fucoidan analysis in Sargassum sp. aqueous extract and to
evaluate the stability of Fucoidan as a preliminary study. Methods: Chromatography was performed on Silica gel
60F254 TLC-plate as a stationary phase. The developed plate was stained with H,SO4 10% in absolute ethanol and
heated in oven at 105°C for 15 minutes. Optimization is carried out by determining composition of the mobile
phase, analytical wavelength, and spotting volume. Stability test of Fucoidan in standard and extract solution at
0, 4, 8, and 24 hours also 0 and 60 minutes after derivatization. Results: The optimal condition which produces a
good separation of Fucoidan was achieved by using n-butanol:methanol: water (10:6:10 v/v/v) as a mobile phase,
400 nm as an analytical wavelength, and 1 pl as a spotting volume. Fucoidan was stable after storage until 24
hours. The stained spots were stable until 60 minutes after derivatization. Conclusion: Optimal condition of the
TLC-Densitometry method for Fucoidan analysis was selective and can be applied to stability tests in preliminary
study. Fucoidan was stable in standard solution and extracted solution until 24 hours after storage at 4°C, and the
stained spots were stable until 60 minutes after derivatization.
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INTRODUCTION

As a maritime country, Indonesia has high marine
potential. One of these is the existence of Sargassum
sp., which consists of approximately 400 species spread
across the Java Sea to the Banda Sea. Sargassum sp.
contain bioactive compounds that can be utilized in the
health sector (Rohim et al., 2019). Fucoidan is a
bioactive compound in Sargassaum sp. that has
gastroprotective activity (Hu et al., 2020). Fucoidan
(Table 1) is a type of sulfate polysaccharide found in the
cell wall of Sargassum sp., which contains fucose as its
main component (Li et al., 2017).
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Figure 1. Chemical Structure of Fucoidan

Sargassum sp. extract is used as an industrial raw
material and source of fucoidan. Therefore, finding a
reliable, fast, and inexpensive method for fucoidan
analysis is very important. However, there is no
analytical method for fucoidan analysis in the
compendia. Therefore, an analytical method for
fucoidan analysis must be developed. Several analytical
methods for fucoidan analysis have been developed,
including fluorometric assays and uv
spectrophotometry (Venkatesan et al., 2018; Yamazaki
et al., 2016). However, because herbal extracts are
composed of several substances, they are not likely to be
simple to apply, and the process requires the isolation of
fucoidan from the other components. Chromatography
is a method used to separate multiple compounds. High-
performance liquid chromatography (HPLC) methods
for fucoidan analysis use photodiode array (PDA),
refractive index (RI), and mass spectrometry (MS/MS)
detectors (Isnansetyo et al., 2017; Zhao et al., 2021; Zhu
et al., 2018).

In addition to HPLC, thin-layer chromatography
(TLC) can also be used for fucoidan analysis. The TLC
method was used to separate compounds, such as
fucoidan, from the crude extract of Sargassum
turbinarioides and Sargassum ilicifolium for screening
crude extracts (Artemisia et al., 2019). In that study, a
densitometer was not used, whereas the detector
contained in the densitometer allowed the TLC method
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to achieve accurate qualitative and quantitative results
(Ekasari et al., 2020). Therefore, a TLC densitometry
method for fucoidan analysis was developed. TLC
densitometry is a relatively simpler and less time-
consuming chromatography method than HPLC
(Ahmad et al., 2020; Ekasari et al., 2020; Satpathy et al.,
2017; Sherma & Rabel, 2018). Fucoidan analysis with
TLC densitometry was challenging because of the lack
of a chromophore group and its high polarity. In this
study, the development of a TLC-densitometry method
for fucoidan analysis was carried out at an optimization
stage to determine the optimal condition of the TLC-
densitometry method for fucoidan analysis in
Sargassum sp. aqueous extract and to evaluate the
stability of fucoidan as a preliminary study.

MATERIALS AND METHODS
Materials

Fucoidan standard (Sigma Aldrich) and Sargassum
sp. extract powder were obtained from the
pharmaceutical industry in Indonesia (PT. Natura
Laboratoria Prima), methanol (Merck), and water (PT.
Ikapharmindo Putramas), n-butanol (Merck), n-hexane
(Merck), acetone (Merck), ethyl acetate (Merck),
isopropanol (Merck), acetonitrile (Merck), ethanol
(Merck), sulfuric acid (Merck), and silica gel 60F2s4
TLC) aluminum plates (20 x 20 cm (Merck).
Tools

Analytical balance (Mettler Toledo), Twin Trough
Chamber 20 x 20 cm (Camag), Linomat 5 (Camag),
TLC Scanner 4 with a UV detector (Camag),
VisionCATS software (Camag), oven (Medcenter), and
reagent sprayer.
Method
Preparation of standard solution

A standard solution (2000 pg/ml) was prepared by
dissolving 10 mg of the fucoidan standard in 5 ml of
water: methanol 1:9 (v/v). The mixture was then
vortexed until homogenous.
Preparation of sample solution

Sargassum sp. extract powder (10 mg) was
dissolved in 5 ml of water: methanol 1:9 (v/v). The
mixture was then vortexed until homogenous.
Preparation of mobile phase

The mobile phase was freshly mixed with various
compositions for the optimization stage, as shown in
Table 1. The development chamber was then left to
saturate with mobile phase vapor for 2 h before each
eluation.
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Table 2. Optimization parameters

No. Optimization Parameter Criteria
1. Composition of the mobile phase
(1) n-hexane : acetone (4:6, v/v)
(2) Acetone : water (7:3, v/Vv) Rf 0.2-0.8
(3) lIsopropanol : ethyl acetate : water (7:2:1, viv/v) Rs >1.5-2.0
(4) Acetonitrile : n-butanol : water (6:3:1, v/v/v)
(5) n-butanol : methanol : water (10:6:10, v/viv)
2. Analytical wavelength
Maximum
fucoidan spot was tested for its UV spectrum profile at Maximum wavelength
wavelengths of 200-700 nm wavelength (based on UV
spectrum)

3. Spotting volume
1) 1l
(2) 2yl

@3) 3ul

Area and Peak  Largest area with
Shape symmetry peak
(Symmetry shape (As: 0.9-
factor (As)) 1.2)

Table 1. Variation of mobile phase composition

No. Mobile phase composition

n-hexane : acetone (4:6, v/v)

Acetone : water (7:3, vV/V)
Isopropanol : ethyl acetate : water (7:2:1, v/VIv)
Acetonitrile : n-butanol : water (6:3:1, v/v/v)
n-butanol : methanol : water (10:6:10, v/v/v)

gRhwhdPE

Optimization of analytical conditions

Optimization was performed by determining the
composition of the mobile phase, analytical wavelength,
and spotting volume. The parameters observed in this
optimization stage are listed in Table 2. The chamber
was saturated with the mobile phase. Standard and
sample solutions were added to the plates. The plate was
then developed in a saturated chamber until a migration
distance of 70 mm from the origin was reached. After
development, the plate was dried with a hair dryer for 20
min at room temperature and then dried in an oven for
15 min at 40°C. To visualize the spots, the plate was
sprayed with H,SO4 10% in absolute ethanol and then
heated in an oven at 105°C for 15 min. The absorbance
of fucoidan from yellow to dark spots was measured
using a densitometer.

A mobile phase that could separate fucoidan from
other compounds with a resolution (Rs) value > 1.5-2.0
and had a retardation factor (Rf) range of 0.2-0.8 was
chosen. The analytical wavelength and spotting volume
that produced the largest area and sharper peaks were
selected. The symmetry factor (As) is a parameter that
can characterize the shape of the peaks. The optimal
values for the symmetry factor of the peaks were 0.9—
1.2 (Czyrski & Sznura, 2019).
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Stability test for standard and extract solution

The stability test is a pre-validation stage that aims
to determine the stability of fucoidan in standard and
extract solutions. Standard and extract solutions were
spotted, developed, and analyzed at 0, 4, 8, and 24 h after
storage at 4°C. The stability of the resulting spots after
derivatization was also tested 0 and 60 min after
derivatization.

RESULTS AND DISCUSSION

Optimization was performed by determining the
composition of the mobile phase, analytical wavelength,
and spotting volume. In this optimization stage H2SO.
10% in absolute ethanol was used as the visualizer
reagent because of the lack of a chromophore group in
fucoidan. Mobile phase optimization is a crucial step in
TLC method development, because it ultimately affects
the quality of separation (Chaudhari & Shirkhedkar,
2020). The results of the mobile phase optimization are
listed in Table 3. Based on mobile phase optimization,
only the n-butanol: methanol: water (10:6:10, v/v/v)
mobile phase could separate fucoidan from other
compounds. The resolution (Rs) value and the
retardation factor (Rf) value of the fucoidan peak, were
0.58 and 3.60, respectively. It means that this mobile
phase can produce an optimal separation of fucoidan
spot with another compound (Rs > 1.5-2.0), and the Rf
value met the requirement range of 0.2-0.8 (AOAC
International, 2019; Indrayanto et al., 2009; Yuwono &
Indrayanto, 2005). Meanwhile, the results of fucoidan
analysis using various other mobile phases showed that
fucoidan was still at the starting point of the spotting
area, so the resulting Rf value of fucoidan spots was
around 0 (out of the requirement range), and the
separation process could not occur. This could be due to
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the high polarity of fucoidan, and the polarity of the
stationary phase is also polar, so the fucoidan is strongly
bonded with the stationary phase (Zayed et al., 2020). In
this case, a mobile phase with high polarity is required,
resulting in the optimal Rf value for fucoidan.
Therefore, n-butanol: methanol: water (10:6:10, v/v/v)
was selected as the mobile phase because it can migrate
the fucoidan spot until it meets the requirement for the
Rf value and can optimally separate fucoidan with good
Rs values. Different compositions of the mobile phase
also differ in polarity, where the separation process
depends on the polarity of the mobile phase, which
affects the Rf and Rs values.

Table 3. The results of fucoidan analysis using a
variation of mobile phase composition

Mobile Phase Rf Rs
1 0.01 25.21
2 0.01 3.00
3 0.01 5.85
4 0.01 8.24
5 0.58 3.15

Subsequently, the fucoidan spot was tested for its
UV spectral profile. Spectral measurements were
performed at wavelengths of 200-700 nm. The Fucoidan
spectrum is shown in Figure 2. The fucoidan spectrum
shows that the maximum wavelength of fucoidan is 400

nm, which provides the maximum absorption for
fucoidan. Therefore, 400 nm was selected as the
analytical wavelength of fucoidan. TLC densitograms of
fucoidan in the standard and extract solutions at a
wavelength of 400 nm are shown in Figure 3.

Spotting volume optimization was conducted by
spotting fucoidan standard with various spotting
volumes such as 1 pL, 2 pL, and 4 pL on the stationary
phase, and then analyzed according to a previous
procedure, including scanning with a densitometer at
400 nm wavelength. The observed response areas and
peak shapes of fucoidan with various spotting volumes
are shown in Table 4. Based on the results in Table 4,
the largest response area was produced by 3 pL, but the
peak shape was asymmetric (fronting). A spotting
volume of 2 pL also produces asymmetry (fronting). A
spotting volume of 1 pL was chosen for each analysis
because it can produce a symmetrical peak shape,
although with the lowest response area. The amount of
sample to be applied in a spot is sometimes difficult to
determine because it depends on several variables, such
as the sample matrix itself, sorbent thickness, and
sample solvent. If the applied sample is overloaded,
poor chromatographic separation on thin layers will
occur (Wall, 2005). This is the reason why the spotting
volume needs to be optimized.

—» L =400 nm

Figure 2. The fucoidan spectrum at a wavelength 200-700 nm
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Figure 3. TLC densitograms of Fucoidan in standard (A) and extract (B) solution at a wavelength of 400 nm
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Table 4. The observed response area and peak shape of Fucoidan with various spotting volumes

Concentration Spotting Volume Area As Peak Shape
2 po/ul 1l 0.00446 0.90 Symmetry
2 po/ul 2 ul 0.00687 0.71 Asymmetry
2 pg/ul 3ul 0.00904 0.77 Asymmetry

Table 5. Stability test results for fucoidan standard and extract solution

0 min after derivatization 60 min after derivatization
Average Area of  Average Areaof  Average Areaof  Average Area of

Spotting time

(hours) Standard Solution  Extract Solution  Standard Solution Extract Solution
0 0.00676 0.00390 0.00637 0.00374
4 0.00572 0.00317 0.00584 0.00327
8 0.00719 0.00427 0.00768 0.00448
24 0.00649 0.00497 0.00664 0.00535

The results of the stability test of fucoidan in a
preliminary study are shown in Table 5. One-way
ANOVA statistical analysis was performed with a 95%
confidence interval (o = 0.05) on the fucoidan area from
each spotting time. The one-way ANOVA results
showed a significance value of 0.068 for the standard
solution and 0.050 for the extract solution. The
significance value was more than o (0.05). This
indicates that there was no significant difference in the
fucoidan area obtained from each spotting time in the
standard and extract solutions. It can be concluded that
fucoidan is stable until 24 h of storage at 4°C. A paired
t-test statistical analysis was carried out with a 95%
confidence interval (o = 0.05) on the results of the
fucoidan standard and extract solution area at 0 and 60
min after derivatization. The paired t-test statistical
analysis results showed that the significance values of
the standard solution and extract solution areas between
0 and 60 min after derivatization were 0.488 and 0.253,
respectively. This indicates that there was no significant
difference between the areas observed at 0 and 60 min
after derivatization. Therefore, it can be assumed that
the derivatized stain is stable up to 60 min after
derivatization.

CONCLUSION

The optimal conditions for Fucoidan analysis were
n-butanol: methanol: water (10:6:10, v/v/v) as the
mobile phase, 400 nm as the analytical wavelength, and
1 pL as the spotting volume. This method was selective
and can be applied to stability tests in a preliminary
study. Fucoidan was stable in the standard solution and
extracted solution until 24 h after storage at 4°C, and the
stability of stained spots was stable until 60 min after
derivatization. This optimal condition can be validated
in future research.
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