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ABSTRACT: Macroalgae such as Sargassum sp. has a unique morphology. Its thallus consists of three
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different parts: stem-like, leaf-like, and the vesicles. Each part of the thallus contains photosystems,
which support its photosynthetic growth. Here we report the distribution of chlorophylls and
carotenoids in the different part of thallus from three Sargassum spp. variants. We found that the
dominant pigments are chlorophyll a and fucoxanthin. The chlorophyll c, siphonein, violaxanthin,
flavoxanthin, zeaxanthin, and β-carotene were also found as accessory pigment. Prior to analysis, we
develop multi-chromatograms approach by employing reversed-phase high-performance liquid
chromatography (HPLC) with photodiode array (PDA) detection, which able to extract directly
spectroscopic data from 350 to 700 nm wavelengths.
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INTRODUCTION
Macroalgae (seaweeds) are one of the important marine
resources in Indonesia as the largest archipelagic country
in the world. It has been industrially explored as food
products, source of phycocolloids (alginate, carrageenan
and agar), thickening and gelling agents for biomedical and
pharmaceutical applications, as well as being a material for
animal feed and fertilizers.1,2 Besides its special polysaccharides, seaweeds are also rich in varied photosynthetic pigments in almost whole of its thallus structure. The chlorophyll c found in seaweed has been initiated as a material for
dye-sensitized solar cells.3–5 Moreover, the carotenoids
have several important biological activities such as antioxidant,6 anticancer, antiinflammation and antiobesity.7,8
Unlike most macroalgae, Sargassum sp. is morphologically differentiated and relatively complex. It has
specialized anatomical features such as leaf-like blades,
stems, vesicles (air bladders), fruiting branches and a
holdfast (attachment structure). Every parts of its thallus
may support the photosynthesis. Previous studies have

reported the functional-morphological relationship in
photosynthesis as well as the variation of pigment content
in the different part of thallus structure.9–13 However, the
photosynthetic pigments content of each part still need to
be completely chromatographically characterized.
As noted by Nielsen et al.,14 chromatographic data are
most in studies transformed to retention time-peak area
data matrices including only selected parts (wavelengths)
detected in the chromatograms, which means a loss of data
and introduces the problem of extracting peak data from
the chromatographic profiles. In other words, the quality of
the data will rely on wavelength selection and the
sensitivity of peak detection for the data analysis. In the
case of photosynthetic pigments, each pigment has very
specific maximum absorption throughout the range of
visible light and therefore the quantification of all
chromatographed pigments should be more representative
if we use the entire chromatographic data matrices. In the
present study, we developed multi-chromatograms
approach to extract the peak area data of several main
detected pigments in order to study the distribution of
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chlorophylls and carotenoids in the different parts of
thallus structure from three Sargassum spp., and subsequently we also compared the result with those of the
conservative method, which uses only one selected
wavelength.15

extracted from the LC solution software for selected
chlorophylls and carotenoids, and then tabulated and
performed in graphical forms by using MS Excel 2010. The
chromatograms and absorption spectra were plotted using
Plot32 software.

METHODS AND EXPERIMENTAL DETAILS

RESULTS AND DISCUSSION

Field Sampling

High-performance liquid chromatography (HPLC) with
photodiode array (PDA) detection has been established for
chromatographic separation with a simultaneous measurement of spectral absorption in the wavelength range 190–

The three brown seaweeds, Sargassum filipendula C. Agardh,
Sargassum polycystum C. Agardh and other Sargassum sp.
(which has not yet been identified into species name) were
collected from Sumenep, Madura Waters on January 4th
2010 from around 6 a.m. till 9 a.m. The seaweeds were
rinsed with seawater to clean it from attached impurities or
sand. Then, the samples were packed in black plastic bag to
protect the seaweed from pigment deterioration induced
by light. The plastic bags were deposited in the cool box,
immediately transferred to the laboratory and stored in a
freezer until further analysis.

Pigments Extraction and Chromatography
The analysis of total pigment content in seaweed was done
through several steps under dim light condition to prevent
photo-oxidation of some labile pigments. The seaweeds
were rinsed with distillated water, blotted dry and
separated into stem, leaf, as well as vesicle. The extraction
was carried out with 100% acetone.15
The dry extract was dissolved in acetone, micro-filtered
and injected into the chromatograph with PDA detector.
The Shim-pack VP-ODS C-18 column was protected with its
guard column. The complete spectrum of the photosynthetic pigments in the 200-800 nm range was saved in
the computer memory for later data analysis. The flow-rate
was 1 mL/min, and the gradient protocol lasted approximately 80 minutes (Table 1). All these steps were carried
out at room temperature.
Table 1. Elution gradient program used for the separation of
seaweed pigments,16 with modification
Time (min)

A (%)

B (%)

C (%)

0 – 10

80

10

10

10 – 25

80

16

4

25 – 45

80

20

0

45 – 65

80

20

0

65 – 80

70

30

0

A: methanol, B: acetone, C: ammonium acetate solution (1 M)

Data Analysis
The chromatographic profiles were observed for each 5-nm
interval between 350 to 700 nm. The peak area data were
6
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800 nm. As a result, each chromatographed fraction has
spectral data and could be qualitatively identified without
co-chromatography with an authentic marker. HPLC with
photodiode array detection is a powerful method for
separation and analysis of photosynthetic pigments, which
exhibit typical absorption patterns.
Chlorophylls have chemical structures with aromatic
tetrapyrrole macrocycle. They absorb strongly in the red
and blue regions of the visible spectrum, which is generally
characterized by an intense absorption in the blue spectral
region (Soret or B-bands) and a moderate to intense
absorption in the region above 620 nm (Qy-bands). These
pigments also have an appreciably strong absorption in the
visible range (Qx-bands).17 On the other hand, carotenoids
are hydrocarbons or their oxygenated derivatives, having
chemical structures with conjugated chain molecules.
Carotenoids absorb mainly in the blue (430 – 470 nm)
region, but they also absorb in the blue-green (470 – 500
nm) and green (500 – 530 nm) regions of the spectrum. The
position of the absorption maxima, usually three fine
structures, is a function of the number of conjugated
double bonds.18
The 430 nm wavelength is usually being adopted as
“peak-rich” channel to identify the presence of both
chlorophylls and carotenoids. In the previous study,15 we
reported twenty-six photosynthetic pigments from the
three Sargassum spp. thalluses, which have been separated
by reversed-phase HPLC with PDA detector. Furthermore,
we selected eight notable pigments whose the spectral data
are obviously identified (Figure 1). The chlorophyll group is
represented by a-type, c-type, and Pheophytin a. Another
distinct peak, detected in the retention time of 40.1 min,
was assumed to be a chlorophyll a isomer because its
absorption spectrum was identical to the main peak, so that
it will be ignored in this paper. The carotenoid group is
represented by trans- and cis-fucoxanthin, violaxanthin,
flavoxanthin, and β-carotene.
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could be clearly recognized in the spectral comparison of
fucoxanthin (2 and 5), violaxanthin (3) and β-carotene (8)
towards flavoxanthin (4). The isomerization of carotenoids
itself causes an alteration from trans to cis conformation,
causing a significant hypsochromic shift (2 – 5 nm).
In order to obtain a better quantification method, we
develop multi-chromatograms approach to extract the
peak area data of those pigments in the wider range
throughout the 350 – 700 nm regions. The peak area data
were collected from the post run analysis of LC Solution
software, tabulated and screened for the eight designated
fractions. Interestingly, the bar chart (Figure 2) shows that
the peak area data establish ‘the spectral pattern’ of each
pigment fractions as well as it reveals the dominance of
chlorophyll a and fucoxanthin.

Figure 1. HPLC elution profile of the stem of Sargassum polycystum
C. Agardh detected at 430 nm and absorption spectra of eight
selected fractions. The vertical short dashed lines represent the
position of 430 nm wavelength in the correspond spectra. Details
are given in Table 2.

Each pigment exhibits distinctive maxima of its absorption spectrum as detected by the photodiode array. The 430
nm wavelength is almost in the maximum absorption of
Soret band of chlorophyll a, but the structural variation
strongly affects their spectral characteristic. For instance,
the Soret band of pheophytin a (7), the magnesium-free
derivatives of the chlorophyll a (6), undergo a hypsochromic shift and the maximum absorption becomes
around 410 nm. The c-type chlorophylls (1), constructed by
fully unsaturated phytoporphyrin macrocycle, has a maximum band intensity in about 10 – 20 nm higher than
chlorophyll a which is arranged by phytochlorin system.
Moreover, the carotenoids have rather varied molecular
structures, and hence the 430 nm wavelength is occasionally near to the maximum absorption. This situation
Table 2. Details of selected pigments depicted in Figure 1
No. of
Peak

Retention Time
(min)

Pigment

1

6.4

2

10.1

chlorophyll c1

3

13.6

violaxanthin

4

16.4

flavoxanthin

5

17.3

cis-fucoxanthin

6

38.3

chlorophyll a

7

57.0

pheophytin a

8

62.2

b-carotene

trans-fucoxanthin

Figure 2. Peak area data of several pigment fractions observed in
each 5-nm interval for 350 to 700 nm. (The chromatographic data
was taken from the vesicle of Sargassum polycystum)

The chlorophyll a is the primary and the most abundant
photosynthetic pigments of seaweeds. As a specialized
chlorophyll-protein complex (P700), it is directly involved
in the Photosystem I light reaction. It is responsible for redand blue-light absorption. Additionally, brown alga
produce accessory chlorophylls, chlorophyll(ide)s c1 and c2
which may be derived from an intermediate in the
biosynthesis of chlorophyll a. Brown seaweeds also
accumulate β-carotene, fucoxanthin, and violaxanthin.19
Closer inspection of Figure 2 portrays the function of
carotenoids as accessory pigments in the light harvesting
antenna, which are able to absorb light energy in the blue
to green regions (420 – 550 nm). A number of carotenoid
also have photoprotective role and its existence depends
on the variety of responses towards irradiation level.20,21
Furthermore, we simulated the ratio of peak area data of
the seven pigment fractions to those of the chlorophyll a
Vol. 1, Issue 1, 2019 • Proc. Idn. Chem. Soc.
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and then compared the result. The chlorophyll a fraction
was chosen because it has a maximum absorption of Soret
band which is very close to the 430 nm channels (i.e. 432
nm). The averages of peak area data collected by multichromatogram approach tend to be lower than the single
peak area data observed in the 430 nm channel (0.30 –
68.31% lower). Conversely, the ratios of peak area data tend
to be higher, that is 55.2, 38.8, 74.9, 120.2, 39.6, 203.0, and
95.6%, on average, for chlorophyll c1, trans-fucoxanthin,
violaxanthin, flavoxanthin, cis-fucoxanthin, pheophytin a,
and β-carotene in the three Sargassum spp., respectively
(see Table 3 for representative data). This great variation
proves the importance of considering the whole of
chromatographic data in the quantification of pigments
distribution.
Table 3. The comparison of peak area data and ratio of several
pigment fractions in the vesicle of Sargassum polycystum,
extracted in 430 nm wavelength and 350 – 700 nm

Pigment

430 nm

350 – 700 nm

Ratio*

Peak Area
(average)

Ratio*

514973

0.09

200080

0.10

trans-fucoxanthin

3443153

0.57

1561010

0.79

violaxanthin

654781

0.11

343923

0.18

flavoxanthin

137401

0.02

107054

0.05

cis-fucoxanthin

477314

0.08

220711

0.11

chlorophyll a

6041375

1.00

1965085

1.00

pheophytin a

377300

0.06

368837

0.19

b-carotene

686258

0.11

434082

0.22

chlorophyll c1

Peak
Area

* Ratio = peak area of corresponding fraction/peak area of Chlorophyll a

Finally, we could perform the distribution chart of
several main chlorophylls and carotenoids in the different
parts of thallus structure from three Sargassum spp. as
revealed by multi-chromatogram approach (Figure 3). The
chlorophyll a content is widely varied, but in this case the
presence of Pheophytin a should be noticed. Pheophytin is
usually marked as a sensitive indicator of pigment
degradation. There is only little variation in the content of
minor carotenoids, such as β–carotene, violaxanthin, and
flavoxanthin, as predicted by the peak area data. The
amount of trans-fucoxanthin is commonly higher in both
stem and vesicle parts. Carotenoid molecules are naturally
present in trans configuration, hence the occurrence of cistype indicates partial isomerization of trans-fucoxanthin.
Optimization of extraction method is being important to
minimize the degradation and isomerization of highly
labile pigments.
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Figure 3. The distribution of several main chlorophylls and
carotenoid in the different parts of thallus structure from three
Sargassum spp. as revealed by multi-chromatogram approach.

CONCLUSION
The multi-chromatogram approach is better as the matter
of fact: (i) to detect the whole of photosynthetic pigments
which were present at the sample, (ii) to determine the
distribution ratio of pigment fractions. Nevertheless, in
this study the peak area data were still extracted and
selected
manually
from
the
three-dimensional
chromatographic data by using the LC Solution software. In
order to increase the efficacy of data analysis, a
mathematical programming is necessary. Further studies
are now in progress.
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