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Abstract

This study determined the composition of the monosaccharide, 3, 6-anhydrogalactose (AnGal), in red algae and explored the
potential whitening activity of the extract. Using gas chromatography—mass spectrometry (GC—MS), the AnGal composition
of six different species of red seaweed (Porphyra haitanensis, Gracilaria chouae, Gracilaria blodgettii, Gracilaria lemanei-
formis, Eucheuma galetinae, and Gelidium amansii) was successfully analyzed, revealing molar ratios ranging from 1.0:1.0
to 1.0:3.1 of AnGal and galactose (Gal), respectively. Employing the tyrosinase inhibition assay, the skin-whitening effect
of AnGal red seaweed polysaccharides was determined. Polysaccharides from P. haitanensis, G. chouae, and G. blodget-
tii as well as their degradation products showed higher tyrosinase inhibitory activity (inhibition rates 24.2-26.8%). These
results suggest that the GC-MS approach could conveniently be used in quality control or for the quantitative determination
of AnGal and Gal in red seaweed polysaccharides as well as exploring their potential application in cosmetic and functional
food products. The findings here exhibited that red seaweed polysaccharides and their degradation products were potential
ingredients for cosmeceutical industries.
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Introduction et al. 2020; Xu et al. 2017). Thus, red seaweeds are excellent

natural sources for numerous bioactive molecules that could

Red seaweeds (Rhodophyta) are found in abundance in
oceans and have, therefore, gained much attention and
interest from scientists and industry. These organisms are
exceptionally rich sources of bioactive molecules and sec-
ondary metabolites, such as amino acids, peptides, proteins,
polyphenols, and polysaccharides. Red seaweeds derived
polysaccharides have shown a broad spectrum of biological
activities, including anti-oxidant, anti-wrinkle, anti-inflam-
matory, anti-microbial, and anti-cancer activities (Khan
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be used as functional ingredients in various industrial appli-
cations, such as functional food, cosmetic, and pharmaceuti-
cal industries (Cheong et al. 2018; Wijesekara et al. 2011).

Polysaccharides derived from red seaweed are usually
composed of repeating disaccharide units of alternating
1,3-linked galactose (Gal) and 1,4-linked 3,6-anhydro-
galactose (AnGal) residues. The biological properties of
red seaweed polysaccharides are highly dependent on the
amount of AnGal, which is a key bioactive monomeric sugar
of red seaweeds (Zheng et al. 2020; Yun et al. 2015). Some
recent reports have demonstrated that AnGal-containing pol-
ysaccharides or oligosaccharides may be responsible for the
skin-whitening (Kim et al. 2017) and anti-melanogenic (Kim
et al. 2018) activities of red seaweeds. However, the amount
of AnGal in red algal polysaccharide varies significantly
between species, in addition to seasonal variation related
to climatic factors (Kravchenko et al. 2018). It is, therefore,
necessary to establish a simple and accurate method to quan-
tify AnGal in red seaweed polysaccharides, as red seaweed
polysaccharides have important use in functional foods and
cosmeceuticals.
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Currently, the main method used for quantitative analysis of
red seaweed polysaccharides involves hydrolysis of the poly-
saccharides to release monosaccharides followed by colorimet-
ric assay or chromatographic analysis (Cheong et al. 2015; Cui
et al. 2019; Sudharsan et al. 2018). Unfortunately, the AnGal
residues are unstable in acidic conditions, as these are easily
converted into Gal residues or 5-hydroxymethyl-furfural by
common acid hydrolysis procedures. This is one of the main
reasons for some studies to report or show the monosaccharide
compositions of red seaweed polysaccharides without being
able to detect AnGal (Sudharsan et al. 2018; Xu et al. 2018a,
b; Seedevi et al. 2017).

In the colorimetric determination of total carbohydrates
(reducing and nonreducing sugars), the anthrone method or
phenol-sulfuric acid assay method (Yemm and Willis 1954;
Zhang et al. 2020; Khan et al. 2019) is used. These assays
are based on the hydrolysis of the red seaweed polysaccha-
ride, followed by intramolecular dehydration of all monomers
in acidic conditions. The resulting furfural derivatives then
react with anthrone or phenol to form chromogenic products,
which have maximal absorption wavelength at 640 nm and
490 nm, respectively. Where the Resorcinol reagent is chosen
for the direct determination of AnGal (Yaphe and Arsenault
1965; Khan et al. 2020; Wang et al. 2012), the method involves
treatment with thymol in the presence of ferric chloride and
hydrochloric acid, with the released monosaccharides form-
ing colored compounds. The difference in the rate of color
formation with the anthrone reagent between Gal and AnGal
has also been used to study the simultaneous determination of
a mixture of these monosaccharides in red seaweed polysac-
charides. For a chromatographic method to be used to quantify
AnGal, the acid-labile problem must be remedied with the use
of a methylmorpholine-borane complex (MMB) under acidic
conditions. This method first involves the reductive hydrolysis
of AnGal-containing polysaccharides, followed by acetylation
of the alditols and, finally, analysis of alditol acetates by gas
chromatography (Xu et al. 2019; Navarro and Stortz 2003).

The aim of the present study was to quantify the chemical
composition of red algal polysaccharides from different spe-
cies and to explore the biological activities of AnGal. First, the
AnGal content in red seaweed polysaccharides was determined
and compared using the established spectrophotometric meth-
ods and gas chromatography coupled with mass spectrometry
(GC-MS). The anti-melanogenic activities of red seaweed
polysaccharides from different species and their degradation
products were then compared, and their potential use in the
cosmetics industry was explored.
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Materials and methods
Materials and chemicals

The red algae were purchased from a local market in Shan-
tou. Samples were washed with fresh water to remove the
salt, dried at 60 °C in a drying cabinet, before being ground
into powder. Chromatographic acetonitrile was purchased
from Aladdin Reagent Co. (Shanghai, China). Tyrosinase,
methylmorpholine-borane complex (MMB), resorcinol,
trifluoroacetic acid (TFA), and Levodopa (L-DOPA, or
3,4-dihydroxy phenylalanine), a catalytic substrate of tyrosi-
nase, were all obtained from Sigma (St. Louis, MO, USA).
Other reagents and chemicals used were of analytical grade.

Extraction of polysaccharides

Red algal powder was smashed (100 g) and then soaked with
shaking for 24 h in methanol/dichloromethane/water (4:2:1;
v/v/v) solution in a ratio of 10:1 (v/w, mL/g) to remove inter-
fering compounds. The residue was collected by centrifug-
ing at 4000xg for 10 min and then dried in an oven at 50 °C.
Following this, samples were mixed with distilled water
(1:40, w/v) at 90 °C for 2 h. The supernatant was centrifuged
(3500xg, 5 min) and concentrated by rotary evaporator. The
extracts were precipitated by adding three volumes of 95%
ethanol (v/v) at 4 °C for 24 h. The precipitate was collected,
re-dissolved in distilled water and divided into 3000 Da dial-
ysis bag before being placed in distilled water for dialysis for
24 h, after which the liquid was collected and freeze-dried
to obtain red seaweed polysaccharides for further analysis.

Spectrophotometric analysis of AnGal

Total carbohydrate content was determined by anthrone-
sulfuric acid method with minor modification (Yemm and
Willis 1954). Each sample solution (1 mL, 1 mg/mL) was
placed in tubes and 0.2 mL distilled water added. After add-
ing 1 mL of anthrone reagents (0.2 g anthrone was mixed
with 100 mL of 80% (v/v) sulfuric acid before colorimetric)
followed by homogeneous mixing, samples were allowed to
react at 80 °C for 20 min. Next, tubes were cooled for 5 min
in an ice water bath, before the total absorbance was meas-
ured three times at 640 nm. Total sugar level was quantified
using a calibration curve plotted with Gal standards.

The content of AnGal was determined by resorcinol
method with a minor modification (Yaphe and Arsenault
1965). Resorcinol reagent was prepared within 3 h before
the colorimetric assay. Brief, resorcinol reagent was pre-
pared with 9 mL resorcinol solution (1.5 mg/mL), 1 mL
acetaldehyde solution (0.04%, v/v) and 100 mL concentrated
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hydrochloric acid. Next, 0.03 mL aliquot of the sample solu-
tion (1 mg/mL) was added to a centrifuge tube followed by
the addition of 0.2 mL distilled water. After placing in an
ice bath for 5 min, 1 mL of resorcinol reagent was added,
mixed homogenously in ice bath, and then placed at room
temperature for 2 min. The mixture was incubated for 10 min
at 80 °C followed by cooling for 5 min in an ice bath. The
absorbance of AnGal was measured at 555 nm and the con-
centration of AnGal calculated using a calibration curve
with Gal standards. All samples were analyzed in triplicates,
with Gal content in samples calculated by the total content
of carbohydrate minus the content of AnGal.

Quantification of AnGal by GC-MS

First, samples were hydrolyzed for 30 min at 80 °C in a water
bath using 100 pL in centrifuge tube plus 50 pL of 80 mg/
mL MMB with TFA at a final concentration of 2.5 mol/L.
After hydrolysis, the solution was cooled to room tempera-
ture followed by the addition of 50 pL of 80 mg/mL MMB
and then dried with N, gas. Next, samples were subjected
to the second hydrolysis, followed by the addition of 100 pL.
of deionized water and TFA with a final concentration of
1.5 mol/L, and the mixture was oil bathed at 120 °C for
1 h. After cooling tubes to room temperature, 100 pL. of
80 mg/mL MMB was added and samples dried with N, gas.
Finally, 500 pL of acetonitrile was added to samples and
dried again with N, gas. The dried sample was dissolved
in a mixture of 0.5 mL ethyl acetate, 1.5 mL acetic anhy-
dride and 50 pL perchloric acid. Samples were ultrasonic
at room temperature for 10 min before allowing samples to
stand at room temperature for 15 min. After adding 5 mL of
deionized water, the water phase was extracted with 2 mL
dichloromethane, and the dichloromethane fraction washed
three times with 5 mL deionized water. The remaining solu-
tion was then filtered through a 0.45 pm nylon membrane
for GC analysis. Samples (1 pL) or serial concentration of
standard solutions were analyzed by GC using an Rtx-5MS
column (30 cmx0.25 mm i.d., film thickness 0.1 pm, Agi-
lent Technologies, USA). The injector was set at a tempera-
ture of 280 °C prior to injection of the samples (1 pL with
a split ratio of 1:10), while the temperature of the detector
was maintained at 250 °C. The initial oven temperature was
60 °C for 2 min, followed by an incremental increase of
30 °C/min up to 120 °C (1 min hold), and then 25 °C/min
up to 250 °C (30 min hold). Nitrogen at a flow rate of 2 mL/
min was used as the carrier gas. The mass spectrometry was
performed at 70 eV and 50-800 m/z scan fragments.

Method validation of colorimetricand GC-MS

Standard stock solutions of fructose and Gal, as well
as AnGal were dissolved in distilled water to a final

concentration of 2 mg/mL for spectrophotometric and gas
chromatography analysis, respectively. The serially diluted
standards solutions were used to prepare calibration curves.
Stock solutions of samples were prepared by dissolving
20 mg of red algal polysaccharides in 10 mL volumetric
flask. All experiments were assayed in triplicate.

The linearity of colorimetric was analyzed using series of
concentrations of fructose ranging from 40 to 90 pg/mL. The
linearity of GC-MS was calculated by injected serially con-
centration of processed standards. In brief, an equal amount
of Gal and AnGal solutions were mixed. Then, distilled
water was added into mixed standard to final concentrations
of 50, 75, 125, 250, 500 pg/mL. Finally, the standard solu-
tions were hydrolyzed and acetylated as described method
above. The limit of detection (LOD) and limit of quantitation
(LOQ) of the method were estimated by a standard linear
equation in a ration of signal-to-noise (S/N) equal to 3 and
10 separately.

Inter-day variability of prepared red algal polysaccharide
was measured to estimate the precision. Actually, 100 pg/
mL of samples were analyzed six times by colorimetric and
GC-MS methods in 3 days. The repeatability was validated
using parallel samples at the concentration of 100 pg/mL.
Treated samples were analyzed six replications under the
described method, respectively. The stability of different
methods was evaluated at six different times (0, 2, 8, 12,
24 h) using samples.

Partial degradation method

Partial degradation of the red algal polysaccharide was car-
ried out by acid hydrolysis. Dried powders of the polysac-
charides were dissolved in 0.6 mol/L HCI at 50 °C for 2 h.
After hydrolysis, solutions were precipitated by adding three
volumes of 95% (v/v) ethanol at 4 °C overnight. Next, the
supernatant was collected by centrifuging at 4000xg for
5 min and then concentrated by rotary evaporator and lyo-
philized in a vacuum freeze dryer.

Tyrosinase activity assay

The inhibitory activity of red algal polysaccharides and
their degradation products on mushroom tyrosinase was
determined spectrophotometrically (Jesumani et al. 2019).
Briefly, a solution of L-DOPA (100 pL, 5 mmol/L) was
mixed with phosphate buffer (350 pL, 0.1 mol/L, pH 6.5),
followed by the addition of different concentrations (150,
300, 450, 600, and 750 pg/mL) of the polysaccharides
(25 pL). After 10 min of incubation, mushroom tyrosinase
(25 pL, 2000 U/mL) was added to the solution, then incu-
bated at 37 °C for 20 min. The absorbance was recorded
at 490 nm using a microplate reader. The inhibition rate
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of tyrosinase was calculated according to the following
formula:

Inhibition rate (%) = [(Acomml - Asample) / (Acomml)] x 100,

where A
ride, A

control 15 the absorbance without testing polysaccha-

sample 18 the absorbance of the testing group.

Results and discussion

Effects of the hydrolysis process on AnGal and Gal
quantification in red seaweed polysaccharides

There is an increased interest by the food and cosmetic
industries for chemical analysis methods of the monosac-
charide composition of red seaweed polysaccharides. Since
the monosaccharide composition of red seaweed polysac-
charides is usually measured by quantitative acid hydrolysis,
the acid concentrations of TFA used in the two hydrolysis
steps were evaluated.

The outcome of the first and second acid hydrolysis pro-
cesses at the different TFA concentrations are shown in
Fig. 1. As shown in Fig. 1a, the production of AnGal and Gal
in the first hydrolysis step reached a plateau at 2.5 mol/L, at
which the highest amount of AnGal and Gal was detected.
These results indicate that most of the AnGal linkages were
selectively hydrolyzed at a concentration of 2.5 mol/L TFA.
At TFA concentration above 3.5 mol/L, the levels of both
AnGal and Gal decreased gradually, which could be due to
the convertion of the monosaccharides to other byproducts
under high acid concentration. Generally, while an increase
condition such as acid concentration, temperature, or dura-
tion, accelerates polysaccharide hydrolysis to monosaccha-
rides, it also substantially intensifies the secondary degrada-
tion of monomeric sugars. This is particularly so for AnGal,
which decreases under such conditions in the final solution.
Therefore, the optimum conditions for the selective hydroly-
sis of AnGal bonds were found to be at TFA concentrations
of 2.5 mol/L in the first hydrolysis step and 1.5 mol/L in the
second hydrolysis step.

Validation of the proposed method

The AnGal and Gal levels in red seaweed polysaccharides
were determined by colorimetric and chromatography meth-
ods. The quantitative estimation of Gal and AnGal was
carried out via spectrophotometry using two colorimetric
reagents, i.e., anthrone and resorcinol, while GC-MS was
the chromatography method used. To ensure the reproduc-
ibility of results, samples were analyzed in triplicate dilu-
tions in both methods. The calibration curves, linear range,
LOD, and LOQ of the GC-MS and colorimetric methods
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Fig. 1 Effects of TFA concentration (1.0-3.5 mol/L) on the produc-
tion of galactose and 3, 6-anhydrogalactose. The amount of galac-
tose and 3, 6-anhydrogalactose was measured as peak areas. The first
hydrolysis reaction was carried out for 30 min at 80 °C in a water
bath with methylmorpholine—borane complex and different concen-
tration of TFA (1.0-3.5 mol/L) (a). The second hydrolysis step was
performed with different concentrations of TFA (1.0-3.5 mol/L) at
120 °C for 1 h (b). The results are expressed as mean+SD (n=3)

are summarized in Tables 1 and 2, respectively. The GC-MS
calibration curves showed good linearity (correlation coeffi-
cient> 0.99) for the 500-fold dynamic ranges for AnGal and
Gal examined. The LOD [signal-to-noise ratio (S/N) > 3] and
LOQ (S/N>10) were 0.13-0.15 pg/mL and 0.43-0.52 pg/
mL, respectively. From Tables 1 and 2, it is obvious that
the GC-MS method has good linear range, LOD, and LOQ
when compared with the colorimetric method.

The precision, accuracy, stability, and recovery of the
GC-MS and colorimetric methods are listed in Table 3. The
RSDs of precision and accuracy for the GC-MS method
were 1.95-2.37 and 3.17-4.31%, respectively. This data
suggest that the GC—MS method used has good precision
and repeatability. Meanwhile, the RSD of sample stability
for the developed GC-MS method was 2.89-3.53%, which
indicated that the investigated Gal and AnGal standards were
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Table 1 Calibration data, limit

of quantitation (LOQ), fimit of Analyte Regression equation r Linear range (pg/mL) LOD (pg/mL) LOQ (pg/mL)
detection (LOD) of the analyte AnGal  y=8350x10"x+1.510x10° 0.9939 0.5-250.0 0.13 0.43
determined by GC-MS Gal y=6.963x 107x — 2.320x 105 0.9952 0.5-250.0 0.15 0.52

AnGal 3,6-anhydro-L-galactose, Gal galactose, LOD limit of detection, LOQ limit of quantification, r cor-

relation coefficient

Table 2 Calibration data, limit

Method R i ti Test LOD (pg/mL LO /mL
of quantitation (LOQ), and et ceression equation " (jglrggge (ng/mL) Q (hg/mL)
limit of detection (LOD) of two
colorimetric methods Anthrone y=28.04x+0.0423 0.9937 40-90 3.26 10.88

Resorcinol y=19.59x+0.0489 0.9971 40-90 4.67 15.57
Tablg.3 Precision, accuracy, Method Analyte/reagent Precision Accuracy Stability RSD % Recovery
stability, and recovery of the RSD % RSD % %
analytes determined by GC-MS
and colorimetric methods GC-MS AnGal 2.37 3.17 3.53 104.90

Gal 1.95 431 2.89 109.21

Colorimetric Anthrone 4.87 4.08 2.13 105.28

Resorcinol 3.26 4.01 3.72 89.37

stable in solution at 4 °C during the testing period. When
the stability of the colored products at room temperature
was examined, no significant changes in absorbance were
observed within 60 min after the first measurement. The
low RSD and relative error percentages (less than 4%) indi-
cated high precision and good accuracy of the developed
methods for the estimation of AnGal and Gal contents.
The percentage recovery of the analytes determined by the
GC-MS method varied from 104.90 to 109.21%, while that
of the colorimetric methods varied from 89.37 to 105.27%.
Apparently, the proposed GC-MS method was able to pro-
duce better parameters when compared with the proposed
colorimetric method.

The validation results showed that both the colorimetric
and GC-MS methods exhibited satisfactory accuracy and
precision, as indicated by the recovery values and RSD per-
centages. It is evident from these results that the proposed
methods are applicable for assaying AnGal and Gal in red
seaweed polysaccharides with a high level of accuracy and
precision.

Comparison of AnGal and Gal levels in red seaweed
quantified by colorimetric and GC-MS methods

The proposed colorimetric and GC-MS methods were
applied for the quantification of AnGal and Gal in red sea-
weed polysaccharides. In the GC-MS determination, the
reduced polysaccharides were further converted into the
corresponding alditol acetates and subjected to GC-MS,

which then gave the total molar ratio of monosaccharides.
As shown in the red seaweed polysaccharides chromato-
gram of Fig. 2, there were two major peaks corresponding to
AnGal and Gal. These results indicated that all the polysac-
charides derived from the different species of red seaweed
contain AnGal and Gal in different molar ratios. The total
carbohydrate and AnGal contents were obtained using the
anthrone-sulfuric acid and resorcinol methods, respectively.
The Gal content was estimated as the total carbohydrate con-
tent minus the AnGal content. The molar ratios of AnGal
and Gal determined by the colorimetric method are sum-
marized in Table 4. The ratio of AnGal and Gal calculated
from the colorimetric method was approximately close to
the corresponding values derived from the GC-MS analy-
sis (Table 4). Although the colorimetric method is simple
and rapid, it suffers from strong interference by other sugars
when they are present in appreciable amounts.

As shown in Table 4, the monosaccharide compositions
of polysaccharides derived from Porphyra haitanensis,
Gracilaria chouae, and Gracilaria blodgettii consisted of
AnGal and Gal with a molar ratios ranging from 1.0:1.4
to 1.6. These results are similar to previous reports. For
instance, Yu et al. reported that polysaccharides derived
from Gloiopeltis furcate and G. furcate were composed
of AnGal and Gal in molar ratios of 1.0:1.2 and 1.0:1.6,
respectively (Yu et al. 2010). Souza et al. revealed that
Gracilaria birdiae polysaccharides had AnGal and Gal in
a molar ratio of 1.0:2.6 and that these had significant anti-
oxidant activity (Souza et al. 2012). Similarly, Bangia
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Fig.2 Typical GC chroma-
tograms corresponding to 8.0 4

3,6-anhydrogalactose stand-
ard, galactose standard, and

Porphyra haitanensis

monosaccharide composition of

Gracilaria chouae

Gracilaria blodgettii

. . 6.0
polysaccharides from different
species of red seaweed. The
chromatography was carried out 40

at following conditions: Rtx-
5SMS column (30 cm X 0.25 mm

Gracilaria lemaneiformis

Abundance 10°

i.d., film thickness 0.1 pm);

Eucheuma galetinae

initial oven temperature was 2.0
60 °C for 2 min, followed by an

Gelidium amansii

L Gal standard

increment of 30 °C/min up to
120 °C (1 min hold), and then 0.0

25 °C/min up to 250 °C (30 min

AnGal standard

hold) i
4.0 6.0

Table 4 The monosaccharide composition of red algal samples deter-
mined by GC-MS and colorimetric methods

Red algal species GC-MS Colorimetric
AnGal: Gal
Porphyra haitanensis 1.0:1.4 1.0:1.2
Gracilaria chouae 1.0:1.6 1.0:1.7
Gracilaria blodgettii 1.0:1.5 1.0:1.3
Gracilaria lemaneiformis 1.0:3.1 1.0:2.5
Eucheuma galetinae 1.0:3.0 1.0:2.3
Gelidium amansii 1.0:1.0 1.0:0.8

fusco-purpurea polysaccharide consists mainly of Gal
with a small amount of AnGal, and have been shown to
inhibit a-amylase and a-glucosidase in a concentration-
dependent manner (Jiang et al. 2019). These previous
reports and the present study all support the conclusion
that the differences in biological activities between differ-
ent red seaweed polysaccharides can be attributed to the
differences in their monosaccharide composition.

When the AnGal/Gal molar ratios of different species
of red seaweed polysaccharides were compared in this
study, an apparent correlation in the structure of red sea-
weed polysaccharides with their monosaccharide com-
position and AnGal content was established, which goes
to buttress an unequivocal structural relationship. These
results also indicate that the structural moiety of the red
seaweed polysaccharides is responsible for their biologi-
cal activities. These data also proves the useful prospec-
tive application of this approach in the quality control of
functional foods or cosmeceutical products.
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Skin-whitening activities of red seaweed
polysaccharides and their degradation products

Melanin is the key pigment that contributes to skin and
hair color in humans and plays an important role in pre-
venting skin damage induced by ultraviolet radiation. It is
the end-product formed by the multiple-step transformation
of L-tyrosine. However, excessive or abnormal synthesis of
melanin in the human body could induce various hyper-
pigmentation disorders such as melisma, freckles, and skin
cancer (Hridya et al. 2015). A safe and effective tyrosinase
inhibitor or regulator may, therefore, be a good candidate
molecule to treat hyperpigmentation. Some polysaccharides
or oligosaccharides derived from seaweeds have promising
application as cosmeceutical material for new melanogenesis
inhibitors due to their skin-whitening potential (Thomas and
Kim 2013; Ruocco et al. 2016). Therefore, the current study
explored the skin-whitening effects of red seaweed poly-
saccharides and their degradation products using tyrosinase
inhibition activity and melanin production testing.

As shown in Fig. 3, the red seaweed polysaccharides
(200 pg/mL) produced 0.5-5.1% inhibition of tyrosinase,
while their degradation products (200 pg/mL) exhibited
8.2-26.3% inhibition. These results indicated that the deg-
radation products were much better inhibitors of tyrosinase
compared with the native polysaccharides. As shown in
Fig. 4, both P. haitanensis polysaccharides and the deg-
radation products exhibited tyrosinase inhibition dose-
dependently. For instance, at 200 pg/mL of P. haitanensis
polysaccharide and its degradation products, the tyrosinase
inhibition were 4.8% and 25.6%, respectively. Moreover, the
degradation products of P. haitanensis, G. chouae, and G.
blodgettii polysaccharides displayed higher tyrosinase inhi-
bition compared with those of the other red seaweed species.
These results suggest that P. haitanensis, G. chouae, and G.
blodgettii polysaccharides and their degradation products
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Fig.3 Tyrosinase inhibition rate of red seaweed polysaccharides
and its degradation products at a concentration of 200 pg/mL. Solu-
tions were incubated with mushroom tyrosinase at 37 °C for 20 min
with L-DOPA and substrates. 1: Porphyra haitanensis; 2: Graci-
laria chouae; 3: Gracilaria blodgettii; 4: Gracilaria lemaneiformis;
5: Eucheuma galetinae; 6: Gelidium amansii. The results were
expressed as mean+SD (n=3) and statistical significance between
degradation products and polysaccharides samples considered at
p<0.01 (*p<0.01)
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Fig. 4 Inhibitory effect of Porphyra haitanensis polysaccharide and
its degradation products on tyrosinase activity at different concen-
tration (25-300 pg/mL). Solutions were incubated with mushroom
tyrosinase at 37 °C for 20 min with L-DOPA as substrate. The results
are expressed as mean +SD (n=3)

possess potential skin-whitening activity as they have tyrosi-
nase inhibition activity.

Advancements in marine biotechnology have greatly
helped studies on aging and skin degradation linked to
free radicals. In one of the recent studies, Gelidum aman-
sii polysaccharide was shown to possess significant anti-
oxidant activity and could effectively scavenge the free

radicals 2,2-diphenyl-1-picrylhydrazyl and 2,2-azino-bis
(3-ethylbenzothiazoline sulfonic acid), while the degra-
dation products of p-agarase showed better radical scav-
enging activities than the native polysaccharide (Xu et al.
2018a, b). In addition, Chen et al. previously showed that
degradation products of polysaccharides possessed higher
in vitro immune-stimulatory activity than the native pol-
ysaccharides, couple with the fact that these had much
stronger activation of macrophages to secrete pro-inflam-
matory cytokines (Chen et al. 2014). A wide spectrum of
skin protection potential by polysaccharides obtained from
Chnoospora minima and Sargassum polycystum have also
recently been reported, including their anti-oxidant, skin-
whitening, anti-inflammatory, and anti-wrinkle activities
(Shanura Fernando et al. 2018).

Conclusion

The GC-MS method presented herein offers significant
advantages in terms of simplicity, linearity, sensitivity, pre-
cision, accuracy, and specificity. The GC-MS method was
completely validated, showing satisfactory results for all
the validation parameters tested. Thus, this GC-MS method
can be conveniently used in quality control research for the
quantitative determination of AnGal and Gal in red seaweed
polysaccharides for potential use in cosmetic and functional
food products. In addition, P. haitanensis, G. chouae, and
G. blodgettii polysaccharides and their degradation prod-
ucts were shown to possess potential skin-whitening activity
through their ability to inhibit tyrosinase activity. Red sea-
weed polysaccharides have multiple human health applica-
tion or use without side effects, suggesting that the degra-
dation of red seaweed polysaccharides has the potential for
extensive application in the food and cosmetic industries.
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